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(Strategies), 5, 81 (1992)] . C600 [Ux%F4 w7 R(Genetics), 39, 440 (1954)] .
Y1088. Y1090 [4#4 = A(Science), 222, 778 (1983)1 . WM522 [Yv—F NV - &
. ®2LFxa5— - n47av—0. Mol. Biol.), 166, 1 (1983)] . K802 [V +—
FN AT -EVF2FI— A AD < —(J. Mol. Biol.), 16, 118 (1966)] ®RU
JM105 [ — v (Gene), 38, 275 (1985)] EHABWSN 5.

¢cDNA 54 7Y —5DE NS DEDFED HE R LI V SEREI—FT
2 cDNA 7 o—>DRREE LTHE 74 b= TR HARE Li=7o0—7%H
wkag=— N4 TN ¥4 E€—3 EHRWR TSIV N TV IIE-YaY
#[(ELF2I—D Q==Y :7-2FKFb)—" <=2 7J)u(Molecular Cloning:
A Laboratory Manual), Cold Spring Harbor Lab. Press NewYork, 1989] T X h&
REBIELDHTEDER.TFA < —% R L. oBNA 7 5ARL L7z cDNA SV cDNA
5475y —%#RE LT, Polymerase Chain Beaction [LAF. PCR¥ELRILT D ;
EFLF¥a25—-op—=v 77 5#H35 p 1) — - ©=27)V(Molecular Cloning: A
Laboratory Manual), Cold Spring Harbor Lab. Press New York, 1989; AL >~ b
o ra—NX -4V -ELFIT— )54 # 10 ¥ —(Current Protocols in Molecular
Biology), Supplement 1-34] I & D HERULBVEREI—FT 3 cDNA AT
5Ly TEDo

EIRAEIC & DBRENE DNA 7. 2 EIREE R XTI, pBluescript
SK(-) (Stratagene #%) FDTF 2R3 Ficro—=yZ L. BEAVSH HIEEER
W%mﬁ&\wzﬁ\ﬂyﬁ—(&ma)5@&?%#9&(709—?4y72-
AT FFaFV-ThTI —.4 7 ¥4 > Z(Proc. Natl. Acad. Sci. ,U.S.AL),
74, 5463 (1977)] EDRISETV. EaEsasamER. AIXE A L F. DNA
y—axyﬁ—(%umdaﬁ%)%éﬁmf%ﬁ?%:tfaxMAoﬁémWéa
ETHIENTE Do

e LagEsy 5 HERT L VERDE7 I/ BRENEHZEL. i A TETIR":S
OHBERU LBV EROL7 3/ BRES (= vy XA7- 7874 VX FT A
Lr2OTANAVEIVA I (Sequences of Proteins of Imounological Interest), US
Dept. Health and Human Services, 1991] @ TBoEICLD, BBLE cDNA 7
S 7 FIVEFI 2 ETITUED HRUCLAVESORERT I/ BEyEI—-FL
TWBEHERRTHILHTE Do

(3)th&%@@%@ﬁ@@Vﬁﬁ@?i/&ﬁﬂ@ﬁﬁ

ﬁ}“a‘%°/ﬁf)béaiiligi:?ﬁbto)Hiﬁ&ULﬁﬁv%ﬁtﬁd)y"‘éét'/’ I JBRESICEELT
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i1, BAOHRGOHERTLEVHAEOELT 2 JBER (V= vy X-27-707
4y X FTAhsaTh)NA v & 1 2 h(Sequences of Proteins of Immunological
Interest), US Dept. Health and Human Services, 1991] LHEBT B EICLD.
Ry T FNVENORERUTNKET 2 JRERNERETE, BRIEENOHET D
BTIN—TREBEDNTE D . HEER ULV SHnE (R O7 I/ BE
FHCDWT B, SanHEOHERLE V SJE07 2 IRER [Ty XA
. 754 X FT AL/ ovhl-4 ¥ LR b(Sequences of Proteins of
[mmunological Interest), US Dept. Health and Human Services, 1991] & t&7T
2otk o TRETIENTES,

(4) & pEIFX SRR § —DER

AE4D (1) ICLROE MEAGRBRA R ¥ —DE Mtk HEER UL S C R
HEI1— FT38EFOLAIC. & FUADOBOTUED H SR UL # VREE T~
K42 cDNA #ZD—=r7 L, £ hEXX SHEBENRY P —2BRTIILHT
%3, MR E N SN B HFED H IR T LV REE T — K9 % cDNA Z.
b OB HA R TL YV FEO 3 RIEEOEEER L b GO HER
XL 88 C S 5 R OERET & P SERD . oMY 2 EIREROBAREIIER
wic AT AERINA L 2R ZThERL. FhezhexRE4D (1) CRROL MR
ERBRANRIF—OL bﬁﬁt@ﬂﬁﬁ&tﬁLﬁﬁC%ﬁiﬁ%:—F?‘%iﬁﬁ%@.&:v‘?ﬂ:fcn
L HEY R TRRAT ALK/ O—=V 7L B M X SIRBRRAR Y —EH
BT RENTE Do

(5) & k% CDR Bl HUARD V HilEZE 2 — K3 % cDNA DB

© M CDR BiEFUAO HERU LV REEI— k45 cDNA K. UATDEIKUL
TRETZOLHTES, £7. BROL mnwm%wﬁmmna&&miﬁv%ﬁﬁ
o CDR #BET 2 MO HBERT LAY s 7 L—L7—2 (LT, FR L R:E
+2) O7 I/ BEFNEERT . L MAGO HERULEVHEEOROTIVE
ERELTE & Fs RO OTHNE WhRZEDTHRENBILDHFTE D,
B ZIE. Protein Data Bank ZDF—¥F N—RALBHKS nTWBE MUED HERRT
L VERO R O7 I/ BRE. £ MO BB L B0 VEEO ROEY TV
N—T7ORET I ) BET (y=hvyX-Fx7 7074 X X740/ ovh
-4 ¥ &L Ak (Sequences of Proteins of Immunological Interest), US Dept.
Health and Human Services, 1991] wHEHIFONEN., TOFTH. +AREIER
£33k M CIR BEFAGEERT BHICE, B8t b UAOBMOFED HER
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RULBEVERORO7 I/ REFIETE BT EVERN (D2 kb B0RLLE)
&ﬁ'@‘%?i/@R@J%ﬁﬁ‘é‘%:tb‘%ibmo '

wic. BIRULAE Mtko HEER U L#VHRED FR 07 3 /EEMNCBENOL b
LD D ED H R T L 8V 5D CRoO7 I /EEFAEBMEL, © MR
BiyiGOHBERTLEVRAEOT I JBREA AR T 3. REtLET I VBESZ
HADOREFOEEEIMCESN 2T F Y OERBRE [v=rvyXF7- 70574
SZF T AL/ BVANA I VA k (Sequences of Proteins of Immunological
Interest), US Dept. Health and Human Services, 1991] #%Z@ LT DNA BFIICE
L. t & COR BHEGUAD HERU LB VERDO7 I /REFIZI— k42 DNAEL
FA®ET Do RELEDNAEMICETE, 100 HEAEOBEZ P SR ZBEDE
DNA Z&R L. EhS5EAWTPCR EE2FS. COBa. PR TORBEHR RSB
AEER DN DEE S, HEEL LR 4 6 ADSH DN BRETHEHEE LY,

F 7 FESEICAIE T &8 DNA O 5 R EL R HREREORRETEEATIC
ro. KFE4O (1) THELLE MERGRBRARI VBRI D=V T T
2o LHTE B, PCR %, HEISEY % pBluescript SE(-) (Stratagene #HH) FDT
523 Kkero—=yFU,. READ (2) KRROFECL D BEEFIZRE L.
it h& CDR BBHEHED HERULBEVESO 7 JBRENZI— k4 % DNAES
RrETATIAIFERET %o

(6) b h% COR BBHEHtED VHIHADT 2 J BEH OBE

v } & CDR BiEiAtkiX. BROE b LUANDEDFAD H BERTLEV 2R CDR
DA% L MAKO HERT LRV SHIRO FRICBE LT TR ZDHREEENE
ERDE S OBMOTRIC R TETLTUES S romenTWwg 1A/
52 ) 0 v—(BIO/TECHNOLOGY), 9, 266 (1991)] o CORBEE LTHE, FEDE b
SNOEADFED H AR LAY FFTIk. CROARST. ROV DOPDT NV
@ﬁ%ﬁ@ﬁmﬁbﬂiﬁa‘]&mczﬁiﬁfﬁié?ﬁﬁcz BELTBY. ThE7 I/ BEED
CDR ORI £V, & Mk HERRTL BVEBOFROERSZ7 I JBBREANLE
LTLESICEDEZSNT VDo CoOREERRTAED, £ FRCR BRERE
g, b MO HERT LBV RO R OF 3/ BRAIOTT, ERARLOR
ArBEsSLTVR7 I/ BREEP(RDT I JBRBELEERALED, FUEDIEK
WErER L. BEMICHER rOEAICESLTVWE7 I/ BEREERREL. s
2xOt FUADOEMORBICREEINET I JEBEIREL. BT LERERES
EME LRI LMTDATVS A A/77 /8 ;—(B10/TECHNOLOGY), 9,
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266 (1991)] o
t FE CDIR BRFABOERII BV TR, ZhoREaEECEDI RO7 I/
BREEMAMCHRECAET 2P0H BLEERATH . TOLDHIC XRERE
i [9-\»-—%)»-73’7’-%&"-%15—--1‘4 +oo—(J. Mol. Biol.), 112, 535 (1977)]
gwigarea—y—€7Y vy [7us4 -z v=7 v ¥ (Protein
Engineering), 7, 1501 (1994)] |IT X 2 D U E OBBRUEIT FTHONT
Wao ChSADIEEEOMRIE. b MBI BRAGOERICS K 0ER BT
@|EHES LTREY. EO—K, % 50 2 Hitkic @G aIE 2 & R CDR AL
IR ERELTNTS 57, iﬁﬁt’eli%h%nwrﬁwczﬁb\'cﬁ@@&%ﬁt%{’ﬁ
L. %n%nmmﬁﬁéiﬁﬁtomﬁmﬁ%ﬁ%%mﬁb@éﬁﬁﬁab‘u@f&6°
v MO HBERFLEVABOFRO7 I/ BBZOWREE. REAAR N Z
BWTAIEA® (5) (Ci#oD PCR EEFSIcLicL D, ERTE 5. PCR HoEE
I OWTEFE4LD (2) RO LD, EEESERE L. BOWEH
e L 2ERT 50
(7) & ~EICDR BHAEREN T 5 —DHER
XFE40 (1) KRROE MLAKBERBRI7F—ODL MO HEER L $HC SR
HEa— KT oREFOLFI. FRAO (5) RU* (6) THELEE PRICRE
RO H RO L8 V S E I — kT3 cNAEZO—=7L. & %4 CDR B4
#nﬁi%iﬁf\‘by—-ét%%?%::tﬁ’c%éo PziE. AIE4OD (5) RU (6) T
b4 CDR gD HER U LIRY SEEEBETABICAVIERINADD B, Bl
BT 2ARMNAD S i AU EBREEORBRNERATLIET, FIE 4
o (1) Cig@|oE MERBERANRT Y —DL FMAGO HERTLECHRAZ S —
F'é‘%iﬁﬁ':?@tﬁic:%nBfﬁﬁwm%’c’%ﬁ?‘%;ﬁ627 og—=v%70L. B}E
(DR BIEHAAREAY 5§ —EBETHI LN TED.
(8) b MuitkORENEE
KIE4D (4) RY (T) CEBEOE M GRER Y ¥ —EE Y R BYARCE
ATBIEiCLbE MeikERECEETARERRKERSZS LT ED,
HYARA~OER~< Y ¥ —DHAEL LTR, =V yroRr—yarvE [(HRF
0-257891. ¥4 72~ /O —(Cytotechnology), 3 ,133 (1990)] EHHIT 5N 5.
b MERERBARY ¥ —2BAT 3BT L LT, & Mtk EEST LS
r 55T % 2R T H NI, WL AMETYANSI LB TESH #ELE
EEX N BIED Fe ERICHMT N-F2FNTNIH I L7 TI-REFNER
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ZBAEFHOEVELRIBREEERZE LRWERSEHIT5h 3.

$ikD Fo SBT3 -PEFAINIFIVRTI-A TS € 2BRB
MOENE EEBREEEZE L2WERLE, a 1,6 EAKMETIRRNFDR
VAT H D, BENICRTIVIVEILRT z5—+¥, FF LIX FUT8
FEDRDORV, EREIRVERIHITOND.

$uko Fe S HMT 2 -7 F ATy Ivie7a—A E{ENXE 2EBRE
ﬁ@ﬁw\itﬁﬁi%&%ﬁbﬁhﬂmtbfﬁ\5whi10—7ﬂ@f§5
YB2/0 flfa 2 EXEHITF 5N DD, a 1,6 S H5 T ABROBETFERBRS LD,
a‘ﬁiﬁfi?«w’ﬁii%’a‘—ifﬁi?ﬁ&%TH%bk%é’ AR EREEMRRE L
TAWBZLHTE S,

Sigicid. YR IZO—<HRTH S NS0 #Eg. SP2/0 #ERA. Fr A =—AN
LR Y —SRsEEe CHO/dhfr-#8R2. CHO/DG44 R, S v FIxO—¥ YB2/0 #HEL.
[R983F WAL, t h I T —<HIERTH 37 v/ iR YHHIFSN B FE LR
Fy 4 =—XNLR YIRS TH B CHO/D644 HrEsHiFond.

BRI F—DHEAHK. & Mtk A REICEET AR ESREE, WEF 2-
257801 (<BIR XN T W BHEICHE. 0418 sulfate (AT, G418 & RET 3 ; SIGHA
#8) TOXERESTHYBIEEAMLICL DBIRTE 3, BYMERAEL
LTid. RPMI1640 55y (B /KBSEAE) | GIT £538 (BARsES) . EX-CELL302
teth (JRH %t%¢) . IMDM 553t (GIBCO BRL #84) . Hybridoma-SFM #%iti (GIBCO BRL
a8) | FRiRCh S B HRRILE (MUT, FBS & &£ET 3) ZOFERMNZ
FIUEEHEEAWRIEHTE D, BohrHEGRkE SR TERT I
cHERERCE MR R EEBERT ¥ DS LHTE D, BRELEFOL MEUE
nEEERUAREeEERERARTGE [UT. ELISA e RET D 7T A
FFL X P IRZP)—- <=2 7 (Antibodies: A Laboratory Manual), Cold
Spring Harbor Laboratory, Chapter 14, 1998, €./ 70—V - PUFA4RT4X
FYLSTIWNE P K TIIT4 Z (Monoclonal Antibodies: Principles and
Practice), Academic Press Limited, 1996] Bl L hRETE B, . BEER
#Riz. K5EEE 2-257891 KBRS N TL 24, DIFR B FIRERSEZMAL
Tt MuBEROEESEE LRE BB LN TE D,

v Mtk REEREOERIELVTOTFA L ART L EHVTRETAS
Y HTED [PUF4RTF4X 778 MY —.2 =27 )\ (Antibodies: A
lLaboratory Manual), Cold Spring Harbor Laboratory, Chapter 8, 1988, €./ As)
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F N PUFARFAX TV TN TV ETF 2 5 4 X (Monaclonal
Antibodies: Principles and Practice), Academic Press Limited, 1996] o F7=.
ZoficER. BAEORRTAY SNABMAERERTHLNTE D, AIXE
N8B, AT R®RI O IT574 —RUBARES 2EHEDETITV. BR
THILHNTED BBLEE MEFOH g4 L MRVWRH&AFLEOSTFRE.
R P2 YLP I RV IVESKE (LT, SIS-PAGE & RT3 5 % 1 F v —(Nature),
227, 680 (1970)] oIy TOyFA v TE [PryT4RF4 X 7R b
1) —-< =2 7)v(Antibodies: A Laboratory Manual), Cold Spring Harbor Laboratory,
Chapter 12, 1988, €./ 7 O—F N PUFARFAX TV TV TV k-7
5% 5 4 Z (Monoclonal Antibodies: Principles and Practice), Academic Press
Linited, 1996] BTRET I &P TE Do .

b, SidlaEEEL LEHkomE AkeRUED, EEEILHDLII, #
&, B8, ERAR. e s r X EELD B W IZEDEEC BN TORET D
ZEDTED.

(9) b MeiEOEIEFHE

g U7 b Mol OHUR & DRSS, PR IE R IC X T A TERR
LISARUSETGE(Fr v — 1L/ 0Y—(L/E % ¥ —(Cancer [mmunol.
Immunother. ), 36, 373 (1993)] - L DPRTE D, FURBMHISRBIRKRIIAT S
MR EEME . CDC yEE. ADCC EMEERET Ao LICLD, FETIIEHTE
% (v ¥—-4L/0Y— 4457 —(Cancer [mmunol. Immunother. ), 36,
373 (1993)] » Eict Muiftkot b TOREME, BRHRE, H=P 4 FNVEDE
l‘b:kt@ﬁﬁ’\]i&b\%%?imﬁ%t;:-‘E?)lz’é’:Rib\’C?Ffﬂﬁ?‘6(.’. EWTESo

5. SfMEEN TOERAE

FIR4RMOE MEFEOBICH B LS IT. B ANCC EMEET ARG, B,
PUNF— BERBES. FERVANVAD AVAEREERUHL T IEERE
DOFEBLUTBRBCBWTIERATH 20

& ThROLEMESIERRSEET S, BEOASHITEAROEEZDH T
oL ERBRET B, UL, B AC EMEET ARG, FERHRICLE
WEEEETZILIC L NERERT I LN TEIOT, BHEOFER & D bR
ELUTEMTH 2.

LN E-RGIE. REMBRIZLDAT A TS RFORBICLVERTNZ D,
B ADCC .‘*3’(5%%3‘6?&%%%“1%&%&]5@%%%3‘%:&:& h, PLIVF—RK
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BEMIBEHTE D :

FERBEAL LT BRECREFHITEN S, DIREELIE. RE/SN—2 AT
—FIVic & BEHRET I BREOBRETOBIRMEOBAEE L\ ADC BEEZ
BT A EAVWTEHASIL LD, FEREBREFHBLTERT I LN TES,

M4 LR E R REE I BRRE. By AC EEEETAHREEAVWTIAIVA
3 AR I RO E M 5T L LD, V4 NVAEERAERREIUD

YT AEHEEROTHBLUBRTBILHFTES,

F 7. ADCC iEMEHSIIRZ h= TR, HOARNEBROTHBLUHRRICBNTEA
T Do . ADCC EEDIA S Nk, HOaSEStBVTAEIN AR
BEEEBIZZ2L0IE8RP 5, HERBEEBOTHBLTERIIBVTHERATH 5.

K%%@ﬁﬁ%ﬁﬁ?%ﬁ%ﬁ\%ﬁ%thfﬁﬁf&%?%:k%ﬂ%fﬁ&%
ﬁ\ﬁﬁ@%ﬂ?%u%gén%—o&6mu%nutwﬁwt-ﬁuﬁéb\&m
ﬁ@ﬁﬁ%ﬁKSwrx<m5n6E%®ﬁ$E;D§ﬁth§§mtbf&&
+2ODEE LW,
&5%%m\%ﬁt%bt%b%%@&b@%ﬁﬁ?%@ﬁ%ib<\&D&$\
itﬁumw\ﬁﬁm\EEw\&T\%WW£$U§%W%®#§D&$éEH6
-y pTE. PANAOEE. BE LEBIRNBSEDT I LHTE S,
&%%%abfu\@ﬁm\ﬁ7twm\ﬁ%\ﬁﬁm\9mw7%\%ﬂ{&%\
SEF. kS, F—TRSSEH TN D,
%D&%tﬁ%%&ﬂtbtu\%m\9Dv7ﬂ\r7twm\ﬁm~&ﬁ\%
BRESHITONB.

gL U0y THOL S BHARESE. K, ¥ 3E, VoL, RES
oE|E. RVxFL 7 I—iv oLy F Y I=NEOY ) 3=V TR,
XU—7M\KEM%®MQ\p—tFD#9§§§@IZ?Wﬁ%®Mﬁm\ZF
DR T Lty RS2 Y N EDT L= R ERIA L LTRNTRET
&3,
b7tw%\ﬁﬂ\ﬁﬁ~ﬁﬂ%%ﬁ\%ﬁ\7Féﬁ\9aﬁ\?y:b—w%
Oﬁ%ﬂ\¥>7>\?»¥V@+beA%®ﬁ§%\Z?7U>M77%90A\
o EORRE. RYEZVFLI—N B roF 7ot vo—2 €3F
y%@%ﬁ%\ﬁ%@IX?w%mﬁﬁﬁﬁﬂ\VUth%Gﬂ@ﬂ%%%m%t
LTHAWTRETZ %,

SRS CELRRA L LT, ERAL BR. BEAFFSHIT 6N 5
E%%ﬁ\ﬁﬁm\7F¢%%m\&6mmﬁﬁwﬁémben6@¢%%%wt
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%ﬂén6oitﬁ‘tb%%ﬁé%&t%of&%%ﬁb\:nuﬁmbeﬁA
ENMZBCLicL > THRERFEZANTILHTE D,
E%ﬁhﬁ#ﬁ\mﬁ%ﬁ%ituﬂWﬁyﬁgwﬁwéﬂuT%&énéo
it\@ﬁﬂﬁﬁmém%wbw‘Ewbﬁ%gzwﬂﬁﬁivﬁﬁﬁﬁéﬂﬁﬁ
f\b?ﬁﬁé%%ﬁﬂ&ﬁ?tbTﬁﬁé%&W&@%té%%ﬁW%éﬁhT%
Mxh3,
ﬁﬁtbfﬁﬁmtﬁ%ﬁ\7UtU>%#%ﬁ8N6a&&ﬁ%3;Uﬁm%E
%@&EK&D\I?DJW\Fi%ﬂby—%wﬁﬂ#ﬂﬁfﬁéoit\lnB
DEEOFI BN T HEOMTHRMA L LTHIRUERSERMTIILHTE .

&$§it@&5@&@\EW&T%%&%%\&53$\%ﬁ%ﬁ\ﬁﬁ\ﬁi
%Kibﬁt%ﬁ\ﬁ%ﬁklE%tbmugﬂvﬁhﬂkfﬁéo

it\ﬁﬁ@%@ﬁ%ﬂ@mﬁ?6&@%%%%&%?63$ﬁ\4>EFD¥§
tUﬂiCMﬁﬁM%ﬁ\m%%&m%&%ﬁﬁﬁBn\475$%ﬁ8b1m
-y 2EOERBY TCOEEREAVEREZERREFHIToN D,

CDC7EM:. ADCC iEtE. PESIZERE. SR [(Fro¥—-fAL/DYV—-M1AL/%
55—&&%rhmmbylmmmmwww,@,WSU%M;#*V?—-U?—
F(Cancer Research), 54, 1511 (1994)] ERWOH B> TITILHFTE S
6.%&%%%?@%&&@@;&&@%%%63&

Lﬁ@ﬁ&ﬂ;D7D—Zﬁ#Ebﬁwﬁﬁﬁﬁééntﬁ¢\&7%Fitﬁ§
Eﬁéﬂﬁ?a:tt&Dﬁﬁﬁ%ﬁ?@%ﬁ&ﬁﬁéﬁ%:&ﬁf%%o

AR N SRS TR BN RS THT LI L D, ERATE. ANC
EMAE>TT /5 —HETHEF5 M FF27vF >k, EEle~
D77—?%@%@&@Dbt?é%ﬁﬁﬁﬂ@ﬁ%&mén\@b@ﬁﬁﬁm%%
HTaZeDalfEE 2D,

s, FROBEILL D7 I—ABEET SERERETNEHE NTF FEE
ﬁ%EEéﬂﬁT%;tt&Dﬁ&%%ﬁ?@ﬁ&%@%é%é:tﬁfgéo

ﬁ&ﬁmﬁéntﬁﬁ%%ﬁ¥§$¢Wt&$T%:tuiD\EﬁWTﬁ\mm
ﬁﬁé@5§@ﬁ§mm®ﬁﬁﬁ5§0\EQ@%&&WE%%T%:Z#E&&&
%o

MTC\K%%Q%mWEﬁ?#\CnEiDK%%mﬁ@ﬁmiéhééwﬁd
3T
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HE DR & xEREA

&1 MEUKSESORN M3 ¥ A S HRED SDS-PAGE (4~15% 75z bV
E%)mzi%mﬂa—yiﬁbtmfﬁaoLmﬁxﬁﬁ%#\Tmﬂﬁiﬁﬁf
%n%nziﬁﬁﬁﬁotmfééob—ylﬁ%ﬁ%ﬁv—ﬁ—\ZﬁYmmﬂw
2 X Siitk. 3 A CHO/DG44-GD3 ¥ X Z ik, 4 » SP2/0-GD3 ¥ A 5 #itk. 5 HS NS0-GD3
x 2 SHitk(302). 6 5 NSO-GD3 3 A 5 HukK(GIT), 7 DBIESFR~Y—H—DikEI/NY
- EFhThTRT,

$H2X g 2 5 KO D3 ¥ A 3D (D3 L DR AEE ZRGRE R RS
ﬁzmzbtmfmaoﬁmuwsaoﬁeﬁ&\ﬁmumwﬁﬁé%n%na?°
O YB2/0-GD3 ¥ A S fifk. @B CHO/DG44-GD3 ¥ A 5 k. O#S SP2/0-GD3 ¥ A 5
itk WD NSO-GD3 ¥ A SHitk(302). AN NSO-GD3 ¥ A SHUA(GIT)DEEZEN®
nRTo

&3 EEE L= 5 BB A GD F A FHEDOE AT/ — BBk G-361 ICNT D
ADCC =M 2R L= RTH 5. BtEHCHIMEEE, HMlCRgREEZZNTNTT .
O YB2/0-6D3 ¥ X S infk. @7 CHO/DG44-GD3 3 A S Hifk, 145 SP2/0-GD3 ¥ £ 5
Hitk. WS NS0-GD3 ¥ A SHAtk(302). AN NS0-GD3 3 X Sk (GIT)DiEME 2 EN T
hirxdo .

HF4 R L7 3 58S DA hIL-5R a CDR #BHEHifkad SDS-PAGE (4~15% 7> x>
h#w%ﬁﬁ)wﬁﬁﬂﬁﬂa—yéﬁbtﬂfﬁéoLE##%%&#\T@ﬁﬁ
FEETENZNESKB 2T o ERITH S, L—v | XESFRY—H—. 2 H
YB2/0-hIL-5RCDR ##ifk. 3 /S CHO/d-hIL-5RCDR ffifk. 4 HSNSO-hIL-5RCDR fritk, 5 H¥{&
AFBRT—H—DRBNI - EENTNRT,

Z5X R 7= 3 S hIL-5R o COR BAEHIAD hIL-5R o & DREETEIER I
@E%%ﬁé%f%tbtﬂfﬁaommuhuﬁnatmﬁéﬁﬁ\ﬁmumwﬁ
ErrthZThmid. OF YB2/0-hIL-5RCDR #itk, @#S CHO/d-hIL-5RCDR Ak, On
NSO-hIL-5BCDR itk DiEMEZZENENRT o

%6 X FBELUE 3EEORA IL-5R a (DR BHEED hIL-5R BE~< Y R T ALK
CTLL-2(h5R)ic 343 % ADCC iEME 2R LA RITH 3. REICHIREEREL. itk
BEEZZNLZNTT. O7 YB2/0-hIL-5RCDR ffitk, @S CHO/d-hIL-5RCDR k. O»
NSO-hIL-5RCDR $AtADIEMEE ZNENT T,

FTH ﬁ%th@ﬁmmhnﬁRaamﬁﬁmwwﬁ:74¥»®hn6%%ﬁ
&H@m%?wcﬁﬁémﬂﬁﬁéﬁbtmfbaoﬁmci%m¢ﬂ§ﬁ&\ﬁm
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I B (FHERUThIL-5 DR SEHEER 08 L) 22hTHhiRT. 101, 102 4
$kJE4% 586, 301, 302, 303 A° YBZ/0-hIL-SRCDR ki 582, 401, 402, 403 %
CHO/d-hIL-5BCDR #itk#% 58, 501, 502, 503 S NSO-hIL-SRCDR $itkik SBORERE
ZhZhRTo
5 8® YB2/0 HSAEE L7 KR hIL-58 o CDR hEifitk (LMI) B LTNSODSEEEL
F¥ERH hIL-5R « CDR BAEHitE (THI) o PA {LHESIDMHE HPLC BROBRRE (&
E) &% PA {LEESE%E a-L-7 3 ¥ —HILE U A #1048 HPLC TH4F LTk ®
ME (5X) 2RULELDTH 5. KEHCHENSRE, RICBLREEZNZH
R
2 0® CHO/d AERIASEEEE L7 ¥EMUH hIL-5R o CDR BpHlitht» & PA{LYESN 2 M L.
8 HPLC TAIF LB ABREERU D TH Do RIS SR, MEhc
AHEREENZTHTRT.
B0 FREES. BREESO—HO I LOAEEE, REERERLE ¢
THELEETH B Gihid OD3 & OEAEN. RBRIKBEE2ZNZITRT. @
FEBEES. OPRETHO—HEZRZTHhRT. TEIEREES REEFO
—|OE kAT ) —HREIER 6-361 ISR B ADCC EMEET LERITH . M
PEEEN . REBICHABE 2 ZNTHTT. OSFREES. OPREESO—B
EZThZNRT.
=11 ® EREES. BEEHO—E»5BEE U PALRESIEE HPLC THHT L
TE-AMNERLELDTH 5. ERCHREELOBER. ERCREESFDO—
BOBEEE TN ZURT . BEICENSERE. RMCSEBEEEZNThTRT.
IR Sv bk FUIBEMERS LY —F ARIY bO—VICAWEBENEEE
MikE I Bi 2 FUIS EEEYORETRT. WS CHO figsk. O Y82/0 Mibatk =7
Il LTAVEBAEZAZTNRT,

BIRE BT 5 HOBBOMLE

EHEE) 1. WAL 7 YA K GD3 b M F RS HEDER

1. AL 7 UAY FGD3 b FAER SIkDS o F AEFR Y ¥ —pChiLHGH4 D
mE

BAVZUAL FG3 b PRIFASHG (UT. M XA FHKLRETS) O
L BORE~ T & —pChib41LoMs (Y v —F N -2 7 - A LD TR - AV v X,
lmmunol. Methods), 167, 271 (1994)] ZHIMREER Mlul (ZEEHER) & Sall (F
FEA) TN LTESN S L cDNA ST 4.03kb DM F & BA R~
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» 5 —pAGE107 [ 4 F 5% ) b ¥ —(Cytotechnology), 3, 133 (1990)] =HIFREER
Mlul (ZEEHR) L Sall (FHEEN) TUKLTE SN 3 418 MEREFRY
RTS54 LU TS TF N EESEHK 3.40kb OB % DNA Ligation Kit (E&EEHH)
PEWCHEHLE, XBEBINK [(EVFadS—-J0—=vF 7 - K5 b)—-
< =2 7)u(Molecular Cloning: A Laboratory Manual),Cold Spring Harbor Lab.
Press New York, 1989] %#MEEM L TZ S X I F pChib41LGM40 EBBELE

Wic. LRATHEE L 75X I F pChib41LM40 2 HIREEHE Cla] (FEEHN) T
UM%, DNABlunting Kit (FEEHE) 2RVWTEERML L. Bic Mlul (FEE
R YKL TESH S L8 cDNA ZELe#) 5.68kb DMTA L1 6D3 ¥ A 5 il H
SDRE~Y H —pChib4lHMs [P+ —F NV - AT -4 60T AN - Ay X
Imounol . Methods), 167, 271 (1994)] ZHIFREER Xhol (EBERK) TYIEE. DNA
Blunting Kit (EHE:Est®) &AW TERKMEL. BEiC Ml (FEERR) TUWH
LTESH 2 HEcDNA 2 2Te# 8.40kb DA % DNA Ligation Kit (FEEHK) %
AWCHE, KBEHBIE% (EvFaS—- 20—V 75K PY—-F
=2 7)u(Molecular Cloning: A Laboratory Manual), Cold Spring Harbor Lab. Press
New York, 1989] . EMEM LTI D3 ¥ ASAKDY Y FLERERRI F —
pChi641LHGM4 Z4EHE L 7=,
2. i GD3 ¥ A DR EEEMRDOER

FREHS 1O 1ETHELRLA D3 FASHAKDY VT LEBRNRI F —
pChi641LHGM4 % AW TH GD3 F A SHBEORELEEMRZUTOLSICULTHERL

e
© (1) v hIzo—YB/0MKRE AV EERROER

31 D3 ¥ A SHfitk&H -~ ¥ —pChi641LHGM4 D 5 1 g Z 4X 1P ROS v P Iz
o—-< YB2/0 g~z bORLV—VavE (VA PF7 /DT —
(Cytotechnology), 3, 133 (1990)] i X h M A#. 40nl O RPMI1640-FBS(10)
[FBS(GIBCO BRL #t%¢)#% 10%=%s RPMI1640 Hith] (CB&BL. 96 V= VERAT L —
N (ERR—754 MAER) 12200 12 1/ D =V DRE Lo SHC0, 4 ¥ Fax—%
—T 37°C. 24 BSR9IER U=, G418 % 0.5mg/ml ioR2 3 XS ICHML T I~2 BR
Rk 7, G418 ittt 2 RTHEERKO I D = —PHR L, BEOBHSNEY =)V
rhiE® FEAEBIR L. CEBOH G F A SHEORREAEE2RER 1D 3R
R ELISABICE D RIZE L =0

frge DI F A SHIEDEESBO SNy 2 VOFRREBRKIIOWTE,
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DIFR B EFIMEFR2RA L THELEREZENETED 88,6418 % 0.5ng/ml. DHFR
ORRZFTHBAY FLFE— (AT, MIX &XRETS; SIGMA #t84) % 50nM ST
RPMI1640-FBS(10)55itic 1~2 % 10° #a/m]l 0% B & SICEEL, 49z VTV —}
(Greiner £t%Y) i 2nl ¥4k Lizo 5KCO, A vFaAR—4—RTITCT 1~28E
g T, S0NMMIX Wtt 2 Ry RERKZHE L. FBRERGOEFZDON
r oz OER FEDOR (03 ¥ A 7 HAOTUREATEE £ RER 1 0 3IRCRT
ELISA Sklc L DRI Lo R EFRICH I F XA SHEDEEDGRBDHOSNET )V
ORBERKICOVWTE. LREBAROAEICE 0. HTX EHEZ 100nM, 2000 EIEW
FRXE. BREIC 6418 % 0.5ng/nl. HTX % 200nM DEE TS RPMI1640-FBS(10)
B TR TIGE P D, PGS F A SHAEREET IRBEREES . BN
BEREEOVWTE. 2EORAFREC L 38 —MRL (70—1) 2f7>7%.

cOrSiLTEOhEN (D3 ¥ASRGEEET IRRERER D— 7-9-
51 TRl 154 8 5B CIERRRESIZIEZMNARN (BEERBERD <
EHE1TE 1&3%8) i FERM BP-6691 & LTHFFEINT N 2,

(2) CHO/DG44 FRE % A= EMIEOER

i GD3 ¥ A Stk RE ~ Y & —pChi641LHGM4 O 4 ug%kl.6x10°Mi8m CHO/DG44
@Azl 2 roRv—yaveE (¥4 b7 /8 Y —(Cytotechnology), 3, 133
(1990)] = & b B A#, 10ml 0 IMDM-FBS(10) [FBS % 10%. HT supplement(GIBCO BRL
HR)E | SBETSE MO EHE]) CREBL. 98 Y VERETL b (BB F4t
89) 12200 1 1/Y = VDR Lo 5KC0, 1 V¥ aR—&—RTITC. 24 FRAEE
Urf. 6418 % 0.50g/ml 12725 &5 ICHMLT 1~2 EMBE UL, (I8 MMEET
FREEREOID - —HSEF L. BEOBRHSREY VLD BEREFEEMRL,
EEBPOH I F A SHUADTRESTEE 2 RS 1 O 3RICTRT ELISAZIC X b #l
ELR.

He3k FAEBRICHIODI ¥ A 3 FUKDEESBRD Sy 2 VORREREKIC DWW T,
DHFR BETFRIERERE L TAKEEREBME ¢ 3 BT, 6418 % 0.5ng/nl. MIX
% 100M =33 IMDM-dFBS(10) 5530 (B4R RIB (LT, dFBS &%&ECT % ; GIBCO BRL
)% 1058 DON HEE) 1 1~2x10°48E/0l K23 25 KEBL. 24 VT
L— b (EERTHE) 1 0.50] FOME L. 530, 1 ¥ F2x—F—RTITCTI
~2 EESER LT, 10 MIX A RTHBEERKESRE L, BEFRDSNLT
LV OBEEREICOVWTIE., FREAROFEICL . MTIREZ 100 ERE
. 2§ 6418 % 0.508/nl. MTX % 100nM DEE TS MM-dFBS(10)Fib TignE
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AgELD. A3 FASHikEBEET SRRRREKERL, B =RREREKIC
SnTid. 2 EOBAFREICL 2 B—MRL (Yo—t) 2T>%.
(3) v 2 Izo—~ NSOMERE AV - EEMEOMAER

1 6D3 ¥ A SHEEH <7 ¥ —pChib41LHGM4 D 5 1 g % 4X 10 EROTVRAIT
o—<NSOZa~T L7 bORL—YavE[Y4A v 7o /0 &’ —(Cytotechnology),
3, 133, 1990] ic & b WA, 40ml o EX-CELL302-FBS(10) [FBS % 108, L-Z)W % 3
L (LLF. L-Gln £3%329 % ; GIBCO BRL #1%¢)% 2nM &¢r EX-CELL302 $51h] (R L.
96 Yz VERATL— b (ER~—254 MER) 2200 2 1/ 2V TFOREL .
54C0, 4 > ¥ 2 X—F —RT3ITC. 24 BERIER L%, 6418 % 0.5mg/ml iS22 B KD
A LT 1~2 BRE R L, 6418 2RI HERRKOID = —FHERL, 2
RMOZEHONEY o)V E D EREEERL, LEFOHR I * A > HEDHRES
EME R 1 O 3EICRT ELISAKIC K DRE L &

R EBEPICAMIFASTEOEESBDONLEY TV OFEEBKRIC DOV TIR.
DHFR BETIER 2R A LT KA ER 2 NS ¥ 2 BN T, 6418 % 0.5mg/nl, MIX
# 50nM <3¢ EX-CELL302-dFBS(10)i&t (dFBS % 10%. L-Gln % 2mM & ¢ EX-CELL302
wE) i 1~2x 1054ER/ml i B &L S ICEBL, 24 =)V 7L —1 (Greiner #%)
1= 20l FOME U 7=054C0, 4 »F 2 R—F —RT IT°CT 1 ~2 BAREER L T.50nM MTX
SR TREERGESE Uk, REERKORBAIRDSNE D 2 VDERLH
i D3 ¥ A SHKDFFRSSEME 2 RMEH 1 O 3FISRY ELISA Bk bAEL
£, R FATICH 3 ¥ A SABOEESBD Shiz D 2 VOREERKRICOVT
it FErEROBEICED. NIX EE%E 100nM, 2000 LJERERE €, RAEHIC
G418 % 0.5mg/ml. MTX % 200nM D #EEE T &t EX-CELL302-dFBS(10)3% 3 TIBAE TTHED
o, 63 XA St 2 BEETIRBERERNK LB BONERERRKICIONT
2. 2EOBRAEREIC L 3B (Jo—21t) 275k,

3. Hitko B3 It 2R AEMEORE (ELISA %)

kD GD3 o X T AREATEMEIUTOLSI K LTREL .

dnmol D3 Z 0 u g DLW MA NI ARTZZ7FINIY Y (SIGMA #E®) &
5 4 gDILRFO—)V (SIGHA#B) L2ET Wl Oy / —IVEBBICEEL L.
DA 20 1 1 (40pmol/H =V 272 %) 2 96V z VO ELIAHO 7L — k (Greiner
#m) p&YVicEhTh/El, BEgE, BFOEF7v 71y (MUTF, B3 b 3
5342 ; SIGMA %) %S¢ PBS (LAF. 1%BSA-PBS & %329 3) %100 p 1/v =)V
M. ZET I BERAI Y TRET AESEE 70y 7 Uk, 1IBSA-PBS 215 T,
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BRERSEOESR FARVER LA MX XS HEOSERRBBE 0 4 1/Y
VTR, ZET | BRARGE €. Rib%k. &Y V% 0.05%Tveen20 (FIEMR
#8) %S¢ PBS (LT, Tween-PBS & RECT 3) THLPER. 1IBSA-PBS T 3000 f&ic
AR U ~N2 ¥y F—EHEEY ¥k b 1g6(HAL) itk (Anerican Qualex $18¢)
BB E LT, 50 o 1/Y VMR, 2RT 1 RERRE #L R,
Tveen-PBS THti@H:. ABTS & (2,2 -7 Y /- R(I-TFNRLJFFPIY »-6-
R VEB) P EZY LD 0.55g & 1L D 0. 1M 7 = BB & (pH4. 2)ICHBE L. (&
AEICABARE L 1 1/n] THRIOUBHE) 250 £ /D2 )V THATRES ¥,
415nm OIR R (LATF. 0D415 £ &L T3) 2BE L=,
4. 6D3 F A S HEDER

(1) YB2/0 SERREARDE EMIRDER R UHABDRER

FREHALIO2E (1) TESNEAMIFASHERZEET R A= RS
O—> #BSA% 0.2% MIX % 200nM. bV 3I—FFoO=> (UTF. B &XRELT3;
SIGMA %t%2) % 100nM DBEE T = ¢r Hybridoma-SFM H3uC 3% 10° fBka/nl L 2B LD
R L. 2.0L R F—H ML (BEBEFHE) 2BWT 50rpn OFEE TRHERL
-, STCOBEENT 10 SRERE. BB EF2ER UL, BREFXD Prosep-A
(Bioprocessing #%) # 35 AZAWVWT, HRETOMRFBITREV. 37 63 F A4 7 k%
L o KR L =9 GD3 ¥ A S HudkiE. YB2/0-GD3 ¥ X Sk e &k,

(2) CHO/DG44 #ERzeaE D& EMBOERRUTTADRER

SBEmEH 10 2E (2) THOShERGI ¥ A SHkzEET R ARRMRY

o—> % L-Gln % 3nM. fERpERE@s (LT, CDLC &%3C ¥ % ; GIBCO BRL R %=
0.5%. 7Ho=vw 2 F68 (LLF. PF68 L &R&C ¥ % ; GIBCO BRL ) ® 0.3%DEET
231 EX-CELL302 B4l 1 X 10° #BR2/nl £ 723 & 5 (CfE&H L. 175m’ 7 > X 3 (Greiner
#8) i 50m] $O4E L. 5%C02 1 VEaAR—-Y—RTICT 4 BRAERE. &
% FEEEM LR, & EE L b Prosep-A (Bioprocessing #£%) H3 LEANT,
WA OBEBIZR, A3 FASHEEZBER UL, BRLULREI FX Z ki,
CHO/DG44-6D3 3 A Sk L BfTiT 7=,

(3) NSO M@pam kD4 EMBEOERRUTGORR

DEmE 10 2E (3) THONERGI ¥ A FkEEET 2REERMRY

o—> % L-Gln % 2uM. G418 % 0.5mg/ml. MTX % 200nM. FBS % IWOBETET EX-
CELL302 S 31z 1 10°4@R8/n] £ 723 & 5B L. 175m° 7 5 23 (Greiner 3 3)
1= 200m] TOFHE Uito 5300, 4 ¥ 1 _—F —T IT°CT 4 HRgERE. ERLH
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HEIR L=, 38 L& L D Prosep-A (Bioprocessing 2t ) # 7 AZAWNT. HwtD
MBAB eV, JA6DI F X S Hik BB U o B UK 63 ¥ A SHER. NS0-GD3
x* A Stk (302) LBfFTe XS ypBERERI o— 2 M8 7 0.5mg/ml.
MTX % 200nM D@E TS GIT BRI 3x 105 fRg/nl LB LHICEEL. 175mm* 7
523 (Greiner £B) i 200nl FORELL. 5%C0, 1 ¥ 2 ~—&—KT ITCT
10 QR A%, BRIEEERLE. tge 38 L b Prosep-A (Bioprocessing A8)
55 hEBNT. ETOHBABICREL, AL F X SHEEREM Uk, BR LR 03
* X 5 Hitkid. NSO-GD3 ¥ X Stk (GIT) &,

(4) SP2/0 AR R 0D 4 IO BB RUHRORBR

HEAE 5-304089 (CECROIA GD3 ¥ A SHEEEET AREERERI O—V%
G418 % 0.5mg/ml. MTX % 200nM DBETEL GIT il 3% 10°4Ea/m] LB & DI
®iE L. 175m* 7 7 23 (Greiner 2t81) (o 20001 FOME Lo 5%C0, 1 »F 2~
5 —AT 37°CT 8 BEERE. gk FEAEN L. HELEFLD Prosep-A

(Bioprocessing AW A5 LEZANVT. RATOBBIBICHEW, TG F X Sk
FEO L7 o FIEI LI GD3 ¥ A SHUE, SP2/0-6D3 ¥ A Stk L BT o
5. BB UKEPGI XX S R DR

tiEmEp104 ETE@oh: SEMYMIRTEE. BRUED BB G F A
SHEDE 4 1 g ERRADTE [ &4 # +—(Nature), 227,680, 1970] =¥ - T
SDS-PAGE L. AFBRUREE 2T L. zOERESEIRICRLE. 81 Xic
L& S o, R U= D3 ¥ A5 Hiki, wWith b EETRET TREFRHN
150 o ¥ by (BT, Kd Y RIET D) OB—D/S FH BeRMF Tid# 50Kd
2 # 25Kd O 2 ED/S Y FHRDBS NIz, hoDATFRIE. FikD i SIRTL HO
DA DIEEEAD SHEINZATR HE: %) 40Kd. L84 : #23Kd. AF&&E N
144Kd) ZiEF—BL. Eiz. 16 HOFAEE, BB T CRAFREIH 150K
tHh. BARHETTCRAFROVANT 4 Kigd (LT, S-SiEaeRicy3) ¥
oM E . %9 50Kd DA FRERDOHER r#goskd DA FREROLBICARINDL
WwW3EE [PryFafTF4X: 7.5 %35 r1) —-< =2 7)v(Antibodies: A
Laboratory Manual), Cold Spring Harbor Laboratory, Chapter 14, 1988, £/ 7%
O—F N -PrF4RF4 X7 vy FWX-P Y kT35 F 4 A(Monoclonal
Antibodies: Principles and Practice), Academic Press Limited, 1996] &—%(L.
&7 D3 F A FIAEDLE LWEEDHESF L LTRRS M. bpoRMNEIhEIEN
ERINi=o
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TG 2 . 3 6D3 ¥ A J UKD ENMEFTE
1. 31603 % A S#ifkm (D3 X3 2 AWEN (ELISAEK)
SREMER 1 D 4ATES Nk 5 BEADRERIR GD3 ¥ X > Hitkd D3 (Em2LEL
BY) (KT BEATEE £ EME 1 0 3ECRT ELISARIC X D AE Lk. 8 2HR,
FI0T 31603 ¥ A SHEDBE 2 LML ¥ THATEIE 2R LEERTHD. B2
FicmR UL S o, 5 EEDH (D3 ¥ A ZHikid. IFIZRS D 6D3 IC T A EEENE
R L. COERRAKOHREABEER. HBEZEET 2R E DIERT
EBIcEDOT. —ETHAILERLTWVWS. k. NSO-GD3 * X S#ifk (302) &
NS0-GD3 ¥ X S itk (GIT) DttE b SIARBEAE SR BRIZAY I HIKRS T
—BTHBLPTRBRENE,
2 . #i6D3 ¥ A Stk in vitro MMEMREEE (ADCC &)
FEREMEE 1 0 4ETE SR 5 EROENT 63 ¥ A FHED in vitro AE
EEM A FET 3720, UTICRTHECHEN, ADCC EEERE L=
(1) ENARERDAR
RPMI1640-FBS(10)i5HETHER L= b b A 5/ — IR & ADEDFK G-361 (ATCC CRL1424)
D IxX10°4 TR L. BRAEEYETH S Na,’'Cr0, % 3.7MBq U EMA T3ITCT 1
BMRAX Y. IS EREHER L 2. RIDE. RPM11640-FBS(10)i5th CREBR USR5
smEls LD 3ESE L. BIcEERH L, 4°CT 0 MRKFCHRE LTHEHEYME
»HAREE 2, BOSEE. RPMI1640-FBS(10)1518% Snl MOZ. 2 10° #Aa/ml
ICTERIL. 2MisdEE Lk,
(2) =7 v % —HIRBHOARK
R A SR 500l £HRER L. ~/S) 2 F YT A (REXRSHER) 0.50] 2R
BplciE . Zh#E Lynphoprep (Nycomed Pharma AS #3) %AW THEARBE
FEV. BB UTERRBESREL . RPMI1640-FBS(10)3%i T 3@5@:1‘»&}5& LT
s, EEAVT 2x 1004/l OBRETHRRL, =7 V7 —HRREme L
7z
(3) ADCC EEDRIE
9% &z USEZL— b (Falcon &) O&Y z M LR (1) THRULRERD
AR 50 1 1 (1X10°4888/ 5 =)V) EMELR. RWT (2) THARLETY
=5y —iEpasi A 100 1« 1 (2x10°482/D =V, =7 27 5 —HkE L iRe D
T 20:1 ¥123) WmIULE. EiZ. &R 63 * X SHtkEERREE 0.0025~2.5
wg/ml 23 LSiCmA, 3T°CT 4 BERSEER. RnE, 7V— 28008
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L. L#EOYCr 2@z y-Ao -t TRELE. BREM SCr @&k, =7 =08 —
AR FEBEEORD D A% RV T LI L FRORERT. LHED “Cr
BERET 3 LiC L hRDE, 28 Cr B2 HikEBRORDD DA ZE.
1720 5 —EEBEORD DI | HEERERML. LELERORFETL. £
HOCr BEMET B LIS L DRDE. ADCCBEERTRICLD Ko

BREEBEPOSCrE - GRBECR
ADDC FEHE (%) = x 100
SMEICrk - BAMEIC R

FOREFSIMIRUE. BIBRLELS . 5RO O3 F A ZHED
3+ YB2/0-GD3 ¥ X SHifkhs@ b B\ ADCC EEZ R Ly PN T SP2/0-GD3 F A T A
k. NS0-GD3 ¥ A 5 irtk. CHO-GD3 ¥ X SR DIEICE W ADCC BN R R Lz, RIS
B B R 72 % NS0-6D3 ¥ A 5 fifk (302) & NS0-GD3 * X Sk (GIT) Tk,
250 ACC EE I ZRBOSNRS O, UEDRERE. #tkD ADCC EER. £
ERVAHYAIIC L > TASCBRBILETRLTN S ZOMBELTE, 1
EEAEEIFESTHo I > b, UKD Fe SBmogEoSERBELTWSZ L
DBHET NIz,

EZWH 3. Hik rM P —D1 X5V ETy—afit k%! CDR BBHEUADIER
1 HE N Yy —DO4F>5Le7y—afit MR BEAKOREEERRD
143
(1) 5v b 3 =o—= YB2/0 MRaE AW 2 EEMBIROFR
W097/10354 = SBBDIAL b v F—O A F 5 Ve 7y —affit b2 CDRBHETUE
(LLF. #i hIL-5R a CDR BHEHKERET D) D FF -~ & —pKANTEX1259HVILVO
ZFHWTHLIL-5R a CDR BREAAOREEEAREUTOLI K UTERLE,.

1 hIL-58 o CDR BHEIALRR NI —pKANTEX1259HV3LVO D 5 g % 4 X 10° #BAa
D> v b Izo—= YB2/0 e~V Y roRr—vavi (¥4 72/ 00—
(Cytotechnology), 3, 133, 1990] ic & h BAH, 40nl ® RPM11640-FBS(10) I/
L. 96 v xVEBA7LV—b (BRX—2754 MAERY) 1S 200 1 I/ = VTOASE
Ufeo 59002 4 V¥ 2 ~"—&—HT 37°C, 24 RROHER Lz, (418 % 0.5mg/ml i 72
213 RINLT 1~2 BRI R Uk, 6418 Mt E R T EGRRDD o=-—HHER
L. Mooy VI DEREFZERL. F#ESOH hIL-5R a CDR B4
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FEOTURESEN 2 BRGS0 2ERT ELIA B LD RZE L.

fegk Fehic i hIL-5R o CDR BHAADEEFRH Sl = VOBEEREC
SnTit. DIFR @EFRERE2ME LTHREEERENZ 5 ENT, G418 %
0.5mg/ml. MTX % 50nM S RPMI1640-FBS(10)i5ic 1~2x 10°40kR/nl K23 &5
BEL. 24 D)V 7L —1 (Greiner #M) & 2n] FOHEL L, 580, 1 v F 2
— 5 —T 3T°CT 1~2 EAIHE S LT, 50nM MIX it 2 Ry RERB 2RI UL
R R AR DIRE DR & e & )V OKER E#POHR hIL-5R a (DR BRAKDIR
ERESTEN & EHEF 3 0 2THIC/RT ELISA HIC & D RE Uk 8 EFPICHMIL-SR
o CDR BHETUEDEEDFRSD Sy  VOFRERKIC DVWTE, LRLEHRDS
sl & b MTX {@EE % 1000M, 200nM L ER LR E ¥, BREC G418 % 0.5mg/ml. MTX
% 200nM O {2 T&¢s RPMI11640-FBS( 10)3E 1 CIMAERIEE» D, $ hIL-5R a CDR B4
FhrEEET RBEERKES . B5NEBRERKCOVWTE. 2 MOBRRAE
Wiklc L 3 BRI (FO—1b) BfFok. SOLICLTHRONER hIL-5R
o CDR BBtk A £ ET 2 EERMIS D—> No. 3 RFR 1 1F4ASENTT
SRR L & T2 TEERHEAR (BRERRROCEITRITEL % 3%5) i FERM
BP-6690 ¥ LTHFEINTW 3,

(2) CHO/dhfr-#iEE% AV 7= EEERRERODER

W097/10354 i~ S8 DHThIL-5R o COR BBHEIAKTER N 27 4 —pKANTEX1259HV3LVO D 4
w g % 1.6x10° 4080 CHO/dhfr-ifa~=x L proRv—vavE (¥4 b7 /0
s —(Cytotechnology), 3, 133 (1990)] (=& b H A%, 10ml © IMDM-FBS(10)1=FE&
L 9wz VERE 7L — b (EHBEFRAR) 200 4 /% z VT 248 Uik, 53C0,
4 Fax—F—KT3ITC, 24 FERAERLARK, (418 % 0.5mg/ml ic72 3 &S D
LT 1~2 BREEE U, 6418 M2 RTERERKEDD n=—HHHEL. BEDRE
wohty o)Lk biEg tEEERL, £BFOH hIL-R a CDR BHIAEDIREE
AENEERERA 3D 2IFEICRT ELISAEI XD RE L.

kg FBic hIL-58 a CDR BREFKOEESRD SN Y = VOB HERKIC
SWTid. DHFR BEFHERZFA LTHESERSENMZ L 2E808T, 418 %
0.5mg/ml. MTX % 10nM &¢ IMDM-dFBS(10) Kl 1~2X 10° MRS /ml 123 L5 KR
BL. 24V T7L—b (BEMEFHR) (£0.50] TOSE L, 940, 4 Fax
—%—WT 3T°CT 1~2 B8R8E# LT, 10nM MTX iz RT R GRKERE L.
MEFEDSNEY D VORBRERKICOVWTIR. LELEROFEICLD, HIX &
% 100nM. 500nM iz ERE €. SRS G418 2 0.5mg/ml, MTX % 500nM DBETS
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¥ IMDM-dFBS(10)5&th TR TIHEL D\ i hIL-5R a CDR BHEAKERBLEET SRS
A B L, BONAERERRERICOVTIR 2 EORARREIC L 2Bt (2
n—>1{t) &{To7%.
(3) 9 RAIxo—7 NS0 HRE F L - S IR R
¥ 3 > b v (Yarranton) sosElA4F/77/0 <> —(BI10/TECHNOLOGY), 10, 169
(1992)] t=#ELV. W097/10354 iz o hil-58 a CDR BHERGBRRRI Y —
pKANTEX1259HV3LVO Ok HERTL 88 cDNA ZAWVWTIA hIL-5R o CDR BB EI AR
By — R L. NSO ARREFEERL. i hIL-58 o COR BHEIAERWEET S
FEEhkESR. ©§ bR EREERKICDOVTR. 2 BORAFRELCL 2E—HM
Bt (7 o—2A4t) &F>%k.
o kD hIL-5R aioxtd DRESTEIEORIE (ELISA )
ik hIL-5R a i ZESTEMIIUTOL ST UTRHELE,
W097/10354 (= iR DA IL-5R a T ™ R {7tk KM1257 % PBS T 10 u g/ml DEEICH
57U 7= 50 1 1 % 96 & = V@ ELISA MO 7L — b (Greiner #%) D&Y =)V '
czhzhaEL, 4CT20 BRERGE €. Rk, 1§BSA-PBS % 100 « /% z)V
<mx. Z2&]T 1 BEEAIRTRETAEMEE OV I L 1%BSA-PBS {8 T.
1097/10354 i= SRR T8t hIL-5R o % 1%BSA-PBS T 0.5 1 g/nl OBECARRLES
#Wix 50 1 1/ VTR, 4CT20 BRRISE B o BUSHE. &Y =)V % Tween-PBS
A%, HERRKOER IFERVIRERLEE b % CDR BiEAG DS ERRBEMW
50 1/YxVTHX. ERT2 BRERGE . K6k, &Y x)V% Tveen-PBS
¥, 1%4BSA-PBS T 3000 BICRRUE~IVEF 25— EREY ¥4k b 1gG(H&L)
itk (Anerican Qualex & 3) » - RPUkBHEE LT, 50 4 /9 = VTHIX, 2
BT | BEARGS €k, RiG#. Tween-PBS ek, ABTS BB [2,2°-7Y/-KE
2(3-TFNRYIF PN B-ANFR)T VEZOLD0SgEILD0. MY
T EEE i (pHd. 2) IS BRE L. EREC BBt AkRZ 1 1 1/l TR U =B
%50 1/ VTMATRESE, 00415 ZRE LU=,
3. 3 hIL-5R o CDR BERAGORER
(1) YB2/0 WEIE ks EHEOERRUREORR
raREmm3I0IE (1) TF &N 7=4i hIL-5R a CDR Bk EsEET AREE
ks o— % 6418 2 0.5mg/ml. MTX % 200n¥ OEETEST CITHHIC 3x10° 4
ga/ml &2 3 &S5 CME L, 1750, 7 3 23 (Greiper 28 12 2000l $OoFE L.
5%C0, 1 ¥ 1 X—F—NT WCT 8 BRERE, EEIEEERLE, BRLELS
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DAZLRRIDI TS 7 4 —REY IVEBEERAVWTH hIL-5R « (DR BHEHiE
R, BB UL KIL-5R o CDR BilifikiL, YB2/0-hIL-5RCDR itk & &AT 7o
(2) CHO/dhfr-fBiafskD & EMBOERRTHREDOER

rREHEFI3DLIE (2) TiBS5hi=ihll-5R a (R BEAGKEZLEET SEEE
#utpa 2 o—> % L-Gln % 3mM. CDLC % 0.5%. PF68 % 0.3¥Di@E T =¢ EX-CELL302
tEtls 3X10°4IR /ol 2B XS ICBBL. 4.0L A F—H bV (BBHTFHR) %
EWWT 100rpn DEE THEIBPER L. ITCHEREAT 10 BHEERE. SRLEE
B U, HREEIDAAVRBI OIS 74 —RUTSNVEBEEZRWTHR
hIL-5R a CDR ESAEHMAEBE Uiz, BB U hIL-5R a CDR BHEHukid. CHO/d-
hIL-5RCDR itk & & (T 7= '

(3) NSO fBRReRsR D& EMEDIER R UK OER _

TREMFMIDIE (3) THESNEHLIL-5R a (R BEGKEZEET 3EEE
P o—2r%2¥ S>> b (Yarranton) 5OFE (N4 F/FV /0P —
(BIO/TECHNOLOGY), 10, 169 (1992)] icfev. Bk, BRLEFEEM L L. BRE
BLOAFLRBIOT I ST 4 —RUTNVREBEERWTIA hIL-5R a (DR B4
Hith# BRI Ui B U A H hIL-5R a CDR ZBAafiikld. NSO-hIL-5RCDR fifk & & fHi)
7=
4. B8 794 hIL-5R a CDR BHETADERN

LRREHS 3O IFETHLONSEEYMIITEE, BRUKL 3 EMOH hIL-5R
a CDR B DE 4 1 g 2RO [R1 Fv—(Nature), 227, 680 (1970)]
=%t >T SDS-PAGE L. D FERRUMBE LB L. TOEREZHE 4RICRLE,
mAEICRUAELSIC, B LS5 hIL-5R o CR BT, WThd &S
BT TIRAFRIHK 1508d DBE—D/5> KI5, BILRHT TR 50Kd L% 25Kd @ 2
KDY FBRDONE, ChSDHFRIE. KD U SR L $40D cDNA DIZZEE
FipoHEINZSFE (HEH : 0 49Kd, LE8: 19 23kd. 2 F24k : £ 144Kd) &1Z
F—-B L. i, g6 Rofgkit. EBERFGTTEIAFRENISKdTHD, &
ZUHETTROSFROVANT 4 FREE (LUT. S-SBELRET ) BUFHEh. B
50kd DAFREZ OHMEN 226Kd DAFREBODLBECAESh I LWSRE (7
V4 HEF4 X 75 HES M) —-2= 27 )V (Antibodies: A Laboratory Manual),
Cold Spring Harbor Laboratory, Chapter 14, 1988, £/ 7 0—F )V 7 7 1 K7
4 XTIV TNWVX-P Y K75 25 4 X(Monoclonal Antibodies: Principles and
Practice), Academic Press Limited, 1996] & —% L. & hIL-5R a CDR B sk
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HSELWEEORESFE LTRESh, »o, BRIhEILIERS .
S=HEP| 4 . 3 hIL-5R o CDR BB REIAIAOD {EAE A (T

1. #ihIL-5R @ CDR B AE itk hIL-5R a o3 BESATEM (ELISA i)
EERERES) 30 3ETE S h 3EEOBEN hIL-58 a CDR BAEiAtko hIL-5R a
CRTAEAEE S EHMA3 0 2EICRT ELIAEIC L DRE LR, 85 ®i. &M
3+ 24 hIL-5R a (DR BHEAKDEE 2 LI L THAENERM LARRTH 2.
&5 @icm L& Sic. 3 MO hIL-58 a CDR BiEHitki, (FIFFSO hIL-5R
T ARAEEERLE. CORRREMLS 2D 1EDERLERIC. AEOHR
oMy HGEEET 3RO ZOERSRCEDLT, —ETHEILE
RLTW3,

2. $# hIL-5R « CDR BBMEMtA®D in vitro MAMEEN (ADCC iEi4)

FEREREE 30 3FTES N 3EMOBMA hIL-58 a COR BHAKD in vitro
ARREEE £ AT 2720, UTICRTARICR. ADCCEMERE L.

(1) BB nRy

W097/10354 (<E2& D hIL-5R aRFAHMERBL T2 Y YR T Mk CTLL-
2(h3R)% RPMI1640-FBS(10)MEMTHZ L. 1x10° 40B2/0.5m] L #22 & 5 ICFBL,
HEHEYE T B Na'Cr0, % 3. THBq BB X T 37°CT 1.5 BRIRM X ¥, MiREK
FHER U7, RS, RPMI1640-FBS(10) Bt CHRBR IR OAMIBEIC L b 3 EH%
L. HEHic BB L. 4°CT 30 ARk HE L THEHEME 2 ARBME 21, &
LGB . RPMI1640-FBS(10)3&H% 5ml A0Z. 2% 10°48A3/n] MM L. 12e0MiE
e Lo

(2) =7 z7 % —ARBAKRORAR

g ASARD 500] BRRE L, ~8) v F MUY A (RBEESHER) 0.50] 208
DHICiBEER, oh#% Polymorphprep (Nycomed Pharma AS #t8) % FvTHEAEREA
Bzt RO LT BILIRE & 28 U7 RPMI1640-FBS(10)H3 T 3 BB L8
LTihies. Eia ML IX 10488 /0l DBETBERE L. =7 =¥ @5
XU

(3) ADCC FEtEDRE

9% »x)VUFEZL— b (Falcon %) D&Yz VT LR (1) THELLERN
AR 50 1 1 (1X 1044883/ = )V) £HE L. RNT (2) THEELETY
=5 5 —fiaEHE 100 1 1 (Ix 1054082/ % =)V, =7 =7 & —Hik L iReRE DLt
12 90:1 £723) HAOLE. Bic. &M hIL-5R o COR BAEHtKE & BEEE 0.001
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~0.1ug/ml 23 L3ImME. ITCTLRBRGET B RIBKR. 7L — M 2&0
AL, LEONr&Ey- DOV —CTRELE. BRBR Cr &R, =77
» —ESE . HEHORD D ICEROAZANWT LR EAROREZTV. LHE
DN EERET A LICL D R 25 ' . REBSEORD H IO
AE.T7 79 —HRBEORDD K I REEBRERNL. LELERORERT
v, LEOYCr BERBT B LK IRDE,

ADCC EERE T RIC L DR

BREEEFRONC & - BRBECR
ADDC 7Et£ (%) = x100
LR SCr R - BARKEICR

FORBEESEMICRUE. BOBIRLAELSIC, SEHDHIL-5R o COR BE
HE?D S 5. YB2/0-hIL-5RCDR #HifkH & & &y ADCC EIEER L. RWT CHO/d-hIL-
SRCDR #i¢k. NSO-hIL-5RCDR $AfEDIRICE W ADCC & 2R L o YO RIZEES
2D 2ENER L AL T, AKD ANCC EEid. £ECAVIBMBIBICE>TK
ECERBZIEETRLTWS, B, LEFOL MuAEDOWThOBES YBZ/0 4
BTHELEFRANSSRL SV ANCEMZRLEZ LS. YB2/0MEEANSII LK
h. ADCCEMOBWEEZBETED PP ER SR,

3. # hIL-5R a CDR BBHEH4AD in vivo I BiF BB

EREHE 3O IFETE SN = SEEDOKYA hIL-58 a (DR BMEHRED in vive
TR ZEMERET 20, UTICRTAEICHEN. B=2 4 F)L0 hIL-5 HREF
BERIEANT FIVICHR T 2 IMEIE A 2R U .

A= 4 ¥NIcHEE D hIL-5 (FAWAEIK W097/10354 I25E#) %2 1 ue/kg TL
g1@E. 5 14 OFHMET LD RS Uk T DIL-R o (R BHEF7ZEZOBD hIL-5
DOR5 1 BERIEIC 0.3ng/kg CRIRAICBEIRS Uz EFRSEZI bO—V
YUTHWE. AR SBIZZ 3 388 (No.301. No.302, No.303, No.401. No.402,
No.403. No.501. No.502. No.503) . HithdE#x 58k 28 (No.101. No.102) OB =
PAFNERVE, HE5EE0 7 BEIL H 5% 42 B3 S TEIRICH 1ol OmE
SREDRE =T RBRBIRE DIREB U, 1 u | ORMOPOFRIREEMNELL. £
DEEESTEICRUE, B TRISRLAELSIC. YB2/0-hIL-5RCDR itk 235 L7z
Bt [EFERROBNDSELCIEE Nz, —A. CH0/d-hIL-5RCDR AN
2ok | FETELRMFEASRDERESOD. 2HETREZOMEUEABET RS
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3 o7 NSO-hIL-5RCIR HitkDX B TR, TLRIWHEER IR ShT. £0O%
BRFFSTH oo UEDORRIE. AKD in vive FEEE LEICAW IR
tE o TAELBEBSEBTRLTWS. B, #ihIL-5R a (DR BERGETRAEZD
invivo EMOSX L. EfEF) 4 D 2IA T/ ADCCEHDTE L EDHBFRDS
nEC L6, ZOESRRICE. ADC EEOEE PEHTEETH B2 L FTRS
hi=,
uLO%%bB\wmﬁﬁmghmwﬁ\tb@é@ﬁ%@ﬁmtﬁwtéﬁmf
HBrIEBHFTN D, :
EHER 5. ADCC 1EHE % HE s D HEHD BT
1. 2-7 3y T iEmeEed (PALEER) ORK
K%%@tbﬁﬁ%%ﬁ@t&6@M*ﬁﬁkf>?»@%%ﬁbtoﬁ&%%%
CRELEE. ERSUVARIC L DEHEBEAEP SN LE (XYY - 2T
T ¥4 oS — (Method of Enzymology) ,83,263,1982] « E KZ UV EZRELL
% BT TS Y LKEE L BAEBRINX TN-ZEFMEET > 2. BEERE,
2-FI YT X AMEERET oL [Ur—FN X T A FTIAMY -
(J.Biochém. ), 95,197 (1984)]. B A% U 7= ¥E84 (PA {L¥E8H) % . Surperdex Peptide
HR 10/30 7 5 2 (Pharmacia #t%4) &AW TH e & A% L. BHES %8 0BG
wiccwETe. BRPALESE L.
9 . ¥EBUHL hIL-5R a CDR BHEHUAD PA {LRESHDMAE HPLC 7247
FEEHER 5 O 1 TR L7~ &4 hIL-5RC0R itk PA {L¥ESHZE AW T, CLC-0DS
#5 4 (Shimadzu 28) o & 248 HPLC MR 21T o 2o BRED a-L-73 vy —E
(v Bemsk. SIGMA #%) % PABREBICHMNL THAEZITY (37°C. 15 B§RE) .
ﬁMHMC?%ﬁbt(%8@)07ZH5%>%6ﬁﬁ@30ﬁ%b680%@®ﬁ
EICA MY 3o &% TakaBa 2% PA (LEESMR S » ¥ — FEALWTHRLE. a-1-7
T2 F—B s & > T. WIEHPLC DB ELSBET HE (48 2RP 5 T8 HHE
CEAEXNEY) OLEKICSHIHEEFE L, BREE IRIRT,

g 1 %
k0L EMRE al-§ 7a—2EamEE (%)
YBZ/ 0 47
NSO 73
45
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YB2/0 #HRE T 4 B X ¥ 7= #/ hIL-5RCDR B REHUKIXK 47%. NSO MR TEEX ¥R
hIL-5RCDR i HfkiZE 3% D ax 1-6 7a—2%HDHEETHo . £oT. B 2/
MBI THE L itkiL. NSOMBIRCEELANGLEBLTa 1-6 72— 2FHE
RWESHN S P o 7.

3. ¥R hIL-5R a CDR BAEiitk D B

M) 7 DEFERIC & ERNAKAAEIC L D, YB2/0 AR, NSO MRB LT CHO/d #
B HEE U7 hIL-58 o CDR B HEHUADRES % BB AR L. BiolC (Dionex #%)
ERVWTHEBHERSTZT 2% ‘

N-7 U3y RESEHEDS> B, 3> 7V 7 ABTR, | £OBRICBTE~Y L/
— I3 THBIED, T/ —RAE I L LTHELLBEOSBEOBNILEE 2
£IIRTo

B 2 =

s AERR Fuc GleNAC Gal Man ADCC &ME(%) *

YB2/0 0.60 4.98 0.30 3.00 42.27

NSO 1.06 3.94 0.66 3.00 16.22

CHO/dhFr- 0.85 3.59 0.49 3.00 25.73
0.91 3.80 0.27 3.00

* SR 0.0) u g/ml

23— tiE. YB2/0<CHO/d<NSO T bh. KERTH YB2/0 HERTHEEL

rHEOENIE 7 I-ASEPRLEP S L.
ZEHE%) 6. CHO/dhfr-#BER4 E A DRES RN

CHO/dhfr-4Bfe TE£E LM hI11-5R a CIR BHEnERS PA ﬂ:%ﬁﬁé;ﬁ%‘{ (PN
CLC-0DS 15 4 (B@®) %A\ T8 HPLC A 21T S27=(EBIM). BIRICBW
T BHESE 35~45 HRIN T I — X ERERVEEE, 5~60 FEHFT I -2 EHD
WS4 T 3 o 7o CHO/dhfr-fBRR CAEEE L7=HhI1-5R a (DR BiEAAE., voRXIixzo
— 2 NSO MRS REAGEERIC. 5y FIzD—-7 YR/ 0HBETEES €L
Bkt by 70—RERERVEROSEPDVRP 1,
EHEF) 7.5 ADCC IR D8
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7 a—2EHOBERIKETEVIF VAT LERWVT, Sy hrixzo—7 YB2/0
MR THEEX ¥ F hI1-5R o COR BHEAGKDOHEZT 72, HPLC i3 & i@t LC-6A
%AV, FURIE /8 5 LARBKERTT 5% S0md b 1) X-FRERIEE i (pHT.3)
b L. BRI N IL-5R o O BREAGEEAR, 0.20 a-AFVT~ Iy
K(FHh 3547 RIHM)OERBEEIE(60 AR ICTHAB LR, HibIl-5R a (R B
TR EREED L REES LIS L. ERBES. REEBSO—BELD.
hIL-5R alc ¥ A2EAEMERNET 3 & AROBEEEILER L(E 10 L&)
ADCC M ZRET S &, EREFH DS FREEFO—EL D E ADCC EHEZT
LE(E10® TR). 5. FREED. BEBSO—HH S PALEHEETRL.
CLC-0DS 5 4 (B@atH) ZBUWT#E HPLC A ET-H(B 11E). FRBEES
FEL LT7I—RORVEHE L DRETH Y. REESO—-HFIELLTZ7I—
ADH DWW OB TH 27z
=HEF| 8 . 18 EMIKIC BT Bal,6-7IVNV T LRT z5—+¥ (FUT8) BEFD
EEMDOEER

(1) SiEMEEke Sk — A cDNAD TN

F 4 4 =— XN LR Y —58 R e33kCH0/DG44 A Z | 104 FBS (Life Technologiesti
) B {EEEOHT supplement (Life Technologiestt) % ¥n0L 7= IMDMIEH(Life
Technologiestt JIC & L. 2 % 105cells/nl DEE THESMIERAI7 522 (
Greinertt) (B LK. £7/=7 v b Iz O—HERYZ/0MAEE. 10% FBS (Life
Technologies#t) . 4mM Zv¥ I (Life Technologiestt) % ¥inL 7=RPMI1640%
#1(Life Technologiestt)icMA&BL. 2% 10°cells/nlOBE TR HMRERATIS7 5
23 (Greinerst) ICBEL L. TIN5 237°CD5Y €0, 1 ¥ 2 _—F—HNTHERL,
ez 1@ E. 288, 388, 4BBBXUS BB &5 A1 x 10 cellszERL
. RNAeasy (QIAGEN#t%Y) i X bh2RNAZMEI Lo

£RNAZ 45u ] DEREKIC AR L. RQL Rnase-Free DNase (Promegatt) 0.5U/ul. {f
B 10xDNase buffer 5ul. RNasin Ribonuclease inhibitor (Promegatt) 0.5ul%
ZAZNICHENLT, 3TCTINERMGE ¥ Ribik, RNAeasy (QIAGEN#t) C &
h&RNAZ BN L. SOulDREBKICERELL.

BNt DENAugIc ONT, A JdN) 27247 —¢& L T SUPERSCRIPT™
Preamplification System for First Strand cDNA Synthesis (Life Technologiesth
Yizdh. 0ul0RTREERLZITV. cDNAZ &BL L. BB EMIBERITIBB L
-7 0 F L0y O—= VI REESRGEOHED | (ERKEE, REWPRC
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2% BEFESEOERC R EERAEOBMEKTHEZRLLLOER,
ELHHEATIETC-80CTRE L,

(2) Fr4=—ZXNLRY—FIBBLUS v b FUT8 D& cDNABR 4> T F+ D ELIE

Fof =—ZNLRY—FUTBHB LS v FFUTBDECINATAMT I DELR. LT D
E3fFore ¥, bt FFUT8DCDNA[Journal of Biochemistry, 121, 626 (1997))
B LT HFUT8MDcDNA[Journal of Biological Chemistry, 271, 27810 (1996) Jic
BOEZEFICHR L THERNR 754 v — (RIES 1 BLUENES 2 WWRY) %
Fat L7

WIZDNAR Y A 5 —HExTaq( BB ) 2AWT. (1) THR L LER 2 HEBOCH
#p e S cDNASS & UFYB2/0fiRa el sk cDNAZ & 4 1 ulZ&425ul DR [ExTag
buffer(E@Est). 0.20MdNTPs, 0.5uM ERHEMT 54 v —(BAFS 1 BLUER
FIRE 2))xHmM L. £Y XS5 —YHEHERG (PCR) 21T7>7%k. PRI, 94°CT1oHE
DOIBOE. 94°CTI0RMME, 55°CTIMA. 12°CT2aMPSRIRIBE 1Y TN
L LTHA ZN0E, & 5ICT2CTAMMNEAT 2RHETIT %, PIRICL DL
4% ELAORSIENT H-979bp £ TOPO TA cloning Kit (Invitrogentt) ZAWT7F X3 Kk
pCR2.I~NEEE L, Frv 4 =—XNLAY —FIBELUT v FFUT8D & cONAER 5385 Fr %
SLT75RAIE (CHFT8-pCR2. 13 & UYBFT8-pCR2.1) ZER&E L 1=

BR7E U7 &cDNADIEREFIIC DT, INAY —2 x4 —377 (Parkin Elnertt) &
X tFBighye Terminator Cycle Sequencing FS Ready Reaction Kit (Parkin Elmertt
Y ZRWTHREL, B8 UEDNABF v 4 Z—INLRF—FIT8BLUZ v NFUTS (
RREE3BLU4ITT) OA—TV ) —F 1771 —4 (0RF) HAEFIZ3
—FTaZLEmRA L.

(3) FY A =Z—ANLRI—B-TIFLBIUTT Y k-7 7 F > cDNADELF

B-7 7 F L REFREERICBNTERNCEESNTS b, 2DEEEIXMHRME
CTRBRELEL SR TWA D, SMBERDASHRRLOHEOER L LT, §-
POFUERFOEEREERT 2o

Fr 4 =—ANLRE—B-F I F L BLUET Y Fp-T 7 F OB, UTDAE
TFote 2T FYAZ—ANLRY—B-ZVFT/ LE2% [ GenBank,U20114]
BLUS v b-F 2 F 4 7 sEFI[Nucleic Acid Research, 11, 1759 (1983)1& b
CEREIED F L SR LREIC KRR AT —F TS/ v — (BHIESS IR
+) BLTBERRIED K 22 UEEIFROR ) N—RT 54 v —(EHNES6B
SUBHES TICRT)&2ERE L
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FIDNAR Y A S —CROD(E#S) 2AVWT. (1) THRREUEER2 HE0CH
HIBT e R cDNASS & UFYB2/0MEBR I RcDNA 1 ul 2 EH25ul O RGHKE[EOD buffer #1(R
#6530 ). 0.2nM dNTPs, 1mM MgCl, 0.4 FERETFHENTS 47— (EFHES
5HLURMES6. $REFNBSSBLUVENBST) . 5% MOJERKL.
R XS5 —EHMERM (PCR) 21T o7, PCRIZ, 94°CT 4 A DOMEADE. 98°CTIS
FLES. 65°CT2RM. T4CTIMRPSRBIRME LY A IV ELT, 2594 I VT
o7, PCRIC & b 18 7= &4% R 14T A 1128bpdD5 * K3 #MEGALABEL (@& )IC L
1) B L7=%. pBluescriptll KS(+) (Strategenett) . HIBREEFRECORVIZ K DY)
WLTESh 2 (2.9Kb) %Ligation High(HR#MHIL)THELEL, Fr A =—2N
LAY —B-FIFVBLUS v M-I F L DEDIADRILERESTTFZIF (
CHAc-pBS. YBAc-pBS) %87,

/8 U 7= ZcDNADIG R EH %, DNAY —2 = >3 —377 (Parkin Elmertt®) BT
BigDye Terminator Cycle Sequencing FS Ready Reaction Kit (Parkin Elmertt )
FAVWTREL.ELF v A Z—ANLRI—=B-FIF UV BIUTSY M-TIF 2D
£cDNADORF 2 RESIZI—FT 2 & 2HE L1

(4) 2% ¥ — K BLURBETIOI Y bD—VOBER

£ EFIRAOFTSREZ T2 5 ORNMESR2RETT 2200, TRERZMHEHRL
o

MEBRICAVRFITBDRY v ¥—FL LTk, (2) THEFYA=—INLRY
—FUTSB LTS v FFUTBDZcDNASR A7 RpCR2. LI ARA LTS AI FTH B
CHFT8-pCR2. 138 X TRYBFT8-pCR2. 1 % HIFEEL REcORI THIH L TR ShDNAZ Bt
LTHAWE,

FUTSZ 2 DW= b o—)L & LTk, CHFT8-pCR2. 133 & UFYBFT8-pCR2. 1D 5 B,
Frod =—ZXNLARY—FUIBB LTS v FFUTBDHSRIERELFDScal-Hind [ 17
203bpE REZ €D I LI & DB 5N =CHFT8d-pCR2. 133 X UFYBFT8d-pCR2. 1%, HIR
EEEEcCORI T L B o N =DNARBEH{E L TRV,

S EMERDS-7 Y F VBREFPSOMNAEEROR Y »¥—FeLTR, (3)
CEBEFr A Z—ANLARY —B-FIFUBLUTI Y F-7IF L DERZND
cDNADORF 4 £ %pBluescript ! I KS(+)ICMIARAAE 7T R I FTH BCHAc-pBSB LT
YBAc-pBS%. AiZiZHindIT1B X UPstI T, #&EHindl [ IS X UKpenl T, E2UIHL
TE5h=DNAZESHELTHW .

B-7 7 FUERBOARI Y FO—IL L LT, CHAc-pBS 3 & UFYBAc-pBSD S 5. 7
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oA e ANLRT—B-FIF U BLTS y bp-T ¥ F L OABEEETIDDralll-
DrallIfg180bpE REZ B LICLDE & 17 CHAcd-pBS3s & TFYBAcd-pBS %, ®iE
BHind 11138 & UPstI T, %% IHindI [IBLTKpnl T, LML TEShDNAZ
Bt L TAWE.

(5) BaMRT-PCRE L ZEERDER

FUITSDESEMDERIUTOL T2k, 9 (2) THEF Y/ =—XNA
25 —=FIT8B LU v FFUTSDORFER A ERFIO RS EFIC K L. HBEFIRRN R T
S54<w—ty b (BAUBS8BLUIICRY) BERET L.

wic. (1) TE5NE:SBEMIEKERDODNABBOSHRE SulBLUA
gy ro—VATS X3 k5ul (10£8) ST R20u] 0 Kb [ExTaq buffer(
FEEst). 0.2mM dNTPs. 0.5uM LB EFREN TS 47— (BANBES 8 BLUV
BSES9) . 5%DMSO]T. DNAK Y X 5 —¥ExTaq( BiliEL) EAWTPCREITo 2
. PCRiZ. 94°CT3SRIDMzADE, 94°CTIsE. 60°CTCI4oR. T2°CTIloE» 5%
ZRIEE 1YL I NELTRYA I NVITo 1.

8-7 7 F L OEEEYPOERI. UTOLIKT>7%. (3) TELEFYy4=—X
NLRY—B-FIPF L BLUTI v Mp-7 2 F ORFEROABESIIC K L. E2RETF
R TS T—ty b (FEEENES 1 0BIVENES ] 11, BRELES
RE12BLIURNES1ICTRT) 2ZhBThaEE L.

wic, (1) BN E EMEERBERODNABB DB HIRE S5ulBLUA
oy ro—VAZTSRIF5ul (1pg) % SRR 20u] 0 R itk [ExTaq buf fer(
SiEsat). 0.2mM dNTPs. 0.5uM LHIDEGFREMT S/ v— (BFIES1084
CEFIES1 1. A3EFHES 12 BIUEFES13) . 5% DMSO]T, DNAR
A '3—--lz'ExTaQ(i@ﬂi‘é*i)’&iﬁb\TPCR&ﬁaf.:o PCRIZ. 94°CTIRFDOMBEADEK.
94°CT 3083, 65°CTI5M., T2 CT2AWI5RIRNZE 1 YA 2 NELTITYA
WiT > o
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£ 3 %

B—Hyh *FS3AT vk PCRIAIZE D H 4 X (bp)

REF H—=Hyr AURTFLE—
FUT8 F : 5¢-GTCCATGGTGATCCTGCAGTGTGG-3" 638 43

R : 5 -CACCAATGATATCTCCAGGTTCC-3*

p-actin F : 5+ -GATATCGCTGCGCTCGTTGTCGAC-3* 189 609
(Fv4=—X R : 5 -CAGGAAGGAAGGCTGGAAAAGAGC-3’

NLRH—)

ﬁ-actin F - 5--GATATCGCTGCGCTCGTCGTCGAC-3- 789 609,
(5vH) R : 5’ -CAGGAAGGAAGGCTGGAAGAGAGC-3*

‘F I+ —RFSAT— R YN—=RTS5(<—

EIRIEROT I v—t v PEAVWTERNPAZIT> . ZOER. BRE
ZFEEENBIUSAZ v F— PSR, w3kDy—T v MRICRLUET A XD
DM&%%‘%W%:yhn—wﬁad‘%3§®:>m$49—mnﬁbtﬁ4x
ODINANT - ZIBBX B LB TEL,

Pﬂ&m%mwéé\7Mé&ﬁ%7ﬁn—z#w%i%ﬁu%bt&\Vw%wm
Green I Nucleic Acid Gel Stain (Molecular Probesi) THRELE, WExhEE
DNANG - DR % 7 VA 0 A4 A—Y v — (Fluorlmager SI; Molecular Dynamics
2) TEET AL D, MBS EDNAFRFOREMEL L.

—%. fsERDNAICRZ T (4) TRARLERY vHE—-F7523 FE%E0. 18,
1fg. 5fg. 10fg. 50fg. 100fg B L Ur500fg > L TPCRE ZNZHATVN EEEYE
EMELto%bT\%@Mﬁﬁtx&yﬁ—F7iziF§%7Dvhbfﬁ§ﬁ
VR LT ~ '

oS EAWT, SHREREcNARFRL LEBESDBBEENOREINE
Mpah o BEEEFCONAEEZRE L. chz&MARC BT 3BNAEERE Lz,

5vbwmmﬂézayﬁ—F\W%:yrm—wtmutﬁéméﬁimmmu
B 2NSEEENOEEE 1 2RICTR L 2 #ARS % 5@ U T CHOMRa kIS YB2/ 048
RO 10EN LOESRET L. COMAR. Fv 4 =—XNA2y —TUTESNZ
25 F—F, A3y - VAW EBEC RO SN,

k. B4RCp-actinESEVOR L ORIEL LTHT8EER&E R L.
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B 4 %
BEEM
FRER4% Day! Day?2 Day3 Day4 Day5
CHO 20 0.90 0.57 0.52 0.54
YB2/0 0.07 0.13 0.13 0.05 0.02

YB2/0@1ER OFUTSEE S 2 H5B-actindd0. 1431 T B DI L. CHOMIRIAKIZ0.5

~2%—E§37‘:o

Ll EDRER L D, YB2/ 0Btk OFUTSEEEYRIXCHOMRKD Zh L h s HRICD

BWZ PRSI NI,
EX oM ATTEEE

AZEBIE. i BEEFLERINTF FREOGEHEFFOET EMEZRAET
. BLUBBEA TN BERELERRTF FICHT %, RBBAXEZ.
FESEBLIUEHEZE TOIRGK. EOBEEARRTF FOREE, B5TICENSZ
EWRALLTSET IDHE. FHEBITERECET 3.
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BROGEE
1. ﬁ&&ﬁﬁ%tﬁé?éN—VU:yF%ﬁﬁﬁwﬁﬁxmf&aw7t?
»7»:ﬁsym®7:—zwﬁémﬁ%u&6\ﬁﬁﬁ%ﬁ%mﬁﬁ&%ﬁ?éﬁ
o
9. GEMEESTFICESTZN-TY I MESHETY,

Mana

P € Man B 1 ——= 4GICNACS 1 —— 4GICNAC

Mana1

E%Uﬁﬁf&%:t%ﬁ@tié\ﬁi@ﬁ@l%ﬁ@ﬁio
3. N=/7V3aY FESESOBTREO N-PEFNITNAH I AT A—AD
ﬁEbtm%ﬁ%ﬁE&ﬁﬁ%C%ééﬁact&%&kia\ﬁﬁ%ﬁ%%@ﬁﬁ

EREI ¥ D H o
4. HESHMD.
Mana1
P 8 Man 8 1 ——= 4GICNAC 8 1 ——= 4GICNAC
Mana1

&ﬁtﬁﬁ?&%:t%ﬁ&t?%\ﬁﬁ@ﬁ@S%ﬁ@ﬁ&o

5. ﬁﬁﬁ\ﬁii%@»?t%»ﬁw:ﬁiyt7:—z%ﬁM?6ﬁiﬁE
@ﬁmﬁ,ﬁtugaﬁ%%&%ﬁbmwmmﬁéﬁ?aﬁﬁfﬁéctéﬁ&t?
3. B/ROWGE 3 TRD T o : ‘

6. Eii%@&?t%wﬁw:ﬁiyu7:—x%ﬁM?6@§#7:9wh
527 x5—¥Thd. BHROEHE S5 LRDH o

7. 7:1°/)l/}~-7"/:<7:5-—*l:"735a1,6-73“/)H~5‘/}‘<7:5—t"6256\
HEROEHHE 6 ILMOHEo

8. Eﬁﬁ\5vbi10—7ﬂﬁﬁéﬂ?%ﬁﬁf%a\%ﬁ@ﬁ@aﬁﬁm
Htke

9. Swvbhizo—<HREN Zvh 3z o—<#Bka YB2/3HL.P2.G11.16Ag.20
488 (ATCC CRL1662) T# 3. MKOEME 8 LMD Ho
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10. N=-ZV2aY FESEHOBAREDN-ZEFAINIFILLTI-R
DEETIENERSHEATICEST E I LAMRLT 3. RAEMNESTFOBN
ZMEIZ ¥ 35 %

11. EE#EH

Mana1

P € Man 1 ——= 4GINAC B 1 —— 4GICNAC

Manal

ST TH I LERRE TS, BROBR 1 OLHOT E.

12, mEhs. BRRSON-PEFNILIYIVICTI-RENNT 2ERE
ﬁ#gumwﬁéﬂiéﬁﬁfﬁéc&%%ﬁt?%\%i@ﬁﬁlOﬁﬁ@ﬁ&O

13. BLREBON-PEFNINIYIVICTI-REMNTIERFT IV
FSLRT7xS5—ETH . FEROEHE1 2 EWD T %o

14. 7anr30R7xz5—EHa 1,6-73 NP RT725—¥TH B
ERO@WE 1 3TMDA Eo

15. GElRsFrat. BEE. AT7FFTHIAROEE]L ~ 1 4 8D
H o

16. N=FZVIY FESEHHOBTREO N-ZEFNI/NIPILCT7I—R
BEE LRVWESEEEE T 5 RaMIES FEtRER.

17. $EHEHF

Mana i

P §Man8 1 ——= 4GICNACS 1 —— 4GICNAC

Manat

FEREM S T AEROEE 1 6 THORERES FEERER,

18. WEEN. BRARBON-ZLFNINIFILETI-REMNNT 2ERE
&@ﬁmﬁ\itﬂ%&@?ﬁﬁ%ﬁbtwﬂ@ﬁéﬁ?%ﬁﬁ%%ﬁ?émﬁmﬁ
B 1 6 MO REMEES FEEIRER,

19. BRXEON-PELFNINIYFILICTI-REANTIERFE7 I
FSL2725—EThd. BROFEHE 1 8 RBROREHES FIEIHTER.
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20. ZAVNISLRT7xzI—ENal,6-7AVNIIVRT2S5-ETH D,
EROGHE 1 9 RO KLHEES FEERER.

9 1. EEEAN. SvhITo—<HBISARTIMENETHB. HROMEHEAL 63
RO S BEES FIEER AR

29. Swihrizo—<iREH. v I xo—7#E3 YB2/3HL.P2.G11.16Ag.20
ﬁ@(umcnm%)faa\ﬁﬁ@ﬁﬁZlﬁﬁ@ﬁﬁﬁ%ﬁ?ﬁﬁﬁﬁmo

03, HEREATFIRG, BER. ATF FTHIEROEEL 6~2 25K
O G EHEED FIEERER

24. N=XVY3¥ REAEYHD., BAREON-ZELFNVINIFIICT I
2HEE LR WEESEET 3 LIc & b REMEEME SREST i REMNED F.

05, N—=2Z13Y FESEHEO BRARBDON-FEFNINIFILICTI—
2ABEET HEESEST 5 2 LIS h RSB SIH X W RERES T
2 6. HREMEATHVE. BAB. NTF FTHIHROEHE2 4 THRORE
BEEDFo

27, GENEESTFIVUE. BABE. ~ATF FTHIHROEHE2 STROREK
BEEDFo

98. BARBON-FEFNINIYILICT7I—REMFMT BBRBELEOEL.
¥ UHERESEEZE LRVWEREZAVWS I LERRLT D, FEROEE 2 4 3@
DEBERES FORIET Ho

29. BRRBON-PEFIINIYILICTI-REMNNT 2ERF7ILN
FSYRT7x5—ETH B, BROMHE?2 8 BROMESE.

30. Z7aAVNFSIVRTZ=I—EH, al,6-73VNVIIVRT=T—ETH
2. EROEHE 2 9 RROBET Ho

31. GEMEEMISMEE N SERESFOREEY, Sy PIzD—7/
ﬁéﬁwtﬂﬁﬁ?&6Ct&ﬁ@t?é\ﬁi@ﬁ@24ﬁﬁ®ﬁ§ﬁﬁﬁ¥®%
EH o

392. SwhIzo—<HIEEH. YB2/3HL.P2.G11. 16Ag.20 R TH 3. @AEKROE
ESlﬁﬁwﬁﬁﬁﬁo

33. EREBON-TEFNTIVIY I V7 I-2ETIT ZEREEDFRL
mmé%na:téﬁ&t?%\%ﬁ@ﬁ@ZSEﬁ@ﬁﬁ%%ﬁ%@ﬁﬁﬁﬁo
34. BRRBON-ZEFNINIFIVICTI-REMNMTIERFT7IVN
NSL2R725—¥TH D, EROGBHE3 3RROKET o
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35. 73T }~"7"/7\71'3—+!i>5\ a 1,6-739)!1}'3‘/271’3-—4:"65)
3. EROWE 3 4 BROMES .

36. Bihd. BEEEAEEERT IAETHIHEROKHE2 6 TRORER
R Fo
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SEQUENCE LISTING

<110> KYOWA HAKKO KOGYO CO., LTD

<120> Methods of modulating the activity of functional inmune molecules

<130> 11200

<160> 13

<170> PatentIn Ver. 2.0

<210> 1

211> 25

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequense

end.
<400> 1
actcatcttg gaatctcaga attgg

<210> 2

211> 24

<212> DNA

<213> Artificial Sequence

<220>

: Synthetic DNA

25

<223> Description of Artificial Sequense : Synthetic DNA
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end.
<400> 2
cttgaccgtt tctatcttet cteg 24

<210> 3

211> 979

<212> DNA

<213> Cricetulus griseus
<220>

<400> 3
actcatcttg gaatctcaga attggegcta tgctactgga ggatgggaga ctgtgttiag 60

acctgtaagt gagacatgca cagacaggtc tggectetee actggacact ggtcaggtga 120
agtgaaggac aasaatgttc aagtggtcga getecccatt gtagacagee tccatecteg 180
tectecttac ttacccttgg ctgtaccaga agaccttgea gatcgactee tgagagtcca 240
tggtgatcct geagtgtegt sggtatecca gtttgtcaaa tacttgatce gtccacaacc 300
ttggctggaa agggaaatag aagaaaccac caagaagctt ggcttcaaac atccagttat 360
tggagtccat gtcagacgea ctgacaaagt gggaacagaa geagecttee atcccattga 420
ggaatacatg gtacacgttg aagaacattt tcagcttctc gaacgcagaa tgaaagtgga 480
taaaaaaaga gtgtatctgg ccactgatga cecttetttg ttaaaggagg caaagacaaa 540
gtactccaat tatgaattta ttagtgataa ctetatttct tggtcagetg gactacacaa 600
ccgatacaca gaaaattcac tteggggegt gatcctggat atacactttc tetcccagge 660
tgacttectt gtgtgtactt tttcatccca ggtetgtagg gttgettatg aaatcatgea 720

aacactgcat cctgatgect ctgcaaactt ccattcttta gatgacatet actattttgg 780

2/1
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aggccaaaat geccacaacc agattgcagt ttatcctcac caacctcgaa ctasagagga 840
aatccccatg gaacctggag atatcattgg tgtgectega aaccattgga atggttactc 900
taaaggtgtc aacagaaaac taggaaaaac aggcetgtac ccttectaca aagtccgaga 960

gaagatagaa acggtcaag 979

<210> 4
<211> 979
<212> DNA
<213> Rattus
<220>

<400> 4
actcatcttg gaatctcaga attggegeta tgctactggt ggatgggaga ctgigtttag 60

acctgtaagt gagacatgca cagacagatc tggectetee actggacact ggteagstga 120
agtgaatgac aaaaatattc aagtggtgga gctecccatt gtagacagee ttcatccteg 180
gccteettac ttaccactgg ctgttccaga agaccttgca gatcgactcg taagagtcca 240
tggtgatect geagtgtggt gggtgtceca gttcgtcaaa tatttgatic gtccacaace 300
ttggctagaa aaggaaatag aagaagccac caagaagctt ggcttcaaac atccagtcat 360
tggagtccat gtcagacgcea cagacaaagt gggaacagag gcagectice atcccatega 420
agagtacatg gtacatgttg aagaacattt tcagcttcte geacgcagaa tgeaagtgga 480
taaaaaaaga gtatatctgg ctaccgatga ccetgetttg ttaaaggagg caaagacaaa 940
gtactccaat tatgaattta ttagtgataa ctetatttet tggtcagetg gactacacaa 600

tcggtacaca gaaaattcac ttcggggegt gatcctggat atacactttc tctctcagge 660

3/7
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tgacttccta gtgtgtactt tttecatecca ggtetgtegg gttgettatg aaatcatgea 720
aaccctgeat cctgatgect ctgecaaactt ccactcttia gatgacatct actattttgg 780
aggccaaaat geccacaacc agattgecgt ttatcctcac aaacctcgaa ctgatgagga 840
aattccaatg gaacctggag atatcattgg tgtggctgga aaccattggg atggttattc 900
taaaggtgtc aacagaaaac ttggasaaac aggcttatat ccctectaca aagtccgaga 960
gaagatagaa acggicaag 979

<210> 5

<211> 40

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequense : Synthetic DNA
end.

<400> 5
aagtataagc ttacatggat gacgatatcg ctgegetegt 40

<210> 6

<211> 40

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequense : Synthetic DNA

end.
<400> 6
atttaactgc aggaagcatt tgcggtggac gatggagesg 40
<210> 7
4/7
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211> 40

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequense
end.

<400> 7

atttaaggta ccgaagcatt tgcggtgeac gatgegaggge

<210> 8

211> 24

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequense
end.

<400> 8
gtccatggtg atcctgeagt gtgg

<210> 9

211> 23

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequense
end.

<400> 9
caccaatgat atctccaggt tcc

<210> 10

5/1
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40

: Synthetic DNA

24

. Synthetic DNA

23
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211> 24

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequense
end.

<400> 10
gatatcgetg cgetegttgt cgac

<210> 11

211> 24

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequense
end.

<400> 11
caggaaggaa ggctggaaaa gage

<210> 12

<211> 24

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequense
end.

<400> 12
gatatcgetg cgetegtegt cgac

<210> 13

8/7
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24

: Synthetic DNA

24

: Synthetic DNA

24
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211> 24

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequense : Synthetic DNA
end.

<400> 13
caggaaggaa ggclggaaga gage 24

(ki
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Description
FIELD OF THE INVENTION

This invention relates to a human complementarity determining region (referred to as "CDR" hereinafter) grafted
antibody to ganglioside GM, (referred to as "GM;" hereinafter). This invention also relates to a DNA fragment encoding
the above-described antibody, particularly its variable region (referred to as "V region™ hereinafter). This invention
relates to an expression vector which contains the DNA fragment and to a host transformed with the expression vector.
This invention further relates to a method for the production of the human CDR-grafted antibody specific for GM, and
to its therapeutic and diagnostic use.

BACKGROUND OF THE INVENTION

Itis known in general that, when a mouse antibody is administered to human, the mouse antibody is recognized as
foreign matter in the human body and thus induces a human antibody to a mouse antibody (human anti-mouse anti-
body, referred to as "HAMA" hereinafter) which reacts with the administered mouse antibody to produce adverse effects
(Dillman, R.O. et al, J. Clin. Oncol., 2, 881 (1984); Meeker, T.C. et al., Blood, €5, 1349 (1985); LoBuglio, A.F. et al., J.
Natl. Cancer Inst., 80, 932 (1988); Houghton, A.N. et al., Proc. Natl. Acad. Sci. U.S.A., 82, 1242 (1985)), and the
administered mouse antibody is quickly cleared (Pimm, M.V. et al., J. Nucl. Med., 26, 1011 (1985); Meeker, TC. et al.,
Blood, 65, 1349 (1985); Khazaeli, M.B. et al., J. Natl. Cancer Inst., 80, 937 (1988)) to reduce effects of the antibody
(Shawler, D.L. et al.,, J. Immunol., 135, 1530 (1985); Courtenay-Luck, N.S. et al., Cancer Res., 46, 6489 (1986)).

In order to solve these problems, attempts have been made to convert a mouse antibody into a humanized antibody
such as a human chimeric antibody or a human CDR-grafted antibody. The human chimeric antibody is an antibody in
which its V region is derived from an antibody of nonhuman animal and its constant region (referred to as "C region”
hereinafter) is derived from a human antibody (Morrison, S.L. et al., Proc. Natl. Acad. Sci. U.S.A., 81, 6851 (1984)). Fur-
thermore, itis reported that, when this type of antibody is administered to human, HAMA is hardly induced and its half-
life in blood increases six times (LoBuglio, A.F. et al., Proc. Natl. Acad. Sci. U.S.A., 86, 4220 (1989)). The human CDR-
grafted antibody is an antibody in which the CDR of human antibody is replaced by other CDR derived from nonhuman
animal (Jones, P.T. et al,, Nature, 321, 522 (1986)), which is also calied a reshaped human antibody. It is reported that,
in a test of a human CDR-grafted antibody in monkeys, its immunogenicity is reduced and its half-life in blood is
increased four to five imes, in comparison with a mouse antibody (Hakimi, J. et al., J. Immunol., 147, 1352 (1991)).

Also, with regard to the cytotoxicity of antibodies, it is reported that the Fc region of a human antibody activates
human complement and human etfector cells more effectively than the Fc region of mouse antibody. For example, it is
reported that human effector cell-mediated anti-tumor effects of a mouse antibody to GD; is increased when the anti-
body is converted into a human chimeric antibody having human antibody Fc region (Mueller, B.M. et al., J. Immunol.,
144, 1382 (1990)), and similar results are reported on a human CDR-grafted antibody to CAMPATH-1 antigen (Reich-
mann, L. et al, Nature, 332, 323 (1988)). These results indicate that humanized antibodies are more desirable than
mouse antibodies as antibodies to be clinically used in human.

Ganglioside as a glycolipid having sialic acid is a molecule which constitutes an animal cell membrane, and com-
prises a carbonhydrate chain as a hydrophilic side chain and sphingosine and fatty acid as hydrophobic side chains. it
is known that types and expression quantities of ganglioside vary depending on the cell species, organ species, animal
species and the like. It is known also that the expression of ganglioside changes quantitatively and qualitatively in the
process of cancer development of cells (Hakomori, S. et al., Cancer Res., 45, 2405 (1985)). For example, it is reported
that gangliosides GD,, GD3, GM, and the like which are hardly observed in normal cells are expressed in nerve ecto-
derm system tumors considered to have high malignancy, such as neuroblastoma, pulmonary small cell carcinoma and
melanoma (Pukel, C.S. et al., J. Exp. Med., 155, 1133 (1982); Nudelman, E. et al,, J. Biol. Chem., 257, 12752 (1982),
Werkmeister, J.A. et al., Cancer Res., 41, 225 (1987); Mujoo, K. et al., Cancer Res., 41, 1098 (1987); Cheung, N.V. et
al., Cancer Res., 45, 2642 (1985); Tai, T. et al,, Proc. Natl. Acad. Sci. U.S.A., 80, 5392 (1983)), and antibodies to these
gangliosides are considered to be useful for diagnosis and treatment of various cancers in human.

It is indicated that human antibodies to GM, are usetul for treatment of human melanoma (Irie, R.F. et al.,, Lancet,
1, 786 (1989)). However, the antibodies to GM, so far reported are either those which are derived from nonhuman ani-
mal or a human antibody belonging to the IgM class (Natoli, E.J. et al., Cancer Res., 46, 4116 (1986); Miyake, M. et al.,
Cancer Res., 48, 6154 (1988); Cahan, L.D. et al., Proc. Natl. Acad. Sci. U.S.A., 79, 7629 (1982); Fredman, P. et al., J.
Biol. Chem., 264, 12122 (1989)). The antibody of the IgM class, however, is unsuitable for applying to human, because
it has a pentameric structure having a large molecular weight (about 800,000) in comparison with the antibody of IgG
class which has a molecular weight of about 150,000, thus posing a problem in carrying out its purification, in addition
to other problems such as its short half-life in blood and weak anti-tumor effect (Bernstein, 1.D. et al., Monoclonal Anti-
bodies, Plenum Press, p.275 (1980)).
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Because of the above, it is desirable to develop a humanized antibody to GM, of the IgG class which, when applied
to human, does not induce HAMA in the human body, causes less adverse effects, shows prolonged halfife in blood
and has improved anti-tumor efiect, so that its high diagnostic and therapeutic effects on human cancers can be
expected.

The inventors of the present invention disclose in JP-A-6-205694 (the term "JP-A" as used herein means an "unex-
amined published Japanese patent application”) (coresponding to EP-A-0 538 998) a method for producing an oG
class human chimeric antibody and a human CDR-grafted antibody, which can specifically reacts with GM, and are
usetul for diagnosis and treatment of human cancers. However, there are no reports on &8 human CDR-grafted antibody
which, when compared with a human chimeric antibody, has similar levels of binding activity and binding specificity for
GM, and anti-tumor effects upon GMy-positive cells.

SUMMARY OF THE INVENTION

As described in the foregoing, it is considered that human CDR-grafted antibodies are useful for diagnosis and
treatment of human cancers and the like. However, the antibody activity is reduced when the CDRs of the heavy chain
(referred to as "H chain” hereinafter) V region and light chain (refesred to as "L chain” hereinafter) V region of an anti-
body of nonhuman animal are replaced only with the CDRs of the H chain V region and L chain V region of a human
antibody, so that great concern has been directed toward the establishment of a method for the production of a human
CDR-grafted antibody to GM, belonging to the IgG class (referred to as "human CDR-grafted anti-GM, antibody" here-
inafter) which, when compared with a human chimeric antibody, has similar levels of binding activity and binding spe-
cificity for GM, and anti-tumor effects upon GM,-positive cells, as well as a method for producing a human CD R-grafted
antibody, which can be applied to all antibodies.

This invention relates o a human CDR-grafted antibody which specifically reacts with ganglioside GM,, wherein
said antibody comprises CDR 1, CDR 2 and CDR 3 of H chain V region comprising amino acid sequences of SEQID
NO:1, SEQ ID NO:2 and SEQ ID NO:3 or functional equivalents thereof, and CDR 1, CDR 2 and CDR 3 of L chain V
region comprising amino acid sequences of SEQ ID NO:4, SEQ ID NO:5 and SEQ ID NO:6 or functional equivalents
thereof, and wherein at Ieast one of the frameworks (referred to as "FR" hereinafter) ot said H chain and L chain V
regions comprises an amino acid sequence selected from common sequences (human most homologous consensus
sequence (referred to as "HMHCS" hereinafter) derived from human antibody subgroups.

Furthermore, the present invention relates to the above human CDR-grafted antibody, wherein said FR of H chain
or L chain V region of the human CDR-grafted antibody comprises an amino acid sequence in which at least one amino
acid is replaced by an other amino acid, and wherein said antibody has antigen-binding activity, binding specificity, anti-
body dependent cell mediated cytotoxicity (ADCC), and complement dependent cytotoxicity (CDC) comparable to
those of a human chimeric antibody having a V region of a monoclonal antibody derived from nonhuman animal which
specifically reacts with ganglioside GMy’

Moreover, the present invention relates to the above human CDR-grafted antibody, wherein said H chain C region
of the antibody is derived from an antibody belonging to the human antibody IgG class.

BRIEF EXPLANATION OF THE DRAWINGS

Fig. 1 shows a construction scheme for a plasmid named pBSA.

Fig. 2 shows a construction scheme for a plasmid named pBSAE.

Fig. 3 shows a construction scheme for a plasmid named pBSH-S.

Fig. 4 shows a construction scheme for a plasmid named pBSK-H.

Fig. 5 shows a construction scheme for plasmids named pBSH-SA and pBSK-HA.
Fig. 6 shows a construction scheme for plasmids named pBSH-SAE and pBSK-HAE.
Fig. 7 shows a construction scheme for plasmids named pBSH-SAEE and pBSK-HAEE.
Fig. 8 shows a construction scheme for a plasmid named pBSK-HAEESal.

Fig. 9 shows a construction scheme for a plasmid named pBSX-S.

Fig. 10 shows a construction scheme for a plasmid named pBSX-SA.

Fig. 11 shows a construction scheme for a plasmid named pBSSC.

Fig. 12 shows a construction scheme for a plasmid named pBSMo.

Fig. 13 shows a construction scheme for a ptasmid named p8SMoS.

Fig. 14 shows a construction scheme for a plasmid named pChilgLA1 S.

Fig. 15 shows a construction scheme for a plasmid named pMohCxk.

Fig. 16 shows a construction scheme for a plasmid named pBSMoSal.

Fig. 17 shows a construction scheme for a plasmid named pBSMoSalS.

Fig. 18 shows a construction scheme for a plasmid named pBShCy1.
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Fig. 19 shows a construction scheme for a plasmid named pMohCy1.

Fig. 20 shows a construction scheme for a plasmid named pMoy1SP.

Fig. 21 shows a construction scheme for a plasmid named pMoxy1SP.

Fig. 22 shows a construction scheme for a plasmid named pKANTEX93.

Fig. 23 shows a construction scheme for a plasmid named pBSNA.

Fig. 24 shows a construction scheme for a plasmid named pBSH3.

Fig. 25 shows a construction scheme for a plasmid named pBSES.

Fig. 26 shows a construction scheme for a plasmid named pBSL3.

Fig. 27 shows a construction scheme for a plasmid named pKANTEX796H.

Fig. 28 shows a construction scheme for a plasmid named pKANTEX796.

Fig. 29 shows a construction scheme for a plasmid named pT796.

Fig. 30 is a graphic representation of transient mouse-human chimeric anti-GM, antibody expression by the plas-
mids pKANTEX796 and pT796. The ordinate donotes the antibody concentration that showed GM,-binding activity, and
the abscissa denotes the time after introduction of the plasmid.

Fig. 31 shows a construction scheme for a plasmid named pBSH10.

Fig. 32 shows a construction scheme for a plasmid named pBSL16.

Fig. 33 illustrates a process for mutagenesis by PCR and a process for cloning DNA fragments mutated.

Fig. 34 shows a construction scheme for a plasmid named pBSLV1+2.

Fig. 35 shows a construction scheme for a plasmid named pBSLm-28.

Fig. 36 shows a construction scheme for a plasmid named pBSHSGL

Fig. 37 shows a construction scheme for a plasmid named pT796LCDR.

Fig. 38 shows a construction scheme for plasmids named pT796HLCDR, pT796HLCDRHV2 and
pT796HLCDRHV4.

Fig. 39 shows a construction scheme for a plasmid named pT796HLCDRH10.

Fig. 40 shows construction scheme for plasmids named pT796HCDR, pT796HCDRHV2, pT796HCDRHV4 and
pT796HCDRH10.

Fig. 41 is a graphic representation of the results of human CDR-grafted anti-GM, antibedy activity evaluation in
terms of transient expression as obtained using the plasmids pT796, pT796HCDR, pT796HCDRHVZ,
pT796HCDRHV4 and pT796HCDRH10. The ordinate denotes the plasmid used, and the abscissa denotes the relative
activity value with the activity obtained with the chimera antibody being taken as 100%.

Fig. 42 shows a construction scheme for plasmids named pT796HLCDRLV1, pT796HLCDRLV2,
pT796HLCDRLV3, pT796HLCDRLV4, pT796HLCDRLYS, pT796HLCDRLM-2, pT796HLCDRLM-8, pT796HLCDRLmM-
28 and pT796HLCDRHSGL.

Fig. 43 is a graphic representation of the results of human CDR-grafted anti-GM, antibody activity evaluation in
terms of transient expression as obtained using the plasmids pT796, pT796HLCDR, pT796HLCDRLVY,
pT796HLCDRLV2, pT796HLCDRLV3, pT796HLCDRLV4, pT796HLCDRLVS, pT796HLCDRLM-2, pT796HLCDRLmM-8,
pT796HLCDRLmM-28 and pT796HLCDRHSGL. The ordinate denotes the plasmid used, and the abscissa denotes the
relative activity value with the activity obtained with the chimera antibody being taken as 100%.

Fig. 44 shows a construction scheme for plasmids named pKANTEX796HLCDRLmM-28 and
pKANTEX796HLCDRHSGL.

Fig. 45 shows electrophoretic patterns obtained for mouse-human chimeric anti-GM, antibody KM3866 and purified
human CDR-grafted anti-GM, antibodies KM8966 and KM8967 by SDS-PAGE (4 to 15% gradient gels used). The pat-
terns shown on the left side are those obtained under reducing conditions, and those on the right under nonreducing
conditions. From the left of each lane, the electrophoretic patterns for high-molecular-weight marker, KM966, KM8966,
KM8267, low-molecular-weight marker, KM966, KM8966 and KM8967 are shown in that order.

Fig. 46 is a graphic representation of the GM,-binding activities of mouse-human chimeric anti-GM, antibody
KM966 and purified human CDR-grafted anti-GM, antibodies KM8966 and KM8967. The ordinate denotes the GM,-
binding activity, and the abscissa the antibody concentration.

Fig. 47 is a graphic representation of the reactivities of mouse-human chimeric anti-GM, antibody KM966 and puri-
fied human CDR-grafted anti-GM, antibodies KM8966 and KM8967 against various gangliosides. The ordinate
denotes the ganglioside species, and the abscissa the binding activity. AcGM, stands for N-acetyl-GM,, GcGM, for N-
glycolyl-GM,, AcGM3 for N-acetyl-GM; and GeGMS3 for N-glycolyl-GM;.

Fig. 48 is a graphic representation of the reactivities of mouse-human chimeric anti-GM; antibody KM866 and puri-
fied human CDR-grafted anti-GM, antibodies KM8966 and KM8S67 against the human lung small cell carcinoma cell
line SBC-3. The ordinate denotes the number of cells, and the abscissa the fiuorescence intensity. From the lowermost
graph, the reactivities of control, KM8967, KM8366 and KM966 are shown in that order.

Fig. 49 graphically shows the CDC activities of mouse-human chimeric anti-GM, antibody KMS66 and puritied
human CDR-grafted anti-GM antibodies KM8966 and KM8967 against the human lung small cell carcinoma cell line
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SBC-3. The ordinate indicates the cytotoxic activity and the abscissa the concentration of the antibody.

Fig. 50 graphically shows the ADCC activities of mouse-human chimeric anti-GM, antibody KM966 and puritied
human CDR-grafted anti-GM, antibodies KM8966 and KM8967 against the human lung small cell carcinoma cell line
SBC-3. The ordinate indicates the cytotaxicity and the abscissa the concentration of the antibody.

Fig. 51 shows a construction scheme for plasmids, pKANTEX796HM1Lm-28, pKANTEX796HM2Lm-28,
pKANTEX796HM3Lm-28, pKANTEX796HM31Lm-28 and pKANTEX796HM32Lm-28.

Fig. 52 shows the electrophoretic patterns in SDS-PAGE (using 4-15% gradient gels) of mouse-human chimeric
anti-GM, antibody KM966, human CDR-grafted anti-GM, antibody KM8966 and human CDR-grafted anti-GM, anti-
bodies each having various types of substitution. The pattern obtained under nonreducing conditions is shown on the
left side and that obtained under reducing conditions on the right side. M stands for molecular weight markers (from the
top, the arrows indicate the molecular weight of 205 Kd, 140 Kd, 83 Kd, 45 Kd, 32.6 Kd, 18 Kd and 7.5 Kd in that order)
and 1,2, 3, 4,5, 6 and 7 stand for the electrophoretic patterns of KM966, KM8966, M1-28, M2-28, M3-28, M31-28 and
M32-28, respectively.

Fig. 53 graphically shows the CDC activities of mouse-human chimeric anti-GM, antibody KM966, human CDR-
grafted anti-GM, antibody KM8966 and human CDR-grafted anti-GM, antibodies each having various types of substi-
tution against the human lung small cell carcinoma cel! line SBC-3. The ordinate indicates the cytotoxic activity and the
abscissa the concentration of the antibody.

Fig. 54 shows a construction scheme for plasmids, pKANTEX796HLm-28 No.1, pKANTEX796HM1Lm-28 No.1,
pKANTEX796HM2Lm-28 No.1 and pKANTEX796HM3Lm-28 No.1.

Fig. 55 shaws the electrophoretic patterns in SDS-PAGE (using 4-15% gradient gels) of mouse-human chimeric
anti-GM antibody KM966 and human CDR-grafted anti-GM,, antibodies each having various types of substitution. The
pattern obtained under nonreducing conditions is shown on the left side and that obtained under reducing conditions
on the right side. M stands for molecular weight markers (from the top, the arrows indicate the molecular weight of 205
Kd, 140 Kd, 83 Kd, 45 Kd, 32.6 Kd, 18 Kd and 7.5 Kd in that order) and 1, 2, 3, 4 and 5 stand for the electrophoretic
patterns of KM966, h796H-No.1, M1-No.1, M2-No.1 and M3-No.1, respectively.

Fig. 56 graphically shows the CDC activities of mouse-human chimeric anti-GM, antibody KM966, human CDR-
grafted anti-GM, antibodies KM8966 and KM8970 and human CDR-grafted anti-GM, antibodies each having various
types of substitution against the human lung small cell carcinoma cell line SBC-3. The ordinate indicates the cytotoxic
activity and the abscissa the concentration of the antibody.

Fig. 57 graphically shows the GM,-binding activities of mouse-human chimeric anti-GM; antibody KMS66 and
human CDR-grafted anti-GM, antibodies KM8969 and KM8970. The ordinate indicates the GMa-binding activity and
the abscissa the concentration of the antibody.

Fig. 58 graphically shows the reactivities of mouse-human chimeric anti-GM, antibody KM966 and human CDR-
grafted anti-GM, antibodies KM8969 and KM8970 against various gangliosides. The ordinate indicates the ganglioside
species and the abscissa the binding activity. AcGM, stands for N-acetyl-GM,, GeGM, for N-gtycolyl-GM,, AcGM; for
N-acetyl-GM3 and GeGM; for N-glycolyl-GMg.

Fig. 59 graphically shows the reactivities of mouse-human chimeric anti-GM antibody KM966 and human CDR-
grafted anti-GM, antibodies KM8969 and KM8970 against the human lung small cell carcinoma cell line SBC-3. The
ordinate indicates the number of cells and the abscissa the fluorescence intensity. From the lowermost graph, the reac-
tivities of control, KM966, KM8970 and KM8969 are shown in that order.

Fig. 60 graphically shows the ADCC activities of mouse-human chimeric anti-GM; antibody KM366 and human
CDR-grafted anti-GMj antibodies KM8966, KM8969 and KM8970 against the human lung small cell carcinoma cell ine
SBC-3. The ordinate indicates the cytotoxicity and the abscissa the concentration of the antibody.

Fig. 61 graphically shows the CDC activities of mouse-human chimeric anti-GM, antibody KM966 and human
CDR-grafted anti-GM, antibodies KMB966, KM8963 and KM8970 against the human lung small cell carcinoma cell line
SBC-3 obtained when the reaction was carried out for 1 hour and 4 hours after the addition of the human complement.
The ordinate indicates the cytotoxicity and the abscissa the concentration of the antibody.

DETAILED DESCRIPTION OF THE INVENTION

In the human CDR-grafted antibody, only CDRs of the H chain and L chain V regions comprise amino acid
sequences of an antibody derived from nonhuman animal, and FRs of the H and L chain V regions and the C region
comprise of amino acid sequences of a human antibody. Examples of the nonhuman animal include mouse, rat, ham-
ster, rabbit and the like, as long as a hybridoma can be prepared therefrom.

With regard to the FR of the V regions of H chain and L chain, any amino acid sequence of known human antibod-
ies can be used, such as an amino acid sequence selected from human antibody amino acid sequences, HMHCS, reg-
istered at the Protein Data Bank. Preferably, an amino acid sequence of the FR of HMHCS, which has a high homology
with the FR of a monoclonal antibody of nonhuman animal, may be used.
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As described in the foregoing, the antibody activity is reduced when the CDRs of the H chain V region and L chain
V region of an antibody of nonhuman animal are replaced only with the CDRs of the H chain V region and L chain V
region of a human antibody. In consequence, the present invention relates to a human CDR-grafted antibody wherein
at least one amino acid in the FR of H chain and L chain V regions of the human CDR-grafted antibody is replaced by
an other amino acid, so that it can show certain levels of antigen-binding activity, binding specificity and antibody
dependent cell mediated cytotaxicity (ADCC), as well as complement dependent cytotaxicity (CDC), which are compa-
rable to those of a human chimeric antibody having the V region of a monoclonal antibody derived from nonhuman ani-
mal which specifically reacts with ganglioside GM,, and to a method for producing the same.

The replacement of at least one amino acid in the FR of H chain and L chain V regions of the human CDR-grafted
antibody of the present invention means that amino acid residues desired to be replaced in the FR of H chain and L
chain V regions of the human CDR-grafted antibody having a human antibody amino acid sequence are replaced by an
other amino acid residues at corresponding positions in the FR of H chain and L chain V regions of a monoclonal anti-
body derived from nonhuman animal which specifically reacts with ganglioside GM,. For example, at least one amino
acid of positions 38, 40, 67, 72, 84 and 98 in the FR of H chain V region and positions 4, 11, 15, 35, 42, 46, 59, 69, 70,
71, 72, 76, 77 and 103 in the FR of L chain V region is replaced by an other amino acid.

Mouse anti-GM, monoclonal antibody KM796 (FERM BP-3340, JP-A-4-311385) can be cited as an example of the
monoclonal antibody derived from nonhuman animal which specifically reacts with ganglioside GM,. A chimeric anti-
GM, antibody KM966 (FERM BP-3931, JP-A- 6-205634) can be cited as an example of the human chimeric antibody
having the V region of a monoclonal antibody which is derived from nonhuman animal which specifically reacts with
ganglioside GM,. :

Examples of the antibody having certain levels of antigen-binding activity, binding specificity and antibody depend-
ent cell mediated cytotoxicity (ADCC), which are comparable to those of a human chimeric antibody having a V region
of a monoclonal antibody derived from nonhuman animal which specifically reacts with ganglioside GM, include
KM8966 produced by a transtormant cell line KM8966 (FERM BP-5105), KM8967 produced by a transformant cell line
KM8967 (FERM BP-5106) and KM8970 produced by a transformant cell line KM8970 (FERM BP-5528).

KM8968 produced by a transformant cell line KM8969 (FERM BP-5527) can be cited as an example of the antibody
having certain levels of antigen-binding activity, binding specificity, antibody dependent cell mediated cytotoxicity
(ADCC) and complement dependent cytotoxicity (CDC), which are comparable to those of a human chimeric antibody
having a V region of a monoclonal antibody derived from nonhuman animal which specifically reacts with ganglioside
GMo.

A method for producing the human CDR-grafted anti-GM, antibody is discussed below.

1. Construction of humanized antibody expression vector

The humanized antibody expression vector is an expression vector for use in animal cells, in which ¢DNA mole-
cules encoding the C regions of H chain and L chain of a human antibody are integrated, and can be constructed by
inserting the cDNA molecules encoding the C regions of H chain and L chain of & human antibody into respective
expression vectors for animal cell use or by inserting the cDNA molecules which encode the C regions of H chain and
L chain of a human antibody into a single expression vector for animal cell use (such a vector is called a tandem cas-
sette vector). The C regions of human antibody can be any of C regions of human antibody H chain and L chain, and
examples thereof include y1 type C region (referred to as "Cy1" hereinafter) and y4 type C region (referred to as "Cy4"
hereinafter) of the human antibody H chain and x type C region (referred to as "Cx" hereinafter) of the human antibody
L chain. Any expression vector for animal cell use can be used, as long as the cDNA encoding the human antibody C
region can be integrated and expressed. Examples thereof include pAGE107 (Miyaji, H. et al, Cytotechnology, 3, 133
(1990)). pAGE103 (Mizukami, T. et al., J. Biochem., 101, 1307 (1987)), pHSG274 (Brady, G. et al, Gene, 27, 223
(1984)), pKCR (O'Hare, K. et al, Proc. Natl. Acad. Sci. US.A., 78, 1527 (1981)), and pSG1pd2-4 (Miyaji, H. et al.,
Cytotechnology, 4, 173 (1990)). Examples of the promoter and enhancer to be used in the expression vector for animal
cell use include early promoter and enhancer of SV40 (Mizukami, T. et al., J. Biochem., 101, 1397 (1987)). LTR pro-
moter and enhancer of Moloney mouse leukemia virus (Kuwana, Y. et al., Biochem. Biophys. Res. Comm., 149, 960
(1987)) and promoter (Mason, J.O. et al.,, Cell, 41, 479 (1985)) and enhancer (Gillies, S.D. et al., Cell, 33, 717 (1983))
of immunoglobufin H chain. The thus constructed humanized antibody expression vector can be used for expressing
the human chimeric antibody and human CDR-grafted antibody in animal cells.

2. Preparation of cDNA encoding the V region of antibody of nonhuman animal
The cDNA encoding the H chain V region and L chain V region of the antibody of nonhuman animal to GM, is

obtained in the following manner.
¢DNA molecules are synthesized by extracting mRNA from cells of a hybridoma which produces the anti-GM, mon-
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oclonal antibody. A library is prepared from the thus synthesized cDNA using a phage or a plasmid. Using cDNA corre-
sponding to the C region moiety or cDNA corresponding to the V region maiety of each chain of a mouse antibody as
a probe, a recombinant phage or recombinant plasmid having a cDNA which encodes the V region of H chain or a
recombinant phage or recombinant plasmid having a cDNA encoding the V region of L chain is isolated from the library,
and complete nucleotide sequences of the intended H chain V region and L chain V region of the antibody on the
recombinant phage or recombinant plasmid are determined. Complete amino acid sequences of the H chain V region
and L chain V region are deduced from the thus determined nucleotide sequences.

KM796 (FERM BP-3340, JP-A-4-311385) can be cited as an example of the hybridoma cells which produce the
anti-GM, monoctonal antibody.

The guanidine thiocyanate-cesium triflucroacetate method [Metheds in Enzymol., 154, 3 (1987)] can be exempli-
fied as a method for prepering total RNA from hybridoma cells KM786, and the oligo (dT) immobilized cellulose column
method [Molecular Cloning; A Laboratory Manual (2nd ed.)] can be exemplified as a method for preparing poly(A)*
RNA from the total RNA. As a kit for use in the preparation of mRNA from the hybridoma KM796 cells, Fast Track mRNA
Isolation Kit; manufactured by Invitrogen), Quick Prep mRNA Purification Kit; manutactured by Pharmacia) or the like
can be exemplified.

With regard to the method for synthesizing cDNA and preparing cDNA library, the methods described in Molecutar
Cloning; A Laboratory Manual (2nd ed.) and Current Protocals in Molecular Biology, supplements 1 - 34 and the like, or
a method which uses a commercially available kit such as Super Script™ Plasmid System for cONA Synthesis and Plas-
mid Cloning (manufactured by Life Technologies) or Zap-cONA Synthesis Kit (manufactured by Stratagene) can be
exemplified. In preparing a cDNA library, any vector can be used as the vector into which the cDNA synthesized using
the mRNA extracted from the hybridoma cells KM796 is to be integrated, as long as the cDNA can be integrated therein.
Examples of such vectors include ZAP Express [Strategies, 5. 58 (1992)], pBluescript I SK(+) [Nucleic Acids
Research, 17, 9494 (1989)], Azap Il (manufactured by Stratagene), Agt10, Agt11 [DNA Cloning, A Practical Approach,
Vol.1, 49 (1985)], Lambda BlueMid (manufactured by Clontech), AExCell, pT7T3 18U (manufactured by Pharmacia),
pcD2 [Mol. Cell. Biol., 3, 280 (1983)] and pUC18 [Gene, 33, 103 (1985).

As Escherichia coli into which a cDNA fibrary constructed by the vector is to be introduced, any strain can be used,
as long as the cDNA library can be introduced, expressed and maintained. Examples of such strains inciude XL1-Blue
NRF’ [Strategies, 5, 81 (1992)], C600 [Genetics, 39, 440 (1954)], Y1088, Y1090 [Science, 222, 778 (1983)], NM522 [J.
Mol. Biol., 166, 1 (1983)], K802 [J. Mol. Biol., 16, 118 (1966)] and JM105 [Gene, 38, 275 (1985)]. Selection of cDNA
clones encoding the V regions of H chain and L chain of the antibody of nonhuman animal from the cDNA library can
be carried out by a colony hybridization or place hybridization method in which a probe labeled with an isctope or a flu-
orescence is used [Molecular Cloning; A Laboratory Manual (2nd ed.)]. Also, a DNA fragment encoding the V regions
of H chain and L chain can be prepared by preparing primers and carrying out the polymerase chain reaction (referred
to as "PCR” hereinatter) method [Molecular Cloning; A Laboratory Manual (2nd ed.), Current Protocols in Molecular
Biology, supplements 1 - 34] using cDNA or cDNA library synthesized from poly(A)* RNA or mRNA as the template.

Nucleotide sequence of the DNA can be determined by digesting the cDNA clone selected by the aforementioned
method with appropriate restriction enzymes, doning the digests into a plasmid such as pBluescript SK(-) (manutac-
tured by Stratagene) and then analyzing the resulting clones by a generally used nuclectide sequence analyzing
method such as the dideaxy method of Sanger et al. [Proc. Natl. Acad. Sci,, U.S.A., 74, 5463 (1977)). Analysis of the
nuclectide sequence can be carried out using an automatic nucleotide sequence analyzer such as 373A DNA
Sequencer (manufactured by Applied Biosystems).

3. identification of CDR of the antibody of nonhuman animal

Each V region of H chain and L chain of the antibody forms an antigen binding site. Each of the V regions of H chain
and L chain comprises four FRs whose sequences are relatively stable and three CDRs which connect them and are
rich in sequence changes (Kabat, E.A. ef al., "Sequences of Proteins of Immunological Interest”, US Dept. Health and
Human Services, 1991). Each CDR can be found by comparing it with the V region amino acid sequences of known
antibodies (Kabat, E.A. et al., Sequences of Proteins of Immunological Interest, US Dept. Health and Human Services,
1991).

4. Construction of CDR of the antibody of nonhuman animal

The DNA sequences encading the H chain V region and L chain V region of the human CDR-grafted anti-GM anti-
body are obtained in the following manner.

First, an amino acid sequence of the V region of each of the H chain and L chain of the human antibody is selected
for grafting the CDR of the V region of the anti-GM, antibody of nonhuman animal. As the amino acid sequence of the
human antibody V region, any of the known V region amino acid sequences derived from human antibodies can be
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used. For example, an amino acid sequence selected from human antibody V region amino acid sequences, HMHCS,
registered at the Protein Data Bank may be used. However, in order to create a human CDR-grafted antibody having
activities of interest such as binding activity and binding specificity for GM, or anti-tumor effect on GM,-positive cells, it
is desirable that the sequence has a high homology with the amino acid sequence of the V region of monoglonal anti-
body derived from nonhuman animal. Next, the DNA sequence encoding the FR in the selected V region amino acid
sequence of human antibody is connected with the DNA sequence which encodes the amino acid sequence of the
CDR, that becomes the source of the creation, of the V region of monoclonal antibody originated from nonhuman ani-
mal, thereby designing a DNA sequence which encodes the amino acid sequence of the V region of each of the H chain
and L chain. A total of 6 synthetic DNA fragments are designed for each chain in such a manner that they can cover the
thus designed DNA sequence, and PCR is carried out using them. Alternatively, 6 or 7 of each of anti-sense and sense
DNA sequences, each comprising 35 to 84 bases, are synthesized in such a manner that they can cover the thus
designed DNA sequence, and they are annealed to form double-stranded DNA fragments which are then subjected to
the linking reaction. Thereafter, the amplification reaction product or the linking reaction product is subcloned into an
appropriate vector and then its nucleotide sequence is determined, thereby obtaining a plasmid which contains the
DNA sequence that encodes the amino acid sequence of the V region of each chain of the human CDR-grafted anti-
body of interest.

5. Modification of amino acid sequence of the V region of human CDR-grafted antibody.

Modification of amino acid sequence of the V region of human CDR-grafted antibody is carried out by a mutation
introducing method using PCR. lllustratively, a sense mutation primer and an anti-sense mutation primer, comprising
20 to 40 bases and containing a DNA sequence which encodes amino acid residues after the modification, are synthe-
sized and PCR is carried out using, as the template, a plasmid containing a DNA sequence which encodes the amino
acid sequence of the V region to be modified. The amplified fragments are subcloned into an appropriate vector and
then their nucleotide sequences are determinad to obtain a plasmid which contains a DNA sequence in which the muta-
tion of interest is introduced.

6. Construction of human CDR-grafted antibody expression vector

The human CDR-grafted antibody expression vector can be constructed by inserting the DNA sequences obtained
in the above paragraphs 4 and 5, encoding V regions of H chain and L chain of the human CDR-grafted antibody, into
upstream of the cDNA, corresponding to the C regions of H chain and L chain of human antibody, of the humanized
antibody expression vector prepared in the above paragraph 1. For example, they are inserted into upstream of the
cDNA of desired human antibody C regions so that they are properly expressed, by introducing appropriate restriction
enzyme recognition sequences into the 5'- and 3'-termini of a synthetic DNA when PCR is carried out in order to con-
struct a DNA sequence which encodes amino acid sequences of the V regions of H chain and L chain of the human
CDR-grafted antibody.

7. Expression of the human CDR-grafted antibody and its activity evaluation

A transformant cell line capable of producing the human CDR-grafted antibody can be obtained by introducing the
human CDR-grafted antibody expression vector prepared in the above paragraph 6.

Electroporation (JP-A-2-257891; Miyaji, H. et al., Cytotechnology, 3, 133 (1990)) or the like can be used as the
introduction method of the expression vector into host cells.

With regard to the host cells into which the human CDR-grafted antibody expression vector is introduced, any type
of host cells can be used with the proviso that the human CDR-grafted antibody can be expressed therein. Examples
of such cells include mouse SP2/0-Ag14 cells (ATCC CRL1581, referred to as "SP2/0 cells” hereinafter), mouse
P3X63-Ag8.653 cells (ATCC CRL1580), dihydrofolate reductase gene (referred to as "DHFR gene” hereinafter)-defi-
cient CHO cells (Urlaub, G. et al., Proc. Natl. Acad. Sci. U.S.A., 77, 4216 (1980)), rat YB2/3HL.P2.G11.16Ag.20 cells
(ATCC CRL1662, referred to as "YB2/0 cells” heresinafter) and the like.

After introduction of the vector, a transformant cell line capable of producing the human CDR-grafted antibody is
selected in accordance with the method disclosed in JP-A-2-257891, using the RPMI 1640 medium containing
geneticin (manufactured by Gibco, referred to as "G418" hereinafter) and fetal calf serum (referred to as "FCS” herein-
after). By culturing the thus obtained transtormant cell line in a medium, the human CDR-grafted antibody can be pro-
duced and accumulated in the culture supernatant. Activity of the human CDR-grafted antibody in the culture
supernatant is measured, for example, by the enzyme-linked immunosorbent assay (referred to as "ELISA method”
hereinafter; Harlow, E. et al., Antibodies, A laboratory Manual, Cold Spring Harbor Laboratory, Chapter 14 (1988)). In
addition, production of the human CDR-grafted antibody by the transforaant cell line can be improved in accordance
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with the method disclosed in JP-A-2-257891 making use of a DHFR gene amplifying system and the like.

The human CDR-grafted antibody can be purified from the aferementioned cutture supernatant using a protsin A
column (Harlow, E. et al., Antbodies, A Laboratory Manual, Cold Spring Harbor Laboratory, Chapter 8 (1988)). Alter-
natively, other purification methods usually used for proteins can be employed. For example, it can be purified by carry-
ing out gel filtration, ion exchange chromatography, ultrafiltration and the like techniques in an appropriate combination.
Moalecular weight of the H chain, L chain or entire antibody molecule of the thus purified human CDR-grafted antibody
is measured for example by polyacrylamide ge! etectrophoresis (referred to as "SDS-PAGE™ hereinatter; Laemmli, UK.
et al., Nature, 227, 680 (1970) or western blot technique (Harlow, E. et al., Antibodies, A Laboratory Manual, Cold
Spring Harbor Laboratory, Chapter 12 (1988).

Reactivity of the purified human CDR-grafted antibody with antigens and its binding activity to cultured cancer cell
lines are measured by ELISA method, fluorescent antibody technique and the like means. its complement dependent
cytotoxicity (referred to as "CDC" hereinafter) activity and antibody dependent cell mediated cytotoxicity (referred to as
"ADCC" hereinafter) activity upon cultured cancer cell fines are measured by the method of Shitara, K. et al. (Cancer
Immunol. Immunother., 36, 373 (1993)).

Since the human CDR-grafted antibody of the present invention binds to cultured cancer cell lines of human origin
in a specific fashion and shows cytotoxic activities such as CDC activity and ADCC activity, itis useful in the diagnosis
and treatment of human cancers and the like. In addition, since most portions of said antibody are originated from the
amino acid sequence of a human antibody, when compared with monoclonal antibodies of animal origins excluding
human, it is expected that it will exert strong anti-tumor effect without showing immunogenicity and that the effect will
be maintained for a prolonged period of time.

The human CDR-grafted antibody of the present invention can be used as an anti-tumor composition, alone or
together with at least one pharmaceutically acceptable auxiliary (camier). For example, the human CDR-grafted anti-
body is made into an appropriate pharmaceutical composition by dissolving it in physiclogical saline or an aqueous
solution of glucose, lactose, mannitol or the like. Alternatively, the human CDR-grafted antibody is freeze-dried in the
usual way and then mixed with sodium chloride to prepare powder injections. As occasion demands, the pharmaceuti-
cal composition may contain pharmaceutically acceptabls salts and the like additives commonly known in the field of
pharmaceutical preparations.

Though the dosage of the pharmaceutical preparation varies depending on the age, symptoms and the like of each
patient, the human CDR-grafted antibody is administered to animals including human at a dose of from 0.2 to 20
mg/kg/day. The administration is carried out once a day (single administration or every day administration) or 1 to 3
times a week or once in 2 to 3 weeks, by infravenous injection.

The present invention will be illustrated by the following Examples; however, the present invention is not limited
thereto.

EXAMPLE 1

Construction of tandem cassette humanized antibody expression vector, pKANTEX93:

A tandem cassette humanized antibody expression vector, pKANTEXS3, for the expression of a human CDR-
grafted antibody in animal cells was constructed based on the plasmid pSE1UK1SEd1-3 described in JP-A-2-257891
by inserting a cDNA fragment coding for a human CDR-gratted antibody H chain V region and a cDNA fragment coding
for a human CDR-grafted antibody L chain V region into said plasmid upstream of the human antibody Cy1 cDNA and
human antibody Cx cDNA, respectively, in the following manner. The humanized antibody expression vector thus con-
structed can be also used for expressing a mouse-human chimeric antibody.

1. Modification of Apa! and EcoRl restriction enzyme sites occurring in rabbit f-globin gene splicing and poly A signals

For making it possible to construct a human CDR-grafted antibody expression vector by inserting human CDR-
grafted antibody V regions cassette-wise in the form of Notl-Apal (H chain) and EcoRI-Sp/l (L chain) restriction frag-
ments into a vector for humanized antibody expression, the Apal and EcoRl restriction sites occurring in the rabbit p-
globin gene splicing and poly A signals of the plasmid pSE 1UK1SEd1-3 were modified in the following manner.

Three pg of the plasmid pBluescript SK(-) (Stratagene) was added to 10 ul of 10 mM Tris-hydrochloride buffer (pH
7.5) containing 10 mM magnesium chioride and 1 mM DTT, 10 units of the restriction enzyme Apal (Takara Shuzo) was
further added, and the digestion reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was sub-
jected to ethanol precipitation, and the 3' cohesive ends resulting from Apal digestion were rendered blunt using DNA
Blunting Kit (Takara Shuzo), followed by ligation using DNA Ligation Kit (Takara Shuzo). The thus-cbtained recombinant
plasmid DNA solution was used to transform Escherichia coli HB101. Thus was obtained a plasmid, pBSA, shown in
Fig. 1.

Furthermore, 3 g of the plasmid pBSA thus obtained was added to 10 pl of 50 mM Tris-hydrochloride buffer (pH
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7.5) containing 10 mM magnesium chioride, 100 mM sodium chioride and 1 mM DTT, 10 units of the restriction enzyme
EcoRI (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mix-
ture was subjected to ethanol precipitation, and the 5’ cohesive ends resulting from EcoRlI digestion were rendered
blunt using DNA Blunting Kit (Takara Shuzo), followed by ligation using DNA Ligation Kit (Takara Shuzo). The thus-
obtained recombinant plasmid DNA solution was used to transform Escherichia coli HB101. Thus was obtained the
plasmid pBSAE shown in Fig. 2.

Then, 3 ug of the thus-cbtained plasmid pBSAE was added to 10 pl of 10 mM Tris-hydrochloride buffer (pH 7.5)
containing 10 mM magnesium chioride, 50 mM sodium chloride and 1 mM DTT, 10 units of the restriction enzyme
Hindlll (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction
mixture was subjected to ethanol precipitation, the precipitate was dissolved in 20 i of 10 mM Tris-hydrochloride buffer
(pH 7.5) containing 10 mM magnesium chiloride and 1 mM DTT, and the solution was divided into two 10-ul portions.
To one portion, 10 units of the restriction enzyme Sacl!l (Toyobo) was further added and, to the other, 10 units of the
restriction enzyme Kpn! (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour.
Both the reaction mixtures were fractionated by agarose gel electrophoresis, whereby about 0.3 pg each of a Hindlll-
Sacll fragment (about 2.96 kb) and a Kpnl-Hindill fragment (about 2.96 kb) were recovered.

Then, 3 pg of the plasmid pSE1UK1SEd1-3 was added to 10 pl of 10 mM Tris-hydrochloride buffer (pH 7.5) con-
taining 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Sacl! (Toyobo) and 10 units of
the restriction enzyme Kpn! (Takara Shuzo) were further added, and the reaction was allowed to proceed at 37°C for 1
hour. The reaction mixture was subjected to ethanol precipitation, the precipitate was dissolved in 10 pl of 10 mM Tris-
hydrochloride buffer (pH 7.5) containing 10 mM magnesium chloride, 50 mM sodium chloride and 1 mM DTT, 10 units
of the restriction enzyme Hindlll (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C
for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, whereby about 0.2 pg each of a
Hindlll-Sacll fragment (about 2.42 kb) and a Kpnl-Hindlll fragment (about 1.98 kb) were recovered.

Then, 0.1 pg of the thus-obtained Hindlll-Sacll fragment of pSE1UK1SEd1-3 and 0.1 pg of the above Hindill-Sacl!
fragment of pBSAE were dissolved in a total of 20 I of sterilized water and ligated to each other using Ready-To-Go
T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recombinant plasmid DNA solution was used to transform
Escherichia coli HB101 and, as a result, a plasmid, pBSH-S, shown in Fig. 3 was obtained. Furthermore, 0.1 ug of the
above-mentioned Kpnl-Hindlll fragment of pSE 1UK1SEd1-3 and 0.1 pg of the above-mentioned Kpnl-Hindlll fragment
of pBSAE were dissolved in a total of 20 p! of sterilized water and ligated to each other using Ready-To-Go T4 DNA
Ligase (Pharmacia Biotech). The thus-obtained recombinant plasmid DNA solution was used to transform Escherichia
coli HB101, and the plasmid pBSK-H shown in Fig. 4 was obtained.

Then, 3 pg each of the thus-obtained plasmids pBSH-S and pBSK-H were respectively added to 10-pl portions of
10 mM Tris-hydrochioride butter (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the restric-
tion enzyme Apal (Takara Shuzo) was further added to each mixture, and the reaction was allowed to proceed at 37°C
for 1 hour. Both the reaction mixtures were subjected to ethanol precipitation. With each precipitate, the 3' cohesive
ends resulting from Apal digestion were rendered blunt using DNA Blunting Kit (Takara Shuzo), followed by ligation
using DNA Ligation Kit (Takara Shuzo). The thus-obtained recombinant DNA solution were used to transform
Escherichia coli HB101, and the plasmids pBSH-SA and pBSK-HA shown in Fig. 5 were obtained.

Then, 5 pg each of the thus-obtained plasmids pBSH-SA and pBSK-HA were respectively added to 10-pl portions
of 50 mM Tris-hydrochloride butfer (pH 7.5) containing 10 mM magnesium chloride, 100 mM sodium chioride and 1 mM
DTT, 1 unit of the restriction enzyme EcoRl (Takara Shuzo) was further added to each mixture, and the reaction was
allowed to proceed at 37°C for 10 minutes for partial digestion. Both the reaction mixtures were subjected to ethanol
precipitation. With each precipitate, the 5§’ cohesive ends resulting from EcoR| digestion were rendered blunt using DNA
Blunting Kit (Takara Shuzo), followed by fractionation by agarose gel electrophoresis, whereby about 0.5 pg each of a
fragment about 5.38 kb in length and a fragment about 4.94 kb in length were recovered. The thus-recovered fragments
(0.1 g each) were each dissolved in a total of 20 jl of sterilized water and subjected to ligation treatment using Ready-
To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recombinant DNA solutions were respectively used to
transform Escherichia coli HB101, and the plasmids pBSH-SAE and pBSK-HAE shown in Fig. 6 were obtained.

Then, 3 pg each of the thus-obtained plasmids pBSH-SAE and pBSK-HAE were respectively added to 10-pl por-
tions of 50 mM Tris-hydrochloride buffer (pH 7.5) containing 10 mM magnesium chloride, 100 mM sodium chloride and
1 mM DTT, 10 units of the restriction enzyme EcoRI (Takara Shuzo) was further added to each mixture, and the reac-
tion was allowed to proceed at 37°C for 1 hour. Both the reaction mixtures were subjected to ethanol precipitation. With
each precipitate, the 5' cohesive ends resulting from EcoRI digestion were rendered blunt using DNA Blunting Kit
(Takara Shuzo), followed by ligation using DNA Ligation Kit (Takara Shuzo). The thus-obtained recombinant plasmid
DNA solutions were each used to transform Escherichia coli HB101, and two plasmids, pBSH-SAEE and pBSK-HAEE,
shown in Fig. 7 were obtained. Ten ug each of the thus-obtained plasmids were subjected to sequencing reaction
according to the instructions attached to AutoRead Sequencing Kit (Pharmacia Biotech), followed by base sequence
determination by electrophoresis on A.L.F. DNA Sequencer (Pharmacia Biotech), whereby it was confirmed that both
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the Apal and EcoRl sites had disappeared as a result of the above modification.

(2) Sall restriction site introduction downstream from rabbit B-globin gene splicing and poly A signals and SV40 early
gene poly A signal

For making it possible to exchange the antibody H chain and L chain expression promoters of the humanized anti-
body expression vector each for an arbitrary promoter, a Sa/l restriction site was introduced into the plasmid
PSE1UK1SEd1-3 downstream from the rabbit p-globin gene splicing and poly A signals and from the SV40 early gene
poly A signal in the following manner.

Three pg of the plasmid pBSK-HAEE obtained in Paragraph 1 of Example 1 was added to 10 ul of 10 mM Tris-
hydrochloride buffer (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme
Nael (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mix-
ture was subjected to ethanol precipitation, the precipitate was dissolved in 20 pl of 50 mM Tris-hydrochloride buffer (pH
9.0) containing 1 mM magnesium chloride, 1 unit of alkaline phosphatase (£. coli C75, Takara Shuzo) was further
added, and the reaction was allowed to proceed at 37°C for 1 hour for dephosphorylation at the 5' termini. The reaction
mixture was further subjected to phenol-chloraform extraction and then to ethanol precipitation, and the precipitate was
dissolved in 20 pl of 10 mM Tris-hydrochioride buffer (pH 8.0) containing 1 mM disodium ethylenediaminetotraacetate
(hereinafter brigfly referred to as "TE buffer”). One i of said reaction solution and 0.1 ug of a phosphorylated Salt linker
(Takara Shuzo) were added to sterilized water to make a total volume of 20 pl, followed by ligation treatment using
Ready-To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recombinant plasmid DNA solution was used to
transform Escherichia coli HB101, and a plasmid, pBSK-HAEESal, shown in Fig. 8 was obtained. Ten pg of the plasmid
thus obtained was subjected to sequencing reaction according to the instructions attached to AutoRead Sequencing Kit
(Pharmacia Biotech), followed by electrophoresis on A LF. DNA Sequencer (Pharmacia Biotech) for base sequence
determination, whereby it was confirmed that one Sall restriction site had been introduced downstream from the rabbit
p-globin gene splicing and poly A signals and from the SV40 early gene poly A signal.

3. Modification of Apal restriction site occurring in poly A signal of Herpes simplex virus thymidine kinase (hereinafter
referred o as "HSVik”) gene

The Apal restriction site occurring in the HSVtk gene poly A signal downstream from the Tn5 kanamycin phospho-
transterase gene of the plasmid pSE1UK1SEd1-3 was modified in the following manner.

Three g of the plasmid pBSA obtained in Paragraph 1 of Example 1 was added to 10 i of 10 mM Tris-hydrochlo-
ride butter (pH 7.5) containing 10 mM magnesium chioride and 1 mM DTT, 10 units of the restriction enzyme Sacll (Toy-
obo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was
subjected to ethanol precipitation, the precipitate was added to 10 pl of 50 mM Tris-hydrochloride buffer (pH 7.5) con-
taining 100 mM sodium chioride, 10 mM magnesium chioride and 1 mM DTT, 10 units of the restriction enzyme Xhol
(Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture
was fractionated by agarose gel electrophoresis, whereby about 1 pg of a Sacll-Xhol fragment (about 2.96 kb) was
recovered.

Then, 5 pg of the plasmid pSE1UK1SEd1-3 was added to 10 pl of 10 mM Tris-hydrochioride butfer (pH 7.5) con-
taining 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Sacll (Toyobo) was further added,
and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was subjected to ethanol precipitation,
the precipitate was added to 10 p:l of 50 mM Tris-hydrochioride buffer (pH 7.5) containing 100 mM sodium chloride, 10
mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Xhol (Takara Shuzo) was further added,
and the reaction was fractionated by agarose gel electrophoresis, whereby about 1 pig of a Sacll-Xhol fragment (about
4.25 kb) was recovered.

Then, 0.1 pg of the above Sacll-Xhol fragment of pBSA and the above Sacll-Xhol fragment of pSETUK1SEd1-3
were added to a total of 20 pl of sterilized water, followed by ligation using Ready-To-Go T4 DNA Ligase (Pharmacia
Biotech). The thus-obtained recombinant plasmid DNA solution was used to transform Escherichia coli HB101, and the
plasmid pBSX-S shown in Fig. 9 was obtained.

Then, 3 pg of the thus-obtained plasmid pBSX-S was added to 10 pl of 10 mM Tris-hydrochloride buffer (pH 7.5)
containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Apal (Takara Shuzo) was fur-
ther added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was subjected to ethanol
precipitation, the 3' cohesive ends resulting from Apal digestion were rendered blunt using DNA Blunting Kit (Takara
Shuzo) and then ligation was carried out using DNA Ligation Kit (Takara Shuzo). The thus-obtained recombinant plas-
mid DNA solution was used to transform Escherichia coli HB101, and a plasmid, pBSX-SA, shown in Fig. 10 was
obtained. Ten pg of the thus-obtained plasmid was subjected to sequencing reaction according to the instructions
attached to AutoRead Sequencing Kit (Pharmacia Biotech), followed by electrophoresis on A.L.F. DNA Sequencer
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(Pharmacia Biotech) for base sequence determination, whereby it was confirmed that the Apal restriction site in the
HSVik gene poly A signa! had disappeared.

4 . Construction of humanized antibody L chain expression unit

A plasmid, pMohCx, containing a human antibody Cx cDNA downstream from the promoter/enhancer of the Molo-
ney mouse leukemia virus long terminal repeat and having a humanized antibody L chain expression unit allowing cas-
sette-wise insertion thereinto of a humanized antibody L chain V region was constructed in the following manner.

Three pg of the plasmid pBluescript SK(-) (Stratagene) was added to 10 pl of 10 mM Tris-hydrochloride buffer (pH
7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Sacl (Takara Shuzo) was
further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was subjected to eth-
anol precipitation, the precipitate was added to 10 i of 10 mM Tris-hydrochloride buffer (pH 7.5) containing 50 mM
sodium chloride, 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Clal (Takara Shuzo)
was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was subjected to
ethanol precipitation, and the cohesive ends resutting from Sacl and Clal digestion were rendered blunt using DNA
Blunting Kit (Takara Shuzo), followed by fractionation by agarose gel electrophoresis, whereby about 1 ug of a DNA
fragment about 2.96 kb in length was recovered. A 0.1-ug portion of the DNA fragment recovered was added to a total
of 20 pl of sterilized water and subjected to ligation reaction using Ready-To-Go T4 DNA Ligase (Pharmacia Biotech).
The thus-obtained recombinant plasmid DNA solution was used to transform Escherichia coli HB101, and the plasmid
pBSSC shown in Fig. 11 was obtained.

Then, 3 g of the thus-cbtained plasmid pBSSC was added to 10 pl of 10 mM Tris-hydrochloride buffer (pH 7.5)
containing 10 mM magnesium chioride and 1 mM DTT, 10 units of the restriction enzyme Kpn! (Takara Shuzo) was fur-
ther added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was subjected to ethanol
precipitation, the precipitate was dissolved in 10 pl of 50 mM Tris-hydrochloride buffer (pH 7.5) containing 100 mM
sodium chloride, 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Xhol (Takara Shuzo)
was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was fractionated
by agarose gel electrophoresis, whereby about 1 pg of a Kpnl-Xhol fragment (about 2.96 kb) was recovered.

Then, 5 pg of the plasmid pAGE147 described in JP-A-6-205694 was added to 10 pl of 10 mM Tris-hydrochloride

" butfer (pH7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Kpn! (Takara

Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was sub-
jected to ethancl precipitation, the precipitate was dissolved in 10 ul of 50 mM Tris-hydrochloride buffer (pH 7.5) con-
taining 100 mM sodium chloride, 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Xhol
(Takara Shuzo) was further added, and the reaction was fractionated by agarose gel electrophoresis, whereby about
0.3 pg of a Kpnl-Xhol fragment (about 0.66 kb) containing the Moloney mouse leukemia virus long terminal repeat pro-
moter/enhancer was recovered.

Then, 0.1 ug of the Kpnl-Xho! fragment of pBSSC and 0.1 ug of the Kpni-Xhol fragment of pAGE147 each
obtained as mentioned above were dissolved in a total of 20 pl of sterilized water and subjected to ligation using Ready-
To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recombinant plasmid DNA solution was used to trans-
form Escherichia coli HB101, and the plasmid pBSMo shown in Fig. 12 was obtained.

Then, 3 pg of the above plasmid pBSMo was added to 10 pl of 10 mM Tris-hydrochloride butfer (pH 7.5) containing
10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Kpnl (Takara Shuzo) was further added,
and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was subjected to ethanal precipitation,
the precipitate was dissolved in 10 pl of 10 mM Tris-hydrochloride bufter (pH 7.5) containing 50 mM sodium chloride, 10
mM magnesium chioride and 1 mM DTT, 10 units of the restriction enzyme Hindll (Takara Shuzo) was further added,
and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was fractionated by agarose gel elec-
trophoresis, whereby about 1 ug of a Kpnl-Hindlil fragment (about 3.62 kb) was recovered.

Then, synthetic DNAs respectively having the base sequences shown in SEQ ID NO:12 and SEQ ID NO:13 were
synthesized using an automatic DNA synthesizer (Applied Biosystems model 380A). To 15 il of sterilized water were
added 0.3 pg each of the thus-obtained synthetic DNAs, and the mixture was heated at 65°C for 5 minutes. The reac-
tion mixture was afiowed to stand at room temperature for 30 minutes and then 2 ul of 10-fold concentrated buffer [S00
mM Tris-hydrochloride (pH 7.6), 100 mM magnesium chloride, 50 mM DTT] and 2 pl of 10 mM ATP were added, 10
units of T4 polynuclectide kinase was further added, and the reaction was allowed to proceed at 37°C for 30 minutes
for phosphorylation of the 5' termini. To a total of 20 ! of sterilized water were added 0.1 pg of the above Kpnl-Hindlit
fragment (3.66 kb) derived from the plasmid pBSMo and 0.05 pg of the phsophorylated synthetic DNA pair, and ligation
was effected using Ready-To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recombinant plasmid DNA
solution was used to transform Escherichia coli HB101, and the plasmid pBSMoS shown in Fig. 13 was obtained. Ten
ug of the plasmid thus obtained was subjected to sequencing reaction according to the instructions attached to
AutoRead Sequencing Kit (Pharmacia Biotech), followed by electrophoresis on A.L.F. DNA Sequencer (Pharmacia Bio-
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tech) for base sequence determination, whereby it was confirmed that the synthetic DNA pair had been introduced as
desired.

Then, 3 pg of the plasmid pChilgLA1 described in JP-A-5-304989 was dissolved in 10 pl of S0 mM Tris-hydrochio-
ride buffer (pH 7.5) containing 100 mM sodium chioride, 10 mM magnesium chioride and 1 mM DTT, 10 units sach of
the restriction enzymes EcoRI (Takara Shuzo) and EcoRV (Takara Shuzo) were further added, and the reaction was
allowed to proceed at 37°C for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, whereby
about 1 ug of an EcoRI-EcoRV fragment (about 9.70 kb) was recovered.

Then, synthetic DNAs respectively having the base sequences shown in SEQ ID NO:14 and SEQ ID NO:15 were
synthesized using an automatic DNA synthesizer (Applied Biosystems model 380A). To 15 pl of sterilized water were
added 0.3 ug each of the thus-obtained synthetic DNAs, and the mixture was heated at 65°C for 5 minutes. The reac-
tion mixture was allowed to stand at room temperature for 30 minutes. Then, 2 ul of 10-fold concentrated buffer [S00
mM Tris-hydrochloride (pH 7.6), 100 mM magnesium chloride, 50 mM DTT) and 2 l of 10 mM ATP were added, 10
units of T4 polynucleotide kinase was further added, and the reaction was allowed to proceed at 37°C for 30 minutes
for phosphorylation of the 5' termini. To a total of 20 pl of sterilized water were added 0.1 pg of the above EcoRI-EcoRV
fragment (9.70 kb) derived from the plasmid pChilgLA1 and 0.05 g of the phsophorylated synthetic DNA, and ligation
was effected using Ready-To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recombinant plasmid DNA
solution was used to transform Escherichia coli HB101, and the plasmid pChilgLA1S shown in Fig. 14 was obtained.

Then, 3 pg of the plasmid pBSMoS obtained in the above manner was dissolved in 10 pl of 20 mM Tris-hydrochio-
ride buffer (pH 8.5) containing 100 mM potassium chloride, 10 mM magnesium chloride and 1 mM DTT, 10 units of the
restriction enzyme Hpal (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour.
The reaction mixture was subjected to ethanol precipitation, the precipitate was dissolved in 10 pl of 50 mM Tris-hydro-
chloride buffer (pH 7.5) containing 100 mM sodium chloride, 10 mM magnesium chioride and 1 mM DTT, 10 units of the
restriction enzyme EcoRl (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1
hour. The reaction mixture was fractionated by agarose gel electrophoresis, whereby about 1 ug of an Hpal-EcoRl frag-
ment (about 3.66 kb) was recovered.

Then, 10 pg of the plasmid pChilgLA1S obtained as mentioned above was dissolved in 10 pl of 20 mM Tris-acetate
bufter (pH 7.9) containing 50 mM potassium acetate, 10 mM magnesium acetate, 1 mM DTT and 100 ug/mi BSA, 10
units of the restriction enzyme NJalV (New England BioLabs) was further added, and the reaction was allowed to pro-
ceed at 37°C for 1 hour. The reaction mixture was subjected to ethanol precipitation, the precipitate was dissolved in 10
ui of 50 mM Tris-hydrochloride buffer (pH 7.5) containing 100 mM sodium chioride, 10 mM magnesium chloride and 1
mM DTT, 10 units of the restriction enzyme EcoRI (Takara Shuzo) was further added, and the reaction was allowed to
proceed at 37°C for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, whereby about 0.3
ug of an NialV-EcoRl fragment (about 0.41 kb) was recovered.

Then, 0.1 ug of the above Hpal-EcoR! fragment of pBSMoS and 0.1 ug of the above NialV-EcoR! fragment of
pChilgLA1S were added to a total of 20 pl of sterilized water, and ligation was effected using Ready-To-Go T4 DNA
Ligase (Pharmacia Biotech). The thus-obtained recombinant plasmid DNA solution was used to transform Escherichia
coli HB101, and the plasmid pMohCx shown in Fig. 15 was obtained.

5. Construction of humanized antibody H chain expression unit

A plasmid, pMohCy1, containing a human antibody Cyt cDNA downstream from the promoter/enhancer of the
Moaloney mouse leukemia virus long terminal repeat and having a humanized antibody H chain expression unit allowing
cassette-wise insertion thereinto of a humanized antibody H chain V region was constructed in the following manner.

Three pg of the plasmid pBSMo obtained in Paragraph 4 of Example 1 was added to 10 pl of 50 mM Tris-hydro-
chloride buffer (pH 7.5) containing 100 mM sodium chloride, 10 mM magnesium chioride and 1 mM DTT, 10 units of the
restriction enzyme Xhol (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour.
The reaction mixture was subjected to ethanol precipitation, the precipitate was dissolved in 10 ul of 30 mM sodium
acetate buffer (pH 5.0) containing 100 mM sodium chloride, 1 mM zinc acetate and 10% glycerol, 10 units of Mung bean
nudease (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 10 minutes. The reac-
tion mixture was subjected to phenol-chloroform extraction and then to ethanot precipitation, the cohesive ends of the
precipitate were rendered blunt using DNA Blunting Kit (Takara Shuzo) and ligation was effected using DNA Ligation
Kit (Takara Shuzo). The thus-obtained recombinant plasmid DNA solution was used to transform Escherichia coli
HB101, and the plasmid pBSMoSal shown in Fig. 16 was obtained. A 10-pg portion of the plasmid obtained was sub-
jected to sequencing reaction according to the instructions attached to AutoRead Sequencing Kit (Pharmacia Biotech),
followed by electrophoresis on A.LF. DNA Sequencer (Pharmacia Biotech) for base sequence determination, whereby
it was confirmed that the Xhol restriction site upstream of the Moloney mouse leukemia virus long terminal repeat pro-
moter/enhancer had disappeared.

Then, 3 ug of the plasmid pBSMoSal obtained as mentioned above was added to 10 i of 10 mM Tris-hydrochloride
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butfer (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Kpnl (Talkara
Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was sub-
jected to ethanol precipitation, the precipitate was dissolved in 10 pl of 10 mM Tris-hydrochloride buffer (pH 7.5) con-
taining 50 mM sodium chioride, 10 mM magnesium chioride and 1 mM DTT, 10 units of the restriction enzyme Hindill
(Takara Shuzo) was further added, and the reaction was aflowed to proceed at 37°C for 1 hour. The reaction mixture
was fractionated by agarose gel electrophoresis, whereby about 1 pg of a Kpnl-Hindlli fragment (about 3.66 kb) was
recovered.

Then, synthetic DNAs respectively having the base sequences shown in SEQ ID NO:16 and SEQ iD NO:17 were
synthesized using an automatic DNA synthesizer (Applied Biosystems modet 380A). To 15 yl of sterilized water were
added 0.3 pg each of the thus-obtained synthetic DNAs, and the mixture was heated at 65°C for 5 minutes. The reac-
tion mixture was allowed to stand at room temperature for 30 minutes. Then, 2 pl of 10-fold concentrated buffer [S00
mM Tris-hydrochloride (pH 7.6), 1060 mM magnesium chloride, 50 mM DTT] and 2 pl of 10 mM ATP were added, 10
units of T4 polynucleotide kinase was further added, and the reaction was allowed to proceed at 37°C for 30 minutes
for phosphorylation of the 5' termini. To a total of 20 pl of sterilized water were added 0.1 ng of the above Kpnl-Hindlll
fragment (3.66 kb) derived from the plasmid pBSMoSa1 and 0.05 g of the phosphorylated synthetic DNA, and ligation
was effected using Ready-To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-cbtained recombinant plasmid DNA
solution was used to transform Escherichia coli HB101, and the plasmid pBSMoSa1S shown in Fig. 17 was obtained.
A 10-pg portion of the thus-obtained plasmid was subjected to sequencing reaction according to the instructions
attached to AutoRead Sequencing Kit (Pharmacia Biotech), followed by electrophoresis on A.L.F. DNA Sequencer
(Pharmacia Biotech), for base sequence determination whereby it was confirmed that the synthetic DNA had been
introduced as desired.

Then, 10 pg of the plasmid pChilgHB2 described in JP-A-5-304989 was dissolved in 10 pl of 50 mM Tris-hydrochlo-
ride buffer (pH 7.5) containing 100 mM sodium chloride, 10 mM magnesium chloride and 1 mM DTT, 10 units of the
restriction enzyme Eco52I (Toyobo) was further adkded, and the reaction was allowed to proceed at 37°C for 1 hour. The
reaction mixture was subjected to ethanal precipitation, the precipitate was dissolved in 10 ul of 30 mM sodium acetate
butter (pH 5.0) containing 100 mM sodium chioride, 1 mM zinc acetate and 10% glycerol, 10 units of Mung bean nucle-
ase (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 10 minutes. The reaction
mixture was subjected to phenol-chloroform extraction and then to ethanol precipitation, and the cohesive ends were
rendered blunt using DNA Blunting Kit (Takara Shuzo). After ethanol precipitation, the precipitate was dissoived in 10
ul of 10 mM Tris-hydrochloride buffer (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the
restriction enzyme Apal (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour.
The reaction mixture was fractionated by agarose gel electrophoresis, whereby about 0.7 ug of Apal-blunt end fragment
(about 0.99 kb) was recovered.

Then, 3 ug of the plasmid pBluescript SK(-) (Stratagene) was added to 10 pl of 10 mM Tris-hydrochloride buffer (pH
7.5) containing 10 mM magnesia chloride and 1 mM DTT, 10 units of the restriction enzyme Apal ( 2UTakara Shuzo)
was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was subjected to
ethanol precipitation, the precipitate was dissolved in 10 pl of 33 mM Tris-acetate buffer (pH 7.9) containing 10 mM
magnesium acetate, 66 mM potassium acetate, 0.5 mM DTT and 100 pg/ml BSA, 10 units of the restriction enzyme
Smal (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mix-
ture was fractionated by agarose gel electrophoresis, whereby about 1 ug of an Apal-Smal fragment (about 3.0 kb) was
recovered.

Then, 0.1 ug of the Apal-blunt end fragment of pChilgHB2 and 0.1 pg of the Apal-Smal fragment of pBluescript
SK(-), each obtained as mentioned above, were added to a total of 20 p of sterilized water and ligated to each other
using Ready-To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recombinant plasmid DNA solution was
used to transform Escherichia coli HB101, and the plasmid pBShCy1 shown in Fig. 18 was obtained.

Then, 5 g of the above plasmid pBShCy1 was dissolved in 10 pl of 10 mM Tris-hydrochloride buffer (pH 7.5) con-
taining 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Apal (Takara Shuzo) was further
added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was subjected to ethanol pre-
cipitation, the precipitate was dissolved in 10 yl of 10 mM Tris-hydrochloride buffer (pH 7.5) containing 50 mM sodium
chloride, 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Spel (Takara Shuzo) was fur-
ther added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was fractionated by aga-
rose gel electrophoresis, whereby about 1 ug of an Apal-Spel fragment (about 1.0 kb) was recovered.

Then, 3 g of the plasmid pBSMoSa1S obtained as mentioned above was dissolved in 10 pl of 10 mM Tris-hydro-
chloride butter (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Apal
(Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture
was subjected to ethanol precipitation, the precipitate was dissolved in 10 ul of 10 mM Tris-hydrochloride buffer (pH 7.5)
cortaining 50 mM sodium chloride, 10 mM magnesium chioride and 1 mM DTT, 10 units of the restriction enzyme Spel
(Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture

14

Aragen/Transposagen Ex. 1035 - Part B



10

20

25

30

35

40

50

55

EP 0 882 734 A2

was fractionated by agarose ge! electrophoresis, whereby about 1 pg of an Apal-Spel fragment (about 3.66 kb) was
recovered.

Then, 0.1 pg of the Apal-Spel fragment of pBShCy1 and 0.1 ug of the Apal-Spel fragment of pBSMoSa1S, each
obtained as mentioned above, were added to a total of 20 pl of sterilized water and ligated to each other using Ready-
To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recombinant plasmid DNA solution was used to trans-
form Escherichia coli HB101, and the plasmid pMohCy1 shown in Fig. 19 was obtained.

6. Construction of tandem cassette humanized antibody expression vector, pKANTEXS3

A tandem cassette humanized antibody expression vector, PKANTEX93, was constructed using the various plas-
mids obtained in Paragraphs 1 through S of Example 1 in the following manner.

Three ug of the plasmid pBSH-SAEE obtained in Paragraph 1 of Example 1 was added to 10 pl of 10 mM Tris-
hydrochloride buffer (pH 7.5) containing 50 mM sodium chloride, 10 mM magnesium chloride and 1 mM DTT, 10 units
of the restriction enzyme Hindlll (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C
for 1 hour. The reaction mixture was subjected to ethanol precipitation, the precipitate was dissolved in 10 pl of 50 mM
Tris-hydrochloride butfer (pH 7.5) containing 100 mM sodium chloride, 10 mM magnesium chloride and 1 mM DTT, 10
units of the restriction enzyme Sall (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C
for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, whereby about 1 ug of a Hindlll -Sall
fragment (about 5.42 kb) was recovered. -

Then, 5 pg of the plasmid pBSK-HAEE obtained in Paragraph 1 of Example 1 was added fo 10 pl of 10 mM Tris-
hydrochloride buffer (ph 7.5) containing 10 mM magnesium chioride and 1 mM DTT, 10 units of the restriction enzyme
Kpni (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mix-
ture was subjected to ethanol precipitation, the precipitate was dissolved in 10 pl of 10 mM Tris-hydrochloride buffer (pH
7.5) containing 50 mM sodium chloride, 10 mM magnesium chloride and 1 mM DTT, 10 units ot the restriction enzyme
Hindli (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction
mixture was fractionated by agarcse gel electrophoresis, whereby about 0.8 g of a Kpni-Hindlll fragment (about 1.98
kb) containing the rabbit B-globin gene splicing and poly A signals, the SV40 early gene poly A signal and the SV40
early gene promoter was recovered.

Then, 5 ug of the plasmid pMohCy1 obtained in Paragraph 5 of Example 1 was added to 10 plof 10 mM Tris-hydro-
chloride buffer (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Kpnl
(Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture
was subjected to ethanol precipitation, the precipitate was dissolved in 10 ul of 50 mM Tris-hydrochloride buffer (pH 7.5)
containing 100 mM sodium chioride, 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Sall
(Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture
was fractionated by agarose ge! electrophoresis, whereby about 0.8 ug of a human CDR-grafted antibody H chain
expression unit-containing Kpnl-Sall fragment (about 1.66 kb) was recovered.

Then, 0.1 g of the Hindlll-Sall fragment of pBSH-SAEE, 0.1 pg of the Kpnl-Hindlll fragment of pBSK-HAEE and
0.1 pg of the Kpnl-Sall fragment of pMohCy1, each obtained as mentioned above, were added to a total of 20 pl of ster-
ilized water and ligated together using Ready-To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recom-
binant plasmid DNA solution was used to transform Escherichia coli HB101, and the plasmid pMoy1SP shown in Fig.
20 was obtained.

Then, 3 g of the above plasmid pMoy1SP was added to 10 pl of 50 mM Tris-hydrochloride buffer (pH 7.5) contain-
ing 100 mM sodium chloride, 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Sall
(Takara Shuzo) and 10 units of the restriction enzyme Xho! were further added, and the reaction was allowed to pro-
ceed at 37°C for 1 hour. The reaction mixture was fractionated by agarose gel electraphoresis, whereby about 1 ug of
a Sall-Xhol fragment (about 9.06 kb) was recovered. :

Then, 5 ug of the plasmid pBSK-HAEESal obtained in Paragraph 2 of Example 1 was added to 10 pl of 10 mM Tris-
hydrochloride buffer (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme
Kpnl (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mix-
ture was subjected to ethanol precipitation, the precipitate was dissolved in 10 pl of 50 mM Tris-hydrochloride buffer (pH
7.5) containing 100 mM sodium chloride, 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme
Sall (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mix-
ture was fractionated by agarose gel electrophoresis, whereby about 0.7 ug ot a Kpnl-Sall fragment (about 1.37 kb)
containing the rabbit B-globin gene splicing and poly A signals and the SV40 early gene poly A signal was recovered.

Then, 5 pg of the plasmid pMohCx obtained in Paragraph 4 of Example 1 was added to 10 u! of 10 mM Tris-hydro-
chloride buffer (pH 7.5) containing 10 mM magnesium chloride and 1mM DTT, 10 units of the restriction enzyme Kpnl
(Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture
was subjected to ethanol precipitation, the precipitate was dissolved in 10 pf of 50 mM Tris-hydrochloride buffer (pH 7.5)
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containing 100 mM sodium chloride, 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme
Xho! (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mix-
ture was fractionated by agarose gel electrophoresis, whereby about 0.7 ug of a human CDR-grafted antibody L chain
expression unit-containing Kpnl-Xhol fragment (about 1.06 kb) was recovered.

Then, 0.1 pg of the Sall-Xho! fragment of pMoy1SP, 0.1 ug of the Kpnl-Sall fragment of pBSK-HAEESal and 0.1
ng of the Kpnl-Xhol fragment of pMohCx, each obtained as mentioned above, were added to a total of 20 pl of sterilized
water and ligated together using Ready-To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recombinant
plasmid DNA solution was used to transform Escherichia coli HB101, and the plaid pMoxy1SP shown in Fig. 21 was
obtained.

Then, 3 ug of the above plasmid pMoxy1SP was added to 10 pl of 50 mM Tris-hydrochloride buffer (pH 7.5) con-
taining 100 mM sodium chioride, 10 mM magnesium chioride and 1 mM DTT, 10 units of the restriction enzyme Xhol
(Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture
was subjected 1o ethanol! precipitation, the precipitate was added to 10 pl of 10 mM Tris-hydrochloride buffer (pH 7.5)
containing 10 mM magnesium chioride and 1 mM DTT, 1 units of the restriction enzyme Sacll (Toyobo) was further
added, and the reaction was allowed to proceed at 37°C for 10 minutes for partial digestion. The reaction mixture was
fractionated by agarose gel electrophoresis, and about 0.2 ug of a Sacll-Xhol fragment (about 8.49 kb) was recovered.

Then, 3 pg of the plaid pBSX-SA obtained in Paragraph 3 of Example 1 was added to 10 ul of 10 mM Tris-hydro-
chioride buffer (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Sacli
(Toyobo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was sub-
jected to ethanol precipitation, the precipitate was dissolved in 10 ul of 50 mM Tris-hydrochloride buffer (pH 7.5) con-
taining 100 mM sodium chloride, 10 mM magnesium chioride and 1 mM DTT, 10 units of the restriction enzyme Xho!
(Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture
was fractionated by agarose gel electrophoresis, and about 1 pg of a Sacll-Xho! fragment (about 4.25 kb) was recov-
ered.

Then, 0.1 pg of the Sacll-Xhol fragment of pMoxy1SP and 0.1 pg of the Sacll-Xhol fragment of pBSX-SA, each
obtained as mentioned above, were added to a total of 20 pl of sterilized water and ligated to each other using Ready-
To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recombinant plasmid DNA solution was used to trans-
form Escherichia coli HB101, and the plasmid pKANTEXS3 shown in Fig. 22 was obtained.

EXAMPLE 2
1. Expression of mouse-human chimeric anti-GM, antibody

Mouse-human chimeric anti-GM, antibody expression was effected using the humanized antibody expression vec-
tor pPKANTEX93 mentioned above in Example 1 in the following manner.

(1) Construction of plasmid pBSH3 containing mouse anti-GM antibody KM796 H chain V region cDNA

Three pg of the plasmid pBluescript SK(-) (Stratagene) was added to 10 pl of 10 mM Tris-hydrochloride bufter (pH
7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units each of the restriction enzymes Sacll (Toyobo) and
Kpnl (Takara Shuzo) were further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mix-
ture was subjected to ethanol precipitation, and the precipitate was subjected to blunting treatment for rendering blunt
the 3 cohesive ends resulting from the restriction enzyme digestion using DNA Blunting Kit (Takara Shuzo). The result-
ing reaction was precipitated with ethanol, the precipitate thus obtained was dissolved in 20 pl of a buffer containing 50
mM Tris-hydrochloride buffer (pH 9.0) and 1 mM magnesium chloride, and the mixture thus obtained was allowed to
react by adding one unit of alkali phosphatase (E. coli C75, Takara Shuzo) at 37°C for 1 hour for dephosphorytation of
the 5' termini. Then, fractionation by agarcse gel electrophoresis was carried out, and about 1 pg of a DNA fragment
about 2.95 kb in size was recovered.

Then, synthetic DNAs respectively having the base sequences shown in SEQ ID NO:18 and SEQ ID NO:19 were
synthesized using an automatic DNA synthesizer (Applied Biosystems model 380A). To 15 pl of sterilized water were
added 0.3 pg each of the synthetic DNAs obtained, and the mixture was heated at 65°C for 5 minutes. The reaction
mixture was allowed to stand at room temperature for 30 minutes and then 2 pl of 10-fold concentrated butter [S00 mM
Tris-hydrochloride (pH 7.6), 100 mM magnesium chloride, 50 mM DTT] and 2 pi of 10 mM ATP were added, 10 units of
T4 polynucleotide kinase was further added, and the reaction was allowed to proceed at 37°C for 30 minutes for phos-
phorylating the 5’ termini. To a total of 20 ! of sterilized water were added 0.1 pg of the DNA fragment (2.95 kb) derived
from the plasmid pBluescript SK(-) and 0.05 ug of the phosphorylated synthetic DNA, each obtained as mentioned
above, followed by ligation to each other using Ready-To-Go T4 DNA Ligase (Pharmacia Biotech): The thus-obtained
recombinant plasmid DNA solution was used to transform Escherichia coli HB101, and the plaid pBSNA shown in Fig.
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23 was obtained. Ten pg of the plasmid obtained was subjected to sequencing reaction treatment according to the
instructions attached to AutoRead Sequencing Kit (Pharmacia Biotech), followed by electrophoresis on A.LLF. DNA
Sequencer (Pharmacia Biotech) for base sequence determination, whereby it was confirmed that the synthetic DNA
had been introduced as desired.

Then, 3 ug of the plasmid pBSNA cbtained as mentioned above was added to 10 pl of 10 mM Tris-hydrochloride
bufter (pH 7.5) containing 10 mM magnesium chioride and 1 mM DTT, 10 units of the restriction enzyme Apal (Takara
Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was sub-
jected to ethanol precipitation, the precipitate was added to 10 pl of 50 mM Tris-hydrochloride buffer (pH 7.5) containing
100 mM sodium chloride, 10 mM magnesium chloride, 1 mM DTT, 100 pg/ml BSA and 0.01% Triton X-100, 10 units of
the restriction enzyme Notl (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1
hour. The reaction mixture was fractionated by agarose gel electrophoresis, and about 1 pg of a DNA fragment about
2.95 kb in size was recovered.

Then, 10 ug of the plaid pChi796HM1 described in JP-A-6-205964 was added to 10 pl of 10 mM Tris-hydrochiloride
butter (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Apal (Takara
Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was sub-
jected to ethanol precipitation, the precipitate was added to 10 p! of 50 mM Tris-hydrochloride buffer (pH 7.5) containing
100 mM sodium chloride, 10 mM magnesium chloride, 1 mM DTT, 100 pg/ml BSA and 0.01% Triton X-100, 10 units of
the restriction enzyme Notl (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1
hour. The reaction mixture was fractionated by agarose gel electrophoresis, and about 0.3 ug of a DNA fragment about
0.45 kb in size was recovered.

Then, 0.1 pg of the Apal-Notl fragment of pBSNA and 0.1 ug of the Apal-Notl fragment of pChi796HM1, each
obtained as mentioned above, were added to a total of 20 pl of sterilized water and ligated to each other using Ready-
To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recombinant plasmid DNA solution was used to trans-
form Escherichia coli HB101, and the plasmid pBSH3 shown in Fig. 24 was obtained.

(2) Construction of plasmid pBSL3 containing mouse anti-GM, antibody KM796 L chain V region cDNA

Three pg of the plasmid pBluescript SK(-) (Stratagene) was added to 10 pl of 10 mM Tris-hydrochloride buffer (pH
7.5) containing 10 mM magnesium chioride and 1 mM DTT, 10 units of the restriction énzyme Kpnl (Takara Shuzo) was
further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was subjected to eth-
anol precipitation, and the precipitate was subjected to blunting treatment for rendering blunt the 3' cohesive ends
resulting from Kpnl digestion using DNA Blunting Kit (Takara Shuzo) and then to ethanol precipitation, the precipitate
was added to 10 pl of 10 mM Tris-hydrochloride butfer (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTT,
10 units of the restriction enzyme Sac! (Takara Shuzo) was further added, and the reaction was allowed to proceed at
37°C for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, whereby about 1 ug of a DNA
fragment about 2.95 kb in size was recovered.

Then, synthetic DNAs respectively having the base sequences shown in SEQ ID NO:20 and SEQ ID NO:21 were
synthesized using an automatic DNA synthesizer (Applied Biosystems model 380A). To 15 pl of sterilized water were
added 0.3 pg each of the synthetic DNAs obtained, and the mixture was heated at 65°C for § minutes. The reaction
mixture was allowed to stand at room temperature for 30 minutes. Then, 2 pl of 10-fold concentrated buffer [500 mM
Tris-hydrochloride (pH 7.5), 100 mM magnesium chloride, 50 mM DTT] and 2 pl of 10 mM ATP were added, 10 units of
T4 polynucleotide kinase was further added, and the reaction was allowed to proceed at 37°C for 30 minutes for phos-
phoryiating the 5' termini. The, 0.1 pg of the DNA fragment (2.95 kb) derived from the plasmid pBluescript SK(-) and
0.05 pg of the phosphorylated synthetic DNA, each obtained as mentioned above, were added to a total of 20 pl of ster-
ilized water and ligated to each other using Ready-To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-obtained
recombinant plasmid DNA solution was used to transform Escherichia coli HB101, and the plasmid pBSES shown in
Fig. 25 was obtained. Ten g of the plasmid obtained was subjected to sequencing reaction treatment according to the
instructions attached to AutoRead Sequencing Kit (Pharmacia Biotech), followed by electrophoresis on A.L.F. DNA
Sequencer (Pharmacia Biotech) for base sequence determination, whereby it was confirmed that the synthetic DNA
had been introduced as desired.

Then, 3 pg of the plasmid pBSES obtained as mentioned above was added to 10 pl of 50 mM Tris-hydrochloride
butier (pH 7.5) containing 100 mM sodium chloride, 10 mM magnesium chloride, 1 mM DTT and 100 ug/m! BSA, 10
units each of the restriction enzymes EcoR| (Takara Shuzo) and Sp/l (Takara Shuzo) were further added, and the reac-
tion was allowed to proceed at 37°C for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis,
and about 1 ug of a DNA fragment about 2.95 kb in size was recovered.

Then, 5 ug of the plasmid pKM796L 1 described in JP-A-6-205694 was added to 10 i of SO mM Tris-hydrochloride
buffer (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units each of the restriction enzymes EcoRl
(Takara Shuzo) and Af/lll (Takara Shuzo) were further added, and the reaction was allowed to proceed at 37°C for 1
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hour. The reaction mixture was fractionated by agarose ge! electrophoresis, and about 0.3 ng of an EcoRI-Afllll frag-
ment about 0.39 kb in size was recovered. Then, synthetic DNAs respectively having the base sequences shown in
SEQ ID NO:22 and SEQ ID NO:23 were synthesized using an automatic DNA synthesizer (Applied Biosystems mode!
380A). To 15 pl of sterilized water were added 0.3 ug each of the synthetic DNAs obtained, and the mixture was heated
at 65°C for 5 minutes. The reaction mixture was allowed to stand at room temperature for 30 minutes. Then, 2 w of 10-
fold concentrated buffer [S00 mM Tris-hydrochioride (pH 7.6), 160 mM magnesium chioride, SO mM DTT] and 2 wlof 10
mM ATP were added, 10 units of T4 polynucleotide kinase was further added, and the reaction was allowed to proceed
at 37°C for 30 minutes for phosphorylating the §' termini.

Then, 0.1 pg of the pBSES-derived EcoRI-Sp/l fragment (2.95 kb), 0.1 pg of the pKM796L1-derived EcoRI-Afili}
fragment and 0.05 ug of the phosphorylated synthetic DNA, each obtained as mentioned above, were added to a total
of 20 pl of sterilized water and ligated together using Ready-To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-
obtained recombinant plasmid DNA solution was used to transform Escherichia coli HB101, and the plasmid pBSL3
shown in Fig. 26 was obtained. Ten pg of the plasmid cbtained was subjected to sequencing reaction treatment accord-
ing to the instructions attached to AutoRead Sequencing Kit (Pharmacia Biotech), followed by electrophoresis on A.L.F.
DNA Sequencer (Pharmacia Biotech) for base sequence determination, whereby it was contirmed that the synthetic
DNA had been introduced as desired.

3. Construction of mouse-human chimeric anti-GM, antibody expression vector, pPKANTEX796

A mouse-human chimeric anti-GM,, antibody expression vector, pPKANTEX796, was constructed using the plasmid
pKANTEX®3 obtained in Example 1 and the plasmids pBSH3 and pBSL3 respectively obtained in Paragraph 1 (1) and
(2) of Example 2, in the following manner.

Three pg of the plasmid pBSH3 was added to 10 ul of 10 mM Tris-hydrochloride buffer (pH 7.5) containing 10 mM
magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Apal (Takara Shuzo) was further added, and the
reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was subjected to ethanol precipitation, the pre-
cipitate was dissolved in 10 pl of 50 mM Tris-hydrochloride buffer (pH 7.5) containing 100 mM sodium chloride, 10 mM
magnesium chloride, 1 mM DTT, 100 pg/m! BSA and 0.01% Triton X-100, 10 units of the restriction enzyme Notl
(Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture
was fractionated by agarose gel electrophoresis, and about 0.3 ug of an Apal-Notl fragment about 0.46 kb in size was
recovered.

Then, 3 ug of the plasmid pKANTEX93 was added to 10 ul of 10 mM Tris-hydrochloride buffer (pH 7.5) containing
10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Apal (Takara Shuzo) was further added,
and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was subjected to ethanol precipitation,
the precipitate was dissolved in 10 pl of 50 mM Tris-hydrochloride buffer (pH 7.5) containing 100 mM sodium chloride,
10 mM magnesium chloride, 1 mM DTT, 100 pg/m! BSA and 0.01% Triton X-100, 10 units of the restriction enzyme Notl
(Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture
was fractionated by agarose gel electrophoresis, whereby about 1 ng of an Apal-Notl fragment about 12.75 kb in size
was recovered.

Then, 0.1 pg of the pBSH3-derived Apal-Notl fragment and 0.1 pg of the pKANTEX93-derived Apal-Notl fragment,
each obtained as mentioned above, were added to a total of 20 pl of sterilized water and ligated to each other using
Ready-To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recombinant plasmid DNA solution was used to
transform Escherichia coli HB101, and the plasmid pKANTEX796H shown in Fig. 27 was obtained.

Then, 3 pg of the plasmid pBSL3 was added to 10 pi of 50 mM Tris-hydrochloride butter (pH 7.5) containing 100
mM sodium chioride, 10 mM magnesia chloride, 1 mM DTT and 100 pg/m! BSA, 10 units each of the restriction
enzymes EcoRl (Takara Shuzo) and Sp/l (Takara Shuzo) were further added, and the reaction was allowed to proceed
at 37°C for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, and about 0.3 pg of an EcoRI-
Spll fragment about 0.4 kb in size was recovered.

Then, 3 ug of the plasmid pKANTEX796H was added to 10 pl of 50 mM Tris-hydrochloride buffer (pH 7.5) contain-
ing 160 mM sodium chloride, 10 mM magnesium chioride, 1 mM DTT and 100 pg/ml BSA, 10 units each of the restric-
tion enzymes EcoRI (Takara Shuzo) and Sp/l {Takara Shuzo) were further added, and the reaction was allowed to
proceed at 37°C for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, and about 1 pg of an
EcoRlI-Sp/l fragment about 13.20 kb in size was recovered.

Then, 0.1 pg of the pBSL3-derived EcoRI-Sp/l fragment and 0.1 pg of the pKANTEX796H-derived EcoRi-Sp/l frag-
ment, each obtained as mentioned above, were added to a total of 20 pl of sterilized water and ligated to each other
using Ready-To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recombinant plasmid DNA solution was
used to transform Escherichia coli HB101, and the plasmid pKANTEX796 shown in Fig. 28 was obtained.

18

Aragen/Transposagen Ex. 1035 - Part B



25

30

35

40

45

50

55

EP 0 882 794 A2

(4) Expression of mouse-human chimeric anti-GM, antibody in YB2/0 cells using pKANTEX796

Introduction of the plasmid into YB2/0 cells (ATCC CRL1662) was carried out by the electroporation method (Miyaji,
H. et al., Cytotechnology. 3, 133 (1990)). A 4 pg portion of pKANTEX796 obtained in Paragraph 1 (3) of Example 2 was
introduced into 4 x 10° cells of YB2/0 cells, and the resuiting cells were suspended in 40 ml of RPMI1640-FCS (10)
medium [RPMI1640 medium (manufactured by Nissui Pharmaceuticaf) supplemented with 10% of FCS, an appropriate
amount of 7.5% sodium bicarbonate solution, 3% of 200 mM L-glutamine solution (manufactured by Gibco) and 0.5%
of penicillin-streptomycin solution (manufactured by Gibco, contains 5,000 U/mi of penicillin and S mg/ml of streptomy-
cin)] and dispensed in 200 ul portions into wells of a 96 well microplate. After 24 hours of culturing et 37°C in & 5% CO,
incubator, G418 was added to each well to a final concentration of 0.5 mg/ml, and the cells were cultured for 1 to 2
weeks. Culture supernatants were recovered from wells in which colonies of transformant cell lines have been formed,
and the activity of the mouse-human chimeric anti-GM, antibody in the culture supernatants was measured by the
ELISA method described in the following paragraph (5). Cells in wells in which the activity was found were subjected to
gene amplification in the following manner with an attempt to increase expression quantity of the chimera antibody.
Firstly, the cells were suspended in the RPMI1640-FCS (10) medium supplemented with 0.5 mg/m! of G418 and 50 nM
of methotrexate (manufactured by Sigma, to be referred to as "MTX" hereinafter), to a density of 1-2 x 105 cells/ml, and
the suspension was dispensed in 2 mi portions in wells of a 24 well plate. The cells were cultured at 37°Cfor 1 to 2 was
in a 5% CO, incubator to induce resistant cells to 50 "M MTX. In wells in which the cells resistant to 50 "M MTX have
been formed, the final concentration of MTX was increased to 100 nM and then to 200 nM and the expression quantity
was evaluated by the ELISA method to select cells having the highest expression quantity. The thus selected cells were
subjected twice to cloning by the limiting dilution analysis and then established as the final chimera antibody stable
expression cells. The thus established mouse-human chimeric anti-GM; antibody stable expression cells showed an
expression quarntity of about 1 to 2 ng/ml, so that it was confirmed that efficient and stable expression of the humanized
antibody can be effected by the use of pKANTEXS3.

(5) ELISA method

A 2 ng portion of ganglioside was dissolved in 2 mi of ethanol solution containing 5 ng of phosphatidylcholine (man-
utactured by Sigma) and 2.5 ng of cholesterol (manufactured by Sigma). This solution or a diluted solution thereof was
dispensed in 20 p! portions in wells of a 96 well microplate (manutactured by Greiner), air-dried and then subjected to
blowing with a phosphate buffer containing 1% BSA (to be referred to as "PBS" hereinafter). To the resulting plate was
added culture supernatant of a transformant cell line, a purified mouse monoclonal antibody a purified mouse-human
chimeric antibody or a purified humanized antibody in an amount of from 50 to 100 w, subsequently carrying out 1to 2
hours of reaction at room temperature. After the reaction and subsequent washing ot each well with PBS, 50 to 100 pl
of a peroxidase-labeled rabbit anti-mouse 1gG antibody (manufactured by Dako, used by 400 times dilution) or a perox-
idase-labeled goat anti-human y chain antibody {(manufactured by Kiyukegard & Perry Laboratory, used by 1,000 times
dilution) was added thereto, and 1 to 2 hours of reaction was carried out at room temperature. After washing with PBS,
50 to 100 pl of an ABTS substrate solution [a solution prepared by dissolving 550 mg of 2,2"-azinobis(3-ethylbenzothi-
azoline-6-sulfonic acid) in 1 liter of 0.1 M citrate buffer (pH 4.2) and adding 1 ul/ml of hydrogen peroxide to the solution
just before its use] was added to each well to effect development of color which was then measured at ODyss.

2. Transient mouse-human chimeric antibody expression in COS-7 (ATCC CRL 1651) cells

For enabling more rapid activity evaluation of various versions of human CDR-grafted anti-GM, antibody, transient
expression of mouse-human chimeric anti-GM,, antibody expression was caused in COS-7 cells by the Lipofectamine
method using pKANTEX796 and a variant thereof in the following manner.

(1) Construction of variant of pKANTEX796

Since transient antibody expression in animat cells is dependent on the copy number of an expression vector intro-
duced, it was supposed that an expression vector smaller in size would show a higher expression efficiency. Therefore,
a smaller humanized antibody expression vector, pT796, was constructed by deleting a region supposedly having no
eftect on humanized antibody expression from pKANTEX796 in the following manner.

Thus, 3 pg of the plasmid pKANTEX796 was added to 10 ul of 10 mM Tris-hydrochloride butfer (pH 7.5) containing
50 mM sodium chloride, 10 mM magnesium chioride and 1 mM DTT, 10 units of the restriction enzyme Hindlll (Takara
Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was sub-
jected to ethanol precipitation, the precipitate was dissolved in 10 ! of 50 mM Tris-hydrochioride buffer (pH 7.5) con-
taining 100 mM sodium chloride, 10 mM magnesium chioride and 1 mM DTT, 10 units of the restriction enzyme Miul
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(Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture
was subjected to ethand! precipitation, and the 5 cohesive ends resutting from the restriction enzyme digestion were
rendered blunt using DNA Blunting Kit (Takara Shuzo). The reaction mixture was fractionated by agarose gel electro-
phoresis and about 1 ug of a DNA fragment about 9.60 kb in size was recovered. A 0.1-ug portion of the thus-recovered
DNA fragment was added to a total of 20 i of sterilized water and subjected to ligation treatment using Ready-To-Go
T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recombinant plasmid DNA solution was used to transform
Escherichia coli HB101, and the plasmid pT796 shown in Fig. 29 was obtained.

(2) Transient expression of mouse-human chimeric anti-GM, antibody using pKANTEX796 and pT796

A 1 x 105 cells/m! suspension of COS-7 celis was distributed in 2-mi portions into wells of a 6-well plate (Falcon)
and cultured overnight at 37°C. Two g of pKANTEX796 or pT796 was added to 100 ul of OPTI-MEM medium (Gibco),
a solution prepared by adding 10 pl of LIPOFECTAMINE reagent (Gibco) to 100 ul of OPTI-MEM medium (Gibco) was
further added, and the reaction was allowed to proceed at room temperature for 40 minutes to cause DNA-liposome
complex formation. The COS-7 cells cultured overnight were washed twice with 2 mi of OPTHMEM medium (Gibco),
the complex-containing solution was added, and the cells were cultured at 37°C for 7 hours. Then, the solution was
removed, 2 mi of DMEM medium (Gibco) containing 10% FCS was added to each well, and the cells were cultured at
37°C. After 24 hours, 48 hours, 72 hours, 96 hours and 120 hours of cultivation, the culture supernatant was recovered
and, after concentration procedure as necessary, evaluated for mouse-human chimeric anti-GM, antibody activity in the
culture supernatant by the ELISA method described in Paragraph 1 (5) of Example 2. The results are shown in Fig. 30.
As shown in Fig. 30, higher levels of transient mouse-human chimeric anti-GMj antibody expression was cbserved with
pT796 as compared with pKANTEX796. For pT796, the level of expression was highest at 72 to 96 haurs, the concen-
tration being about 30 ng/ml (in terms of GM, binding activity). The above results indicate that construction of a
pKANTEX93-derived vector having a reduced size and introduction thereof into COS-7 cells make it possible to make
activity evaluation of expression vector-derived humanized antibodies in a transient expression system. Furthermore,
for close activity comparison of various versions of human CDR-grafted anti-GM, antibody as mentioned hereinafter,
the ELISA mathod described below under (3) was used to determine antibody concentrations in transient expression
culture supernatants.

(3) Determination by sandwich ELISA of humanized antibody concentrations in various culture supernatants

A solution prepared by 400-fold dilution of goat anti-human y chain antibody (lgaku Seibutugaku Kenkyusho) with
PBS was distributed in 50-p! portions into wells of a 96-well microtiter plate and allowed to stand overnight at 4°C for
binding to the wells. After removing the antibody solution, blowing was effected with 100 pl of PBS containing 1% BSA
at 37°C for 1 hour. Fifty pl of a transient expression culture supernatant or purified mouse-human chimeric anti-GMp
antibody was added thereto and allowed to react at room temperature for 1 hour. Thereafter, the solution was removed,
the wells were washed with PBS, and 50 i of a solution prepared by 500-fold dilution of peroxidase-labeled mouse anti-
human  chain antibody (Zymet) with PBS was added and allowed to react at room temperature for 1 hour. After wash-
ing with PBS, 50 pl of an ABTS substrate solution was added for causing color development, and the ODg4,5 was meas-
ured.

EXAMPLE 3
Production of human CDR-grafted anti-GM, antibody |

A human CDR-grafted anti-GM, antibody higher in GM,-binding activity than the human CDR-grafted anti-GM;
antibody described in Example 2 of JP-A-6-105694 was produced in the following manner.

(1) Modification of human CDR-grafted anti-GM, antibody H chain V region described in Paragraph 1 (1) of Example 2
of JP-A-6-205694

DNAs coding for some versions of the human CDR-grafted anti-GM, antibody H chain V region described in Exam-
ple 2 as derived by replacing several amino acids in the FR with original mouse antibody amino acids were constructed
in the following manner. Based on a computer model for the V region of mouse antibody KM796, those amino acid res-
idues that were expected to contribute to restoration of antigen-binding activity as a result of replacement were selected
as the amino acid residues to be replacement. First, DNAs respectively having the base sequences of SEQ ID NO:24
and SEQ ID NO:25 were synthesized using an automatic DNA synthesize (Applied Biosystems model 380A).

Then, a version (version 2) of human CDR-grafted antibody H chain V region shown in SEQ iD NO:26 and having
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replacement in positions 78 (threonine in lieu of glutamine), 79 (alanine in lieu of phenylalanine) and 80 (tyrosine in lieu
of serine) was constructed in the same manner as in Paragraph 1 (1) of Example 2 of JP-A-6-205964 using a synthetic
DNA of SEQ ID NO:24 in lieu of the synthetic DNA of SEQ ID NO27 of JP-A-6-205964.

Then, another version (version 4) of human CDR-grafted antbody H chain V region shown in SEQ 1D NO:27 and
having replacements in positions 27 (tyrosine in lieu of phenylalanine), 30 (threonine in lieu of serine), 40 (serine in lieu
of proline) and 41 (histidine in lieu of proline) was constructed in the same manner as in Paragraph 1 (1) of Example 2
of JP-A-6-205694 using a synthetic DNA of SEQ ID NO:25 in lieu of the synthetic DNA of SEQ ID NO:25 of JP-A-6-
205694.

(2) Construction of human CDR-grafted anti-GM, antibody H chain V region using known HMHCS of human antibody
H chain V region

According to Kabat et al. (Kabat E. A. et al., Sequences of Proteins of Immunological Interest, US Dept. of Health
and Human Services, 1991), known human antiobdy H chain V regions are classifiable into subgroups 1 to Il (Human
Sub Groups (HSG) | to Il based on the homology of their FR regians, and coon sequences have been identified for
respective subgroups. The present inventors identified HMHCS as one meaning from the common sequences, a
human CDR-grafted anti-GM, antibody H chain V region was constructed based on the HMHCS. First, for selecting
HMHCS to serve as the base, the homology was examined between the FR, of the mouse antibody KM796 H chain V
region and the FR of the HMHCS of the human antibody H chain V region of each subgroup (Table 1).

TABLE 1

Homology (%) between mouse antibody KM796 H
chain V region FR and human antibody H chain V
region common sequence FR

HSG | HSG I HSG I
72.1 529 58.6

As a result, it was confirmed that subgroup | shows the greatest similarity. Thus, based on the HMHCS of subgroup
I, a human CDR-grafted anti-GM, antibody H chain V region was constructed by the PCR method in the following man-
ner.

Synthetic DNAs respectively having the base sequences of SEQ ID NO:28 through SEQ ID NO:33 were synthe-
sized using an automatic DNA synthesizer (Applied Systems model 380A). The DNAs synthesized were added, each
to a final concentration of 0.1 uM, to 50 pl of 10 mM Tris-hydrochloride butfer (pH 8.3) containing 50 mM potassium chio-
ride, 1.5 mM magnesium chloride, 0.001% gelatin, 200 uM dNTP, 0.5 uM M13 primer RV (Takara Shuzo), 0.5 uM M13
primer M4 (Takara Shuzo) and 2 units of TakKaRa Taq DNA polymerase, the mixture was covered with 50 ul of mineral
oil, a DNA thermal cycler (Perkin Elmer model PJ480) was loaded with the mixture, and 30 PCR cycles (2 minutes at
94°C, 2 minutes at 55°C and 2 minutes at 72°C per cycle) were conducted. The reaction mixture was purified using
QIAquick PCR Purification Kit (Qiagen) and then made into a solution in 30 pl of 10 mM Tris-hydrochloride buffer (pH
7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Apal (Takara Shuzo) was
further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was subjected to eth-
anol precipitation, the precipitate was added to 10 pl of 50 mM Tris-hydrochloride (pH 7.5) containing 100 mM sodium
chioride, 10 mM magnesium chlaride, 1 mM DTT, 100 pg/m! BSA and 0.01% Triton X-100, 10 units of the restriction
enzyme Not| (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reac-
tion mixture was fractionated by agarose gel electrophoresis, and about 0.2 ug of an Apal-Notl fragment about 0.44 kb
in size was recovered.

Then, 3 pg of the plasmid pBSH3 obtained in Paragraph 1 (1) of Example 2 was added to 10 u!l of 10 mM Tris-hydro-
chloride butfer (pH 7.5) containing 10 mM magnesium chioride and 1 mM DTT, 10 units of the restriction enzyme Apal
(Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture
was subjected to ethanol precipitation, the precipitate was added to 10 yl of 50 mM Tris-hydrochloride buffer (pH 1.5)
comaining 100 mM sodium chloride, 10 mM magnesium chloride, 1 mM DTT, 100 pg/ml BSA and 0.01% Triton X-100,
10 units of the restriction enzyme Notl (Takara Shuzo) was further added, and the reaction was allowed to proceed at
37°C for 1 hour. The reaction mixture was fractionated by agraose gel electrophoresis, and about 1 pg of an Apal-Notl
fragment about 2.95 kb in size was recovered.

Then, 0.1 ug of the Apal-Not! tragment of the human CDR-grafted anti-GM, antibody H chain V region and 0.1 ug
of the Apal-Notl fragment of pBSH3, each obtained as mentioned above, were added to a tota! of 20 pl of sterilized
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water and ligated to each other using Ready-To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recom-
binant plasmid DNA solution was used to transform Escherichia coli HB101. Plasmid DNAs were prepared from 10
transformant clones and their base sequences were determined. As a result, a plasmid, pBSB10, shown in Fig. 31 and
having the desired base sequence was obtained. The amino acid sequence and base sequence of the human CDR-
grafted anti-GM, antibody H chain V region contained in pBSH10 are shown in SEQ ID NO:7. in the amino acd
sequence of the thus-constructed human CDR-grafted anti-GM, antibody H chain V region, arginine in position 67,
alanine in position 72, serine in position 84 and arginine in position 98 in the FR as selected based on a computer model
for the V region are replaced by lysine, valine, histidine and threonine, respectively, that are found in the mouse antibody
KM786 H chain V region. This is for the purpose of retaining the antigen-binding capacity of mouse antibody KM796.

(3) Modification of human CDR-grafted anti-GM, antibody L chain V region described in Paragraph 1 (2) of Example 2
of JP-A-6-205694

First, a DNA having the base sequence of SEQ ID NO:34 was synthesized using an automatic DNA synthesizer
(Applied Biosystems model 380A), and a human CDR-grafted anti-GM, antibody L chain V region cONA with a 3' ter-
minus capable of pairing with the restriction enzyme Sp/l was constructed by following the same reaction procedure as
in Paragraph 1 (2) of Example 2 of JP-A-6-205694 using the synthetic DNA in lieu of the synthetic DNA of SEQ ID
NO:35 of JP-A-6-205964.

Then, 3 pg of the plasmid pBSL3 obtained in Paragraph 1 (2) of Example 2 was added to 10 p! of 50 mM Tris-hydro-
chloride buffer (pH 7.5) containing 100 mM sodium chiloride, 10 mM magnesium chloride, 1 mM DTT and 100 pg/m!
BSA, 10 units each of the restriction enzymes EcoRl (Takara Shuzo) and Sp/l (Takara Shuzo) were further added, and
the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was fractionated by agarose gel electro-
phoresis, and about 1 pg of an EcoRI-Sp/l fragment about 2.95 kb in size was recovered.

Then, 0.1 pg of the EcoRI-Sp/l iragment of the human CDR-grafted anti-GM antibody L chain V region obtained
as mentioned above and 0.1 g of the above EcoRI-Spll fragment of pBSL3 were added to a total of 20 pl of sterilized
water and ligated to each other using Ready-To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recom-
binant plasmid DNA sclution was used to transform Escherichia coli HB101, and the plasmid pBSL16 shown in Fig. 32
was obtained.

Then, DNAs coding for certain versions of the human CDR-gratted anti-GM, antibody L chain V region contained
in the above plasmid pBSL16 were constructed by replacing a certain number of amino acids in the FR with original
mouse antibody amino acids by mutagenesis by means of PCR in the following manner (Fig. 33). Based on a computer
model for the V region of mouse antibody KM796, those amino acid residues that were expected to contribute to resto-
ration of antigen-binding activity as a result of replacement were selected as the amino acid residues to be replaced.

Antisense and sense DNA primers for introducing mutations were synthesized using an automatic DNA synthesizer
(Applied Biosystems model 380A). A first PCR reaction was conducted in the same manner as in Paragraph 1 (2) of
Example 3 using a final concentration each of 0.5 uM of M13 primer RV (Takara Shuzo) and the antisense DNA primer
and of M13 primer M4 (Takara Shuzo) and the sense DNA primer, with 1 ng of pBSL16 as the template. Each reaction
mixture was purified using QlAquick PCR Purification Kit (Qiagen) with elution with 20 ul of 10 mM Tris-hydrochloride
(pH 8.0). Using 5 yl of each elute, a second PCR reaction was conducted in the same manner as in Paragraph 1 (2) of
Example 3. The reaction mixture was puritied using QlAaguick PCR Purification Kit (Qiagen) and then made into a solu-
tion in 30 p! of 50 mM Tris-hydrochloride butter (pH 7.5) containing 100 mM sodium chioride, 10 mM magnesium chio-
ride, 1 mM DTT and 100 pug/ml BSA, 10 units each of the restriction enzymes EcoRl (Takara Shuzo) and Spll (Takara
Shuzo) were further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was frac-
tionated by agarose gel electrophoresis, and about 0.2 pg of an EcoRI-Sp/l fragment (about 0.39 kb) of each replace-
ment version of the human CDR-grafted anti-GM, antibody L chain V region was recovered.

Then, 0.1 ppg of the above EcoRI-Sp/l fragment of each replacement version of the human CDR-grafted anti-GM,
antibody L chain V region and 0.1 ug of the EcoRI-Spi! fragment of pBSL3 were added to a total of 20 ul of sterilized
water and ligated to each other using Ready-To-Go T4 DNA ligase (Pharmacia Biotech). The thus-obtained recom-
binant plasmid DNA solution was used to transform Escherichia coli HB101, and a plasmid DNA was prepared from a
transformant clone, and the base sequence of said plasmid was determined. In this way, plasmids respectively contain-
ing a base sequence having a desired mutation or mutations were obtained.

Thus, a plasmid, pBSLV1, containing version 1, shown in SEQ ID NO:37, of the human CDR-grafted anti-GM anti-
body L chain V region was obtained following the above procedure using the synthetic DNA of SEQ ID NO:35 as the
mutant antisense primer and the synthetic DNA of SEQ ID NO:36 as the mutant sense primer. In the amino acid
sequence of the version 1 human CDR-grafted anti-GM antibody L chain V region, the amino acid valine in position 15
in the FR is replaced by proline that is found in the mouse antibody KM796 L chain V region. This is for the purpose of
retaining the antigen-binding capacity of mouse antibody KM796.

A plasmid, pBSLV2, containing version 2, shown in SEQ ID NO:40, of the human CDR-grafted anti-GM, antibody
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L chain V region was obtained following the above procedure using the synthetic DNA of SEQ ID NO:38 as the mutant
antisense primer and the synthetic DNA of SEQ 1D NO:39 as the mutant sense primer. In the amino acid sequence of
the version 2 human CDR-grafted anti-GM, antibody L chain V region, the amino acid leucine in positions 46 in the FR
is replaced by tryptophan that is found in the mouse antibody KM796 L chain V region. This is for the purpose of retain-
ing the antigen-binding capacity of mouse antibody KM796.

A plasmid, pBSLV3, containing version 3, shown in SEQ ID NO:43, of the human CDR-grafted anti-GM,, antibody
L chain V region was obtained following the above procedure using the synthetic DNA of SEQ ID NO:41 as the mutant
antisense primer and the synthetic DNA of SEQ ID NO:42 as the mutant sense primer. In the amino acid sequence of
the version 3 human CDR-grafted anti-GM, antibody L chain V region, proline in position 79 and isoleucine in position
82 in the FR are both replaced by alanine that is found in the mouse antibody KM796 L chain V region. This is for the
purpose of retaining the antigen-binding capacity of mouse antibody KM796.

Then, a plasmid, pBSLV1+2, containing a human CDR-gratted anti-GM, antibody L chain V region having both the
version 1 and version 2 replacements was constructed in the following manner.

Three pg of the plasmid pBSLV1 obtained as mentioned above was added to 10 ul of 10 mM Tris-hydrochloride
butfer (pH 7.5) containing 50 mM sodium chloride, 10 mM magnesium chioride and 1 mM DTT, 10 units each of the
restriction enzymes EcoRl (Takara Shuzo) and Hindlll (Takara Shuzo) were further added, and the reaction was
allowed to proceed at 37°C for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, and about
0.2 pg of an EcoR!-Hindill fragment about 0.20 kb in size was recovered.

Then, 3 pg of the plasmid pBSLV2 obtained as mentioned above was added to 10 pl of 10 mM Tris-hydrochloride
butfer (pH 7.5) containing 50 mM sodium chloride, 10 mM magnesium chloride and 1 mM DTT, 10 units each of the
restriction enzymes EcoR| (Takara Shuzo) and Hindlll (Takara Shuzo) were further added, and the reaction was
allowed to proceed at 37°C for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, and about
1 pg of an EcoRI-Hindlll fragment about 3.2 kb in size was recovered.

Then, 0.1 pg of the EcoRI-Hindill fragment of pBSLV1 and 0.1 g of the EcoRI-Hindlll fragment of pBSLV2, each
obtained as mentioned above, were added to a total of 20 pl of sterilized water and ligated to each other using Ready-
To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recombinant plasmid DNA solution was used to trans-
form Escherichia coli HB101, and the plasmid pBSLV1+2 shown in Fig. 34 was obtained.

Then, the PCR reaction procedure mentioned above was followed using 1 ng of the plasmid pBSLV1+2 obtained
as mentioned above as the template, a synthetic DNA having the base sequence of SEQ ID NO:44 as the mutant anti-
sense primer and a synthetic DNA having the base sequence of SEQ ID NO:45 as the mutant sense primer, whereby
a plasmid, pBSLV4, containing a version 4 human CDR-grafted anti-GM, antibody L chain V region set forth in SEQ 1D
NO:46 was obtained. In the amino acid sequence of the version 4 human CDR-grafted anti-GM; antibody L chain V
region, valine in position 15, leucine in position 46, aspartic acid in position 69, phenylalanine in position 70 and threo-
nine in position 71 in the FR are replaced by proline, tryptophan, serine, tyrosine and serine, respectively, that are found
in the mouse antibody KM796 L chain V region. This is for the purpose of retaining the antigen-binding capacity of
mouse antibody KM796.

Then, the PCR reaction procedure mentioned above was followed using 1 ng of the plasmid pBSLV14+2 obtained
as mentioned above as the template, a synthetic DNA having the base sequence of SEQ 1D NO:47 as the mutant anti-
sense primer and a synthetic BNA having the base sequence of SEQ ID NO:48 as the mutant sense primer, whereby
a plasmid, pBSLVS, containing a version 8 human CDR-grafted anti-GM, antibody L chain V region set forth in SEQ ID
NO:49 was obtained. in the amino acid sequence of the version 8 human CDR-grafted anti-GM; antibody L chain V
region, valine in position 15, leucine in position 46, aspartic acid in position 69, phenylalanine in position 70, threonine
in position 71, serine in position 76, leucine in position 77 and glutamine in position 78 in the FR are replaced by proline,
tryptophan, serine, tyrosine, serine, arginine, methionine and glutamic acid, respectively, that are found in the mouse
antibody KM796 L chain V region. This is for the purpose of retaining the antigen-binding capacity of mouse antibody
KM7986.

Then, the PCR reaction procedure mentioned above was followed using 1 ng of the plasmid pBSLV4 obtained as
mentioned above as the template, a synthetic DNA having the base sequence of SEQ ID NO:50 as the mutant anti-
sense primer and a synthetic DNA having the base sequence of SEQ ID NO:51 as the mutant sense primer, whereby
a plasmid, pBSLm-2, containing a version Lm-2 human CDR-grafted anti-GM antibody L chain V region set forth in
SEQ ID NO:52 was obtained. In the amino acid sequence of the version Lm-2 human CDR-grafted anti-GM,, antibody
L chain V region, valine in position 15, tyrosine in position 35, leucine in position 46, aspartic acid in position €9, phe-
nylalanine in position 70 and threonine in position 71 in the FR are replaced by proline, phenylalanine, tryptophan, ser-
ine, tyrosine and serine, respectively, that are found in the mouse antibody KM796 L chain V region. This is tor the
purpose of retaining the antigen-binding capacity of mouse antibody KM796.

Then, the PCR reaction procedure mentioned above was followed using 1 ng of the plasmid pBSLV4 obtained as
mentioned above as the template, a synthetic DNA having the base sequence of SEQ ID NO:53 as the mutant anti-
sense primer and a synthetic DNA having the base sequence of SEQ ID NO:54 as the mutant sense primer, whereby
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a plasmid, pBSLm-8, containing a version Lm-8 human CDR-grafted anti-GM, antibody L chain V region set forth in
SEQ ID NO:55 was obtained. In the amino acid sequence of the version Lm-8 human CDR-grafted anti-GM, antibody
L chain V region, valine in position 15, leucine in position 46, aspartic acid in position 69, phenylalanine in position 70,
threonine in position 71, phenylalanine in position 72 and serine in position 76 in the FR are replaced by proline, tryp-
tophan, serine, tyrosine, serine, leucine and arginine, respectively, that are found in the mouse antibody KM796 L chain
V region. This is for the purpose of retaining the antigen-binding capacity of mouse antibody KM796.

Then, a plasmid, pBSLm-28, containing a human CDR-gratted anti-GM, antibody L chain V region having both the
version Lm-2 and version Lm-8 replacements was constructed in the following manner.

Three pg of the plasmid pBSLm-2 obtained as mentioned above was added to 10 ul of 50 mM Tris-hydrochloride
butter (pH 7.5) containing 100 mM sodium chloride, 10 mM magnesium chioride and 1 mM DTT, 10 units of the restric-
tion enzyme EcoRlI (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The
reaction mixture was subjected to ethanol precipitation, the precipitate was added to 10 p of 10 mM Tris-hydrochloride
butfer (pH 7.5) containing 50 mM sodium chloride, 10 mM magnesium chloride, 1 mM DTT and 100 pg/mi BSA, 10 units
of the restriction enzyme Xbal (Takara Shuzo) was further added, and the reaction as allowed to proceed at 37°C for 1
hour. The reaction mixture was fractionated by agarose gel electrophoresis, and about 0.2 pg of an EcoRI-Xbal frag-
ment about 0.24 kb in size was recovered.

Then, 3 pg of the plasmid pBSLm-8 obtained as mentioned above was added to 10 pl of 50 mM Tris-hydrochloride
butfer (pH 7.5) containing 100 mM sodium chiloride, 10 mM magnesium chloride and 1 mM DTT, 10 units of the restric-
tion enzyme EcoRI (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The
reaction mixture was subjected to ethanol precipitation, the precipitate was added to 10 pl of 10 mM Tris-hydrochiloride
buffer (pH 7.5) containing 50 mM sodium chioride, 10 mM magnesium chloride, 1 mM DTT and 100 pg/ml BSA, 10 units
of the restriction enzyme Xbal (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for
1 hour. The reaction mixture was fractionated by agarose ge! electrophoresis, and about 1 pg of an EcoRI-Xbal frag-
ment about 3.16 kb in size was recovered.

Then, 0.1 pg of the EcoRI-Xbal fragment of pBSLm-2 and 0.1 pg of the EcoRI-Xbal fragment of pBSLm-8, each
obtained as mentioned above, were added to a total of 20 pl of sterilized water and ligated to each other using Ready-
To-go T4 DNA Ligase (Pharmacia Biotech). The thus-cbtained recombinant plasmid DNA solution was used to trans-
form Escherichia coli HB101, and the plasmid pBSLm-28 shown in Fig. 35 was obtained. The version Lm-28 human
CDR-grafted anti-GM, antibody L chain V region contained in the plasmid pBSLm-28 is shown in SEQ ID NO:8. In the
amino acid sequence of the version Lm-28 human CDR-grafted anti-GM; antibody L chain V region thus constructed,
valine in position 15, tyrosine in position 35, leucine in position 46, aspartic acid in position €9, phenylalanine in position
70, threonine in position 71, phenylalanine in position 72 and serine in position 76 are replaced by proline, phenyla-
lanine, tryptophan, serine, tyrosine, serine, leucine and arginine, respectively, that are found in the mouse antibody
KM796 L chain V region. This is for the intended purpose of retaining the antigen-binding capacity of mouse antibody
KM796.

(4) Construction of human CDR-grafted anti-GM, antibody L chain V region using known HMHCS of human antibody
L chain V region

According to Kabat et al. (Kabat E. A. et al., "Sequences of Proteins of immunological Interest”, US Dept. of Health
and Human Services, 1991), known human antibody L chain V regions are classifiable into subgroups | to IV based on
the homology of their FR regions, and common sequences have been identified for respective subgroups. The present
inventors identified HMHCS as one meaning from the common sequences, a human CDR-grafted anti-GM, antibody L
chain V region was constructed based on the HMHCs. First, for selecting common sequences to serve as the base, the
homology was exmined between the FR of the mouse antibody KM796 L chain V region and the FR of the HMHCS of
the human antibody L chain V region of each subgroup (Table 2).

TABLE 2

Homology (%) between mouse antibody KM796 L chain V region
FR and human antibody L chain V region common sequence FR

HSG | HSG it HSG Il HSG IV
70.0 65.0 68.8 67.5

As a result, it was confirmed that subgroup | shows the greatest similarity. Thus based on the common sequence
of subgroup |, a human CDR-grafted anti-GM, antibody L chain V region was constructed by the PCR method in the
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following manner.

Synthetic DNAs respectively having the base sequences of SEQ ID NO:56 through SEQ ID NO:61 were synthe-
sized using an automatic DNA synthesizer (Applied Systems model 380A). The DNAs synthesized were added, each
to a final concentration of 0.1 uM, to 50 yl of 10 mM Tris-hydrochioride butfer (pH 8.3) containing 50 mM potassium chlo-
ride, 1.5 mM magnesium chloride, 0.001% gelatin, 200 uM dNTP, 0.5 pM M13 primer RV (Takara Shuzo), 0.5 yM M13
primer M4 (Takara Shuzo) and 2 units of TakaRa Tag DNA polymerase. The mixture was covered with 50 pl of mineral
oil, a DNA thermal cycler (Perkin Elmer model PJ480) was loaded with the mixture, and 30 PCR cycles (2 minutes at
94°C, 2 minutes at 55°C and 2 minutes at 72°C per cycie) were conducted. The reaction mixture was purified using
QIAquick PCR Puritication Kit (Qiagen) and then made into a solution in 30 ul of 50 mM Tris-hydrochloride buffer (pH
7.5) containing 100 mM sodium chloride, 10 mM magnesium chioride, 1 mM DTT and 100 ug/ml BSA, 10 units each of
the restriction enzymes EcoRl (Takara Shuzo) and Sp/l (Takara Shuzo) were further added, and the reaction was
allowed to proceed at 37°C for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, and about
0.2 ug of an EcoRI-Sp/l fragment about 0.39 kb in size was recovered.

Then, 0.1 pg of the above EcoRI-Spll fragment of the human CDR-grafted anti-GM, antibody L chain V region and
0.1 pg of the EcoRI-Spli fragment of pBSL3 were added to a total of 20 y of sterilized water and ligated to each other
using Ready-To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recombinant plasmid DNA solution was
used to transform Escherichia coli HB101. Plasmid DNAs were prepared from 10 transformant clones and their base
sequences were determined. As a result, a plasmid, pBSHSGL, shown in Fig. 36 and having the desired base
sequence was obtained. The amino acid sequence and base sequence of the human CDR-grafted anti-GM, antibody
L chain V region contained in pBSHSGL are shown in SEQ ID NO:9. In the amino acid sequence of the thus-con-
structed human CDR-grafted anti-GM, antibody L chain V region, methionine in position 4, leucine in position 11, valine
in position 15, tyrosine in position 35, alanine in position 42, leucine in position 46, aspartic acid in position 69, pheny-
lalanine in position 70, threonine in position 71, leucine in position 77 and valine in position 103 in the FR as selected
based on a computer model for the V region are replaced by leucine, methionine, proline, phenylalanine, serine, tryp-
tophan, serine, tyrosine, serine, methionine and leucine, respectively, that are found in the mouse antibody KM796 L
chain V region. This is for the intended purpose of retaining the antigen-binding capacity of mouse antibody KM796.

2. Activity evaluation of replacement versions of human CDR-grafted anti-GM; antibody in terms of transient expression

Various replacement version human CDR-grafted anti-GM, antibodies composed of the human CDR-grafted anti-
GM antibody H chain and L chain V regions constructed in Paragraphs 3 (1) through (4) of Example 3 and having var-
ious replacements were evaluated for activity in terms of transient expression in the following manner.

First, for evaluating the human CDR-grafted anti-GM, antibody H chain V regions having various replacements,
expression vectors, pT796HCDRHV2, pT7S6HCDRHV4 and pT796HCDRH10, were constructed by replacing the
mouse H chain V region of the mouse-human chimeric anti-GM; antibody transient expression vector pT796 obtained
in Paragraph 1 (1) of Example 2 of JP-A-6-205694 with the human CDR-grafted anti-GM, antibody H chain V regions
having various replacements, in the following manner. For comparison, an expression vector, pT796HCDR was con-
structed by replacing the mouse H chain V region of pT796 with the human CDR-grafted anti-GM antibody H chain V
region obtained in Paragraph 1 (1) of Example 2.

Three pg of the plasmid pT796 was added to 10 ul of 50 mM Tris-hydrochloride buffer (pH 7.5) containing 100 mM
sodium chicride, 10 mM magnesium chloride, 1mM DTT and 100 pg/ml BSA, 10 units each of the restriction enzymes
EcoRl (Takara Shuzo) and Sp/l (Takara Shuzo) were further added, and the reaction was allowed to proceed at 37°C
for 1 hour. The reaction mixture was fractionated by agarose ge! electrophoresis, and about 1 pg of an EcoRI-Sp/l frag-
ment about 9.20 kb in size was recovered. Then, 3 pg of the plasmid pBSL16 obtained in Paragraph 1 (3) of Example
3 was added to 10 pl of 50 mM Tris-hydrochloride buffer (pH 7.5) containing 100 mM sodium chloride, 10 mM magne-
sium chloride, 1 mM DTT and 100 pg/ml BSA, 10 units each of the restriction enzymes EcoRI (Takara Shuzo) and Spi
(Takara Shuzo) were further added, ard the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture
was fractionated by agarose gel electrophoresis, and about 0.3 pg of an EcoRI-Sp/l fragment about 0.39 kb in size was
recovered.

Then, 0.1 pg of the EcoRI-Sp/l fragment of pT796 and 0.1 pg of the EcoRI-Spll fragment of pBSL16, each obtained
as mentioned above, were added to a total of 20 pl of sterilized water and ligated to each other using Ready-To-Go T4
DNA Ligase (Pharmacia Biotech). The thus-obtained recombinant plasmid DNA solution was used to transform
Escherichia coli HB101, and the plasmid pT796LCDR shown in Fig. 37 was obtained.

Then, 3 pg of the above plasmid pT796LCDR was added to 10 pl of 10 mM Tris-hydrochloride buffer (pH 7.5) con-
taining 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Apal (Takara Shuzo) was further
added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was subjected to ethanol pre-
cipitation, the precipitate was added to 10 pl of 50 mM Tris-hydrochioride buffer (pH 7.5) containing 100 mM sodium
chloride, 10 mM magnesium chioride, 1 mM DTT, 100 ug/ml BSA and 0.01% Triton X-100, 10 units of the restriction
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enzyme Notl (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reac-
tion mixture was fractionated by agarose gel electrophoresis, and about 1 pg of an Apal-Notl fragment about 9.11 kb
in size was recovered.

Then, 0.1 pg of the human CDR-grafted anti-GM, antibody H chain V region obtained in Paragraph 1 (1) of Exam-
ple 2 of JP-A-6-205694 or the replacement version 2 or 4 human CDR-grafted anti-GM; antibody H chain V region
obtained in Paragraph 1 (1) of Example 3 and 0.1 ug of the Apal-Notl fragment of pT796LCDR were added to a total
of 20 pl of sterilized water and ligated to each other using Ready-To-Go T4 DNA Ligase (Pharmacia Biotech). Each
recombinant plasmid DNA solution thus obtained was used to transform Escherichia coli HB101. The plasmids
pT796HLCDR, pT796HLCDRHV2 and pT796HLCDRHV4 shown in Fig. 38 were cbtained.

Then, 3 pg of the plasmid pBSH10 obtained in Paragraph 1 (2) of Example 3 was added to 10 w of 10 mM Tris-
hydrochioride buffer (pH 7.5) containing 10 mM magnesium chioride and 1 mM DTT, 10 units of the restriction enzyme
Apa! (Takara Shuzo) was further added, and the restriction was allowed to proceed at 37°C for 1 hour. The reaction mix-
ture was subjected to ethano! precipitation, the precipitate was added to 10 p! of 50 mM Tris-hydrochloride buffer (pH
7.5) containing 100 mM sodium chloride, 10 mM magnesium chloride, 1 mM DTT, 100 pg/m! BSA and 0.01% Triton X-
100, 10 units of the restriction enzyme Notl (Takara Shuzo) was further added, and the reaction was allowed to proceed
at 37°C for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, and about 0.3 ug of an Apal-
Not! fragment about 0.44 kb in size was recovered.

Then, 0.1 pg of the Apal-Not) fragment of pBSM10 and 0.1 ug of the Apal-Notl fragment of pT796LCDR were
added to a totat of 20 i of sterilized water and ligated to each other using Ready-To-Go T4 DNA Ligase (Pharmacia
Biotech). The thus-obtained recombinant plasmid DNA solution was used to transform Escherichia coli HB101, and the
plasmid pT796HLCDRH10 shown in Fig. 39 was obtained.

Then, 3 g each of the plasmids pT796HLCDR, pT796HLCDRHV2, pT796HLCDRHV4 and pT796HLCDRH10
were respectively added to 10 l of 50 mM Tris-hydrochloride buffer (pH 7.5) containing 100 mM sodium chloride, 10
mM magnesium chloride, 1 mM DTT and 100 pg/ml BSA, 10 units each of the restriction enzymes EcoRl (Takara
Shuzo) and Spil (Takara Shuzo) were further added, and the reaction was allowed to proceed at 37°C for 1 hour. Each
reaction mixture was fractionated by agarose gel electrophoresis, and about 1 pg of an EcoRI-Sp/l fragment about 9.15
kb in size was recovered. .

Then, 5 pg of the plasmid pBSL3 obtained in Paragraph 1 (2) of Example 2 was added to 10 pl of 50 mM Tris-hydro-
chioride buffer (pH 7.5) containing 100 mM sodium chicride, 10 mM magnesium chloride, 1 mM DTT and 100 ug/ml
BSA, 10 units each of the restriction enzymes EcoRl (Takara Shuzo) and Sp/l (Takara Shuzo) were further added, and
the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was fractionated by agarose gel electro-
phoresis, and about 0.4 g of an EcoRI-Spil fragment about 0.39 kb in size was recovered.

Then, 0.1 pg of the EcoRI-Sp/l fragment of each of pT796HLCDR, pT796HLCDRHV2, pT796HLCDRHV4 and
pT796HLCDRH10 and 0.1 ug of the EcoRI-Sp/l fragment of pBSL3 were added to a total of 20 ul of sterilized water and
ligated to each other using Ready-To-Go DNA Ligase (Pharmacia Biotech). Each recombinant plasmid DNA solution
thus obtained was used to transform Escherichia coli HB101. In this way, the plasmids pT796HCDR, pT796HCDRHV2,
pT796HCDRHV4 and pT796HCDRH 10 shown in Fig. 40 were obtained.

Then, 2 pg each of the plasmids pT796HCDR, pT796HCDRHV2, pT796HCDRHV4 and pT796HCDRH10 thus
obtained were used for transient human CDR-grafted anti-GM, antibody expression and for culture supernatant human
CDR-grafted anti-GM, antibody activity evaluation by the procedures described in Paragraphs 1 (5), 2 (2) and (3) of
Example 2. After introduction of each plasmid, the culture supernatant was recovered at 72 hours, and the GM,-binding
activity and antibody concentration in the culture supernatant were determined by ELISA and the relative activity was
calculated with the activity of the positive control chimera antibody taken as 100%. The results are shown in Fig. 41.

The results revealed that the amino acid residue replacements alone in replacement versions 2 and 4 have little
influence on the restoration of the antigen-binding activity of the human CDR-grafted anti-GM, antibody but that the use
of the pBSH10-derived human CDR-grafted antibody H chain V region constructed based on the known HMHCS of the
human antiobdy H chain V region, contributes to the restoration of the antigen-binding activity.

In view of the above results , the human CDR-grafted anti-GM, antibody H chain V region constructed based on
the known HMHCS of the human antibody H chain V region as shown in SEQ 1D NO:7 was selected as a novel human
CDR-grafted anti-GM, antibody H chain V region.

Then, for evaluating the human CDR-grafted anti-GM, antibody L chain V regions having various replacements,
axpression vectors, pT796HLCDRLV1, pT796HLCDRLV2, pT796HLCDRLV3, pT796HLCDRLV4, pT796HLCDRLVS,
pT796HLCDRLM-2, pT796HLCDRLM-8, pT796HLCDRLM-28, and pT796HLCDRHSGL, were constructed in the fol-
lowing manner by replacing the mouse L chain V region of the vector pT796HCDRH10 for transient human CDR-grafted
anti-GM, antibody expression obtained as mentioned above with the human CDR-grafted anti-GM; antibody L chain V
regions having various replacements.

Thus, 3 ng of the plasmid pT796HCDRH10 was added to 10 yl of 50 mM Tris-hydrochloride bufter (pH 7.5) contain-
ing 100 mM sodium chloride, 10 mM magnesium chloride, 1 mM DTT and 100 pg/mi BSA, 10 units each of the restric-
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tion enzymes EcoRI (Takara Shuzo) and Sp/l (Takara Shuzo) were further added, and the reaction was allowed to
proceed at 37°C for 1 hour. The reaction mixture was fractionated by agarose ge! electrophoresis, and about 1 g of an
EcoRI-Sp/l fragment about 8.15 kb in size was recovered.

Then, 8 pg of the plasmid pBSLV1, pBSLV2, pBSLV3, pBSLV4, pBSLVS, pBSLm-2, pBSLM-8, pBSLmM-28 or
pBSHSGL obtained in Paragraph 1 (3) or {4) of Example 3 was added to 10 pl of S0 mM Tris-hydrochloride buffer (pH
7.5) containing 100 mM sodium chloride, 10 mM magnesium chioride, 1 mM DTT and 100 pg/ml BSA, 10 units each of
the restriction enzymes EcoRl (Takara Shuzo) and Sp/l (Takara Shuzo) were further added, and the reaction was
allowed to proceed at 37°C for 1 hour. Each reaction mixture was fractionated by agarose gel electrophoresis, and
about 0.3 ug of an EcoRI-Sp/l fragment about 0.39 kb in size was recovered.

Then, 0.1 ug of the EcoRI-Sp/l fragment of the pT796HCDRH10, and 0.1 ug of the EcoRI-Sp/l fragment of each
replacement version human CDR-grafted anti-GMj antibody L chain V region were added to a total 6f 20 pl of sterilized
water and ligated to each other using Ready-To-Go T4 DNA Ligase (Pharmacia Biotech). Each recombinant plasmid
DNA solution thus obtained was used to transform Escherichia coli HB101. In this way, the plasmids pT796HLCDRLV1,
pT796HLCDRLV2, pT796HLCDRLV3, pT796HLCDRLV4, pT796HLCDRLVS, pT796HLCDRLM-2, pT796HLCDRLM-8,
pT796HLCDRLM-28 and pT796HLCDRHSGL were cbtained as shown in Fig. 42.

Then, 2 pg each of the thus-obtained plasmids pT796HLCDRLV1, pT796HLCDRLV2, pT796HLCDRLVS,
pT796HLCDRLV4, pT796HLCDRLVS, pT796HLCDRLmM-2, pT796HLCDRLM-8, pT796HLCORLM-28 and
pT796HLCDRHSGL and of the plasmid pT796HLCDR described in Example 2 of JP-A-6-205694 and capable of
expressing human CDR-grafted anti-GM, antibody were used for transient human CDR-grafted anti-GM, antibody
expression and for culture supematant human CDR-grafted anti-GM, antibody activity evaluation by the procedures
described in Paragraphs 1 (5) and 2 (2) and (3) of Example 2. After introduction of each plasmid, the culture superna-
tart was recovered at 72 hours, and the GM,-binding activity and antibody concentration in the culture supernatant
were determined by ELISA and the relative activity was calculated with the activity of the positive control chimera anti-
body taken as 100%. The results are shown in Fig. 43.

The results revealed that the amino acid residue replacements alone in replacement versions 1, 2, 3, 4 and 8 have
little influence on the restoration of the antigen-binding activity of the human CDR-grafted anti-GM, antibody but that
the amino acid residus replacements in replacement versions Lm-2 and Lm-8 contributes to the restoration of the anti-
gen-binding activity. Furthermore, version Lm-28 having both the amino acid residue replacements of Lm-2 and Lm-8
showed a high level of antigen-biding activity almost comparable to that of the chimera antibody, revealing that those
amino acid residues replaced in producing Lm-28 were very important from the antigen-binding activity viewpoint.

In view of the above results, the version Lm-28 human CDR-grafted anti-GM, antibody L chain V region shown in
SEQ ID NO:8 was selected as a first novel human CDR-grafted anti-GM, antibody L chain V region.

It was further revealed that the antigen-binding activity can be restored when the pBSHSGL-derived human CDR-
grafted anti-GM, antibody L chain V region, namely the human CDR-grafted anti-GM, antibody L chain V region con-
structed based on the known HMHCS of the human antibody L chain V region, is used.

In view of the above result, the human CDR-grafted anti-GM, antibody L chain V region constructed based on the
known HMHCS of the human antibody L chain V region as set forth in SEQ ID NO:9 was selected as a second novel
human CDR-grafted anti-GM, antibody an L chain V region.

It is to be noted that in those human CDR-grafted anti-GM, antibody L chain V regions that showed high binding
activity against GM,, certain amino acid residues which cannot be specified by deduction fro known human CDR-
grafted antibody production examples have been replaced by amino acid residues found in the mouse L chain V region.
Thus, obviously, it was very important, in human CDR-grafted anti-GM, antibody production, to identity these amino
acid residues.

Furthermore, the fact that the human CDR-grafted anti-GM, antibodies having those human CDR-grafted anti-GM,
antibody H chain and L chain V regions based on the known HMHCS of the human antibedy V region showed high anti-
gen binding activity is proof of the usefulness of the present process in human CDR-grafted antibody production.

3. Acquisition of cell lines for stable production of human CDR-grafted anti-GM, antibodies

Based on the results of Paragraph 2 (5) of Example 3, two cell lines, KM8366 and KM8967, capable of stably
expressing KM8966, which has the amino acid sequence set forth in SEQ ID NO:7 as the H chain V region and the
amino acid sequence set forth in SEQ ID NO:8 as the L chain V region, and KM8967, which has the amino acid
sequence set forth in SEQ 1D NO:7 as the H chain V region and the amino acid sequence set forth in SEQ ID NO:9 as
the L chain V region, respectively as human CDR-grafted anti-GM, antibodies having higher antigen-binding activity
than the human CDR-grafted anti-GM, antibody described in Example 2 of JP-A-6-205694 were obtained in the follow-
ing manner.

Three pg each of the plasmids pT796HLCDRLmM-28 and pT796HLCDRHSGL obtained in Paragraph 2 (§) of Exam-
ple 3 were respectively added to 10 ul of 20 mM Tris-hydrochloride buffer (pH 8.5) containing 100 mM potassium chio-
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ride, 10 mM magnesium chioride and 1 mM DTT, 10 units of the restriction enzyme BamH! (Takara Shuzo) was further
added, and the reaction was allowed fo proceed at 37°C for 1 hour. Each reaction mixture was subjected to ethanol pre-
cipitation, the precipitate was added to 10 pl of 50 mM Tris-hydrochloride buffer (pH 7.5) containing 100 mM sodium
chloride, 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Xhol (Takara Shuzo) was fur-
ther added, and the reaction was allowed to proceed at 37°C for 1 hour. Each reaction mixture was fractionated by aga-
rose ge! electrophoresis, and about 1 pg of a BamHI-Xhol fragment about 4.93 kb in size was recovered.

Then, 3 pg of the plasmid pKANTEX93 obtained in Example 1 was added to 10 ul of 20 mM Tris-hydrochloride
buffer (pH 8.5) containing 100 mM potassium chioride, 10 mM magnesium chloride and 1 mM DTT, 10 units of the
restriction enzyme BamHi (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1
hour. The reaction mixture was subjected to ethanol precipitation, the precipitate was added to 10 ui of 50 mM Tris-
hydrochioride buffer (pH 7.5) containing 100 mM sodium chloride, 10 mM magnesium chloride and 1 mM DTT, 10 units
of the restriction enzyme Xhol (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for
1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, and about 1 pg of a BamHI-Xho! frag-
ment about 8.68 kb in size was recovered. )

Then, 0.1 ug of the BamHI-Xhol fragment of pT796HLCDRLM-28 or pT796HLCDRHSGL and 0.1 pg of the
BamHI-Xho! fragment of pKANTEXS3, each obtained as mentioned above, were added to a total of 20 pl of steriiized
water and ligated to each other using Ready-To-Go T4 DNA Ligase (Pharmacia Bictech). Each recombinant plasmid
DNA solution thus obtained was used to transform Escherichia coli HB101. In this way, the plasmids
pKANTEX796HLCDRLmM-28 and pKANTEX796HLCDRHSGL shown in Fig. 44 were obtained.

Then, 4 ug each of the above plasmids pKANTEX796HLCDRLm-28 and pKANTEX796HLCDRHSGL were respec-
tively used to transform YB2/0 (ATCC CRL 1581) cells according to the procedure described in Paragraph 1 (4) of
Example 2 and, after final selection using G418 (0.5 mg/ml) and MTX (200 nM), a transformant cell line, KM8968, capa-
ble of producing about 40 pg/ml of KM8966, i.e. the pKANTEX796HLCDRLm-28-derived human CDR-grafted anti-GM,
antibody, and a transformant cell line, KM8967, capable of producing about 30 pg/mi of KM8967, i.e. the
pKANTEX796HLCDRHSGL-derived human CDR-grafted anti-GM, antibody, were obtained.

The transtormants KM8966 and KMB8967 have been deposited with National Institute of Bioscience and Human-
Technology, Agency of Industrial Science and Technology (Higashi 1-1-3, Tsukuba, Ibaraki, Japan; hereinafter the
address is the same as this) on May 23, 1985 under the deposit numbers FERM BP-5105, and FERM BP-5106, respec-
tively.

4. Purification of human CDR-grafted anti-GM, antibodies KM83966 and KM8967

The transformant cell lines KM8966 and 8967 obtained in Paragraph 3 of Example 3 were respectively suspended
in GIT medium (Nippon Pharmaceutical) containing 0.5 mg/ml G418 and 200 ntM MTX and, according to the procedure
of Paragraph 11 of Example 1 of JP-A-6-205694, 18 mg of purified human CDR-grafted anti-GM antibody KM8966 and
12 mg of purified KM8967 were obtained each from about 0.5 liter of culture fluid. Three ng each of the purified human
CDR-grafted anti-GM, antibodies obtained and the mouse-human chimeric anti-GM, antibody KM966 were subjected
to electrophoresis by the known method [Laemli, U.K., Nature, 227, 680 (1979)] for molecular weight determination.
The results are shown in Fig. 45. As shown in Fig. 45, under reducing conditions, both antibody H chains showed a
molecular weight of about 50 kilodaltons and both antibody L chains showed a molecular weight of about 25 kilodalons.
Expression of H and L chains of correct molecular weights was thus confirmed. Under nonreducing conditions, both
human CDR-grafted anti-GM antibodies showed a molecular weight of about 150 kilodattons and it was thus confirmed
that antibodies each composed of two H chains and two L chains and having a correct size had been expressed. Fur-
thermore, the H and L chains of each human CDR-grafted anti-GM, antibody were analyzed for N-terminal amino acid
sequence by automatic Edman degradation using a protein sequencer (Applied Biosystems model 470A), whereby an
amino acid sequence deducible from the base sequence of the V region DNA constructed was revealed.

5. In vitro reactivity of human CDR-grafted anti-GM, antibodies KM8966 and KM8967 against GM,

The mouse-human chimeric anti-GM, antibody KM966 and the purified human CDR-grafted anti-GM, antibodies
KM8966 and KM8967 were tested for reactivity against GM, by ELISA as described in Paragraph 1 (5) of Example 2.
The results are shown in Fig. 46. GM, (N-acetyl-GM,) used was purified from cultured cell line HPB-ALL [Oboshi et al.,
Tanpakushitsu, Kakusan & Koso (Protein, Nucleic Acid & Enzyme), 23, 697 (1978)] in accordance with the known
method [J. Biol. Chem., 263, 10915 (1988)]. As shown, it was found that the purified human CDR-grafted anti-GM anti-
body KM8966 exerted the binding activity comparable to that of the mouse-human chimeric anti-GM antibody KM966.
On the other hand, the binding activity of purified human CDR-grafted anti-GM, antibody KM8967 was about 1/4 to 1/5
of that of the mouse-human chimeric anti-GM, antibody KM366.
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6. Reaction specificity of human CDR-grafted anti-GM, antibodies KM8966 and KM8367

The mouse-human chimeric anti-GM, antibody KM966 and the human CDR-grafted anti-GM, antibodies KM8966
and KM8967 were tested for reactivity against the gangliosides GM;, N-acetyl-GM,, N-glycolyl-GMj, N-acetyl-GM3, N-
glycolyl-GMg, GD1,, GDjp (latron), GD,, GD3 (latron) and GQy, (latron) by ELISA as described in Paragraph 1 (5) ot
Example 2. The results are shown in Fig. 47. GM, and GD,, were purified from bovine brain, N-acetyl-GMj from cul-
tured cell line HPB-ALL [Oboshi et al., Tanpakushitsu, Kakusan & Koso (Protein, Nucleic acid & Enzyme), 23, 697
(1978)], N-glycolyl-GM, and N-glycolyl-GMj; from mouse liver, N-acetyl-GMj; canine erythrocytes, and GD, from cul-
tured cell line IMR32 (ATCC CCL127), respectively by the per se known method [J. Biol. Chem., 263, 10915 (1988)].
Each antibody was used in a concentration of 10 ug/ml.

As shown in Fig. 47, it was confirmed that the human CDR-grafted anti-GM, antibodies KM8966 and KM8967 react
speditically with GM, (N-acetyl-GM, and N-glycolyl-GMy) like the mouse-human chimeric anti-GM antibody KM966.

7. Reactivity of human CDR-grafted anti-GM, antibodies KM83966 and KM8967 against cancer cells

The human lung small cell carcinoma cutture cell line SBC-3 (JCRB 0818) (1 x 108 cells) was suspended in PBS,
the suspension was placed in a microtube (TREF) and centrifuged (1200 rpm, 2 minutes). To the thus-washed cells was
added 50 pl (50 pg/mi) of the mouse-human chimeric arti-GM, antibody KM966 or the purified human CD R-grafted
anti-GM, antibody KM8966 or KM8967, followed by stirring and 1 hour of standing at 4°C. After the above reaction step,
the cells were washed three times with PBS, each time followed by centritugation. Then, 20 pl of fluorescein isocyanate-
tabeled protein A (30-fold dilution, Boehringer Mannheim) was added and, after stirring, the reaction was allowed to pro-
ceed at 4°C for 1 hour. Thereafter, the cells were washed three times with PBS, each time followed by centrifugation,
then further suspended in PBS and subjected to analysis using a flow cytometer, EPICS Elite (Coulter). In a control run,
the above procedure was followed without addition of the human CDR-grafted anti-GM, antibody and analyzed. The
results are shown in Fig. 48. It was found that the purified human CDR-grafted anti-GM, antibodies KM8966 and
KMB8967 strongly reacted with the human lung small cell carcinoma culture cell line SBC-3 like the mouse-human chi-
meric anti-GM, antibody KM366.

8. In vitro antitumor activity of human CDR-grafted anti-GM, antibodies KM8966 and KM8967: CDC activity
(1) Preparation of target cells

The target cells SBC-3, cultured in RPM11640-FCS (10) medium supplemented with 10% FCS, here adjusted to a
cell concentration of 5 x 105 cells/500 pl, 3.7 MBq of Na,5'CrQ, (Daiichi Pure Chemicals Co., Ltd.) was added thereto.
Then, the reaction was allowed to proceed at 37°C for 1 hour, and the cells were washed three times with the medium.
The cells were then allowed to stand in the medium at 4°C for 30 minutes and, after centrifugation, the medium was
added to adjust the cell concentration to 1 x 108 cells/ml.

(2) Preparation of the complement
Sera from healthy subjects were combined and used as a complement source.
(3) CDC activity measurement

The mouse-human chimeric anti-GM, antibody KM966 or purified human CDR-grafted anti-GM, antibody KM8966
or KM8967 was added to wells of 96-well U-bottom plates within the final concentration range of 0.05 to 50 pg/m! and
then 50 pl (5 x 10* cells/well) of the target cells prepared in (1) were added to each well. The reaction was allowed to
proceed at room temperature for 1 hour. After centrifugation, the supernatants were discarded, the human complement
obtained in (2) was added to each well to give a final concentration of 15% v#v, and the reaction was allowed to proceed
at 37°C for 1 hour. After centrifugation, the amount of 51Grin each supernatam was determined using a gamma coun-
ter. The amount of spontaneously dissociated 51Cr was determined by adding to the target cells the medium alone in
stead of the antibody and complement solutions and measuring the amount of 51Crin the supernatant in the same man-
ner as mentioned above. The total amount of dissociated 3'Cr was determined by adding to the target cells 1 N hydro-
chioric acid in stead of the antibody and complement solutions and measuring the amount of SCr in the supernatant in
the same manner as mentioned above. The CDC activity was calculated as follows:
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Amount of >'Cr in sample supernatant - Amount of Sicr spantaneously dissociated 100

CDC activity (%) = =1 %
Total amount of = Cr dissociated - Amount of = Cr spontaneously dissociated

The results thus obtained are shown in Fig. 49. it was shown that CDC activity of the human CDR-grafted anti-GM,
antibodies KIM8966 and KM8367 was lower than that of the mouse-human chimeric anti-GM, antibody KMS66.

9. In vitro antitumor activity of human CDR-grafted anti-GM, antibodies KM8966 and KM8967: ADCC activity
(1) Preparation of target cells

The target cells SBC-3 cultured in RPMI1640-FCS (10) medium supplemented with 10% FCS were adjusted to a
cell concentration of 1 x 10 cells/500 pl, 3.7 MBq of Na,5!CrO, (Daiichi Pure Chemicals Co., Ltd.) was added thereto.
Then, the reaction was allowed to proceed at 37°C for 1 hour and the cells were washed three times with the medium.
The cells were then allowed to stand in the medium at 4°C for 30 minutes and then, after centrifugation, the medium
was added to adjust the cell concentration to 2 x 10° cells/ml.

(2) Preparation of effector cells

Human venous blood (50 mi) was collected, 0.5 ml of heparin sodium (Takeda Chemical Industries; 1,000 units/mi)
was added, and the mixture was gently stirred. This mixture was overlaid on Polymorphprep (Nycomed) and centri-
fuged to separate the lymphocyte layer (PBMC). The resulting lymphocytes were washed three times by centrifugation
with RPMI1640 medium supplemented with 10% FCS, and the cells were suspended in the medium (5 x 108 cells/mi)
for use as eftector cells.

'(3) ADCC activity measurement

The mouse-human chimeric anti-GM, antibody KMS66 or purified human CDR-grafted anti-GM, antibodies
KMB966 or KM8967 was added to wells of 96-well U-bottom plates within the final concentration range of 0.05 to 50
pg/mi and then 50 i (1 x 10* cellsiwell) of the target cell suspension prepared in (1) and 100 pl (5 x 10 cellsiwell) of
the effector cell suspension prepared in (2) were added to each well. The reaction was allows to proceed at 37°C for 4
hours and, after centrifugation, the amount of 51Cr in each supernatant was measured using a gamma counter. The
amount of spontaneously dissociated 51Cr was determined by adding to the target cells the medium alone in lieu of the
antibody and effector cells and measuring the amount of 51Cr in the supernatant in the same manner as mentioned
above. The total amount of dissociated 3'Cr was determined by adding to the target cefls 1 N hydrochloric acid in lieu
of the antibody and effector cells and measuring the amount of 51Cr in the supernatant in the same manner as men-
tioned above. The ADCC activity was calculated as follows:

Amount of *'Crin sample supernatant - Amount of Slcr spontaneously dissociated « 100
Total amount of >'Cr dissociated - Amount of >'Cr spontaneously dissociated

ADCC activity (%)=

The results thus obtained are shown in Fig. 50. The human CDR-grafted anti-GM, antibody KM8966 showed
ADCC activity comparable to that of the mouse-human chimeric anti-GM, antibody KM966, whereas the human CDR-
grafted anti-GM, antibody KM8967 showed ADCC activity slightly lower than that of the mouse-human chimeric anti-
GM, antibody KM366.

EXAMPLE 4
Production of human CDR-grafted anti-GM, antibodies |l

The human CDR-grafted anti-GM, antibodies KM8966 and KM8967 showed antigen binding activity (ELISA), bind-
ing spedificity and ADCC activity comparable to those of the mouse-human chimeric anti-GM, antibody KM966, while

its CDC activity was lower than that of the chimeric antibody. In order to improve the CDC activity, human CDR-grafted
anti-GM;, antibodies were produced in the following manner.
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1. Modification of human CDR-grafted anti-GM, antibody KM8966 H chain V region

Among the human CDR-grafted anti-GM, antibodies prepared in Example 3, the antibody KM8366 showing higher
CDC activity was subjected to amino acid residue replacements at the H chain V region (SEQ ID NO:7) in order to
improve CDC activity. The amino acid residues to be replaced were selected at random with reference to the results of
various replacement obtained in Example 3 and a computer model for the V region of mouse antibody KM796. Replace-
ments were introduced by PCR method using as a template 1 ng of the plasmid pBSH10 containing the human CDR-
grafted anti-GM, antibody H chain V region obtained in Paragraph 1 (2) of Example 3 and using as a primer antlsense
and sense synthetic DNA containing mutations described in Paragraph 1 (3) of Example 3.

The reaction was carried cut in the same manner as described in Paragraph 1 (3) of Example 3 using the synthetic
DNA of SEQ ID NO:62 as the mutant antisense primer and the synthetic DNA of SEQ ID NO:63 as the mutant sense
primer to obtain the plasmid pBSHM1 containing version HM1, shown in SEQ ID NO:64, of the human CDR-grafted
anti-GM, antibody H chain V region. In the amino acid sequence of the version HM1, arginine in position 38, alanine in
position 40, glutamine in position 43 and glycine in position 44 in the FR shown in SEQ ID NO:7 were replaced by lysine,
serine, lysine and serine, respectively, that are found in the mouse antibody KM796 H chain V region.

The plasmid pBSHM2 containing version HM2, shown in SEQ ID NO:10, of the human CDR-grafted anti-GM, anti-
body H chain V region was obtained following the reaction described in Paragraph 1 (3) of Example 3 using the syn-
thetic DNA of SEQ ID NO:65 as the mutant antisense primer and the synthetic DNA of SEQ 1D NO:66 as the mutant
sense primer. In the amino acid sequence of the version HM2, arginine in position 38 and alanine in position 40 in the
FR shown in SEQ ID NO:7 were replaced by lysine and serine, respectively, that are found in the mouse antibody
KM796 H chain V region.

The plasmid pBSHMS3 containing version BM3, shown in SEQ ID NO:69, of the human CDR-grafted anti-GM, anti-
body H chain V region was obtained following the reaction described in Paragraph 1 (3) of Example 3 using the syn-
thetic DNA of SEQ ID NO:67 as the mutant antisense primer and the synthetic DNA of SEQ ID NO:68 as the mutant
sense primer. In the amino acid sequence of the version HM3, valine in position 68 and isolsucine in position 70 in the
FR shown in SEQ ID NO:7 were replaced by alanine and leucine, respsctively, that are found in the mouse antibody
KM796 H chain V region.

The plasmid pBSHM31 containing version HM31, shown in SEQ 1D NO:70, of the human CDR-grafted anti-GM;
antibody H chain V region was obtained following the reaction described in Paragraph 1 (3) of Example 3 using 1 ng of
the plasmid pBSHM3 as the template, the synthetic DNA of SEQ ID NO:62 as the mutant antisense primer and the syn-
thetic DNA of SEQ ID NO:63 as the mutant sense primer. In the amino acid sequence of the version HM31, arginine in
position 38, alanine in position 40, glutamine in position 43 and glycine in position 44 in the FR of the version HM3 were
replaced by lysine, serine, lysine and serine, respectively, that are found in the mouse antibody KM796 H chain V
region.

Further, the plasmid pBSHM32 containing version HM32, shown in SEQ ID NO:71, of the human CDR-grafted anti-
GM; antibody H chain V region was obtained following the reaction described in Paragraph 1 (3) of Example 3 using 1
ng of the plasmid pBSHMS as the template, the synthetic DNA of SEQ ID NO:65 as the mutant antisense primer and
the synthetic DNA of SEQ ID NO:66 as the mutant sense primer. In the amino acid sequence of the version HM32,
arginine in position 38 and alanine in position 40 in the FR of the version HM3 were replaced by lysine and serine,
respectively, that are found in the mouse antibody KM796 H chain V region.

2. Evaluation of CDC activity of human CDR-grafted anti-GM, antibodies having various replacements in the human
CDR-grafted anti-GM, antibody H chain V region

(1) Construction of expression vectors

Expression vectors for various human CDR-grafted anti-GM, antibodies containing the H chain V region of human
CDR-grafted anti-GM antibodies having various replacements obtained in Paragraph 1 of Example 4 and the L chain
V region of KM8966 (SEQ ID NO:8) were prepared in the following manner.

Three g each of the plasmids pBSHM1, pBSHM2, pBSHM3, pBSHM31 and pBSHM32 obtained in Paragraph 1
of Example 4 were dissolved in 10 pl of 10 mM Tris-hydrochloride buffer (pH 7.5) containing 10 mM magnesium chloride
and 1 mM DTT, 10 units of Apal (Takara Shuzo) were added thersto and the mixture was allowed to react at 37°C for 1
hour. The resulting mixture was subjected to ethanol precipitation and the thus-obtained precipitate was dissolved in 10
ul of 50 mM Tris-hydrochloride buffer (pH 7.5) containing 100 mM sodium chiloride, 10 mM magnesium chloride, 1 mM
DTT, 100 pg/ml BSA and 0.01% of Triton X-100. Ten units of Not! (Takara Shuzo) were further added thereto to allow
the mixture to react at 37°C for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis to recover
about 0.2 ug of the Apal-Notl fragment of about 0.44 kb.

Then, 3 pg of the plasmid pKANTEX796HLCDRLm-28 obtained in Paragraph 3 (3) of Example 3 was dissolved in
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10 pl of 16 mM Tris-hydrochloride buffer (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of
Apal (Takara Shuzo) were added thereto and the mixture was allowed to react at 37°C for 1 hour. The resulting mixture
was subjected to ethanol precipitation and the thus-obtained precipitate was dissolved in 10 pl of 50 mM Tris-hydrochio-
ride buffer (pH 7.5) containing 100 mM sodium chloride, 10 mM magnesium chlcride, 1 mM DTT, 100 ug/mi BSA and
0.01% of Triton X-100. 10 units of Notl (Takara Shuzo) were added thereto to allow the mixture to react at 37°C for 1
hour. The reaction mixture was fractionated by agarose ge! electrophoresis to recover about 1 pg of the Apal-Notl frag-
ment of about 13.14 kb.

About 0.1 pg each of the thus-obtained Apal-Notl fragment of pBSHM1, pBSHM2, pBSHM3, pBSHM31 and
pBSHM32 and 0.1 ug of the Apal-Notl fragment of pKANTEX796HLCDRLm-28 were added in a total of 20 pl of steri-
lized water and ligated to each other using Ready-To-Go T4 DNA Ligase (Pharmacia Biotech). Each of the resulting
recombinant plasmid DNA solutions was used to transform Escherichia coli HB101 and plasmids,
pKANTEX796HM1Lm-28, pKANTEX796HM2Lm-28, pKANTEX796HM3Lm-28, pKANTEX796HM31Lm-28 and
pKANTEX796HM32Lm-28 shown in Fig. 51 were obtained.

(2) Expression of replacement versions of human CDR-grafted anti-GM; antibodies

Four pg each of the plasmids pKANTEX796HM1Lm-28, pKANTEX796HM2Lm-28, pKANTEX796HM3Lm-28,
pKANTEX796HM31Lm-28 and pKANTEX796HM32Lm-28 obtained in Paragraph 2 (1) of Example 4 were used to
transform YB2/0 cells (ATCC CRL 1581) in accordance with the method as described in Paragraph 1 (4) of Example 2.
The cells were ultimately selected using G418 (0.5 mg/mi) and MTX (200 nM) to obtain about 2 to 5 pg/ml of transform-
ants capable of producing human CDR-grafted anti-GM, antibodies derived from the corresponding expression vectors.

(3) Purification of replacement versions of human CDR-grafted anti-GM antibodies

Cells of each transformant obtained in Paragraph 2 (2) of Example 4 were suspended in GIT medium (Nihon Phar-
maceutical) containing 0.5 mg/m! G418 and 200 nM MTX and about 1 to 3 mg of purified human CDR-grafted anti-GM;
antibodies were obtained from about 0.6 liter of the culture broth in accordance with the method described in Paragraph
11 of Example 1 of JP-A-6-205694. The human CDR-grafted anti-GM, antibodies derived from the plasmids
PKANTEX796HM1Lm-28, pKANTEX796HM2Lm-28, pKANTEX796HM3Lm-28, pKANTEX796HM31Lm-28 and
pKANTEX796HM32Lm-28 are hereinafter referred to as "M1-28", "M2-28", "M3-28", "M31-28" and "M32-28", respec-
tively. 4 g each of the purified human CDR-grafted anti-GM, antibodies, the human CDR-grafted anti-GM, antibody
KM8966 and the mouse-human chimeric anti-GM, antibody KM966 were electrophoresed by the conventional method
[Laemmli: Nature, 227, 680 (1970)] for molecular weight checking. The results are shown in Fig. 52. As shown in Fig.
52, under reducing conditions, the molecular weight of the antibody H chain was about 50 KDa and the molecular
weight of the antibody L chain was about 25 KDa, thus confirming the expression of the H chain and L chain having the
correct molecular weight. Under nonreducing conditions, the molecular weight of the human CDR-grafted anti-GM;
antibodies was about 150 KDa, confirming that the antibody expressed was composed of two H chains and two L
chains and was correct in size. The N-terminal amino acid sequence of the H and L chains of each purified human
CDR-grafted anti-GM, antibodies was examined by automatic Edman degradation using a protein sequencer (Applied
Biosystems mode! 470A). As a result, it was confirmed that the amino acid sequence was consistent with that deduced
from the synthesized V region DNA sequence.

(4) CDC activity of replacement versions of human CDR-grafted anti-GM, antibodies

CDC activity of the replacement versions of the human CDR-grafted anti-GM, antibodies obtained in Paragraph 2
(3) of Example 4, the human CDR-grafted anti-GM, antibody KM8966 and the mouse-human chimeric anti-GM, anti-
body KM966 was measured in accordance with the method described in Paragraph 8 of Example 3. The results are
shown in Fig. 53. As shown in Fig. 53, it was found that, among the replacement versions of the human CDR-gratted
anti-GM, antibodies, the human CDR-grafted anti-GM, antibody M2-28 derived from the plasmid
PKANTEX796HM2Lm-28 showed the highest CDC activity which was higher than that of the human CDR-grafted arti-
GM, antibody KM8966 prepared in Example 3. This result indicates that the replaced amino acid residues of the ver-
sion HM2 among the various replacement versions prepared in Paragraph 1 of Example 4 play an important role for
improving CDC activity. It was assumed from the computer model for the V region of mouse antibody KM796 that the
replacement of the amino acid residues of the version HM2 would influence on the entire structure of the V region since
these amino acid residues are located at the site which interacts with the L chain V region. Recent study of the produc-
tion of human CDR-grafted antibody reveals that the amino acid residues which affect the structure of the antibody var-
ies in each antibody. No method for precisely predicting such amino acid residues has been established and the above
results provide a significant finding for the production of the human CDR-grafted antibody.
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The human CDR-grafted anti-GM, antibody M2-28 derived from the plasmid pKANTEX796HM2Lm-28 was desig-
nated as KM8970 and the antibody KM8970-producing trasformant KM8970 has been deposited with National Institute
of Bioscience and Human-Technology, Agency of Industrial Science and Technology as of May 9, 1996 under the
deposit number FERM BP-5528.

3. Moditication of human CDR-grafted anti-GM, antibody KM8966 L chain V region

The human CDR-grafted anti-GM, antibody KM8966 prepared in Example 3 was subjected to amino acid residue
replacements in the L chain V region (SEQ ID NO:8) to improve CDC activity. As an amino acid residue to be replaced,
serine residue in position 59 was selected based on the results of various replacements obtained in Paragraph 1 (3) of
Example 3 which suggested that it was important o support the structure of CDR2 for the human CDR-grafted anti-
GM, antibody activity. Replacements were introduced by PCR method using as a template 1 ng of the plasmid pBSLm-
28 containing the human CDR-grafted anti-GMj antibody L chain V region obtained in Paragraph 1 (3) of Example 3
and using as a primer antisense and sense synthetic DNA containing mutations described in Paragraph 1 (3) of Exam-
ple 3.

The reaction was carried out in the same manner as described in Paragraph 1 (3) of Example 3 using the synthetic
DNA of SEQ ID NO:72 as the mutant antisense primer and the synthetic DNA of SEQ ID NO:73 as the mutant sense
primer to obtain the plasmid pBSLm-28 No.1, containing version Lm-28 No.1, shown in SEQ ID NO:11, of the human
CDR-grafted anti-GM, antibody L chain V region. In the amino acid sequence of the version Lm-28 No.1, serine in posi-
tion 59 in the FR shown in SEQ ID NO:83 was replaced by alanine that is found in the mouse antibody KM796 L chain
V region.

4. Evaluation of CDC activity of human CDR-grafted anti-GM, antibody having new replacement in human CDR-grafted
anti-GM, antibody L chain V region

(1) Construction of expression vectors

Expression vectors for the human CDR-grafted anti-GM, antibody containing the human CDR-grafted anti-GM,
antibody L chain V region having the replacement obtained in Paragraph 3 of Example 4 and the human CD R-grafted
anti-GM, antibody H chain V region were obtained in the following manner.

Six pg of the plasmid pBSLm-28 No.1 obtained in Paragraph 3 of Example 4 was dissolved in 10 pl of 50 mM Tris-
hydrochiloride buffer (pH 7.5) containing 100 mM sodium chloride, 10 mM magnesium chloride, 1 mM DTT and 100
ug/mi BSA. 10 units each of EcoRl (Takara Shuzo) and Spil (Takara Shuzo) were added thereto to allow the mixture to
react at 37°C for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis to recover about 0.4 pg
of the EcoRI-Sp/l fragment of about 0.39 kb.

Then, 3 pg each of the plasmid pKANTEX796HLCDRLm-28 obtained in Paragraph 3 of Example 3 and the plas-
mids pKANTEX796HM1Lm-28, pKANTEX796HM2Lm-28 and pKANTEX796HM3Lm-28 obtained in Paragraph 2 (1) of
Example 4 were dissolved in 10 ! of 50 mM Tris-hydrochloride buffer (pH 7.5) containing 100 mM sodium chloride, 10
mM magnesium chioride and 1 mM DTT and 100 ug/mi BSA, 10 units each of EcoRI (Takara Shuzo) and Spii were
added thereto and the mixture was allowed to react at 37°C for 1 hour. The reaction mixture was fractionated by agar-
ose gel electrophoresis to recover about 1 pg of the EcoR!-Spli fragment of about 13.19 kb.

A 0.1 pg portion each of the thus-obtained EcoRI-Sp/l ragment of pBSLmM-28 No.1 and 0.1 pg of the EcoRI-Sph
of pKANTEX796HLCDRLmM-28, pKANTEX796HM1Lm-28, pKANTEX796HM2Lm-28 and pKANTEX796HM3Lm-28
were added in a total of 20 pl of sterilized water and ligated to each ather using Ready-To-Go T4 DNA Ligase (Pharma-
cia Biotech). Each of the resulting recombinant plasmid DNA solutions was used to transtorm Escherichia coli HB101
and the plasmids pKANTEX796HLm-28 No.1, pKANTEX796HM1Lm-28 No.1, pKANTEX796HM2Lm-28 No.1 and
pKANTEX796HM3Lm-28 No.1 shown in Fig. 54 were obtained.

(2) Expression of human CDR-grafted anti-GM, antibodies having replacements in the L chain V region

Four pg each of the plasmids pKANTEX796HLm-28 No.1, pKANTEX796HM1Lm-28 No.1, pKANTEX796HM2Lm-
28 No.1 and pKANTEX796HM3Lm-28 No.1 obtained in Paragraph 4 (1) of Example 4 was used fo transform YB2/0
cells (ATCC CRL 1581) in accordance with the method as described in Paragraph 11 of Example 1. The cells were ulti-
mately selected using G418 (0.5 mg/mi) and MTX (200 nM) fo obtain about 2 to 5 pg/ml of transformants capable of
producing human CDR-grafted anti-GM, antibodies derived from the corresponding expression vectors.
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(3) Purification of human CDR-grafted anti-GM, antibodies having replacements in the L chain V region

Cells of each transformant obtained in Paragraph 4 (2) of Example 4 were suspended in GIT medium (Nihon Phar-
maceutical) containing 0.5 mg/ml G418 and 200 nM MTX and about 1 to 3 mg of purified human CDR-grafted anti-GM,
antibodies were obtained from about 0.6 liter of the culture broth in accordance with the method described in Paragraph
11 of Example 1 of JP-A-6-205694. The human CDR-grafted anti-GM, antibodies derived from the plasmids
pKANTEX796HLm-28  No.1, pKANTEX796HM1Lm-28 No.1, pKANTEX796HM2Lm-28  No.1 and
pKANTEX796HM3Lm-28 No.1 are hereinafter referred to as "h796H-No.1", "M1-No.1", "M2-No.1" and "M3-No.1",
respectively. Four ug each of the purified human CDR-grafted anti-GM, antibodies and the mouse-human chimeric anti-
GM, antibody KM966 was electrephoresed by the conventional method [Laemmii: Nature, 227, 680 (1970)] for molec-
ular weight checking. The results are shown in Fig. 55. As shown in Fig. 55, under reducing conditions, the molecular

- weight of the antibody H chain was about 50 KDa and the molecular weight of the antibody L chain was about 25 KDa,

thus confirming the expression of the H chain and L chain having the correct molecular weight. Under nonreducing con-
ditions, the molecular weight of the human CDR-gratted anti-GM, antibodies was about 150 KDa, confirming that the
antibody expressed was composed of two H chains and two L chains and was correct in size. The N-terminal amino
acid sequence of the H and L chains of each purified human CDR-grafted anti-GM, antibodies was examined by auto-
matic Edman degradation using a protein sequencer (Applied Biosystems model 470A). As a result, it was confirmed
that the amino acid sequence was consistent with that deduced from the synthesized V region DNA sequence.

(4) CDC activity of human CDR-grafted anti-GM, antibodies having replacements in the L chain V region

CDC activity of the human CDR-grafted anti-GM, antibodies having replacements in the L chain V region obtained
in Paragraph 4 (3) of Example 4, the human CDR-grafted anti-GM, antibody KM8970, the human CDR-grafted anti-
GM, antibody KM8366 and the mouse-human chimeric anti-GM, antibody KM966 was measured in accordance with
the method described in Paragraph 8 of Example 3. The results are shown in Fig. 56. Comparing CDC activity ot
KMB966 with that of h796H-No.1, it was found that the replacement introduced into only the L chain V region showed
improved CDC activity. Among the replaced antibodies having replacements in both of the L chain V region and the H
chain V region, M2-No.1 having replacement in the human CDR-grafted anti-GM, antibody KM8970 H and L chain V
region obtained in Paragraph 2 of Example 4 showed the highest CDC activity, which was comparable to or higher than
that of KM8970. These results indicates that the replaced amino acid residue in position 59 in the FR of the L chain V
region prepared in Paragraph 3 of Example 4 played an important role for improving its CDC activity and it interacted
with the replaced amino acid residue in the H chain V region of KM8970 for improving its CDC activity cooperatively. it
was not assumed from the computer model for the V region of mouse antibody KM796 that the replacement of the
amino acid residue in position 59 in the FR of the version Lm-28 No.1 would be involved in direct action with antigen
GM;, and interaction with each CDR residue. However, the above results suggested that they were quite important for
maintaining the entire structure of the whole V region. This knowledge cannot be predicted from the known production
method of a humanized antibody, and the above findings will provide an important indication for the production of
human CDR-grafted antibody.

The human CDR-grafted anti-GM, antibody M2-No.1 derived from the plasmid pKANTEX796HM2Lm-28 No. 1 was
designated as KM8969 and the antibody KM8969-producing trasformant KM8969 has been deposited with National
Institute of Bioscience and Human-Technology, Agency of Industrial Science and Technology as of May 9, 1996 under
the deposit number FERM BP-5527.

S. In vitro reactivity of human CDR-grafted anti-GM, antibodies KM8969 and KM8370 with GM,

Reactivities of the mouse-human chimeric anti-GM, antibody KM966 and the human CDR-gratted anti-GM, anti-
bodies KM8969 and KM8970 with GM, were measured in accordance with the method described in Paragraph 1 (5) of
Example 2. The results are shown in Fig. 57. As shown in Fig. 57, the human CDR-grafted anti-GM; antibodies
KM8969 and KM8970 showed binding activity comparable to that of the mouse-human chimeric anti-GM, antibody
KM966.

6. Reaction specificity of human CDR-grafted anti-GM, antibodies KM8969 and KM8970

The mouse-human chimeric anti-GM, antibody KM966 and the human CDR-grafted anti-GM, antibodies KM8969
and KM8970 were examined for reactivity with various gangliosides in accordance with the method described in Para-
graph 6 of Example 3. The results are shown in Fig. 58. As shown in Fig. 58, it was found that the human CDR-grafted
anti-GM, antibodies KM8963 and KMB8970 specifically reacted with GM, (N-acetyl GM, and N-glycolyt GM,) like the
mouse-human chimeric anti-GM; antibody KM9366.
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7. Reactivity of human CDR-gratted anti-GM, antibodies KM8369 and KM8970 with cancer cells

The mouse-human chimeric anti-GM, antibody KMS66 and the human CDR-grafted anti-GM, antibodies KM8969
and KM8970 were examined for reactivity with the human lung small cell carcinoma cell line SBC-3 (JCRB 0818) using
fluorescein isocyanate-labeled rabbit anti-human 1gG antibody (Dako) as a second antibody in accordance with the
method described in Paragraph 7 of Example 3. The results are shown in Fig. 59. As shown in Fig. 59, the human CDR-
grafted anti-GM, antibodies KIM8969 and KM8970 strongly reacted with the human lung small cell carcinoma cell line
SBC-3 like the mouse-human chimeric anti-GM, antibody KMS66.

8. In vitro antitumor effect of human CDR-grafted anti-GM, antibodies KM8969 and KM8970: antibody dependent cell
mediated cytotoxicity (ADCC)

The mouse-human chimeric anti-GM, antibody KM966 and the human CDR-grafted anti-GM, antibodies KM8966,
KM8969 and KM8970 were examined for ADCC activity against the human lung small cell carcinoma cell line SBC-3
(JCRB 0818) in accordance with the method described in Paragraph 9 of Example 3. The results are shownin Fig. 123.
As shown in Fig. 123, the human CDR-grafted anti-GM, antibodies KM8969 and KM8970 showed ADCC activity com-
parable to that of the mouse-human chimeric anti-GM, antibody KM966.

9. Comparison of in vitro anti-tumor activities of humanized anti-GM, antibodies: comparison of CDC activity

CDC activities of various humanized anti-GM, antibodies (KM966, KM8966, KM8969 and KM8970) established in
the aforementioned Inventive Examples 3 and 4 were compared by prolonging the reaction time. fllustratively, the reac-
tion time of the method described in the item 8 of Inventive Example 3 after addition of the human complement was set
to 4 hours. The results are shown in Fig. 61. As shown in Fig. 61, it was revealed that the CDC activity of each of these
humanized antibodies increases by the 4 hours of reaction and, at an antibody concentration of 5 pg/ml or more, the
mouse-human chimeric anti-GM, antibody KM966 and the human CDR-grafted anti-GM antibodies KM8966, KM8969
and KM8970 show almost the same level of CDC activity. Particularly, KM8369 showed the highest CDC activity which
was about 1/2 of that of the mouse-human chimeric anti-GM, antibody KM966, so that-it was revealed that a human
CDR-grafted anti-GM, antibody having further high CDC activity was able to be produced by the examination of Inven-
tive Example 4.

Thus, production method of human CDR-grafted anti-GM, antibodies and evaluation of their various activities have
been described, and these results show that the established human CDR-grafted anti-GM, antibodies are useful for the
treatment of human cancers.

By the present invention, human CDR-grafted antibodies to ganglioside GM,, whose binding activity and binding
specificity for GM, and anti-tumor effect upon ganglioside GM,-positive cells are comparable to the levels of chimeric
human antibodies, and the production method thereof are provided.
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(1) GENERAL INFORMATION:

(i) APPLICANT: Kyowa Hakko Kogyo Co., Ltd

SEQUENCE LISTING

(ii) TITLE OF INVENTION: Human complementarity determining Region
(CDR) -grafted antibody to ganglioside

GM2
(iii) NUMBER OF SEQUENCES: 73

{iv) ‘CORRESPONDENCE ADDRESS:

{A) ADDRESSEE: Kyowa Hakko Kogyo Co., Ltd.

{B) STREET: 6-1, Ohtemachi l-chome, Chiyoda-ku

{C) CITY: Tokyo
{E} COUNTRY: Japan

(v} COMPUTER READABLE FORM:

(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
{C) OPERATING SYSTEM: PC-DOS/MS-DOS

(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:

(A} APPLICATION NUMBER: 98105047.9
(B) FILING DATE: 10.03.1998

{viii) ATTORNEY/AGENT INFORMATION:

(A) NAME: Kinzebach, Werrner,
(C) REFERENCE/DOCKET NUMBER: M/39063

{ix) TELECOMMUNICATION INFORMATION:
(A} TELEPHONE: (089) 998397-0

(B} TELEFAX: (089) 987304

(2) INFORMATION FOR SEQ ID NO:1:

(i) SEQUENCE CHARACTERISTICS:

{A) LENGTH: 5 amino acids

{B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

"{xi) SEQUENCE DESCRIPTION: SEQ ID NO:1l:

Asp Tyr Asn Met Asp
1 5

{2) INFORMATION FOR SEQ ID NO:2:

{i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 17 amino acids

(B) TYPE: amino acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

36
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Ser
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(2)

Ser

(2)

Ser

(2)
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Ile Tyr Pro Asn Asn Gly Gly Thr Gly Tyr Asn Gln Lys Phe lys
5 10 15

INFORMATION FOR SEQ ID NO:3:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 11 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
Gly His Tyr Tyr Gly Tyr Met Phe Ala Tyr
5 10 11
INFORMATION FOR SEQ ID NO:4:
(1) SEQUENCﬁ CHARACTERISTICS:
(A) LENGTH: 10 amino acids
(B} TYPE: amino acid
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: peptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

Ala Ser Ser Ser Val Ser Tyr Met His
5 10

INFORMATION FOR SEQ ID NO:5:
(i) SEQUENCE CHRRACTERISTICS:
{A} LENGTH: 7 amino acids
(B} TYPE: amino acid
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
Thr Ser Asn Leu Ala Ser
5 7
INFORMATION FOR SEQ ID NO:6:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: peptide

37
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CCT
Pro

ACT
Thr

GAG
Glu
65

CAG
Gln

ACA
Thr
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Gln Arg Ser Ser Tyr Pro Tyr Thr
5 9

INFORMATION FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 433 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

(ix) FEATURES:
(A) NAME/KEY: sig peptide
(B) LOCATION: -19..-1
(C) IDENTIFICATION METHOD: S
(A) NAME/KEY: domain
(B) LOCATION: 31..35
{C) IDENTTFICATION METHOD: S

(D) OTHER INFORMATION: hypervariable region 1

(R) NAME/KEY: domain
(B) LOCATION: 50..66
(C) IDENTIFICATION METHOD: S

(D) OTHER INFORMATION: hypervariable region 2

(A) NRME/KEY: domain
(B) LOCATION: 99..109
(C) IDENTIFICATION METHOD: S

(D) OTHER INFORMATION: hypervariable region 3

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

GGA TGG AGC TGG ATC TTT CTC TTC CTC CTG TCA GGA ACT

Gly Trp Ser Trp Ile Phe Leu Phe Leu Leu
5 10

CTC TCT GAG GTG CAG CTG GTG CAG TCT GGA
Leu Ser Glu Val Gln Leu Val Gln Ser Gly
20 25

GGG GCC TCA GTG AAG GTC TCC TGC AAG GCT
Gly Ala Ser Val Lys Val Ser Cys Lys Ala
35 40

GAC TAC ARC ATG GAC TGG GTG CGA CAG GCC
Asp Tyr Asn Met Asp Trp Val Arg Gln Ala
50 - 55

TGG ATG GGA TAT ATT TAT CCT AAC AAT GGT
Trp Met Gly Tyr Ile Tyr Pro Asn Asn Gly
70 75

AAG TTC AAG AGC AAG GTC ACC ATT ACC GTA
Lys Phe Lys Ser Lys Val Thr Ile Thr Val
85 30

GCC TAC ATG GAG CTG CAC AGC CTG AGA TCT

Ala Tyr Met Glu Leu His Ser Leu Arg Ser
100 105
38

Ser

GCA
Ala

TCC
Ser

CCT
Pro
60

GGT
Gly

GARC
Asp

GAG
Glu

Gly

GAG
Glu

GGA
Gly
45

GGA
Gly

ACT
Thr

RACA
Thr

GAC
Asp

Thr

GTG
val
30

TAC
Tyr

CAA
Gln

GGC
Gly

TCC
Ser

ACG
Thr
110
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GCA
Ala
15

ARG
Lys

ACC
Thr

GGG
Gly

TAC
Tyr

ACG
Thr
95

GCC
Ala

GGT
Gly

AAG
Lys

TTC
Phe

CTC
Leu

AAC
Asn
80

AGC
Ser

GTG
Val

48

g6

144

192

240

288
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TAT
Tyr

TGG
Trp

(2)

ATG
Met

GTC
Val

CTG
Leu

TCA
Ser

CCA
Pro
65

TCT
Ser

TAC TGT GCG ACC TAC GGT CAT TAC TAC GGC TAC
Tyr Cys Ala Thr Tyr Gly His Tyr Tyr Gly Tyr

115

GGC CAG GGA ACC CTG GTC ACC GTC TCC TCA GCC
Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala

130
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120 125

135 140

INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:

(A)
(B)
(C)
(D)

LENGTH: 390 base pairs
TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid, synthetic

(ix) FEATURES:

(R)
(B)
(C)
(R)
(B)
(C)
(D)
(R)
(B)
(C)
(D)
(R)
(B)
(C)
(D)

NAME/KEY: sig peptide

LOCATION: -22..-1

IDENTIFICATION METHOD: S

NAME/KEY: domain

LOCATION: 24..33

IDENTIFICATION METHOD: S

OTHER INFORMATION: hypervariable region
NAME/KEY: domain

LOCATION: 49..55

IDENTIFICATION METHOD: S

OTHER INFORMATION: hypervariable region
NAME/KEY: domain

LOCATION: 86..96

IDENTIFICATION METHOD: S

OTHER INFORMATION: hypervariable region

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:

CAT TTT CAA GTG CAG ATT TTC AGC TTC CTG CTA ATC AG
His Phe Gln Val Gln Ile Phe Ser Phe Leu Leu Ile Se

5 10

DNA

T GCC
r Ala
15

ATA ATG TCC AGR GGA GAT ATC CAG CTG ACC CAG AGC CCA AGC
I1le Met Ser Arg Gly Asp Ile Gln Leu Thr Gln Ser Pr
20 25 30

o Ser

AGC GCT AGC CCA GGT GAC AGA GTG ACC ATC ACG TGC AGT GCC
ser Ala Ser Pro Gly Asp Arg Val Thr Ile Thr Cys Se

35

40 45

r Ala

AGT GTA AGT TAC ATG CAC TGG TTC CAG CAG AAA CCA GGT AAG
Ser Val Ser Tyr Met His Trp Phe Gln Gln Lys Pro Gl

50

55 60

RAAG CTT TGG ATC TAC AGC ACA TCC AAC CTG GCT TCT GG
Lys Leu Trp Ile Tyr Ser Thr Ser Asn Leu Ala Ser Gl

70 75

y Lys

T GTG
y Val

AGA TTC AGC GGT AGC GGT AGC GGT ACA TCT TAC TCT CTC ACC

Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Le

85 90

39
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u Thr
95

TCC ACC AAG GGC
Ser Thr Lys Gly

144

TCA
Ser

AGC
Ser

AGC
Ser

GC?
Ala

CCA
Pro
80

ATC
Ile

ATG TTT GCT TAC 384
Met Phe Ala Tyr

442

443

48

96

144

192

240

288
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AGC CGA CTC CAG CCA GAG GAC ATC GCT ACA TAC TAC TGZ CAG CAR AGG 336

Ser Arg

AGT
Ser

CGT

Arg

(2)

ATG

. Met

GTC
val

ATG
Met

TCA
Ser

CCT
Pro
65

AGT
Ser

ACG
Thr
130

INFORMATION FOR SEQ ID NO:9:

Leu Gln Pro Glu Asp Ile Ala Thr Tyr Tyr Cys Gln Gln Arg
110

100

105

TAC CCG TAC ACG TTC GGC GGG GGG ACC ARG GTG GAAR ATC ARAA 384
Tyr Pro Tyr Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys

115

120

(i} SEQUENCE CHARACTERISTICS:

(A)
(B)
(C)
(D)

LENGTH: 390 base pairs
TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear

125

390

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

{(ix) FEATURES:

(A)
(B)
(C)
(A)
(B)
(C)
(D)
(R}
(B)
(C)
(D)
(A)
(B)
{C)
(D)

=22

.ol

domain

NAME/KEY: sig peptide
LOCATION:
IDENTIFICATION METHOD: S
NAME/KEY: domain
LOCATION: 24..33
IDENTIFICATION METHOD: S
OTHER INFORMATION: hypervariable region 1
NAME/KEY:
LOCATION: 49..55
IDENTIFICATION METHOD: S
OTHER INFORMATION: hypervariable region 2
NAME/KEY: domain
LOCATION: 86..96
IDENTIFICATION METHOD: S
OTHER INFORMATION: hypervariable region 3

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

CAT
His

ATA
Ile

TCT
Ser

AGT
Ser
50

ARG
Lys

TTT CAA GTG CAG ATT

Phe

ATG
Met

GCA
Ala
35

GTA
val

CTC
Leu

Gln

TCC
Ser
20

TCT
Ser

AGT
Ser

TGG
Trp

Val Gln
5

AGA GGA
Arg Gly

CCA GGA
Pro Gly

TAC ATG
Tyr Met

ATC TAC
Ile Tyr
70

Ile

GAC
Asp

GAC
Asp

CAC
His
55

TCA
sSer

TTC AGC TTC CTG

Phe

ATC
Ile

AGA
Arg
40

TGG
Trp

ACT
Thr

Ser Phe
10

CAG CTG
Gln Leu
25

GTC ACC
Val Thr

TTT CAG
Phe Gln

TCA AAT
Ser Asn

40

Leu

ACC
Thr

ATC
Ile

CAG
Gln

TTA
Leu
75

CTA
Leu

CAG
Gln

ACT
Thr

ARA
Lys
60

GCT
Ala

ATC
Ile

TCT
Ser

TGT
Cys
45

CCA
Pro

TCT
Ser

AGT GCC TCA 48
Ser Ala Ser
15

CCA TCC TCC 96
Pro Ser Ser
30

AGT GCA AGT 144
Ser Ala Ser

GGG ARA TCA 192
Gly Lys Ser

GGT GTG CCA 240
Gly Val Pro
80
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TCT AGA TTC AGC GGT AGC GGT AGC GGT ACA TCT TAC TCT CTC ACC ATC 288
Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile
85 90 95

AGC AGC ATG CAG CCT GAA GAT TTT GCA ACT TAT TAC TGT CAG CAA AGG 336
Ser Ser Met Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Arg
100 105 110

AGT AGT TAC CCG TAC ACG TTC GGC CAG GGG ACC AAG CTG GAA ATC ARA 384
Ser Ser Tyr Pro Tyr Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys

20

25

30

35

40

- 45

50

55

115 120 -125
CGT ACG 390
Arg Thr
130
(2) INFORMATION FOR SEQ ID NO:10:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 433 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
(ix) FEATURES: '
({A) NAME/KEY: sig peptide
(B} LOCATION: -19..-1
{C}) IDENTIFICATION METHOD: S
{A) NAME/KEY: domain
{B}) LOCATION: 31..35
(C) IDENTIFICATION METHOD: S :
{D) OTHER INFORMATION: hypervariable region 1
{A) NAME/KEY: domain
{B) LOCATION: 50..66
{(C) IDENTIFICATION METHOD: S
(D) OTHER INFORMATION: hypervariable region 2
(A) NAME/KEY: domain
{B) LOCATION: 99..109
(C) IDENTIFICATION METHOD: S
(D} OTHER INFORMATION: hypervariable region 3
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
ATG GGA TGG AGC TGG ATC TTT CTC TTC CTC CTG TCA GGA ACT GCA GGT 48
Met Gly Trp Ser Trp Ile Phe Leu Phe Leu Leu Ser Gly Thr Ala Gly
1 5 10 15
GTC CTC TCT GAG GTG CAG CTG GTG CAG TCT GGA GCA GAG GTG AAG ARG 96
Val Leu Ser Glu Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys
20 25 30
CCT GGG GCC TCA GTG ARG GTC TCC TGC AAG GCT TCC GGA TAC ACC TTC 144
Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe
35 40 45
ACT GAC TAC AAC ATG GAC TGG GTG AAG CAG AGC CCT GGA CAA GGG CTC 192
Thr Asp Tyr Asn Met Asp Trp Val Lys Gln Ser Pro Gly Gln Gly Leu
50 55 60
41
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CAG
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ACA
Thr

TAT
Tyr

TGG
Trp

(2)

ATG
Met

GTC
Val

CTG
Leu
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TGG ATG GGA TAT ATT TAT CCT AARC AAT GGT GGT ACT GGC TAC AAC
Trp Met Gly Tyr lle Tyr Pro Asn Asn Gly Gly Thr Gly Tyr Asn
70 75 80

ARG TTC AAG AGC AAG GTC ACC ATT ACC GTA GAC ACA TCC ACG AGC
Lys Phe Lys Ser Lys Val Thr Ile Thr Val Asp Thr Ser Thr Ser
85 90 95

GCC TAC ATG GAG CTG CAC AGC CTG AGA TCT GAG GAC ACG GCC GTG
Ala Tyr Met Glu Leu His Ser Leu Arg Ser Glu Asp Thr Ala Val
100 105 110

TAC TGT GCG ACC TAC GGT CAT TAC TAC GGC TAC ATG TTT GCT TAC
Tyr Cys Ala Thr Tyr Gly His Tyr Tyr Gly Tyr Met Phe Ala Tyr
115 120 125

GGC CAG GGA ACC CTG GIC ACC GTC TCC TCA GCC TCC ACC AAG GGC
Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly
130 135 14C 144

INFORMATION FOR SEQ ID NO:ll:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 390 base pairs
{(B) TYPE: nucleic acid
{C) STRANDEDNESS: double
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid, syrthetic DNA

(ix) FEATURES:
{A) NAME/KEY: sig peptide
(B) LOCATION: -22..-1
(C) IDENTIFICATION METHOD: §
({A) NAME/KEY: domain
(B) LOCATION: 24..33
(C) IDENTIFICATION METHOD: S
(D} OTHER INFORMATION: hypervariable region 1
(A) NAME/KEY: domain
(B) LOCATION: 49..55
{C) IDENTIFICATION METHOD: S
(D) OTHER INFORMATION: hypervariable region 2
(A) NAME/KEY: domain
{B) LOCATION: 86..96
(C) IDENTIFICATION METHOD: S
(D) OTHER INFORMATION: hypervariable region 3

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:

CAT TTT CAR GTG CAG ATT TTC AGC TTC CTG CTA ATC AGT GCC TCA
His Phe Gln Val Gln Ile Phe Ser Phe Leu Leu Ile Ser Ala Ser
5 10 15

ATA ATG TCC AGA GGA GAT ATC CAG CTG ACC CAG AGC CCA AGC AGC
Ile Met Ser Arg Gly Asp Ile Gln Leu Thr Gl: Ser Pro Ser Ser
20 25 30

AGC GCT AGC CCA GGT GAC AGA GTG -ACC ATC ACG TGC AGT GCC AGC

Ser Ala Ser Pro Gly Asp Arg Val Thr Ile Thr Cys Ser Ala Ser
35 40 45

42
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TCA AGT
Ser Ser
50

CCA AAG
Pro Lys
65

GCT AGA
Ala Arg

AGC CGA
Ser Arg

AGT AGT
Ser Ser

CGT ACG
Arg Thr
130

GTA
val

CTT
Leu

TTC
Phe

CTC
Leu

TAC
Tyr
115

AGT
Ser

TGG
Trp

AGC
Ser

CAG
Gln
100

CCG
Pro

TAC
Tyr

ATC
Ile

GGT
Gly
85

CCA
Pro

TAC
Tyr

ATG
Met

TAC
Tyr
70

AGC
Ser

GAG
Glu

ACG
Thr

CAC
His
55

AGC
Ser

GGT
Gly

GAC
Asp

TTC
Phe
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TGG
Trp

ACA
Thr

AGC
Ser

ATC
Ile

GGC
Gly
120

TTC
Phe

TCC
Ser

GGT
Gly

GCT
Ala
105

GGG
Gly

(2) INFORMATION FOR SEQ ID NO:12:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

CAG
Gln

AAC
Asn

ACA
Thr
90

ACA
Thr

GGG
Gly

CAG AAA
Gln Lys
60

CTG GCT
Leu Ala
75

TCT TAC
Ser Tyr

TAC TAC
Tyr Tyr

ACC AAG
Thr Lys

foler 3
’ro

<y
Sex.

e
Sex

GGT
Gly

GGT
Gly

CTC
Leu

CAG
Gln
110

Glu

AAG
Lys

GTG
Val

ACC
Thr
95

Gln

ATC
Ile

{ii) MOLECULE TYPE: other nucleic acid, syn=hezic DNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

CACTCAGTGT TAACTGAGGA GCAGGTGAAT TC

(2) INFORMATION FOR SEQ ID NO:13:

(i) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 40 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

AGCTGAATTC ACCTGCTCCT CAGTTARACAC TGAGTGGTAC

(2) INFORMATION FOR SEQ ID NO:14:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY:

linear

Aragen/Transposagen Ex. 1035 - Part B

GCT
Ala

CCA
Pro
80

ATC
Ile

AGG
Arg

Lys

192

240

288

336

390

32

40



10

25

30

35

40

50

55

EP 0 882 794 A2

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
(xi) SEQUENCE DESCRIPTICN: SEQ ID NO:14:

AATTCGTACG GTGGCTGCAC C 21

(2) INFORMATION FOR SEQ ID NO:15:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 17 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:

GGTGCAGCCA CCGTACG 17

{2) INFORMATION FOR SEQ ID NO:16:

{i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 26 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:

CTCGCGACTA GTGGGCCCGC GGCCGC 26

(2) INFORMATION FOR SEQ ID NO:17:
(i} SEQUENCE CHARACTERISTICS:

{A) LENGTH: 34 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:

AGCTGCGGCC GCGGGCCCAC TAGTCGCGAG GTAC 34

(2) INFORMATION FOR SEQ ID NO:18:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C} STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
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{zi) SEQUENCE DESCRIPTION: SEQ ID NO:18:

GTGGCGGCCG CTTGGGCCCG 20

(2) INFORMATION FOR SEQ ID NO:19:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:

CGGGCCCAAG CGGCCGCCRC 20

(2) INFORMATION FOR SEQ ID NO:20:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPCLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NC:20:

CATGAATTCT TCGTACGGTT CGATAAATCG ATACCG 36

(2) INFORMATION FOR SEQ ID NO:21:
{i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 40 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:2I:

CGGTATCGAT TTATCGAACC GTACGAAGAA TTCATGAGCT ] 40

(2) INFORMATION FOR SEQ ID NO:22:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:

CACGTTCGGA GGGGGGACCA AGCTGGAAAT AAARAC 35
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{2) INFORMATION FOR SEQ ID NO:23:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:
GTACGTTTTA TTTCCAGCTT GGTCCCCCCT CCGAA

{2) INFORMATION FOR SEQ ID NO:24:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 61 base pairs
(B TYPE: nucleic acid
(C) STRANDEDNESS: double
{D) TOPOLOGY: linear

35

{ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:

TCGACACCAG CAAGAACACA GCCTACCTGA GACTCAGCAG CGTGACAGCC GCCGACACCG 60

C

(2) INFORMATION FOR SEQ ID NO:25:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 60 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: double
(D) TOPOLOGY: linear

61

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:

CCGGATACAC ATTCACTGAC TACAACATGG ACTGGGTGAG ACRIGAGCCAT GGACGAGGTC 60

(2) INFORMATION FOR SEQ ID NO:26:

(i) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 442 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid, sy~.:chetic DNA
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{ixz) FEATURES:
{A) NAME/KEY: sig peptide
(B) LOCATION: -189..-1
(C) IDENTIFICATION METHOD: S
{A) NAME/KEY: domain
(B) LOCATION: 31..35
(C) IDENTIFICATION METHOD: S
(D) OTHER INFORMATION: hypervariable region 1
(A) NAME/KEY: domain
(B) LOCATION: 50..66
{C) IDENTIFICATION METHOD: S
(D) OTHER INFORMATION: hypervariable region 2
(A) NAME/KEY: domain
{B) LOCATION: 99..109
{C) IDENTIFICATION METHOD: S
(D) OTHER INFORMATION: hypervariable region 3

(vi) SEQUENCE DESCRIPTION: SEQ ID NO:26:

GGCCGCACC ATG GGA TGG AGC TGG ATC TTT CTC TTC CTC CTG TCA GGA ACT 51

Met Gly Trp Ser Trp Ile Phe Leu Phe Leu leu Ser Gly Thr
1 5

10

GCT GGT GTC CTC TCT CAG GTC CAA CTG CAG GAG AGC GGT CCA
Ala Gly Val Leu Ser Gln Vai Gln Leu Gln Glu Ser Gly Pro
15 20 25

GTG AGG CCT AGC CAG ACC CTG AGC CTG ACC TGC ACC GTG TCC
Val Arg Pro Ser Gln Thr Leu Ser Leu Thr Cys Thr Val Ser
35 40

ACC TTC AGC GAC TAC AAC ATG GAC TGG GTG AGA CAG CCA CCT
Thr Phe Ser Asp Tyr Asn Met Asp Trp Val Arg Gln Pro Pro
50 5SS 60

GGT CTC GAG TGG ATT GGA TAT ATT TAT CCT AAC AAT GGT GGT
Gly Leu Glu Trp Ile Gly Tyr Ile Tyr Pro Asn Asn Gly Gly
65 70 75

TAC AAC CAG AAG TTC AAG AGC AGA GTG ACA ATG CTG GTC GAC
Tyr Asn Gln Lys Phe Lys Ser Arg Val Thr Met Leu Val Asp
80 85 90

AAG AAC ACA GCC TAC CTG AGA CTC AGC AGC GTG ACA GCC GCC
Lys Asn Thr Ala Tyr Leu Arg Leu Ser Ser Val Thr Ala Ala
95 100 105

GCG GTC TAT TAT TGT GCA ACC TAC GGT CAT TAC TAC GGC TAC
Ala val Tyr Tyr Cys Ala Thr Tyr Gly His Tyr Tyr Gly Tyr
115 120

GCT TAC TGG GGT CAA GGT ACC ACC GTC ACA GTC TCC TCA GCC
Ala Tyr Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser Ala

130 135 140
AAG GGC C
Lys Gly
144
47
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Gly

GGA
Gly
45

GGA
Gly

ACT
Thr

ACC
Thr

GAC
Asp

ATG
Met
125

TCC
Ser

CTT
Leu
30

TTC
Phe

CGA
Arg

GGC
Gly

AGC
Ser

ACC
Thr
110

TTT
Phe

ACC
Thr

99

147

195

243

291
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{2) INFORMATION FOR SEQ ID NO:27:

(i) SEQUENCE CHARACTERISTICS:

(R)
(B)
(C)
(D)

LENGTH: 442 base pairs
TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear

{1i) MOLECULE TYPE: other nucleic acid, synthetic DNA

{ix) FEATURES:

(R)
(B)
(c)
(R}
(B)
(C)
(D}
(RA)
(B)
()
(D)
(A)
{B)
(C)
(D)

NAME/KEY: sig peptide

LOCATION: -19..-1

IDENTIFICATION METHOD: S

NAME/KEY: domain

LOCATION: 31..35

IDENTIFICATION METHOD: S

OTHER INFORMATION: hypervariable region
NAME/KEY: domain

LOCATION: 50..66

IDENTIFICATION METHOD: S

OTHER INFORMATION: hypervariable region
NAME/KEY: domain

LOCATION: 99..109

IDENTIFICATION METHOD: S

OTHER INFORMATION: hypervariable region

(xi)} SEQUENCE DESCRIPTIQON: SEQ ID NO:27:

GGCCGCACC ATG GGA TGG AGC TGG ATC TTT CTC TTC CTC CTG
Met Gly Trp Ser Trp Ile Phe Leu Phe Leu Leu
1 S

13

TCA GGA ACT 51

Ser Gly Thr

GCT GGT GTC CTC TCT CAG GTC CAA CTG CAG GAG AGC GGT CCA GGT CTT
Ala Gly Val Leu Ser Gln Val Gln Leu Gln Glu Ser Gly Pro Gly

15

20 25

GTG AGG CCT AGC CAG ACC CTG AGC CTG ACC TGC ACC GTG TCC GGA
Val Arg Pro Ser Gln Thr Leu Ser Leu Thr Cys Thr Val Se

35 40

r Gly
45

ACC TTC ACT GAC TAC AAC ATG GAC TGG GTG AGA CAG AGC CAT GGA
Thr Phe Thr Asp Tyr Asn Met Asp Trp Val Arg Gln Ser Hi

50

55 60

GGT CTC GAG TGG ATT GGA TAT ATT TAT CCT AAC AAT GGT GG
Gly Leu Glu Trp Ile Gly Tyr.Ile Tyr Pro Asn Asn Gly Gl

65

70 75

s Gly

T ACT
y Thr

TAC AAC CAG AAG TTC AAG AGC AGA GTG ACA ATG CTG GTC GAC ACC
Tyr Asn Gln Lys Phe Lys Ser Arg Val Thr Met Leu Val As

80

85 90

ARG AAC CAG TTC AGC CTG AGA CTC AGC AGC GTG ACA GCC GC
Lys Asn Gln Phe Ser Leu Arg Leu Ser Ser Val Thr Ala Al

95

100 105

p Thr

C GAC
a Asp

GCG GTC TAT TAT TGT GCA ACC TAC GGT CAT TAC TAC GGC TAC ATG
Ala Val Tyr Tyr Cys Ala Thr Tyr Gly His Tyr Tyr Gly Ty

115 120

GCT TAC TGG GGT CAA GGT ACC ACC GTC ACA GTC TCC TCA GC

Ala Tyr Trp Gly Gln Gly Thr Thr val Thr Val Ser Ser Al
130 135 14
48
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r Met
125

C TCC
a Ser
0

Leu
30

TAC
Tyr

CGA
Arg

GGC
Gly

AGC
Ser

ACC
Thr
110

TTT
Phe

ACC
Thr

99

195

291

339

435
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(2) INFORMATION FOR SEQ ID NO:28:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 100 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

442

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:

CAGGAAACAG CTATGACGCG GCCGCCACCA TGGGATGGAG CTGGATCTTT CTCTTCCTCC 60

TGTCAGGAAC TGCAGGTGTC CTCTCTGAGG TGCAGCTGGT 100

(2) INFORMATION FOR SEQ ID NO:29:

{1) SEQUENCE CHARACTERISTICS:

(A}
(B)
(C)
(D)

{ii) MOLECULE TYPE: other nucleic

LENGTH: 100 base pairs
TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY: linear

acid, synthetic DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29:

AGTCAGTGAA GGTGTATCCG GAAGCCTTGC AGGAGACCTT CACTGAGGCC CCAGGCTTCT 60

TCACCTCTGC TCCAGACTGC ACCAGCTGCA CCTCAGAGAG 100

(2) INFORMATION FOR SEQ ID NO:30:

(1) SEQUENCE CHARACTERISTICS:

(A)
(B)
(C)
(D)

LENGTH: 100 base pairs
TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:

CGGATACACC TTCACTGACT ACAACATGGA CTGGGTGCGA CAGGCCCCTG GACAAGGGCT 60

CGAGTGGATG GGATATATTT ATCCTAACAA TGGTGGTACT 100

(2) INFORMATION FOR SEQ ID NO:31:

(i) SEQUENCE CHARACTERISTICS:

(A)
(B)
(C)
(D)

LENGTH: 94 base pairs
TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY: linear

49
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(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
{21} SEQUENCE DESCRIPTION: SEQ ID NO:31:
AGCTCCATGT AGGCTGTGCT CGTGGATGTG TCTACGGTAAR TGGTGACCTT GCTCTTGAAC 60

TTCTGGTTGT AGCCAGTACC ACCATTGTTA GGAT 94

{2) INFORMATION FOR SEQ ID NO:32:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 96 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32:
AGCACAGCCT ACATGGAGCT GCACAGCCTG AGATCTGAGG ACACGGCCGT GTATTACTGT 60

GCGACCTACG GTCATTACTA CGGCTACATG TTTGCT : 96

{2} INFORMATION FOR SEQ ID NO:33:
(i) SEQUENCE CHARACTERISTICS:
{R) LENGTH: 90 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
{ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33:
GTTTTCCCAG TCACGACGGG CCCTTGGTGG AGGCTGAGGA GACGGTGACC AGGGTTCCCT 69

GGCCCCAGTA AGCAAACATG TAGCCGTAGT 90

{2) INFORMATION FOR SEQ ID NO:34:
(i) SEQUENCE CHARACTERISTICS:
- (A} LENGTH: 68 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34:
GTACTACTGC CAGCAARAGGA GTAGTTACCC GTACACGTTC GGCGGGGGGA CCAAGGTGGA 6C

AATCAAAC 68

(2) INFORMATION FOR SEQ ID NO:35:

50
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{1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 25 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
{D} TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35:

ACTCTGTCAC CTGGGCTAGC GCTCA 25

(2) INFORMATION FOR SEQ ID NO:36:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOP?LOGY: linear

(1i) MOLECULE TYPE: other nucleic acid, sym:thetic DNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:36:°

TGAGCGCTAG CCCAGGTGAC AGAGT 25

(2) INFORMATION FOR SEQ ID NO:37:

(i) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 390 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

(ix) FEATURES:
(A) NAME/KEY: sig peptide
(B) LOCATION: -22..-1
(C) IDENTIFICATION METHOD: S
(A) NAME/KEY: domain
(B} LOCATION: 24..33
(C) IDENTIFICATION METHOD: S
(D) OTHER INFORMATION: hypervariable region 1
{A) NAME/KEY: domain
{B) LOCATION: 49..55
{C) IDENTIFICATION METHOD: S
{D) OTHER INFORMATION: hypervariable region 2
(A} NAME/KEY: domain
(B) LOCATION: 86..96
(C) IDENTIFICATION METHOD: S
(D) OTHER INFORMATION: hypervariable region 3

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37:
ATG CAT TTT CAA GTG CAG ATT TTC AGC TTC CTG CTA ATC AGT GCC TCA 48
Met His Phe Gln Val Gln Ile Phe Ser Phe Leu Leu Ile Ser Ala Ser
1 5 10 15
GTC ATA ATG TCC AGA GGA GAT ATC CAG CTG ACC CAG AGC CCA AGC AGC 96

Val Ile Met Ser Arg Gly Asp Ile Gln Leu Thr Gln Ser Pro Ser Ser
20 25 30

51
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CTG
Leu

TCA
Ser

CCA
Pro
65

TCT
Ser

AGC
Ser

AGT
Ser

CGT
Arg

AGC
Ser

AGT
Ser
50

AAG
Lys

AGA
Arg

AGC
Ser

AGT
Ser

ACG
Thr
130

GCT
Ala
35

GTA
Val

CTT
Leu

TTC
Phe

CTC
Leu

TAC
Tyr
115

AGC CCA GGT

Ser

AGT
Ser

CTG
Leu

AGC
Ser

CAG
Gln
100

CCG
Pro

Pro

TAC
Tyr

ATC
Ile

GGT
Gly
85

CCA
Pro

TAC
Tyr

Gly

ATG
Met

TAC
Tyr
70

AGC
Ser

GAG
Glu

ACG
Thr

GAC
Asp

CAC
Hi's
55

AGC
Ser

GGT
Gly

GAC

Asp

TTC
Phe
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AGA
Arg
40

TGG
Trp

ACA
Thr

AGC
Ser

ATC
Ile

GGC
Gly
120

GTG
Val

TAT
Tyr

TCC
Ser

GGT
Gly

GCT
Ala
105

GGG
Gly

(2) INFORMATION FOR SEQ ID NO:38:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY:

linear

ACC ATC
Thr Ile

CAG CAG
Gln Gin

AAC CTG
Asn Leu
75

ACA GAC
Thr Asp
%0

ACA TAC
Thr Tyr

GGG ACC
Gly Thr

ACG
Thr

Lys
60

GCT
Ala

TTC
Phe

TAC
Tyr

AAG
Lys

TGC
Cys
45

CCA
Pro

TCT
Ser

ACC
Thr

TGC
Cys

GTG
Val
125

AGT
Ser

GGT
Gly

GGT
Gly

TTC
Phe

CAG
Gln
110

Glu

GCC
Ala

ARG
Lys

GTG
val

ACC
Thr
95

Gln

ATC
Ile

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:38:

GTGCTGTAGA TCCAAAGCTT TGGAG

(2) INFORMATION FOR SEQ ID NO:39:

(1) SEQUENCE CHARACTERISTICS:
(AR) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS:
(D) TOPOLOGY: linear

single

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

(xi)} SEQUENCE DESCRIPTION: SEQ ID NO:39:

CTCCAAAGCT TTGGATCTAC AGCAC

Aragen/Transposagen Ex. 1035 - Part B

AGC
Ser

GCT
Ala

CCA
Pro
80

ATC
Ile

144

192

240

288

336

384

390

25

25



10

15

25

30

35

40

50

55

EP 0 882 794 A2

{2) INFORMATION FOR SEQ ID NO:40:

ATG
Met

GTC
Val

CTG
Leu

TCA
Ser

CCA
Pro
65

TCT
Ser

AGC
Ser

AGT
Ser

CGT
Arg

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 390 base pairs
(B) TYPE: nucleic acid

{C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

{ix) FEATURES:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:40:

CAT
His

ATA
Ile

AGC
Ser

AGT
Ser
50

ARG
Lys

AGA
Arg

AGC
Ser

AGT
Ser

ACG
Thr
130

(A)
(B)
(C)
(RA)
(B)
(C)
(D)
(A)
(B8)
(o}
(D)
(R)
(B)
(C)
(D)

TTT
Phe

ATG
Met

GCT
Ala
35

GTA
Val

CTT
Leu

TTC
Phe

CTC
Leu

TAC
Tyr
115

CAA GTG CAG
Gln Val Gln

TCC
Ser
20

AGC
Ser

AGT
Ser

TGG
Trp

AGC
Ser

CAG
Gln
100

CCG
Pro

5

AGA
Arg

GTG
Val

TAC
Tyr

ATC
Ile

GGT
Gly
85

CCA
Pro

TAC
Tyr

GGA
Gly

GGT
Gly

ATG
Met

TAC
Tyr
70

AGC
Ser

GAG
Glu

ACG
Thr

~22

-1

NAME/KEY: sig peptide
LOCATION:
IDENTIFICATION METHOD: S
NAME/KEY: domain
LOCATION: 24..33
IDENTIFICATION METHOD: S
OTHER INFORMATION: hypervariable region 1
NAME/KEY: domain
LOCATION: 49..55
IDENTIFICATION METHOD: S
OTHER INFORMATION: hypervariable region 2
NAME/KEY: domain
LOCATION: 86..96
IDENTIFICATION METHOD: S
OTHER INFORMATION: hypervariable region 3

ATT TTC AGC
Ile Phe Ser

GAT
Asp

GAC
Asp

CAC
His
55

AGC
Ser

GGT
Gly

GAC
Asp

TTC
Phe

ATC
Ile

AGA
Arg
40

TGG
Trp

ACA
Thr

AGC
Ser

ATC
Ile

GGC
Gly
120

CAG
Gln
25

GTG
Val

TAT
Tyr

TCC
Ser

GGT
Gly

GCT
Ala
105

GGG
Gly

TTC
Phe
10

CTG
Leu

ACC
Thr

CAG
Gln

AAC
Asn

ACA
Thr
90

ACA
Thr

GGG
Gly

CTG
Leu

ACC
Thr

ATC
Ile

CAG
Gln

CTG
Leu
75

GAC
Asp

TAC
Tyr

ACC
Thr

CTA
Leu

CAG
Gln

ACG
Thr

AAR
Lys
60

GCT
Ala

TTC
Phe

TAC
Tyr

ARG
Lys

ATC
Ile

AGC
Ser

TGC
Cys
45

CCA
Pro

TCT
Ser

ACC
Thr

TGC
Cys

GTG
val
125
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AGT
Ser

CCA
Pro
30

AGT
Ser

GGT
Gly

GGT
Gly

TTC
Phe

CAG
Gln
110

Glu

GCC
Ala
15

Ser

GCC
Ala

Lys

GTG
Val

ACC
Thr
95

Gln

ATC
Ile

TCA
Ser

Ser

AGC
Ser

GCT
Ala

CCA
Pro
80

ATC
Ile

AGG
Arg

Lys

48

96

144

192

240

288

336

384

380
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{2) INFORMATION FOR SEQ ID NO:41:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:41:

ACGTAGCAGC ATCTTCAGCC TGGAG

{2) INFORMATION FOR SEQ ID NO:42:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:42:

CTCCAGGCTG ARGATGCTGC TACGT

(2) INFORMATION FOR SEQ ID NO:43:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 390 base pairs
(B) TYPE: nucleic acid
(C} STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

(ix) FEATURES:
(A) NAME/KEY: sig peptide
(B) LOCATION: -22..-1
(C) IDENTIFICATION METHOD: S
(A) NAME/KEY: domain
(B) LOCATION: 24..33
(C) IDENTIFICATION METHOD: S
(D) OTHER INFORMATION: hypervariable region 1
(A) NAME/KEY: domain
(B} LOCATION: 49..55
(C) IDENTIFICATION METHOD: S
(D) OTHER INFORMATION: hypervariable region 2
(A} NAME/KEY: domain
(B) LOCATION: 86..96
(C} IDENTIFICATION METHOD: S
{D} OTHER INFORMATION: hypervariable region 3

(%i) SEQUENCE DESCRIPTION: SEQ ID NO:43:
ATG CAT TTT CAA GTG CAG ATT TTC AGC TTC CTG CTA ATC AGT GCC TCA

Met His Phe Gln Val Gln Ile Phe Ser Phe Leu Leu Ile Ser Ala Ser
1 S 10 15
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GTC
val

CTG
Leu

TCA
Ser

CCA
Pro
£5

TCT
Ser

AGC
Ser

AGT
Ser

CGT
Arg

(2)

ATA
Ile

AGC
Ser

AGT
Ser
50

ARG
Lys

AGA
Arg

AGC
Ser

AGT
Ser

ACG
Thr
130

ATG
Met

GCT
Ala
35

GTA
val

CTT
Leu

TTC
Phe

CTC
Leu

TAC
Tyr
115

TCC
Ser
20

AGC
Ser

AGT
Ser

CTG
Leu

AGC
Ser

CAG
Gln
100

CcCG
Pro

AGA
Arg

GTG
Val

TAC
Tyr

ATC
Ile

GGT
Gly
85

GCT
Ala

TAC
Tyr

GGA
Gly

GGT
Gly

ATG
Met

TAC
Tyr
70

AGC
Ser

Glu

ACG
Thr

GAT
Asp

GAC
Asp

CAC
His
55

AGC
Ser

GGT
Gly

GAT
Asp

TTC
Phe
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ATC
Ile

AGA
Arg
40

TGG
Trp

ACA
Thr

AGC
Ser

GCT
Ala

GGC
Gly
120

CAG
Gln
25

GTG
Val

TAT
Tyr

TCC
Ser

GGT
Gly

GCT
Ala

‘105

GGG
Gly

INFORMATION FOR SEQ ID NO:44:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 25 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

CTG
Leu

ACC
Thr

CAG
Gln

AAC
Asn

ACA
Thr
90

ACA
Thr

GGG
Gly

ACC
Thr

ATC
Ile

CAG
Gln

CTG
Leu
75

GAC
Asp

TAC
Tyr

ACC
Thr

CAG
Gln

ACG
Thr

Lys
60

GCT
Ala

TTC
Phe

TAC
Tyr

AAG
Lys

AGC
Ser

TGC
Cys
45

CCR
Pro

TCT
Ser

ACC
Thr

TGC
Cys

GTG
val
125

CCA
Pro

30

AGT
Ser

GGT
Gly

GGT
Gly

TTC
Phe

CAG
Gln
110

GAA
Glu

AGC AGC
Sex Ser

GCC AGC
Ala Ser

AR GCT
Lys Ala

GTC CCA
Val Pro
80

ACC ATC
Tha Ile
95

CAY AGG
Gln Arg

ATC ARA
Ile Lys

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:44:

ATGGTGAAAG AGTAAGATGT ACCGC

(2)

INFORMATION FOR SEQ ID NO:45:

{i) SEQUENCE CHARACTERISTICS:

(A}
(B)
(C)
(D}

(ii) MOLECULE TYPE:

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:45:

linear

LENGTH: 25 base pairs
TYPE: nucleic acid

STRANDEDNESS: single
TOPOLOGY:

other nucleic acid,

GCGGTACATC TTACTCTTTC ACCAT

synthetic DNA
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(2) INFORMATION FOR SEQ ID NO:46:

(1) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 390 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
{D) TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

{ix) FEATURES:
(R) NAME/KEY: sig peptide
(B) LOCATION: -22..-1
{C) IDENTIFICATION METHOD: S
(A) NAME/KEY: domain
{B) LOCATION: 24..33
{C) IDENTIFICATION METHOD: S

(D) OTHER INFORMATION: hypervariable region 1

(A) NAME/KEY: domain
(B) LOCATION: 49..55
(C) IDENTIFICATION METHOD: S

(D) OTHER INFORMATION: hypervariable region 2

(A) NAME/KEY: domain
(B) LOCATION: 86..96
(C) IDENTIFICATION METHOD: S

(D) OTHER INFORMATION: hypervariable region 3

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:46:

ATG CAT TTT CAA GTG CAG ATT TTC AGC TTC CTG
Met His Phe Gln Val Gln Ile Phe Ser Phe Leu
1 5 10

GTC ATA ATG TCC AGA GGA GAT ATC CAG CTG ACC
Val Ile Met Ser Arg Gly Asp Ile Gln Leu Thr
20 25

CTG AGC GCT AGC CCA GGT GAC AGA GTG ACC ATC
Leu Ser Ala Ser Pro Gly Asp Arg Val Thr Ile
35 40

TCA AGT GTA AGT TAC ATG CAC TGG TAT CAG CAG
Ser Ser Val Ser Tyr Met His Trp Tyr Gln Gln
50 535

CCA ARG CTT TGG ATC TAC AGC ACA TCC AAC CTG
Pro Lys Leu Trp Ile Tyr Ser Thr Ser Asn Leu
65 ) 70 75

TCT AGA TTC AGC GGT AGC GGT AGC GGT ACA TCT
Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser
85 90

AGC AGC CTC CAG CCA GAG GAC ATC GCT ACA TAC
Ser Ser Leu Gln Pro Glu Asp Ile Ala Thr Tyr
100 105

AGT AGT TAC CCG TAC ACG TTC GGC GGG GGG ACC

Ser Ser Tyr Pro Tyr Thr Phe Gly Gly Gly Thr
115 120
CGT ACG
Arg Thr
130

56

CTA
Leu

CAG
Gln

ACG
Thr

AAA
Lys
60

GCT
Ala

TAC
Tyr

TAC
Tyr

AAG
Lys

ATC
Ile

AGC
Ser

TGC
Cys
45

CCA
Pro

TCT
Ser

TCT
Ser

TGC
Cys

GTG
val
125

AGT
Ser

cca
Pro
30

AGT
Ser

GGT
Gly

GGT
Gly

TTC
Phe

CAG
Gln
110

Glu
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Ala
15

AGC
Ser

GCC
Ala

ARG
Lys

GTG
Val

ACC
Thr
95

Gln

ATC
Ile

TCAR
Ser

AGC
Ser

AGC
Ser

GCT
Ala

CCA
Pro
80

ATC
Ile

AGG
Arg

Lys

48

96

192

240
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384
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{2) INFORMATION FOR SEQ ID NO:47:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 40 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic acid,vsynthetic DNA
(zi) SEQUENCE DESCRIPTION: SEQ ID NO:47: ‘
TCTGGCTCCA TTCGGCTGAT GGTGAAAGAG TAAGATGTAC 40

(2) INFORMATION FOR SEQ ID NO:48:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 40 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:48:
GTACATCTTA CTCTTTCACC ATCAGCCGAA TGGAGCCAGA 40

(2) INFORMATION FOR SEQ ID NO:49:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 390 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: double
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

(ix) FEATURES:
(R) NAME/KEY: sig peptide
{B) LOCATION: -22..-1
{C) IDENTIFICATION METHOD: S
(A} NAME/KEY: domain
(B) LOCATION: 24..33
(C} IDENTIFICATION METHOD: S
(D) OTHER INFORMATION: hypervariable region 1
(A) NAME/KEY: domain
(B) LOCATION: 49..55
(C) IDENTIFICATION METHOD: S
(D) OTHER INFORMATION: hypervariable region 2
(A} NAME/KEY: domain
{B) LOCATION: 86..96
(C) IDENTIFICATION METHOD: S
(D} OTHER INFORMATION: hypervariable region 3

(i) SEQUENCE DESCRIPTION: SEQ ID NO:48:
ATG CAT TTT CAA GTG CAG ATT TTC AGC TTC CTG CTA ATC AGT GCC TCA 48

Met His Phe Gln Val Gln Ile Phe Ser Phe Leu Leu Ile Ser Ala Ser
1 5 10 . 15
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GTC
vVal

CTG
Lev

TCA
Ser

CCA
Pro
65

TCT
Ser

AGC
Ser

AGT
Ser

CGT
Arg

(2)

ATA ATG TCC AGA GGA GAT

Ile

AGC
Ser

AGT
Ser
50

RAG
Lys

AGA
Arg

CGA
Arg

AGT
Ser

ACG
Thr
130

Met

GCT
Ala
35

GTA
val

CTT
Leu

TTC
Phe

ATG
Met

TAC
Tyr
115

Ser
20

AGC
Ser

AGT
Ser

TGG
Trp

AGC
Ser

GAG
Glu
100

CCG
Pro

Arg

CCA
Pro

TAC
Tyr

ATC
Ile

GGT
Gly
85

CCA
Pro

TAC
Tyr

Gly

GGT
Gly

ATG
Met

TAC
Tyr
70

AGC
Ser

GAG
Glu

ACG
Thr

Rsp

GAC
Asp

CAC
His
55

AGC
Ser

GGT
Gly

GAC
Asp

TTC
Phe

EP 0 882 794 A2

ATC CAG
Ile Gln
25

AGA GTG
Arg Val
40

TGG TAT
Trp Tyr

ACA TCC
Thr Ser

AGC GGT
Ser Gly

ATC GCT
Ile Ala
105

GGC GGG
Gly Gly
120

INFORMATION FOR SEQ ID NO:50:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 20 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:50:

TTCTGCTGGA ACCAGTGCAT

(2}

CTG
Leu

ACC
Thr

CAG
Gln

AAC
Asn

ACA
Thr
90

ACA
Thr

GGG
Gly

RCC
Thr

ATC
Ile

CAG
Gln

CTG
Leu
75

TCT
Ser

TAC
Tyr

ACC
Thr

other nucleic acid,

INFORMATION FOR SEQ ID NO:51:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY:

(B) TYPE:

linear

CAG
Gln

ACG
Thr

AAA
Lys
60

GCT
Ala

TAC
Tyr

TAC
Tyr
ARG
Lys

AGC
Ser

TGC
Cys
45

CCA
Pro

TCT
Ser
TCT

Ser

TGC
Cys

GTG
Val
125

CCA
Pro
30

AGT
Ser

GGT
Gly

GGT
Gly

TTC
Phe

CAG
Gln
110

Glu

AGC
§er

GCC
Ala

AAG
Lys

GTG
Val

ACC
Thr
95

Gln

ATC
Ile

syr.thetic DNA

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:51:

ATGCACTGGT TCCAGCAGAA
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Ser

AGC
Ser

GCT
Ala

cca
Pro
80

ATC
Ile

AGG
Arg

Lys
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{2) INFORMATION FOR SEQ ID NO:52:

ATG
Met

GTC
Val

CTG
Leu

TCA
Ser

CCA
Pro
65

TCT
Ser

AGC
Ser

AGT
Ser

CGT
Arg

(i) SEQUENCE CHARACTERISTICS:

(A)
(B)
(C)
(D)

LENGTH: 390 base pairs
TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic acid, synthetic

(ix) FEATURES:

(R)
(B)
(C)
(R)
(B)
()
(D)
(R)
(B)
{C)
(D)
(R)
(B)
(c)
(D)

NAME/KEY: sig peptide

LOCATION: -22..-1

IDENTIFICATION METHOD: S

NAME/KEY: domain

LOCATION: 24..33

IDENTIFICATION METHOD: S

OTHER INFORMATION: hypervariable region
NAME/KEY: domain

LOCATION: 49..55

IDENTIFICATION METHOD: S

OTHER INFORMATION: hypervariable region
NAME/KEY: domain

LOCATION: 86..96

IDENTIFICATION METHOD: S

OTHER INFORMATION: hypervariable region

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:52:

CAT TTT CAA GTG CAG ATT TTC AGC TTC CTG CTA ATC AG
His Phe Gln Val Gln Ile Phe Ser Phe Leu Leu Ile Se

5 10

DNA

T GCC
r Ala
15

ATA ATG TCC AGA GGA GAT ATC CAG CTG ACC CAG AGC CCA AGC
Ile Met Ser Arg Gly Asp Ile Gln Leu Thr Gln Ser Pr

20

25 30

AGC GCT AGC CCA GGT GAC AGA GTG ACC ATC ACG TGC AG
Ser Ala Ser Pro Gly Asp Arg Val Thr Ile Thr Cys Se

35

40 45

o Ser

T GCC
r Ala

AGT GTA AGT TAC ATG CAC TGG TTC CAG CAG AAA CCA GGT AAG
Ser Val Ser Tyr Met His Trp Phe Gln Gln Lys Pro Gl

50

55 60

AAG CTT TGG ATC TAC AGC ACA TCC AAC CTG GCT TCT GG
Lys Leu Trp Ile Tyr Ser Thr Ser Asn Leu Ala Ser Gl

70 75

AGA TTC AGC GGT AGC GGT AGC GGT ACA TCT TAC TCT TT
Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Ph

85 90

AGC CTC CAG CCA GAG GAC ATC GCT ACA TAC TAC TGC CAl
Ser Leu Gln Pro Glu Asp Ile Ala Thr Tyr Tyr Cys Gl
100 105 11

y Lys

T GTG
y Val

C ACC
e Thr
95

G CAA
n Gln
0

AGT TAC CCG TAC ACG TTC GGC GGG GGG ACC AAG GTG GAA ATC
Ser Tyr Pro Tyr Thr Phe Gly Gly Gly Thr Lys Val Gl

115

ACG
Thr
130

120 125
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u Ile

TCA
Ser

AGC
Ser

AGC
Ser

GCT
Ala

CCA
Pro
80

ATC
Ile

AGG
Arg

Lys

48

96

144

182

240

288

384
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{2) INFORMATION FOR SEQ ID NO:53:

{{) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 25 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
(i) SEQUENCE DESCRIPTION: SEQ ID NO:53:

TGGAGTCGGC TGATGGTGAG AGAGT

{2) INFORMATION FOR SEQ ID NO:54:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:54:

ACTCTCTCAC CATCAGCCGA CTCCA

(2} INFORMATION FOR SEQ ID NO:55:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 390 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

(ix) FEATURES:
(R) NAME/KEY: sig peptide
(B) LOCATION: -22..-1
(C) IDENTIFICATION METHOD: S
(AR) NAME/KEY: domain
(B) LOCATION: 24..33
(C) IDENTIFICATION METHOD: S )
(D) OTHER INFORMATION: hypervariable region 1
(A) NAME/KEY: domain
(B) LOCATION: 49..55
(C) IDENTIFICATION METHOD: S
(D) OTHER INFORMATION: hypervariable region 2
(R) NAME/KEY: domain
(B) LOCATION: 86..96
(C) IDENTIFICATION METHOD: S
(D) OTHER INFORMATION: hypervariable region 3

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:55:
ATG CAT TTT CAA GTG CAG ATT TTC AGC TTC CTG CTA ATC AGT GCC TCA

Met His Phe Gln Val Gln Ile Phe Ser Phe Leu Leu Ile Ser Ala Ser
1 5 10 15

60
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GTC
Val

CTG
Leu

TCA
Ser

CCA
Pro
65

TCT
Ser

AGC
Ser

AGT
Ser

CGT
Arg

(2)

ATA
1le

AGC
Ser

AGT
Ser
50

AAG
Lys

AGA
Arg

CGA
Arg

AGT
Ser

ACG
Thr
130

ATG
Met

GCT
Ala
35

GTA
val

CTT
Leu

TTC
Phe

CTC
Leu

TAC
Tyr
115

EP 0 882 734 A2

TCC AGA GGA GAT ATC CAG

Ser
20

AGC
Ser

AGT
Ser

TGG
Trp

AGC
Ser

CAG
Gln
100

CCG
Pro

Arg

CCA
Pro

TAC
Tyr

ATC
Ile

GGT
Gly
85

CCA
Pro

TAC
Tyr

Gly

GGT
Gly

ATG
Met

TAC
Tyr
70

Ser

GAG
Glu

ACG
Thr

Asp

GAC

CAC
His
S5

AGC
Ser

GGT
Gly

GAC
Asp

TTC
Phe

Ile Gln
25

AGA GTG
Arg Val
40

TGG TAT
Trp Tyr

ACA TCC
Thr Ser

AGC GGT
Ser Gly

ATC GCT
Ile Ala
105

GGC GGG
Gly Gly
120

INFORMATION FOR SEQ ID NO:56:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 94 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS:
(D) TOPOLOGY: linear

single

CTG
Leu

ACC
Thr

CAG
Gln

AAC
Asn

ACA
Thr
90

ACA
Thr

GGG
Gly

ACC
Thr

ATC
Ile

CAG
Gln

CTG
Leu
75

TCT
Ser

TAC
Tyr

ACC
Thr

CAG
Gln

ACG
Thr

Lys
60

GCT
Ala

TAC
Tyr

TAC
Tyr

ARG
Lys

AGC
Ser

TGC
Cys
45

CCA
Pro

TCT
Ser

TCT
Ser

TGC
Cys

GTG
Val
125

CCA
Pro
30

AGT
Ser

GGT
Gly

GGT
Gly

CTC
Leu

CAG
Gln
11C

Glu

AGC
Ser

GCC
Ala

AAG
Lys

GTG
Val

ACC
Thr
95

Gln

ATC
Ile

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:56:

AGC
Ser

AGC
Ser

GCT
Ala

CCA
Pro
80

ATC
Ile

AGG

Lys

96

144

192

240

288

336

384

3380

CAGGAAACAG CTATGACGAA TTCCACCATG CATTTTCAAG TGCAGATTTT CAGCTTCCTG 60

CTAATCAGTG CCTCAGTCAT AATGTCCAGA GGAG

(2) INFORMATION FOR SEQ ID NO:57:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 88 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS:
(D) TOPOLOGY:

single

linear

61

Aragen/Transposagen Ex. 1035 - Part B

(ii) MOLECULE TYPE: other nucleic acid, synthetic LNA

94



10

15

20

25

30

50

55

EP 0 882 794 A2

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:57:
ACAAGTGATG GTGACTCTGT CTCCTGGAGA TGCAGACATG GAGGATGGAG ACTGGGTCAG 60

CTGGATGTCT CCTCTGGACA TTATGACT 88

(2) INFORMATION FOR SEQ ID NO:58:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 92 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:58:
ACAGAGTCAC CATCACTTGT AGTGCAAGTT CAAGTGTAAG TTACATGCAC TGGTTTCAGC 60

AGAAACCAGG GAAATCACCT AAGCTCTGGA TC 92

(2) INFORMATION FOR SEQ ID NO:59:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 87 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: singie
{D} TOPOLOGY: limear
(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:59:
APRGATGTACC GCTACCGCTA CCGCTGAATC TAGATGGCAC ACCAGAAGCT AAATTTGAAG 60

TTGAGTAGAT CCAGAGCTTA GGTGATT 87

(2) INFORMATION FOR SEQ 1D NO:60:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 89 base pairs
(B) TYPE: nucleic acid
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:60:
TAGCGGTAGC GGTACATCTT ACTCTCTCAC CATCAGCAGC ATGCAGCCTG AAGATTTTGC 60

AACTTATTAC TGTCAGCAAA GGAGTAGTT 89

62
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(2) INFORMATION FOR SEQ ID NO:61:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 84 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: other nucleic acid, synthetic INA
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:61:
GTTTTCCCAG TCACGACCGT ACGTTTGATT TCCAGCTTGG TCCCCTGGCC GAACGTGTAC 60

GGGTAACTAC TCCTTTGCTG ACAG 84

(2) INFORMATION FOR SEQ ID NO:62:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid, synthetic INA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:62:

ACTCGAGGCT CTTTCCAGGG CTCTGCTTCA CCCAG 35

(2) INFORMATION FOR SEQ ID NO:63:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic écid, synthetic CNA

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:63:

CTGGGTGAAG CAGAGCCCTG GAAAGAGCCT CGAGT 35

(2) INFORMATION FOR SEQ ID NO:64:

(i) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 433 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
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ATG
Met

GTC
val

CcCcT
Pro

ACT
Thr

GAG
Glu
65

CAG
Gln

ACA
Thr

TAT
Tyr

TGG
Trp

(2)

{ix) FEATURES:

(1) SEQUENCE DESCRIPTION: SEQ ID NO:64:

GGA
Gly

CTC
Leu

GGG
Gly

GAC
Asp
50

TGG
Trp

ARG
Lys

GCC
Ala

TAC
Tyr

GGC
Gly
130

(R)
(B)
()
(A)
(B)
(C)
{D)
(A)
(B)
(C)
(D)
(A)
(B)
(C)
(D)

TGG
Trp

TCT
Ser

GCC
Ala
35

TAC
Tyr

ATG
Met

TTC
Phe

TAC
Tyr

TGT
Cys
115

CAG
Gln

AGC
Ser

GAG
Glu
20

TCA
Ser

AAC
Asn

GGA
Gly

ARG
Lys

ATG
Met
100

GCG
Ala

GGA
Gly

TGG
Trp
5

GTG
Val

GTG
Val

ATG
Met

TAT
Tyr

AGC
Ser
85

GAG
Glu

ACC
Thr

ACC
Thr

ATC
lle

CAG
Gln

AAG
Lys

GAC
Asp

ATT
Ile
70

AAG
Lys

CTG
Leu

TAC
Tyr

CTG
Leu

-19

TTT
Phe

CTG
Leu

GTC
Val

TGG
Trp
55

TAT
Tyr

GTC
val

CAC
His

GGT
Gly

GTC
Val
135
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..-1

CTC
Leu

GTG
Val

TCC
Ser
40

GTG
Val

CCT
Pro

ACC
Thr

AGC
Ser

CAT
His
120

ACC
Thr

NAME/KEY: sig peptide
LOCATION:
IDENTIFICATION METHOD: S
NAME/KEY: domain
LOCATION: 31..35
IDENTIFICATION METHOD: S
OTHER INFORMATION: hypervariable
NAME/KEY: domain
LOCATION: 50..66
IDENTIFICATION METHOD: S
OTHER INFORMATION: hypervariable
NAME/KEY: domain
LOCATION: 99..109
IDENTIFICATION METHOD: §
OTHER INFORMATION: hypervariable

TTC
Phe

CAG
Gln
25

TGC
Cys

AAG
Lys

ARC
Asn

ATT
Ile

CTG
Leu
105

TAC
Tyr

GTC
Val

INFORMATION FOR SEQ 1D NO:65:

(i) SEQUENCE CHARACTERISTICS:
{AR) LENGTH: 24 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single

CTC CTG
Leu Leu
10

TCT GGA
Ser Gly

ARG GCT
Lys Ala

CAG AGC
Gln Ser

AAT GGT
Asn Gly
75

ACC GTA
Thr Val
90

AGA TCT
Arg Ser

TAC GGC
Tyr Gly

TCC TCA
Ser Ser

TCA
Ser

GCA
Ala

TCC
Ser

CCT
Pro
60

GGT
Gly

GAC
Asp

GAG
Glu

TAC
Tyr

GCC
Ala
140

GGA
Gly

GAG
Glu

GGA
Gly
45

GGA
Gly

ACT
Thr

ACA
Thr

GAC
Asp

ATG
Met
125

TCC
Ser

region 1

region 2

region 3

ACT
Thr

GTG
Val
30

TAC
Tyr

ARG
Lys

GGC
Gly

TCC
Ser

ACG
Thr
11¢C

TTT
Phe

ACC
Thr
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GCA
Ala
15

ARG
Lys

AcCC
Thr

AGC
Ser

TAC
Tyr

ACG
Thr
95

GCC
Ala

GCT
Ala

AAG
Lys

GGT
Gly

ARG
Lys

TTC
Phe

CTC
Leu

ARC
Asn
80

AGC
Ser

GTG
Val

TAC
Tyr

GGC
Gly
144

48

96

192

240

288

336

432

433
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(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:65:

TGTCCAGGGC TCTGCTTCAC CCAG 24

(2) INFORMATION FOR SEQ ID NO:66:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
{(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
(2i) SEQUENCE DESCRIPTION: SEQ ID NO:66:

CTGGGTGAAG CAGAGCCCTG GACA ’ 24

(2) INFORMATION FOR SEQ ID NO:67:
(i) SEQUENCE CHARACTERISTICS:
(R} LENGTH: 25 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:67:

TCTACGGTCA AGGTGGCCTT GCTCT 25

{2) INFORMATION FOR SEQ ID NO:68:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:68:

AGAGCAAGGC CACCTTGACC GTAGA 25

(2) INFORMATION FOR SEQ ID NO:69:

(i) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 433 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: double
(D} TOPOLOGY: linear

{(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

65
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ATG
Met

GTC
val

ccT
Pro

ACT
Thr

GAG
Glu
65

CAG
Gln

ACA
Thr

TAT
Tyr

TGG
Trp

(1)

(x1)

GGA
Gly

CTC
Leu

GGG
Gly

GAC
Asp
50

TGG
Trp

AAG
Lys

GCC
Ala

TAC
Tyr

GGC
Gly
130

FEATURES:

(A)
(B}
(C)
(A)
(B)
(€)
(D)
(A)
(B)
(o)
(D)
(R)
(B)
(C)
(D)

SEQUENCE DESCRIPTION: SEQ ID NO:69:

TGG
Trp

TCT
Ser

GCC
Ala
35

TAC
Tyr

ATG
Met

TTC
Phe

TAC
Tyr

TGT
Cys
115

CAG
Gln

AGC TGG ATC

Ser

GAG
Glu
20

TCA
Ser

AAC
Asn

GGA
Gly

AAG
Lys

ATG
Met
100

GCG
Ala

GGA
Gly

Trp
5

GTG
Val

GTG
Val

ATG
Met

TAT
Tyr

AGC
Ser
85

GAG
Glu

ACC
Thr

ACC
Thr

Ile

CAG
Gln

ARG
Lys

GAC
Asp

ATT
Ile
70

AAG
Lys

CTG
Leu

TAC
Tyr

CTG
Leu

~19.

TTT
Phe

CTG
Leu

GTC
Val

TGG
Trp
35

TAT
Tyr

GCC
Ala

CAC
His

GGT
Gly

GTC
vVal
135
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-1

CTC
Leu

GTG
Val

TCC
Ser
40

GTG
Val

CCT
Pro

ACC
Thr

AGC
Ser

CAT
His
120

ACC
Thr

NAME/KEY: sig peptide
LOCATION: ,
IDENTIFICATION METHOD: §
NAME/KEY: domain
LOCATION: 31..35
IDENTIFICATION METHOD: S
OTHER INFORMATION: hypervariable region 1
NAME/KEY: domain
LOCATION: 50..66
IDENTIFICATION METHOD: S
OTHER INFORMATION: hypervariable region 2
NAME/KEY: domain
LOCATION: 99..109
IDENTIFICATION METHOD: S
OTHER INFORMATION: hypervariatie region 3

TTC
Phe

CAG
Gln
25

TGC
Cys

CGA
Arg

AAC
Asn

TG
Leu

CTG
Leu
105

TAC
Tyr

GTC
Val

66

CTC
Leu
10

TCT
Ser

ARG
Lys

CAG
Gln

ART
Asn

ACC
Thr
90

AGA
Arg

TAC
Tyr

TCC
Ser

CTG
Leu

GGA
Gly

GCT
Ala

GCC
Ala

GGT
Gly
75

GTA
Val

TCT
Ser

GGC

Gly 7

TCA
Ser

TCA
Ser

GCA
Ala

TCC
Ser

cCcT
Pro
60

GGT

Ly

GRC

Asp

GAG
Glu

TAC
TYI

~~

GCC
Ala
149

GGA
Gly

GAG
Glu

GGA
Gly
45

GGA
Gly

ACT
Thr

ACA
Thr

GAC
Asp

ATG
Met
125

TCC
Ser
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ACT
Thr

GTG
Val
30

TAC
Tyr

CAA
Gln

GGC
Gly

TCC
Ser

ACG
Thr
110

TTT
Phe

ACC
Thr

GCA
Ala
15

AAG
Lys

ACC
Thr

GGG
Gly

TAC
Tyr

ACG
Thr
95

GCC
Ala

GCT
Ala

AAG
Lys

GGT
Gly

AAG
Lys

TTC
Phe

CTC
Leu

AAC
Asn
80

AGC
Ser

GTG
Val

TAC
Tyr

GGC
Gly
144

48

9¢

144

182

240

288

33¢€

384

433
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(2) INFORMATION FOR SEQ ID NO:70:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 433 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY:

linear

(ii) MOLECULE TYPE: other nucleic acid,

(ix) FEATURES:

(A}
(B)
(C)
(A)
(B)
(C)
(D)
(A)
(B)
(C)
(D)
(A)
(B)
(C)
{D)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:70:

ATG GGA TGG
Met Gly Trp
1

GTC CTC TCT
Val Leu Ser

CCT GGG GCC
Pro Gly Ala
35

ACT GAC TAC
Thr Asp Tyr
50

GAG TGG ATG
Glu Trp Met
65

CAG AAG TTC
Gln Lys Phe

ACA GCC TAC
Thr Ala Tyr

TAT TAC TGT
Tyr Tyr Cys
115

AGC
Ser

GAG
Glu
20

TCA
Ser

AAC
Asn

GGA
Gly

AAG
Lys

ATG
Met
100

GCG
Ala

-19

.-l

NAME/KEY: sig peptide
LOCATION:
IDENTIFICATION METHOD: S
NAME/KEY: domain
LOCATION: 31.:.35
IDENTIFICATION METHOD: S
OTHER INFORMATION: hypervariable
NAME/KEY: domain
LOCATION: 50..66
IDENTIFICATION METHOD: S
OTHER INFORMATION: hypervariable
NAME/KEY: domain

LOCATION: 98..109
IDENTIFICATION METHOD: S
OTHER INFORMATION: hypervariable

TGG ATC TTT CTC TTC
Trp Ile Phe Leu Phe

5

GTG
val

GTG
val

ATG
Met

TAT
Tyr

AGC
Ser
85

GAG
Glu

ACC
Thr

CAG
Gln

AAG
Lys

GAC
Asp

ATT
Ile
70

AAG
Lys

CTG
Leu

TAC
Tyr

CTG
Leu

GTC
Val
TGG
55

TAT
Tyr

GCC
Ala

CAC
His

GGT
Gly

GTG
Val

TCC
Ser
40

GTG
Val

CCT
Pro

ACC
Thr

AGC
Ser

CAT
His
120

CAG
Gln
25

TGC
Cys

AAG
Lys

AAC
Asn

TTG
Leu

CTG
Leu
105

TAC
Tyr

CTC
Leu
10

TCT
Ser

ARG
Lys

CAG
Gln

AAT
Asn

ACC
Thr
90

AGA
Arg

TAC
Tyr

67

CTG
Leu

GGA
Gly

GCT
Ala

AGC
Ser

GGT
Gly
75

GTA
val

TCT
Ser

GGC
Gly

synthetic DNA

region 1

region 2

region 3

TCA GGA ACT

Ser

GCA
Ala

TCC
Ser

CCT
Pro
60

GGT
Gly

GAC
Asp

GRG
Glu

TAC
Tyr

Gly

GAG
Glu

GGA
Gly
45

GGA
Gly

ACT
Thr

ACA
Thr

GAC
Asp

ATG
Met
125
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Thr

GTG
vVal
30

TAC
Tyr

ARG
Lys

GGC
Gly

TCC
Ser

ACG
Thr
110

TTT
Phe

GCA
Ala
15

AAG
Lys

ACC
Thr

AGC
Ser

TAC
Tyr

ACG
Thr
95

GCC
Ala

GCT
Ala

GGT
Gly

ARG

Lys .

TTC
Phe

CTC
Leu

AAC
Asn
80

AGC
Ser

GTG
val

TAC
Tyr

48

96

144

192

240

288

336

384
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TGG GGC CAG GGA ACC CTG GTC ACC GTC TCC TCA GCC TCC ACC AAG GGC
Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly

(2)

ATG
Met

GTC
val

CCT
Pro

ACT
Thr

GAG
Glu
65

CAG
Gln

RCA
Thr

130

135 140 144

INFORMATION FOR SEQ ID NO:71:

(i) SEQUENCE CHARACTERISTICS:

(R)
(B)
(c)
(D)

LENGTH: 433 base pairs
TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

(ix) FEATURES:

(R)
(B)
(C)
(R)
(B)
(C)
(D)
(A}
(B)
(C)
(D}
(A)
(B)
(C)
(D)

NAME/KEY: sig peptide

LOCATION: -19..-1

IDENTIFICATION METHOD: S .

NAME/KEY: domain

LOCATION: 31..35

IDENTIFICATION METHOD: § o

OTHER INFORMATION: hypervariable region 1
NAME/KEY: domain

LOCATION: 50..66

IDENTIFICATION METHOD: S

OTHER INFORMATION: hypervariable region 2
NAME/KEY: domain

LOCATION: 99..109

IDENTIFICATION METHOD: S

OTHER INFORMATION: hypervariable region 3

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:71:

GGA TGG AGC TGG ATC TTT CTC TTC CTC CTG TCA GGA ACT GCA GGT
Gly Trp Ser Trp Ile Phe Leu Phe Leu Leu Ser Gly Thr Ala Gly
5

CTC
Leu

GGG
Gly

GAC
Asp
50

TGG
Trp

AAG
Lys

GCC
Ala

10 15

TCT GAG GTG CAG CTG GTG CAG TCT GGA GCA GAG GTG AAG AAG
Ser Glu Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys

20

25 30

GCC TCA GTG AAG GTC TCC TGC ARG GCT TCC GGA TAC ACC TTC
Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe

35

40 45

TAC AAC ATG GAC TGG GTG AAG CAG AGC CCT GGA CAA GGG CTC
Tyr Asn Met Asp Trp Val Lys Gln Ser Pro Gly Gln Gly Leu

55 60

ATG GGA TAT ATT TAT CCT AAC AART GGT GGT ACT GGC TAC AAC
Met Gly Tyr Ile Tyr Pro Asn Asn Gly Gly Thr Gly Tyr Asn

70 . 75 80

TTC AAG AGC RAG GCC ACC TTG ACC GTA GAC ACA TCC ACG AGC
pPhe Lys Ser Lys Ala Thr Leu Thr Val Asp Thr Ser Thr Ser

85 90 95

TAC ATG GAG CTG CAC AGC CTG AGA TCT GAG GAC ACG GCC GTG
Tyr Met Glu Leu His Ser Leu Arg Ser Glu Asp Thr Ala Val
100 105 110
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432

433

48

96

144

192

240

288

336



20

25

30

35

40

50

55

EP 0 882 794 A2

TAT TAC TGT GCG ACC TAC GGT CAT TAC TAC GGC TAC ATG TTT GCT TAC 384
Tyr Tyr Cys Ala Thr Tyr Gly His Tyr Tyr Gly Tyr Met Phe Ala Tyr
115 120 125
TGG GGC CAG GGA ACC CTG GTC ACC GTC TCC TCA GCC TCC ACC AAG GGC 432
Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly
130 135 140 144

C 433

(2) INFORMATION FOR SEQ ID NO:72:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA
(%i) SEQUENCE DESCRIPTION: SEQ ID NO:72:

TGAATCTAGC TGGCACACCA ' 20

(2) INFORMATION FOR SEQ ID NO:73:
(1) SEQUENCE CHARACTERISTICS:

(R) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NOQ:73:

TGGTGTGCCA GCTAGATTCA 20

Claims

1.

2.

A human CDR-grafted antibody which specifically reacts with ganglioside GM,, wherein said antibody comprises
CDR 1, CDR 2 and CDR 3 of heavy chain (H chain) variable region (V region) comprising amino acid sequences
of SEQ ID NO:1, SEQ ID NO:2 and SEQ ID NO:3 or functional equivalents thereof, and CDR 1, CDR 2 and CDR
3 of light chain (L chain) V region comprising amino acid sequences of SEQ ID NO:4, SEQ ID NO:S and SEQ ID
NO:6 or functional equivalents thereof, and wherein at least one of the framewaorks (FR) of said H chain and L chain
V regions comprises an amino acid sequence selected from common sequences (HMHCS; human most homolo-
gous consensus sequence) derived from human antibody subgroups.

The human CDR-grafted antibody according to claim 1, wherein said FR is an amino acid sequence of an FR of an
HMHCS having a high homology with an FR of a monoclonal antibody originated from nonhuman animal which
specifically reacts with ganglioside GM,.

The human CDR-grafted antibody according to claim 1 or 2, wherein said FR of H chain or L chain V region of the
human CDR-grafted antibody comprises an amino acid sequence in which at least one amino acid is replaced by

69

Aragen/Transposagen Ex. 1035 - Part B



25

30

35

45

50

55

10.

1.

12.

13.

14.

15,

16.

17.

18.

19.

EP 0 882 794 A2

an other amino acid, and wherein said antibody has antigen-binding activity and binding specificity comparable to
those of a human chimeric antibody having a V region of a monocional antibody derived from nonhuman animal
which specifically reacts with ganglioside GM,.

The human CDR-grafted antibody according to any one of claims 1 to 3, wherein said FR of H chain or L chain V
region of the human CDR-grafted antibody comprises an amino acid sequence in which at least one amino acid is
replaced by an other amino acid, and wherein said antibody has antibody dependent cell mediated cytotoxicity
(ADCC) comparable to that of a human chimeric antibody having a V region of a monoclonal antibody derived from
nonhuman animal which specifically reacts with ganglioside GMy’

The human CDR-grafted antibody according to any one of claims 1 to 4, wherein said FR of H chain or L chain V
region of the human CDR-grafted antibody comprises an amino acid sequence in which at least one amino acid is
replaced by an other amino acid, and wherein said antibody has complement dependent cytotoxicity (CDC) com-
parable to that of a human chimeric antibody having a V region of a monoclonal antibody originated from nonhu-
man animal which specifically reacts with ganglioside GM,.

The human CDR-grafted antibody according to any one of claims 3 to 5, wherein said other amino acid is selected
from amino acids in a position corresponding to the FR of the monoclonal antibody derived from nonhuman animal.

The human CDR-grafted antibody according to any one of claims 3 to 6, wherein at least one amino acid of posi-
tions 38, 40, 67, 72, 84 and 98 in the FR of H chain V region and positions 4, 11, 15, 35, 42, 46, §9, 69, 70, 71, 72,
76, 77 and 103 in the FR of L chain V region is replaced by an other amino acid.

The human CDR-grafted antibody according to any one of claims 1 to 7, therein said H chain C region of the anti-
body is derived from an antibody belonging to the human antibody IgG class.

The human CDR-grafted antibody according to any one of claims 1 to 4 and 6 to 8, which is KM8966 comprising
the H chain V region of the antibody having an amino acid sequence of SEQ 1D NO:7 and the L chain V region of
the antibody having an amino acid sequence of SEQ ID NO:8.

The human CDR-grafted antibody according to any one of claims 1 to 4 and 6 to 8, which is KM8967 comprising
the H chain V region of the antibody having an amino acid sequence of SEQ ID NO:7 and the L chain V region of
the antibody having an amino acid sequence of SEQ ID NO:9.

The human CDR-grafted antibody and according to any one of claims 1 to 4 and 6 to 8, which is KM8970 compris-
ing the H chain V region of the antibody having an amino acid sequence of SEQ ID NO:10 and the L chain V region
of the antibody having an amino acid sequence of SEQ ID NO:8.

The human CDR-grafted antibody according to any one of daims 1 to 8, which is KM8963 comprising the H chain
V region of the antibody having an amino acid sequence of SEQ ID NO:10 and the L chain V region of the antibody
having an amino acid sequence of SEQ ID NO:11.

A DNA fragment encoding an amino acid sequence of the H chain V region and L chain V region of the antibody
according to any one of claims 1 to 12.

A recombinant vector comprising the DNA fragment according to claim 13 or a part thereof.

The recombinant vector according to claim 14, which is derived from a tandem cassette vector, pKANTEX 93, for
expressing a human chimeric antibody and a human CDR-grafted antibody.

A transformant comprising the recombinant vector according to claim 14 or 15.
A transtormant cell line KM8966 (FERM BP-5105), which produces the antibody KM8966 according to claim 9.
A transtormant cell line KM8967 (FERM BP-5106), which produces the antibody KM8967 according to claim 10.

A transformant cell line KM8970 (FERM BP-5528), which produces the antibody KM8970 according to claim 11.

70
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20. A transformant cell line KM8969 (FERM BP-5527), which produces the antibody KM8969 according to claim 12.

21. A method for producing the antibodies according to any one of claims 1 to 12 using said transformant according to
any one of claims 17 to 20.

22. An anti-tumor agent comprising the antibody of any one of dlaims 1 to 12 as an active ingredient.

23. A diagnostic agent for cancer comprising the antibody of any one of claims 1 to 12 as an active ingredient.
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FIG. 1
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FIG. 2
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FIG. 3
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FIG. 4
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FIG. 5
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FIG. 6
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FIG. 7
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FIG.8
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FIG. 9
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FIG. 10
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FIG. 11
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FIG. 12
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FIG. 13
HindIIl Xhol
Kpnl / PMO \
‘ SYNTHETIC DNA
(SEQID NO.: 12 AND NO.: 13)
Kpnl

pBSMO

Kpnl
HindII

3.62kb

HindI1I Xhol
Kpnl PMO

Aragen/Transposagen Ex. 1035 - Part B



EP 0 882 794 A2

FIG. 14
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FIG. 16
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FIG. 17
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FIG. 18
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FIG. 19
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- FIG. 21
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FIG. 22
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FIG. 23
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FIG. 24
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FIG. 25
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FIG. 26
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FIG. 27
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FIG. 30
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FIG. 31
Noti Apa[
796VH | HUMAN CDR-GRAFTED ANTI-GM2
ANTIBODY H CHAIN VARIABLE REGION
(SEQ ID NO.: 28 AND NO.: 33)
Notl AﬁJaI
pBSH3 | |
Apal
Notl
2.95kb
Notl ApaI
pBSH10
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FIG. 32
EcoRl Spl]
T HUMAN CDR-GRAFTED ANTI-GM2
796V ANTIBODY L CHAIN VARIABLE REGION
(SEQID NO.: 30 - NO.: 34 (JP-A-6-205694),
AND ID NO.: 34)
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pBSL3 =
EcoRI
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pBSL16
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FIG. 33
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FIG. 34
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FIG. 35
‘ Xbal Xbal
EcoRI EcoRI
pBSLm-8
EcoRI EcoRI
Xbal Xbal
0.24kb 3.16kb
Xbal

EcoRI

3

pBSLm-28

106

Aragen/Transposagen Ex. 1035 - Part B



EP 0 882 794 A2

FIG. 36
EcoRl Spl
796V« HUMAN CDR-GRAFTED ANTI-GM2
ANTIBODY L CHAIN VARIABLE REGION
(SEQ ID NO.: 56 - NO.: 61)
EcciRI Spll
BSL
pBSL3 =
EcoRI
Spll
2.95kb
EcoRI Spll

107

Aragen/Transposagen Ex. 1035 - Part B



EP 0 882 784 A2

FIG. 37
pBSL16
EcoRI EcoRI
Spi1 Spll
8.20kb : 0.38kb
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HUMAN CDR-GRAFTED ANTI-GM2
ANTIBODY H CHAIN VARIABLE REGION
(hkM796H, VERSION 2 AND VERSION 4)
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pT796HLCDR OR
pT796HLCDRHV2 OR
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EcoRlI EcoRl
Spll Spll

9.15kb 0.39kb

pT796HCDR OR
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pT796HCDRHV4 OR
pT796HCDRH10 SP
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FIG. 43
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FIG. 44
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FIG. 45
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FIG. 46
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FIG. 49
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FIG. 54
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FIG. 55
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Background of the Invention

Field of the Invention

The invention relates to bifunctional glycoproteins having targeting protein and enzyme properties. More
particularly, the invention relates to such proteins whose complements of carbohydrate residues have bsen
modified in a manner that enhances the clearance of such proteins from the circulation and increases the
relative binding of the proteins at the tumor site. The enzymatic portion is capable of converting a prodrug
into a cytotoxic drug that attacks tumor cells.

This invention also relates to the treatment of tumors with such proteins, and the production of such
proteins, including recombinant production and production by transgenic animals.

Description of the Background Art

In efforts to control tumors, attempts have been made in the last twenty years to achieve selective
therapeutic effects based on the specificity of antibodies. However, important therapeutic successes still
have not been achieved in the case of solid tumors. Although highly specific tumor-selective monoclonal
antibodies are available for targeting purposes, the lack of success in immunotherapy is primarily due to the
smail quantities of monoclonal antibody molecules that can be localized to solid tumors. One reason for this
low degree of localization, which is generally insufficient for therapeutic purposes, is the presence of
diffusion barriers in the tumor (Jain, R.K., Cancer Res. 47: 3039 (1987)). Prior attempts to compensate by
increasing the dosage of the drug have encountered problems of widespread non-specific binding in non-
tumor structures, and generalized toxic side effects.

Prior art compounds have sought to utilize (i) the specificity of a monoclonal antibody or tumor-binding
protein partner and (ii) the catalytic amplification potential of an enzyme. Such antibody-enzyme conjugates
can be administered to a patient and given time to bind to the tumor. Thereafter, a non-toxic prodrug, which
can be cleaved by the enzyme portion of the conjugate to yield a cytotoxic drug, is administered to the
patient. In theory, the enzyme portion of the molecules bound to the tumor converts the prodrug in the
vicinity of the tumor into a drug which is cytotoxic to the tumor. In reality. however, such compounds suffer
several drawbacks.

First, such antibody-enzyme conjugates are highly immunogenic in humans, since they represent
chemical conjugates composed, as a rule, of mouse antibodies and xenogeneic enzymes. Repeated use of
the same antibody-enzyme conjugate on the same patient is therefore not possible clinically (Bagshawe et
al., Disease Markers, 9: 233 (1991)).

Second, the conjugates are only relatively slowly removed from the plasma, so that selective and
effective prodrug activation is only possible if the elimination of the unwanted non-bound enzyme activity
from the plasma is significantly enhanced.

The above-mentioned problem of the immunogenicity of xenogeneic antibody-enzyme conjugates is
largely solved by using a recombinant fusion protein that is composed of purely human components.
Details for the production of such fusion proteins are described in European Patent Application EP-A-0 501
215, which is incorporated by reference to the extent that it discloses such fusion proteins. In that
publication, proteins are described, for example, of the general formula hutuMab-L-8-gluc, with hutuMab
being a humanized, or human, tumor-specific monoclonal antibody. ar a part thereof which still binds to the
tumor, L representing a linker moiety, and 8-gluc denoting human §-glucuronidase.

However, in carrying out pharmacological tests on such a fusion protein, it was unexpectedly found that.
aven at very short periods of time (1 -3 minutes) after i.v. injection of the fusion protein into human tumor-
carrying nude mice, significant quantities of the protein were bound to tumor cells in regions which are
close to the blood vessels (easily accessible sites = EAS). Further. at these early times, large quantities of
the fusion protein were still present in the plasma. so that selective and effective activation of a suitable
prodrug in the tumor was not possible at this early time point after injaction.

One proposed solution to the above problem is described in the International Patent Application WO
89/10140, which discloses a three component system for treatment of malignant diseases. The first
component localizes at the tumor and has enzymatic activity, e.g.. an antibody-enzyme conjugate. The
second component is able to bind to the first component and inactivaie the catalytic site and/or accelerate
the clearance of the first compaonent from the plasma. The third ccmponent is a prodrug which can be
converted by the enzymatic activity of the first component to form e Cytotoxic substance used io treat the

tumor.
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The three components of 89/10140 are designed to be administered sequentially, not simultaneously.
That is, the first component is administered and given sufficient time to localize at the tumor site. The
second component is then administered after the first component has localized. Later, the third component
is given.

The process of WO 89/10140 has drawbacks, however. First, it has the disadvantage of being a more
complex process than the two step processes of the prior art. Moreover, by introducing an additional
substance to the human or animal body, particularly the second compound, the risk of side effects and/or
adverse reactions, such as the development of an unwanted immune reaction, is increased.

Accordingly, there remains a need for improved compounds and methods for selectively targeting
tumors with cytotoxic drugs.

SUMMARY OF THE INVENTION

The present inventors have developed solutions to the foregoing problems that make it possible to
achieve the desired therapeutic eftects using a simpler, two step approach. in their investigation the present
inventors prepared bifunctional compounds having both a tumor binding moiety and a catalytic moiety,
which compounds are cleared very rapidly from the plasma. In doing so, it was expected that the incidence
of binding to the tumor would be decreased due to the short time the compounds were in the plasma.
Surprisingly, however, despite the very short presence of the compounds in the plasma, the relative binding
of the compounds to the tumor increased. Moreover, to achieve the enhanced clearance, no additional
compounds were administered either simultaneously with or subsequently to administration of the bifunc-
tional compounds.

Thus, one aspect of the invention involves, in a first treatment step. administering intravenously ("iv.")
to tumor patients a compound comprising a bifunctional glycoprotein or bifunctional glycoprotain conjugate,
the compound comprising a first portion that possesses an enzyme activity and a second portion that
preferentially binds to a tumor-specific antigen. The carbohydrate complement of the compound comprises
at lsast one exposed carbohydrate residue selected from the group consisting of mannose, galactose, N-
acetylglucosamine, N-acetyllactose, glucose and fucose, which exposed residue is responsible for the
advantageous binding and clearance characteristics of the compound. The enzyme activity of the first
portion cleaves a non-toxic drug. which is administered to the subject either concurrently with or
subsequently to the administration of the compound, to a form that is cytotoxic to the tumor cells.

For convenience, the term modified carbohydrate complement or the like will be used herein to denote
a carbohydrate complement of the glycoprotein that comprises at least one exposed carbohydrate residue
selected from the group consisting of mannose, galactose, N-acetylglucoseamine, N-acetyllactose, glucose
and fucose.

Thus, in one aspect of the invention there is provided a bifunctional fusion glycoprotein ("FUP™)
containing a tumor targeting portion, an enzyme portion, and a modified carbohydrate complement. The
modified carbohydrate complement contributes to an increased relative concentration of the FUP bound to a
tumor and an enhanced clearance of the FUP from the general circulation and non-specific binding sites.
The enzyme portion of the FUP is capable of cleaving a non-toxic drug into a tumor cytotoxic drug.

In another aspect of the invention, methods are provided for producing the FUPs having modified
carbohydrate complements by colony selection, recombinant DNA and transgenic animal technigues, and
chemical or enzymatic reactions.

In yet another aspect of the invention, a bifunctional antibody-enzyme conjugate ("AEC") having a
modified carbohydrate complement is provided, wherein the antibody moisty is directed to an epitope on a
tumor-specific antigen, and the enzyme is capable of converting a non-toxic drug into a tumor cytotoxic
drug.

In still another aspect of the invention there are provided methods for appropriately modifying the
carbohydrate complement of an AEC.

These and other aspects of the invention will becomse readily apparent by reference to the description
of the invention and appended claims.

DETAILED DESCRIPTION OF THE FIGURES

Fig. 1 shows the amplification of the V. and V, genes. The Y, gene, including its own signal seguence,
is amplified (Glissow et al.. Meth. Enzymology. 203: 99 (1881)) from pABstop 431/26 hum V, using the
oligonucleotides pAB-Back and Linker-Anti (Table 1). The V_ gene is amplified from pABstop 431:26 hum V,
using ihe oligonucleotides Linker-Sense and V- muy-For (Table 2).

3
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Fig. 2 shows a PCR fragment composed of the Vy that is connected to the V, gene via a linker.

Fig. 3a shows the removal of the Hind Il to Bghl restriction fragment from the plasmid pAB 431 VH to
produce a vector.

Fig. 3b shows the insertion of the PCR fragment from Fig. 2 into the vector from Fig. 3A to produce the
plasmid pMCG-E1, which clone contains the humanized sFv 431/26, a hinge exon, and the complete 8-
glucuronidase, which clone is transfected into BHK cells.

Fig. 4 shows the plasmid pRMH 140 that carries a neomycin resistance gene into transfected BHK

cells.
Fig. § shows the plasmid pSV2 that carries the methotrexate resistance gene into transfected BHK

cells.

Fig. 6 shows the PCR amptification scheme. The sFv 431/26 fragment (a) is employed as the template
for a PCR using the oligos pAB-Back (Table 2) and sFv-For (Table 5). This results in BgAl and Hindlli
cleavage sites being introduced at the 3' end of the newly generated sFv 431/26 fragment (b). The PCR
fragment is purified and digested with Hindlll, and then ligated into a pUC18 vector which has been cut with
Hindll and treated with alkaline phosphatase. The plasmid clone pKBO1 is isolated, containing the sFv
fragment with the Bgfll cleavage site.

Fig. 7 shows the amplification of the gene encoding the E. coli 8-glucuronidase from the vector
pRAJ275 by PCR using the oligos E. cofi g-gluc-Back? (Table 6) and E. coli B-gluc.-For (Table 7), and at
the same time provided with a BgNI cleavage site, an Xbal cleavage site and, at the $' end, with a sequence
encoding a linker. The resulting fragment is purified and digested with Bgl/Xbal, and then cloned into the
vector pKBO1, which has likewise been digested with Bghvxbal. The plasmid clone pKBO2 is isolated,
containing sFv 431/26 linked to the E. coli 3-glucuronidase via a linker sequence.

Fig. 8 shows the sFv-E. coli B-gluc. fragment, obtained from vector pKBO2 by digesting with
HindN’Xbat, is purified and then ligated into the exprassion vector pABstop, which has also been cut with
Hinani’Xba!. The plasmid clone pKBO3 is isolated, containing the humanized sFv 431/26, a linker and the
complete E. coli §-glucuronidase.

DETAILED DESCRIPTION OF THE INVENTION

it has been discovered that solid tumors in a subject may be treated efficiently in vivo with cytotoxic
drugs, with no or lessened deleterious effect of the cytotoxic drugs on non-tumor tissues, by administering
a carbohydrate complement-modified FUP or AEC of this invention with a prodrug. The targeting portion of
the FUP or the targeting antibody of the AEC directs the fusion glycoprotein or glycoprotein conjugats to
specific sites in or on a tumor cell, and the enzyme portion of the FUP or the AEC is capable of cleaving a
prodrug to a tumor cytotoxic drug. As mentioned above, the modified carbohydrate complement enhances
both the relative concentration of the FUP or AEC at the tumor site and increase the clearance of these
proteins from non-specific sites and from the general circulation.

Once the FUP or AEC has been substantially cleared from the plasma and the normal tissues, while
remaining bound on the tumor, a prodrug (advantageously hydrophilic), which is non-toxic and which
disseminates extracellularly, is administered i.v. at appropriate (e.g., high) concentration. The prodrug is
then cleaved by the FUP or AEC which is bound to the tumor to yield a tumor cytotoxic drug, which is
advantageously lipophilic.

Glycoproteins are composed of oligosaccharide units linked to the protein chain(s) either through the
side chain oxygen atom of serine or threonine by O-glycosidic linkages, or to the side chain nitrogen of
asparagine residues by N-glycosidic linkages. The sum total of oligosaccharide units of a glycoprotein is
referred to as the carbohydrate complement. The N-linked oligosaccharides contain a common pentasac-
charide core consisting of 3 mannose (MAN) and 2 N-acetylglucoseamine (GIcNAc) residuses. as shown in
Sketch I (high mannose type) beiow.
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MAN MAN " MAN

| | |
TN
N
|

GlcNAc

GlcNAc

--Asn--

A complex type of aligosaccharide core is shown in Sketch lf (see below), showing N-acetyineuraminic
acid (sialic acid, SIA) residues as terminal carbohydrates, fucose (FUC) residues as side chains, and
galactose {Gal) residues as penultimate sugars. Skilled artisans will appreciate that configurations other than
those shown in sketches | and Il are possible.

S;A SIA
GLl . Gal'
l e
GlcNAc - GlcNAC
o i o

/

GlcNAac — MAN

GlcNAc

GlcNAc
[

--Asn--

FUC

Additional sugars are attached to this comman core in many different ways to form a great variety of
oligosaccharide patterns. The nature of the terminal sugars in glycoproteins is part of a complex recognition
system that is known to influence, inter alia, the uptake of glycoproteins by organs. macrophages and other
tissues. See, e.g.. Steer et al, Prog. Liver Dis., 8:99 (1986); Stahl, Curr. Opin. Immunol., 4: 49 (1992);
Brady et al, J. Inherit. Metab. Dis., in press (1994). These influences are highly tissue and glycoprotein
specific. and it is not yet known a priori to predict patterns of enhanced clearance of particular circulating

glycoproteins by specific tissues.
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By galactosylating the FUP, or by eliminating terminal neuraminic acid residues from the protein by
treating it with neuraminidase, the half life of the FUP in the plasma is shortened. It has been found,
surprisingly, that the fusion protein which has been modified in this way continues to bind to the EAS, even
at early time points, while retaining its specificity, avidity and enzymic activity. Further, the fusion prolein is
cleared from the plasma within 1-3 hours to such an extent that efficient, tumor-selective activation of a
suitable prodrug is effectively made possible without the need to inject a clearing second antibody as in
WO 89/10140 and Sharma et al., Brit. J. Cancer 61:659 (1990). In addition, the present inventors have
succeeded, by admixing, for example, galactose with the galactosylated FUP, in achieving still more
efficient tumor localization. Further, it was possible successfully to extend these observations. within the
scope of the invention, to additional FUPs and AECs, which were galactosylated or treated with
neuraminidase, while preserving their biological properties.

Those skilled in the art will appreciate that different amounts of exposed residues may be utilized in the
compounds of this invention. The number of exposed residues may be expressed as an average of
exposed residues per molecule. For example, the average number of exposed residues per molecule
generally will be at least about one, although averages of less than one are possible. Hence, for example,
averages of less than 1,110 2,210 3,310 4, 4105, 5t06,6t0 7.7 to 8,819 9t 10,10t 20,20 t0
50, 50 to 100, or greater than 100, are contemplated.

The general utility of the invention was verified using four different chemical compositions, namely, a
xenogeneic antibody-enzyme conjugate, a humanized two-chain fusion protein, a humanized single-chain
fusion protein and a xenogeneic single-chain fusion protein. Also useful are antibody fragment-enzyme
conjugates. as well as to sFv-enzyme conjugates | and ligand-enzyme conjugates. The disclosure of WO
89/10140 is incorporated herein by reference to the extent that it discloses bifunctional proteins whose
carbohydrate complement may be modified in accordance with this invention.

A representative AEC is composed of an intact monoclonal mouse antibody (e.g. as described in EP-A-0
388 914 which is incorporated by reference hersin in its entirety) which is linked chemically to the enzyme
E. coli glucuronidase by means of a heterobifunctional reagent according to Haisma et al. (Brit. J. Cancer
66: 474 (1992)) or to Wang et al. (Cancer Res. 52: 4484 (1992)). which are incorporated herein by
reference in their entirety. Additional linkage possibilities, which can likewise lead to functional AECs, have
besn summarized by Means et al (Bioconjugate Chem. 1: 2 (1990), which is also incorporated by
referencs.

A humanized, two-chain fusicn protein is described in detail in EP-A-Q 501 215. ltis a protein which is
composed of two palypeptide chains and which has been prepared by genetic manipulation. One chain was
prepared by linking the nucleotide sequences that encode a humanized VyCwy hinge S region to the
nucleotide sequence which encodes a human 8-glucuronidase (S = oligonucleotide encoding a polypeptide
spacer). Following transfection and expression in suitable expression systems, preferably BHK or CHO
cells, the nucleotide sequence which encodes the humanized V.C_ chain, together with the above-
mentioned nucleotide sequence, produces the humanized two-chain fusion protein.

The humanized single-chain fusion protein was produced, following expression in suitable expression
systems, preferably in BHK or CHO cells, by linking the nucleotide sequences which encode the humanized
V4SV, hinge S region (single chain Fv, sFv) and the nucleotide sequence which encodes human §-
glucuronidase. The construction of a representative humanized single-chain fusion protein is described in
Examples 1-4 below. A xenogeneic single-chain fusion protein is described in Example 5 below.

After recloning into suitable vectors, the constructs which are described in the examples below can also
be expressed in other expression systems, such as, for example. E. coli, Saccharomyces cerevisiae and
Hansenula polymorpha, insect cells or transgenic animals.

Non-human transgenic mammalian animals can be genetically engineered to secrete into readily
accessible body fluids such as milk, blood and urine recombinant human FUPs of the invention in amounts
and in forms that are suitable for treating humans with tumors. -

The term "animai” here denotes all mammalian animals except humans. It also includes an individual
animal in all stages of development, including embryonic and fetal stages. A "transgenic” animal is any
animal containing cells that bear genetic information received, directly or indirectly, by deliberate genetic
manipulaticn at the subcellular level, such as by microinjection or infection with recombinant virus.

"Transgenic” in the present context does not encompass classical crossbreeding or in vitro fertilization,
but rather denotes animals in which one or more cells receive a recombinant DNA molecule. Although it is
nighly preferred that this molecule be integrated within the animal's chromosomes, the invention also
contemplaias the use of extrachromosomally replicating DNA sequences, such as might be engineered into
yeast artificial chromosomes.
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The term "germ cell line transgenic animal” refers to a transgenic animal in which the genetic
information has been taken up and incorporated into a germ line cell, therefore conferring the ability to
transfer the information to offspring. If such offspring, in fact, possess some or all of that information, then
they, too, are transgenic animals.

The information to be introduced into the animal is preferably foreign to the species of animal to which
the recipient belongs (i.e.. "heterologous™). but the information may also be foreign only to the particular
individual recipient, or genetic information already possessed by the recipient. In the last case, the
introduced gene may be differently expressed than is the native gene.

The transgenic animais of this invention may be any, other than human, that produce mitk, blood serum,
and urine. Farm animals (pigs, goats, sheep, cows, horses, rabbits and the iike), rodents (such as mice),
and domestic pets (for example, cats and dogs) are included in the scope of this invention. It is preferred to
select a transgenic animal that secrets into its milk a recombinant fusion protein, whose carbohydrate
complement is modified to expose at least one mannose, galactose, N-acetylglucosamine, N-acetyllactose,
glucose or fucose residue.

It is highly preferred that the transgenic animals of the present invention be produced by introducing
into single cell embryos appropriate polynuclectides that encode the inventive FUPs in a manner such that
these polynuclectides are stably integrated into the DNA of germ line cells of the mature animal and
inherited in normal mendelian fashion.

Advances in technologies for embryo micromanipulation now permit introduction of heterofogous DNA
into fertilized mammalian ova. For instance. totipotent or pluripotent stem cells can be transformed by
microinjection, calcium phosphate mediated precipitation, liposome fusion, retroviral infection or other
means. the transformed cells are then introduced into the embryo, and the embryo then develops into a
transgenic animal.

In a preferred method, developing embryos are infected with a retrovirus containing the desired DNA,
and transgenic animals produced from the infected embryo. In a most preferred method, howsver, the
appropriate DNAs are coinjected into the pronucleus or cytoplasm of embryos, preferably at the single cell
stage, and the embryos allowed to develop into mature transgenic animals. Those techniques as well
known. For instance, reviews of standard laboratory procedures for microinjection of heterologous DNAs into
mammalian fertilized ova include: Hogan et al, Manipulating the Mouse Embryo, Cold Spring Harbor
Press, 1986; Krimpenfort et al., Bio/Technalogy 9: (1991); Palmiter et al., Cell, 41:343 (1985); Kraemer et
al., Genetic Manipulation of the Early Mammalian Embryo, Cold Spring Harbor Laboratory Press, 1985;
Hammer et al., Nature, 315:680 (1985); Meade et al, U.S. 4,873.316; Wagner et al, U.S. 5,175,385;
Krimpenfort et al, U.S. 5,175,384, all of which are incorporated by reference in their entirety. The
procedure of Meade et al., U.S. 4,873,316 is believed to provide one advantageous method of production,
for example, using transgenic goats expressing the fusion protein under the control of the A-casein
promoter in the mammary gland.

_Genes for insertion into the genomes of transgenic animals so as to produce the FUPs of the invention
can be obtained as described in the above-incorporated references and in the examples below. The gene
encoding humanized two chain fusion glycoportgins are described in EP-A-0 501 215. The disclosure of
which is incorporated herein by reference. The construction of a gene for a representative single-chain
fusion glycoprotein is described in Examples 1-4 below. The gene for a single chain fusion glycoprotein is
described in Example 5. Within the scope of the recombinantly produced modifications described herein,
one can prepare constructs that include genes that encode proteins controlling posttranstational modification
of expressed fusion glycoproteins. For example. constructs can be prepared, in which the sialyl ransferase
synthesis cycle is lacking or defective, thus producing fusion proteins in which terminal sialic acid residues
are reduced in number or absent.

The cDNAs encoding desired FUPs can be fused. in preper reading frame, with appropriate regulatory
signals to produce a genetic_construct that is then amplifisd, for example, by preparation in a bacterial
vector, according to conventional inethads (see, Sambrook et al, Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor Press, 1988 which is incorporated herein by reference in ils entirety). The amolified
construct is thereafter excised from the vector and purified for use in producing transgenic animals.
Purification can be accomplished by means of one or more cycles of anionic HPLC; alternate techniques
include ultracentrifugation through a sucrose or NaCl gradient, gel electrolution followed by agarose
treatment and ethano! precipitation, or low pressure chromatography. Purification by several cycles cf HPLC
allows for remarkably high transtormation frequencies, on the order of 20% or more in both mice and pigs.

The regulatory signals referred to above include cis-acting signals necessary for mammary gland-
specific expression of the fusion proteins and their post-translational glycosylation. secretion df the
expressed fusion glycoprotein into milk or other bady fluids, and expression of full biological activity.
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Such regulatory signals include the promoter that drives expression of the fusion genes. Highly
preferred are promoters that are specifically active in mammary gland cells and that involve milk proteins.
Among such promoters, preferred are those for the whey acidic protein (WAP), short and long a. 8 and
kappa caseins, a-lactalbumin and B-lactoglobulin (BLG) promoters.

Promoters may be selected on the basis of the native protsin compositions of the various animals’
milks. For example, the WAP and BLG promoters are particularly useful with transgenic rodents, pigs and
sheep.

The genes for these promoters have been isolated and characterized. Clark et al, TIBTECH 5:20
(1987); Henninghausen, Protein Expression and Purification 1:3 (1990), which are incorporated by
reference. The promotars can be isolated by conventional restriction endonuclease and subcloning steps. A
mouse WAP promoter, isolated as a 2.6 kb EcoR1-Kpn1 fragment immediately 5 to the WAP signal
sequence can be used, afthough the "long” WAP promoter (the 5’ 4.2 kb Sau 3A-Kpn1 promoter of the
mouse gene is also suitable.

Important to the transgenic animal embodiment are regulatory sequences that direct secretion of
proteins into milk and/or other body fluids. Generally, homologous or heterologous regulators sequences
known to direct the secretion of milk proteins, such as either signal peptides from milk or nascent target
polypeptides, can be used, although the scope of this invention includes signal sequences that direct the
secretion of proteins into fluids other than milk.

Among the useful sequences that regulate transcription, in addition to those described above, are
enhancers, splice signals, transcription termination codons, and polyadenylation sites.

The injected DNA sequences may also include a 3' untranslated region downstream of the DNA
encoding the desired fusion protein, or the milk protein gene used for regulation. This region may stabilize
the RNA transcript of the expression system and thus increase the yield of the desired fusion protein.
Among these 3'untranslated regions useful in this regard are sequencss that provide a poly A signal. Such
sequences can be derived from, for example, the SV40 small t antigen, the casein 3’ untranslated region.
and others well known in this art.

Obtaining milk from transgenic female animals is done conventionally. McBurney et al, J. Lab. Clin.
Med., 84:485 (1964) ; Velander et al., Proc Natl. Acad. Sci. USA 89: 12003 (1992).

Within the scope of recombinantly produced modifications, there are employed those, for example, in
which the gene for sialyl transferase is inactive or is lacking, or in which other enzymes of the sialyl
transferase synthesis cycle are deficient or are lacking. Other preterred expression systems exhibit
overexpression of galactosy! transferase or mannose-6-phosphate synthetasesransferases. In addition, it
has been found that clones which have been produced from CHO cells having a very high ability to express
fusion protein, for example, by means of double selection, in accordance with EP-A-0 330 977 (which is
incorporated by reference herein in its entirety), are deficient in sialyation. Such clones, that may generally
be produced by a process known as ~homologous recombination” {Pomerantz st al., Progress in Cancer
Res. and Therapy, 30:37-45 (19795), incorporated by reference herein in its entirety), are thus very suitable
for use as expression systems.

These proteins (antibody-enzyme conjugate, humanized two-chain fusion protein, humanized single-
chain fusion protein and xenogeneic single-chain tusion protein, which have been described by way of
example), were, once they had been purified by anti-idiotype and’or anti-g-glucuronidase immunaffinity
chromatography, chemically galactosylated in accordance with the method described by Krantz et al.
(Biochemistry 15: 3963 (1976) which is incorporated by reference herein in its entirety) or, alternatively,
treated with carrier-bound neuraminidase. In that which follows, they are termed modified glycoproteins.

The modified proteins were compared in vitro and in vivo to the control unmodified starting proteins
which had been expressed in BHK cells. Thes in vitro tests for speciicity, affinity, quantitative immunoreac-
tivity and quantitative enzyme activity demonstrated that the modified proteins did not differ significantly in
these respects from the control proteins. In contrast, the half life (t1:23) of the modified proteins in mouse
and rat plasma (in vivo) was dramatically shortened (Tables 6. 7).

As a result of this dramatic shortening of the 123, at 1-3 hours zafiar injecting the galactosylated proteins
i.v. into tumor-bearing nude mice. modified proteins could no longer te detected in the plasma. In the case
of the desialylated proteins. the t1/28 was shortened to such an extent that desialylated protein was no
longer detectable in the plasma after 48 hours. At the same time, ine concentration of functionally active
modified proteins in the tumor was in the range from 200-400 ngrg of wmor (a very high specificity ratio >
100:1 was consequently obtained on injecting = 400 ug of modified protein per mouse).

Viewed in absolute terms. the concentrations of modiiied proteins can be two to three times higher than
those which are achieved, after appreciably longer times. for a comgarable specificity ratio using unmodi-
fied starting proteins in vivo. Furthermore, the above-mentioned high specificity ratio (g of modilied
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protein/g of tumor: g of modified protsein/g of normat tissue) for modified proteins, is attained after only a
few hours (1-3 hours or 48 hours, respectively), whereas, in the case of the unmodified starting proteins, a
comparable specificity ratio (g of unmodified starting protein/g of tumor: ug of unmodified starting
protein/g of normal tissus) is only reached after several days (7-8 days). or even requires the use of a
sacond antibody to accelerate the rate of clearance from normal tissue.

The rapid removal of the modified proteins from the plasma and the extracellular region of the organism
by means of internalization via sugar-binding receptors (chiefly the galactose receptor in the liver,
Thomburg et al,, J. Biol. Chem. 255: 6820 (1980)) should also lead to the modified proteins having reduced
immunogenicity in humans, particularly in the case of the antibody-enzyme conjugate and the xenogeneic
single-chain fusion protein. This therefore also facilitates the use of xenogeneic or humanized FUPs in anti-
tumor therapy, or at the least makes such use appear feasible for the first time.

A particularly useful humanized two-chain fusion protein has been expressed in CHO cells that had
been selected for a very high level of expression, and purified by anti-idiotype affinity chromatography.
Three or seven days after i.v. injection, this FUP was concentrated in the tumor to an extent 2-3-fold higher
than that of the analogous fusion protein that is expressed in the BHK cells (Table 8). In addition, the FUP
that has been expressed in CHO cells is removed from the plasma appreciably more efficiently than the
fusion protein expressed in BHK cells, so that tumor: plasma ratios of > 15 are reached by day 3 in the
case of the CHO fusion protein. In the case of the BHK fusion protein, the corresponding ratios are < 1
(Table 8). On day 7, the tumor:plasma ratios for the CHO fusion protein are in the region of 130 while those
for the BHK fusion protein are in the region of 20 (Table 8).

These highly significant pharmacokinetic differences between the humanized two-chain fusion protein
expressed in CHO cells or expressed in BHK cells can be explained by differences in the carbohydrate
content of the tusion proteins. An analysis of the monosaccharide components in the carbohydrate content
of the fusion protein expressed in BHK or CHO cells is given in Table 1a. Differences are observed mainly
in the content of galactose. mannose and N-acetylneuraminic acid.

Table 1a

An analysis of the monosaccharide components in the carbohydrate content of the fusion proteins

mol monosaccharide / mol fusion protein monomer (125kDa)

Fucose |N-acetyl glucosamine | Galactose | Mannose |N-acetyl neuraminic acid
CHO tusion protein 0.6 435 1.40 7.04 0.54
BHK fusion protein 0.68 4.46 1.59 8.31 0.69
Method:

Neuraminic acid was determined by the method of Hermentin and Seidat (1991) GBF Monographs
Volume 15, pp. 185-188 (after hydrolysis of 30 minutes in the presence of 0.1 N sulfuric acid at 80° C and
an subsequent neutralization with 0.4 N sodium hydroxide solution) by high-pH anion exchange chromatog-
raphy with pulsed amperometric detection (HPAE-PAD).

The monosaccharide components were determined (after hydrolysis of 4 hours in the presence of 2
N trifluoracetic acid at 100° C and evaporation to dryness in a SpeedVac) likewise by HPAE-PAD in a
motivation of the method described by Hardy et al. (1988) Analytical Biochemistry 170, pp. 54-62.

Particularly, the increased amounts of mannose or mannose-8-phosphate in combination with reduced
amounts of N-acetylneuraminic acid, as observed in the fusion protein expressed in CHO celis. might be
responsible for its faster elimination from plasma and normal tissues due to more elficient binding to
mannose and galactose receptors (compare Table 8. pharmacokinetics of unmodified fusion proteins).
Furthermore, glycan mapping showed higher contents of high mannose/asialo-structures (see Sketch 1l
above) in the CHO-expression product compared to the normal BHK-expression product.

The high §-glucuronidase concentrations, which were determined in the enzyme activity test, represent
the activity of the endogenous murine 3-glucuronidase and that of the FUP, as well as that of any human 3-
glucuronidase which may have been liberated from the latter by the cleavage which can potentially occur.
Using enzyme-histochemical methods (Murray et al, J. Histochem. Cytochem. 37: 643 (1989)), it was
demonstrated that this enzyme activity was present as intracellular activity in the normal tissues. Thus, this
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catalytic potential either does not contribute. or only contributes unimportantly, to the cleavage of a
hydrophilic predrug which is disseminated extraceilutarly.

The several embodiments exemplified below are not to be taken as in any way limiting the scops of the
invention which is described in the specification and in the appended claims.

EXAMPLES

Examples 1 - 4:

Recombinant preparation of a humanized single-chain fusion protein from a humanized tumor antibody
moiety and human 8-glucuronidase.

Example 1

Using the oligonucleotides pAB-Back and Linker-Anti (Table 1), the Vy gens, including its own signal
sequence, is amplified from pABstop 431/26 hum V, (Gissow et al/, 1991, above). Using the
oligonucleotides Linker-Sense and V (Mut)-For (Table 2), the V, gene is amplified (Fig. 1) from pABstop
431/26 hum V, (Glssow et al., 1991, above).

Table 1
pAB-Back: SEQUENCE ID NO. 1
St 3!
ACC AGA AGC TTA TGA ATA TGC AAA TC

Linker-Anti: SEQUENCE ID NO. 2

5! '

GCC ACC CGA CCC ACC ACC GCC CGA TCC ACC GCC TCC TGA
3'

GGA GAC GGT GAC CGT GGT C

Table 2
Linker-Sense: SEQUENCE ID NO. 3
5 '
GGT GGA TCG GGC GGT GGT GGG TCG GGT GGC GGC GGA TCT
3'

GAC ATC CAG CTG ACC CAG AGC

VL(Mut) -For: SEQUENCE ID NO. 4

'sv
TGC AGG ATC CAA CTG AGG AAG CAA AGT TTA AAT TCT ACT
3

CAC CTT TGA TC
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Example 2

The oligonucleotides Linker-Anti and Linker-Sense are partially complementary to each other and
encode a polypeptids linker which is intended to link the Vy and Vi domains to form an sFv fragment. In
order to fuse the amplified V\, and V, fragments, they are purified and introduced into a 10-Ccycle reaction as

follows:

H20: 37.5 ul
dNTP's (2.5 mM) 5.0 ul
PCR bufter (10x} 5.0 ul
Taq polymerase {Perkin-Elmer Corp., Emmeryville, CA) (2.5 U/l 0.5 1l
0.5 ug/pl DNA of the V irag. 1.0ul
0.5 ug/pi DNA of the Vy, frag. 1.0ul
PCR buffer (10x): 100 mM Tris, pH 8.3, 500 mM KCI, 15 m MgCk, 0.1% (w/v) gelatin.

The surface of the reaction mixture is sealed off with paraffin and the 10-cycle reaction is subsequently
carried out in a PCR apparatus using the program 94°C, 1 min; 55°C, 1 min; 72°C, 2 min. After that, 2.5
pM of the flanking primers pAB-Back and Vi (Mut)-For are added and a further 20 cycles are carried out. A
PCR fragment is obtained which is composed of the Vi gene, which is connected to the V, gene via a
linker (Fig. 4). The V gene's own signal sequence is also located prior to the Vi, gene. As a result of using
the oligonucleotide Vi (Mut)-For, the last nucleotide base of the V_ gene, a C, is at the same time replaced
by a G. This PCR fragment encodes a humanized single-chain Fv (sFv).

Example 3

The sFv fragment from Example 2 is restricted with Hindlll and BamHl and ligated into the vector
pABstop 431/26VyuhuggluctH, which has been completely cleaved with Hind!il and partially cleaved with
Bglll. The vector pABstop 1/26VyuhuBgluctH contains a Vy exon, including the Vy-specific signal sequence,
followed by a CH1 exon, the hinge exon of a human 1gG3 C gene and the complete cONA of human 8-
glucuronidase. The plasmid clone pMCG-Et is isolated. which clone contains the humanized sFv 431/26, a
hinge exon and the complete B-glucuronidase (Fig. 3a). Vector pABstop 431/26Vihusgluc is described in
Bosslet et al., Brit J. Cancer 65: 234 (1992), which is incorporated by reference herein in its entirety and
where information on the remaining individual components can be obtained from the relerences listed

therein.

Example 4

The clone pMCG-E1 is transfected, tagether with the plasmid pRMH 140 (Fig. 4). which carries a
neomycin resistance gene, and the plasmid pSV2 (Fig. 5). which carries a methotrexate resistance gens.
into BHK cells. The BHK cells then express a fusion protein which possesses both the antigen-binding
properties of Mab BW 431/26hum and the enzymic activity of human g-glucuronidase (see Examples 8 and

9).
Example 5

Construction of xenogeneic singte-chain fusion protein

The xenogeneic single-chain fusion protein was produced. following expression in suitable expression
systems, preferably in BHK cells, by linking the nucleotide sequences which encode the humanized Vi, S.
Vv, hinge and S regions (see Examples 1-4 and below) to the nucleotide sequence which encoces £. coli 5-
glucuronidase. The construction of a single-chain fusion protein from a humanized sFv (antiCEA) and E. coli
8-glucuronidase is described in detail betow.

The sFv 431/26 tragment (a) is employed as the template for a PCR using the oligos pAB-Back (Table
1) and sFv-For (Table 3). In this way, Bglll and Hindlll cleavage sites are introduced at the 3' end of the
newly generated sFv 431 26 fragment (b). The PCR fragment is purified and digested with Hing!ll, and then
figated into a pUC18 veclor which has been cul with Hindlll and reated with alkaline phosphatase. The
plasmid clone pKBO1 is isolated. containing the sFv fragment with the Bglll cleavags site (Fig. 6).

11
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The gene encoding the E. coli (8-glucuronidase is amplified from the vector pRAJ260 (Jefferson et al,
Proc. Natl, Acad. Sci. USA, 83:8447 (1986)) by PCR using the ofigos E. coli (8-gluc-Back1 (Table 4) and E.
coli g-gluc-For (Table 5), and at the same time provided at the §' end with a 8g/l cleavage site, at the 3'
end with an Xbal cleavage site and. additionally at the 5' end, with a sequence encoding a linker. The
resulting fragment is purified and digested with Bgli/Xbal, and then cloned into the vector pKBO! which has
likewise been digested with BgfilVXbal. The plasmid clone pKBO2 is isolated, containing sFv 431/28 linked
to £. coli 8-glucuronidase via a linker sequence (Fig. 7).

The sFv-E. coli §-gluc. fragment, obtained from vector pKBO2 by Hindlll/Xbal digestion, is purified and
then ligated into the expression vector pABstop (Zettimeissl et al, Behring Institute Mitteilungen
(Communications) 82: 26 (1988)) which has likewise been cut with Hindll/Xbal. The plasmid clone pKBO3
is isolated, containing the humanized sFv 431/26, a linker and the complete E. coli 8-glucuronidase (Fig. 8).

Table 3
sgv For: SEQUENCE ID NO. 5
5! 3!
TTT TTA AGC TTA GAT CTC CAC CTT GGT C

Table 4
E. coli B-gluc-Back 1: SEQUENCE ID NO. 6
sl
AAA AAG ATC TCC GCG TCT GGC GGG CCA CAG TTA CGT GTA GAA
3!
ACC CCA

Table S
E. coli RB-gluc—-For: SEQUENCE ID NO. 7
X 3
GCT TCT AGA TCA TTG TTT GCC TCC CTG
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The galactosylation of the fusion protein was carried out using a modification of the method of Mattes
(J. Natl, Cancer Inst., 79: 855 (1987) which is incorporated herein in ils entirety):

Cyanomethyi-2,3,4,6-tetra-0-acetyl-1-thio-8-D-galactopyranoside (Sigma. 250 mg) was dissolved in
dried methanol (Merck; 6.25 ml), and 825 wul of a methanolic scdium methoxide solution (5.4 mg/mi) were
then pipsetted in. Alter incubating at room temperature for 48 h, an aliquot of S mi of the activated galactose
derivative was removed and the methanol evaporated off in a stream of nitrogen 100 ml of a fusion protein
solution (1 mg/mi in 0.25 M sodium borate buffer, pH 8.5) were added to the remaining residue, and the
mixture incubated at R.T. for 24 h. This was foillowed by dialysis overnight against PBS.

Galactosylation of the preformed BW 431/26-E. coli 8-glucuronidase conjugates and the monoclonal
antibody BW 431/26 was carried out in a similar manner. Using similar chemistry, lactosilation, N-acetyl-
lactosilation and glucosilation of AEC and FUP can be performed.

Example 7

Working up organs/tumors for FUP determination

The following sequential steps were carried out:
1. Nude mice (CD1), which possess a subcutaneous tumor and which have been treated with fusion
protein or antibody-enzyme conjugate, are bled retroorbitally and then sacrificed.
2. The blood is immediately added to an Eppendorf tube which already contains 10 wl of Liquemin
25000 (from Hoffman LaRoche AG).
3. The treated blood from 2. above is centrifuged (in a Megaluge 1.0 centrifuge, from Herasus) at 2500
rpm for 10 min; the plasma is then isolated and frozen down until testing.
4. The organs, or the tumor, are removed, weighed and then completely homogenized with 2 ml of 1%
BSA in PBS, pH 7.2
5. The tumor homogenates are adjusted to pH 4.2 with O.1N HCI (the sample must not be overtitrated, or
the 8-glucuronidase will be activated prematursly at pH < 3.8!)
6. Homogenates are centrifuged at 16000 g for 30 min; the clear -supernatant fluids are removed and
neutralized with 0.1 N NaOH.
7. The supernatants and the plasma can now be tested in an OFAT (measures FUP concentration) or an
EAT (measures g-glucuronidase concentration), as described in the examples below.

Example 8

OFAT (organ fusion protein activity test)

The test proceeds in the following manner:

1. 75 wi of a goat anti-human-kappa antibody (from Southern Biotechnology Associates, Order No. 2060~
01), diluted 1:300 in PBS, pH 7.2, are added to each well of a microtitration plate (polystyrene U form,
type B, from Nunc, Order No. 4-60445).
2. The microtitration plates are covered and incubated at room temperature overnight.
3. The microtitration plates are then washed 3 times with 250 wi of 0.05 M Tris-citrate buffer, pH 7.4, per
well.
4. These microtitration plates, which have been coated in this manner, are incubated with 250 ! of
blocking solution (1% casein in PBS, pH 7.2) per well at room temperature for 30 mins (blocking of non-
specific binding sites)

(coated microtitration plates which are not required are dried at room temperatire for 24 hours and
then sealed. togsther with desiccator cartridges, in coated aluminium bags for long-term storage).
5. The substrate is prepared while the blocking is proceeding (fresh substrate for each test: 2.5 mM 4-
methylumbelliferyl 8-D-glucuronide, Order No.: M-9130, from Sigma. in 200 mM Na acetate + 0.01%
BSA, pH 4.5).
6. Thereafter. 10 samples + 1 positive control + | negative control are diluted in 1% casein in PBS, pH
7.2, 1:2 in 8 steps (starting from 150 ul of sample, 75 ul of sample are pipetted into 75 ul of casein
recipient solution. etc.) in an untreated 96-well U-shape bottomed microtiter plate (polystyrene, trom
Renner, Order No. 12058).
7. The blocking solution is sucked off from the microtitration plate coated with anti-human-kappa
antibody, and 50 wl of the diluted samples are transferred to each well of the test plate from the dilution
plate, and the test plate is incubated at room temperature for 30 min.
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8. The test plate is washed 3 times with ELISA washing buffer {(Behringwerke, Order No. OSEWSS).

9. 50 ul of substrate are applied per well and the test plates are covered and incubated at 37°Cfor2h.
10. 150 w! of stock solution (0.2 M glycine + 0.2% SDS, pH 11.7) are then added to each well.

11. Fluorometric evaluation is carried out in a Fluoroscan Il (ICN Biomedicals, Cat. No. 78-611-00) at an
excitation wavelength of 355 nm and an emission wavelength of 480 nm.

12. With the aid of the fluorescence values for the positive control (dilution series with purified fusion
protein as the standard curve) included in the identical experiment, the unknown concentration of fusion
protein is determined in the sample.

Example 9: EAT (enzyme activity test)

The test is carried out in the following manner:

1. 10 samples + 1 positive control + 1 negative control are diluted 1:2 in 1% casein in PBS, pH 7.2, in
8 dilution steps in a 96-well microtiter plate (polystyrene, from Renner, Order No. 12058) so that each
well contains 50 1l of sample.
2. 50 ul of substrate (2.5 mM 4-methylumbelliferyl 8-D-glucuronide (from Sigma, Order No. M-8130, in
200 mM Na acetate + 0.01% BSA, pH 4.5) are added to each well.
3. The microtiter plate is covered and incubated at 37°C for 2 h.
4. 150 wl of stock solution (0.2 M giycine + 0.2% SDS, pH 11.7) are then added per well.
5. Fluorometric evaluation is carried out in a Fluoroscan Ii (ICN Biomedicals, Cat. No. 78-611-00) at an
excitation wavelength of 355 nm and an emission wavelength ot 460 nm;
6. With the aid of the positive control (dilution series with purified fusion protein as the standard curve)
which has been included. the sample concentrations can now be calculated.

Example 10

Desialylation of the two-chain fusion glycoprotein

The two-chain fusion protein was desialylated according to Murray (Methods in Enzymology 149: 251
(1987)). Eight units of neuraminidase (Sigma, type X-A from Clostridium perfringens) coupled to agarose
were washed 3x with 40 ml of 100 mM sodium acetate buffer, pH 5, and then taken up as a 1:1 suspension.
One hundred milliliters of two-chain fusion protein (1 mg/ml in sodium acetate buffer, pH 5) were added to
this suspension, which was then incubated with gentie shaking at 37°C for 4 h. The immobilized
neuraminidase was removed by centrifuging off, and the fusion protein was dialyzed overnight against PBS.

Example 11

Demonstrating rapid elimination of modified FUP

100 mg of humanized two-chain fusion glycoprotein were purified from BHK transfectant supernatant, as
described in EP-A-0 501 215, pages 10-11. The purified protein was galactosylated or desialylated, as
described in the preceding examples.

400 ug of the modified protein thus obtained, in this case the galactosylated humanized two-chain
fusion protein, were injected iv. into nude mice. The mice had been injected subcutaneously, 10 days
previously, with 10° CEA-expressing human stomach carcinoma cells (Mz-Sto-1). At various time intervals,
the mice were killed. and the concentration of functionally active modified protein was determined in the
tumor. the plasma and the normal tissues using the OFAT or the EAT (see Examples 7. 8 and 9).

Nude mice which in each case had been provided with 1 x 10° CEA-negative human tumors (Oat-75)
were used as the antigen control. In addition, identical quantities of the humanized two-chain fusion protein
(starting protein) or of a humanized two-chain fusion protein sample which had been treated with solid
phase neuraminidase (desialylated protein) were injected i.v.. as the protein control (see Example 10). The
quantities of the functionally active proteins found in the organs in this representative experiment are given
in Tables 6 and 7.

Comparable results were found in the identical animal made! system using the example of a CEA-
positive colon carcinoma. a CEA-positive rectal carcinoma, a CEA-positive adenocarcinoma of the lung, a
CEA-positive pancreatic carcinoma, a CEA-positive thyroid gland carcinoma, and a CEA-positive mammary

carcinoma.
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Therapeutic effects which are superior to those of the standard chemotherapy can be achieved when
suitable non-toxic prodrugs, e.g. those described in EP-A-0 511 917, are used which are applied at a point
in time at which the modified proteins have been largely eliminated from the plasma or have besn
internalized and degraded in the normal tissues. These effects can be improved still further by adding large
quantities of galactose to the relevant modified protein, leading to optimization of the pharmacokinetics.

Further improvements can be achieved in accordance with the method described by Jihde et al
(Cancer Res. 52: 6209 (1992)) by adding glucose, phosphate ions or metaiodobenzyiguanidine to the
relevant modified protein, or injecting these compounds prior to the protein. This method leads to a decline
in the pH within the tumor. This results in more efficient catalysis of the prodrugs by the enzymes used in
the madified and non-modified proteins according to the invention: Alternatively, HCO;- can also be
employed for lowering the pH in the tumor (Gullino et al, J Nat. Cancer Inst. 34: 857, (1965)).

it will be apparent to those skilled in the art that various modifications and variations can be mads to the
compositions and processes of this invention. Thus, it is intended that the present invention cover such
modifications and variations, provided they come within the scope of the appended claims and their
equivalents.

The disclosure of all publications cited above are expressly incorporated herein by reference in their
entireties to the same extent as if each were incorporated by reference individually. The disclosure of
German Patent Application P 43 14 556.6 for which benefit under 35 USC §119 is claimed, is expressly
incorporated herein in its entirety.

Claims

1. A compound comprising a bifunctional fusion glycoprotein or bifunctional glycoproteln conjugate. the
compound comprising a carbohydrate complement, and:
a. at least one first portion which possesses snzymatic activity;
b. at least one second portion which binds specifically to an epitope of a tumor-spscific antigen;
wherein the carbohydrate complement comprises at least one exposed terminal carbohydrate
residue selected from the group consisting of mannose, galactose, N-acetyiglucesamine, N-acetyllac-
tose, glucose and fucose.

2. A compound as claimed in claim 1, wherein the exposed carbohydrate residue is produced by
enzymatic degradation.

3. A compound as claimed in claim 2, wherein the enzymatic degradation is effected by an enzyme
selected from the group consisting of endoglycosidases, exoglycosidases, and neuraminidases, and a
combination thereof.

4. A compound as claimed in claim 1, wherein the exposed carbohydrate residue is produced by
chemical degradation.

5. A compound as claimed in claim 1 wherein the exposed carbohydrate residue is added to the
compound by chemical means.

6. A compound as claimed in claim 1, wherein the first portion consists essentially of an enzyme.

7. A compound as claimed in claim 6., wherein the enzyme is selected from the group consisting of
penicillin G amidase, penicillin V amidase, §-lactamase. alkaline phosphatase. carboxypeptidase G2,
carboxypeplidase A, cytosine deaminase. nitroreductase. diaphorase, arylsulfatase. glycosidase. &-
glucosidase, and 8-glucuronidass.

8. A compound as claimed in claim 6 wherein the enzyme is a catalytic antibody.

9. A compound as claimed in claim 1, wherein the tumor cell marker to which the second portions binds
comprises a tumor associated antigen selected from the group consisting of CEA. N-CAM. N-cadherin,
PEM, GICA. TAG-72, TF8, GM3, GD3, GM2, GD2, GT3, HMWMAA, pMel17, gp113 (Muc18), p53. p97,
MAGE-1, gp105, erbB2, EGF-R, PSA, transferrin-R, P-glycoprotein and cytokeratin.
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A compound as claimed in claim 1, wherein the second portion consists essentially of an antibody or a
fragment thereof.

A compound as claimed in claim 11, wherein the antibody is the monoclonal antibody BW 431/26 or a
fragment thereof.

A compound as claimed in claim 1, wherein the first portion and the second portion are connected by a
linker molecule.

A compound of claim 12 having the formula huTuMab-L-8-Gluc, wherein huTuMab is a human tumor
specific monoclonal antibody or a tumor binding fragment thereof, L is the linker molecule and 8-Gluc

is a human g-glucuronidase.

A compound as claimed in claim 1, comprising a fusion glycoprotein that has been synthesized in CHO
cells. the cells having been setected for a high level of expression of the glycoprotein.

A compound as claimed in claim 1, wherein the exposed carbohydrate is a galactose or a mannose.

A pharmaceutical preparation containing a compound as claimed in claim 1 in a pharmaceutically
acceptable vehicle.

A pharmaceutical preparation containing a compound as claimed in claim 1, and an agent capable of
lowering the pH in a tumor to be treated, in a pharmaceutically acceptable vehicle.

A pharmaceutical preparation. containing a compound as claimed in claim 1, and galactose, in a
pharmaceutically acceptable vehicle.

A process of making a fusion glycoprotsin comprising the steps of:
a. preparing @ DNA encoding a fusion glycoprotein according to claim 1
b. inserting the DNA in an expression vector:
c. expressing the DNA in a eukaryote expression system; and,
d. isolating the expressed fusion glycoprotein.

A process according to claim 19 wherein the expression system is a transgenic non-human mammalian
animal.

20
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RECOMBINANT ANTI-VLA4 ANTIBODY MOLECULES

5 PIELD OF THE INVENTION )
The present invention relates to recombinant
anti-VLA4 antibody molecules, including humanized
recombinant anti-VLA4 antibody molecules.

10 BACKGROUND OF THE INVENTION
A. mmunoglobulins a oclo ibodies
15 Natural immunoglobulins have been Kknown for many

years, as have the various fragments thereof, such as the

Fab, (Fab’), and Fc fragments, which can be derived by

enzymatic cleavage. Natural immunoglobulins comprise

generally a Y-shaped molecule having an antigen-binding

20 site towards the free end of each upper arm. The

remainder of the structure, and particularly the stem of

the Y, mediates the effector functions associated with
immunoglobulins.

Specifically, immunoglobulin molecules are comprised

25 of two heavy (H) and two light (L) polypeptide chains,

held together by disulfide bonds. Each chain of an

immunoglobulin chain is divided into regions or domains,

each being approximately 110 amino acids. The 1light

chain has two such domains while the heavy chain has four

30 domains. The amino acid sequence of the amino-terminal

domain of each polypeptide chain is highly variable (V

region), while the sequences of the remaining domains are

conserved or constant (C regions). A light chain is

therefore composed of one variable (V;) and one constant

35 domain (C,) while a heavy chain contains one variable

(V4y) and three constant domains (CH,, CH, and CH,). An arm

of the Y-shaped molecule consists of a light chain (V +

C.) and the variable domain (Vy) and one constant domain

(CH,) of a heavy chain. The tail of the Y is composed of
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the remaining heavy chain constant domains (CH, + CH,).
The C-terminal ends of the heavy chains associate to form
the Fc portion. Within each variable region are three
hypervariable regions. These hypervariable regions are
S also described as the complementarity determining regions
(CDRs) because of their importance in binding of antigen.
The four more conserved regions of the variable domains
are described as the framework regions (FRs). Each
domain of an immunoglobulin consists of two beta-sheets
10 held together by a disulfide bridge, with their
hydrophobic faces packed together. The individual beta
strands are linked together by lodps. The overall
appearance can be described as a beta barrel having loops
at the ends. The CDRs form the loops at one end of the

15 beta barrel of the variable region.

Natural immunoglobulins have been used in assay,
diagnosis and, to a more 1limited extent, therapy.
However, such uses, especially in therapy, have been
ﬁindered by the polyclonal nature of natural

20 immunoglobulins. A significant step towards the
realization of the potential of immunoglobulins as
therapeutic agents was the discovery -of techniques for
the preparation of monoclonal antibodies (MAbs) of
defined specificity, Kohler et al., 1975 (1l)]. However,

25 most MAbs are produced by fusions of rodent (i.e., mouse,
rat) spleen cells with rodent myeloma cells. They are
therefore essentially rodent proteins.

By 1990, over 100 murine monoclonal antibodies were
in clinical trials, particularly in the U.S. and

30 especially for application in the treatment of cancer.
However, by this time it was recognized that rejection of
murine monoclonal antibodies by the undesirable immune
response in humans termed the HAMA (Human Anti-Mouse
Antibody) response was a severe limitation, especially

35 for the treatment of chronic disease. Therefore, the use
of rodent MAbs as therapeutic agents in humans is
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inherently limited by the fact that the human subject
will mount an immunological response to the MAb and
either remove the MAb entirely or at least reduce its
effectiveness. In practice MAbs of rodent origin-may not
5 be used in a patient for more than one or a few
treatments as a HAMA response soon develops rendering the
MAb ineffective as well as giving rise to undesirable
reactions. In fact, a HAMA response has been observed in
the majority of patients following a single injection of

10 mouse antibody, Schroff et al., 1985 [2]). A solution to
the problem of HAMA is to administer immunologically
compatible human monoclonal antibodies. However, the

technology for development of human monoclonal antibodies
has lagged well behind that of murine antibodies
15 (Borrebaeck et al., 1990 (3] such that very few human
antibodies have proved useful for clinical study.
Proposals have therefore been made for making non-
human MAbs less antigenic in humans. Such techniques can
be generically termed "humanization" techniques. These
20 techniques generally involve the use of recombinant DNA
technology to manipulate DNA sequences encoding the
polypeptide chains of the antibody molecule. The use of
recombinant DNA technology to clone antibody genes has
provided an alternative whereby a murine monoclonal
25 antibody can be converted to a predominantly human-form
(i.e., humanized) with the same antigen binding
properties (Riechmann et al., 1988 {4]). Generally, the
goal of the humanizing technology is to develop humanized
antibodies with very 1little or virtually no murine
30 component apart from the CDRs (see, e.g., Tempest et al.,
1991 [5)]) so as to reduce or eliminate their
immunogenicity in humans.
Early methods for humanizing MAbs involved
production of chimeric antibodies in which an antigen
35 binding site comprising the complete variable domains of
one antibody is linked to constant domains derived from
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another antibody. Methods for carrying out such

chimerization procedures have been described, for

example, in EP 120694 [6], EP 125023 [7), and WO 86/01533

{8). Generally disclosed are processes for preparing

5 antibody molecules having the variable domains from a

non-human MAb such as a mouse MAb and the constant

domains from a human immunoglobulin. Such chimeric

antibodies are not truly humanized because they still

contain a significant proportion of non-human amino acid

10 sequence, i.e., the complete non-human variable domains,

and thus may still elicit some HAMA response,

particularly if administered over a prolonged period,

Begent et al., 1990 [9]. In addition, it is believed

that these methods in some cases (e.g., EP 120694 [6]; EP

15 125023 [7] and U.S. Patent No. 4,816,567 [10) did not

lead to the expression of any significant gquantities of

Ig polypeptide chains, nor the production of Ig activity

without in vitro solubilization and chain reconstitution,

nor to the secretion and assembly of the chains into the

20 desired chimeric recombinant antibodies. These same

problems may be noted for the initial productioﬁ of non-

chimeric recombinant antibodies (e.g., U.S. Patent No.
4,816,397 [11].

B. Humanized Recombinant Antibodies
25 and CDR-Grafting Technoloqy

Following the early methods for the preparation of

chimeric antibodies, a new approach was described in

EP 0239400 [12] whereby antibodies are altered by
substitution of their complementarity determining regions

30 (CDRs) for one species with those from another. This
process may be used, for example, to substitute the CDRs

from human heavy and light chain Ig variable region
domains with alternative CDRs from murine variable region
domains. These altered 1Ig variable regions may

35 subsequently be combined with human Ig constant regions
to created antibodies which are totally human in
composition except for the substitgted murine CDRs. Such
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murine CDR-substituted antibodies would be predicted to
be less likely to elicit a considerably reduced immune
response in humans compared to chimeric antibodies
because they contain considerably less murine components.

5 The process for humanizing monoclonal antibodies via
CDR grafting has been termed "reshaping". (Riechmann
et al., 1988 [4); Verhoeyen et al., 1988 {13).

Typically, complementarity determining regions (CDRs) of

a murine antibody are transplanted onto the corresponding

10 regions in a human antibody, since it is the CDRs (three

in antibody heavy chains, three in light chains) that are

the regions of the mouse antibody "which bind to a

specific antigen. Transplantation of CDRs is achieved by

genetic engineering whereby CDR DNA sequences are

15 determined by cloning of murine heavy and light chain

variable (V) region "gene segments, and are then

transferred to corresponding human V regions by site-

directed mutagenesis. In the final stage of the process,

human constant region gene segments of the desired

20 isotype (usually gamma 1 for Cy and kappa for C,) are

added and the humanized heavy and light chain genes are

coexpressed in mammalian cells to produce soluble
humanized antibody.

The transfer of these CDRs to a human antibody

25 confers on this antibody the antigen binding properties

of the original murine antibody. The six CDRs in the

murine antibody are mounted structurally on a V region

"framework" region. The reason that CDR-grafting is

successful is that framework regions between mouse and

30 human antibodies may have very similar 3-D structures

with similar points of attachment for CDRs, such that

CDRs can be interchanged. Nonetheless, certain amino

acids within framework regions are thought to interact

with CDRs and to influence overall antigen binding

35 affinity. The direct transfer of CDRs from a murine

antibody to produce a recombinant humanized antibody
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without any modifications of the human V region
frameworks often results in a partial or complete loss of
binding affinity.

In Riechmann et al., 1988 [4]} and WO 89/07454 [14],

1 it was found that transfer of the CDR regions alone (as

defined by Kabat et al., 1991 [15) and Wu et al., 1970

[16]) was not sufficient to provide satisfactory antigen

binding activity in the CDR-grafted product. Riechmann

et al. 1988 [4) found that it was necessary to convert a

10 serine residue at position 27 of the human sequence to

the corresponding rat phenylalanine residue to obtain a

CDR-grafted product having satiéfactory antigen binding

activity. This residue at position 27 of the heavy chain

is within the structural loop adjacent to CDR1. A

15 further construct which additionally contained a human

serine to rat tyrosine change at position 30 of the heavy

chain did not have a significantly altered binding

activity over the humanized antibody with the serine to

phenylalanine change at position 27 alone. These results

20 indicate that changes to residues of the human sequence

outside the CDR regions, for example, in the 1loop

adjacent to CDR1, may be necessary to obtain effective

antigen binding activity for CDR-grafted antibodies which

recognize more complex antigens. Even so, the binding

25 affinity of the best CDR-grafted antibodies obtained was
still significantly less than the original MAb.

More recently, Queen et al., 1989 ([17) and WO

90/07861 [18] have described the preparation of a

humanized antibody that binds to the interleukin 2

30 receptor, by combining the CDRs of a murine MAb (anti-

Tac) with human immunoglobulin framework and constant

regions. They have demonstrated one solution to the

problem of the. loss of binding affinity that often

results from direct CDR transfer without any

35 modifications of the human V region framework residues;

their solution involves two key steps. First, the human
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V framework regions are chosen by computer analysis for
optimal protein sequence homology to the V region
framework of the original murine antibody, in this case,
the anti-Tac MAb. In the second step, the tertiary
5 structure of the murine V region is modelled by computer
in order to visualize framework amino acid residues which
are likely to interact with the murine CDRs and these
murine amino acid residues are then superimposed on the
homologous human framework. Their approach of employing
10 homologous human frameworks with putative murine contact
residues resulted in humanized antibodies with similar
binding affinities to the original murine antibody with
respect to antibodies specific for the interleukin 2
receptor (Queen et al., 1989 (17]) and also for
15 antibodies specific for herpes simplex virus (HSV) (Co.
et al., 1991 [19])). However, the reintroduction of
murine residues into human frameworks (at least 9 for
anti-interleukin 2 receptor antibodies, at least 9 and 7
for each of two anti-HSV antibodies) may increase the
20 prospect of HAMA response to the framework region in the
humanized antibody. Bruggemann et al., 1989 [20] have
demonstrated that human V region frameworks are
recognized as foreign in mouse, and so, conversely,
murine modified human frameworks might give rise to an

25 immune reaction in humans.

According to the above described two step approach
in WO 90/07861 [18), Queen et al. outlined four criteria
for designing humanized immunoglobulins. The first
criterion is to use as the human acceptor the framework

30 from a particular human immunoglobulin that is usually
homologous to the non-human donor immunoglobulin to be
humanized, or to use a consensus framework from many
human antibodies. The second criterion is to use the
donor aminc acid ratherxthan the acceptor if the human

35 ~'acceptor residue is unusual and the donor residue is
typical for human sequences at a specific residue of the
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framework. The third criterion is to use the donor
framework amino acid residue rather than the acceptor at
positions immediately adjacent to the CDRs. The fourth
criterion is to use the donor amino acid residue at
5 framework positions at which the amino acid is predicted
to have a side chain atom within about 3 & of the CDRs in
a three-dimensional immunoglobulin model and to be
capable of interacting with the antigen or with the CDRs
of the humanized immunoglobulin. It is proposed that

10 criteria two, three or four may be applied in addition or
alternatively to criterion one, or each criteria may be
applied singly or in any combination.

In addition, WO 90/07861 (18] details the
preparation of a single CDR-grafted humanized antibedy,

15 a humanized antibody specificity for the p55 Tac protein
of the IL-2 receptor, by employing the combination of all
four criteria, as above, in designing this humanized
antibody. The variable region frameworks of the human
antibody EU (see, Kabat et al., 1991 {15]) were used as

20 acceptor. In the resultant humanized antibody, the donor
CDRs were as defined by Kabat et al., 1991 [15] and Wu
et al., 1970 [16] and, in addition, the mouse donor
residues were used in place of the human acceptor
residues, at positions 27, 30, 48, 66, 67, 89, 91, 94,

25 103, 104, 105 and 107 in heavy chain and at positions 48,
60 and 63 in the light chain, of the variable region
frameworks. The humanized anti~Tac antibody obtained was
reported to have an affinity for p55.of 3 x 10° M!, about
one-third of that of the murine MAb.

30 Several other groups have demonstrated that Queen et
al.’s approach of first choosing homologous frameworks
followed by reintroduction of mouse residues may not be
necessary to achieve humanized antibodies with similar
binding affinities to the original mouse antibodies

35 (Riechmann et al., 1988 [4]; Tempest et al., 1991 (5);
Verhoeyen, et al. 1991 [21]). Moreover, these groups
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have used a different approach and have demonstrated that
it is possible to utilize, as standard, the V region
frameworks derived from NEWM and REI heavy and light
chains respectively for CDR-grafting without radical
5 introduction of mouse residues. However, the
determination of which mouse residues should be
introduced to produce antibodies with binding
efficiencies similar to the original murine MAb can be
difficult to predict, being largely empirical and not
10 taught by available prior art. In the case of the
humanized CAMPATH-IH antibody, the substitution of a
phenylalanine for a serine residue at position 27 was the
only substitution required to achieve a binding
efficiency similar to that of the original murine
15 antibody (Riechmann, et al., 1988 [4]; WO92/04381 ([22]).
In the case of a humanized (reshaped) antibody specific
for respiratory syncytial virus (RSV) for the inhibition
of RSV infection in vivo, substitution of a block of 3
residues adjacent to CDR3 in the CDR-grafted NEWM heavy
20 chain was required to produce biological activity
equivalent to the original mouse antibody (Tempest et
al., 1991 [5]; WO 92/04381 [22]). The reshaped antibody
in which only the mouse CDRs were transferred to the
human framework showed poor binding for RSV. An
25 advantage of using the Tempest et al., 1991 [5] approach
to construct NEWM and REI based humanized antibodies is
that the 3-dimensional structures of NEWM and REI
variable regions are known from x-ray crystallography and
thus specific interéctions between CDRs and V region
30 framework residues can be modelled.

Regardless of the approach taken, the examples of
the initial humanized antibodies prepared to date have
shown that it is not a straightforward process to obtain
humanized antibodies with the characteristics, in

35 particular, the binding affinity, as well as other
desirable properties, of the original murine MAb from
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which the humanized antibody is derived. Regardless of

the approach to CDR grafting taken, it is often not

sufficient merely to graft the CDRs from a donor Ig onto

the framework regions of an acceptor Ig (see, e.g.,

5 Tempest et al., 1991 [5], Riechmann et al., 1988 ([4),

etc., cited herein). In a number of cases, it appears to

be critical to alter residues in the framework regions of

the acceptor antibody in order to obtain binding

acfivity. However, even acknowledging that such

10 . framework changes may be necessary, it is not possible to

predict, on the basis of the available prior art, which,

if any, framework residues will need to be altered to

obtain functional humanized recombinant antibodies of the

desired specificity. Results thus far indicate that

15 changes necessary to preserve specificity and/or affinity

are for the most part unique to a given antibody and

cannot be predicted based on the humanization of a

different antibody.

In particular, the sets of residues in the framework

20 region which are herein disclosed as being of critical

importance to the activity of the recombinant humanized

anti-VLA4 antibodies constructed in accordance with the

teachings of the present invention do not generally

coincide with residues previously identified as critical

25 to the activity of other humanized antibodies and were
not discovered based on the prior art.

c. Therapeutic Applications

of Humanized Antibodies
To date, humanized recombinant antibodies have been
developed mainly for therapeutic application in acute
disease situations (Tempest, et al., 1991 [5]) or for
diagnostic imaging (Verhoeyen, et al., 1991 ({21)).
35 Recently, clinical studies have bequn with at least two
humanized éntibodies with NEWM and REI V region
frameworks, CAMPATH-IH (Riechmann et al., 1988 [4]) and

30
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humanized anti-placental alkaline phosphatase (PLAP)
(Verhoeyen et al., 1991 [21]) and these studies have
initially indicated the absence of any marked immune
reaction to these antibodies. A course of treatment with
5 CAMPATH-IH provided ;emission for two patients with non-
Hodgkins lymphoma thus demonsfrating efficacy in a
chronic disease situation (Hale et al., 1988 [23]). 1In
addition, the lack of immunogeneicity of CAMPATH-1H was
demonstrated after daily treatment of the two patients
10 for 30 and 43 days. Since good tolerance to humanized
antibodies has been initially observed with CAMPATH-IH,
treatment with humanized antibody holds promise for the
prevention of acute disease and to treatment of diseases

with low mortality.

15 D. The VCAM-VLA4 Adhesion Pathway
and. Antibodies to VIA4

Vascular endothelial cells constitute the lining of
blood vessels and normally exhibit a low affinity for
circulating leukocytes (Harlan, 1985 [24]). The release

20 of cytokines at sites of inflammation, and in response to
immune reactions, causes their activation and results in
the increased expression of a host of surface antigens.
(Collins et al., 1986 [25); Pober et al., 1986 {26);
Bevilacqua et al., 1987 [27]); Leeuwenberg et al., 1989

25 (28)). These include the adhesion proteins ELAM-1, which
binds neutrophils (Bevilacqua et al., 1989 [29], ICAM-1
which interacts with all leukocytes (Dustin et al., 1986
[{30); Pober et al. 1986, [26); Boyd et al., 1988 ([31};
Dustin and Springer, 1988 (32]), and VCAM-1 which binds

30 lymphocytes (Osborn et al., 1989 [33]). These cytokine-
induced adhesion molecules appear to play an important
role in leukocyte recruitment to extravascular tissues.

The integrins are a group of cell-extracellular
matrix and cell-cell adhesion receptors exhibiting an

35 alpha-beta heterodimeric structure, with a widespread
cell distribution and a high degree of conservation
throughout evolution.(ﬂynes, 1987 {34); Marcantonio and
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Hynes, 1988 [35]). The integrins have been subdivided
into three major subgroups; the §, subfamily of integrins
(LFA-1, Mac-1, and p150,95) is mostly involved in cell-
cell interactions within the immune system (Kishimoto et
5 al., 1989 [36]), whereas members of the 8, and B, integrin
subfamilies predominantly mediate cell attachment to the
extracellular matrix (Hynes, 1987 ([34]); Ruoslahti, 1988
[37])-. In particular, the B, integrin family, also
termed VLA proteins, includes at least six receptors that
10 specifically interact with fibronectin, collagen, and/or
laminin (Hemler, 1990 [38]). Within the VLA family, VLA4
is atypical because it is mostly restricted to lymphoid
and myeloid cells (Hemler et al., 1987 ([39])), and
indirect evidence had suggested that it might be involved
15 in various cell-cell interactions (Clayberger et al.,
1987 [40); Takada et al., 1989 [41]; Holtzmann et al.,
1989 ([42]); Bendarczyk and McIntyre, 1990 ([43]). In
addition, VLA4 has been shown to mediate T and B
lymphocyte attachment to the heparin II binding fragment
20 of human plasma fibronectin (FN) (Wayner et al., 1989
(44)) - '

VCAM-1, like ICAM-1, is a member of the
immunoglobulin gene superfamily (Osborn et al., 1989
[33]). VCAM-1 and VLA4 were demonstrated to be a ligand-

25 receptor pair that allows attachment of lymphocytes to
activated endothelium by Elices et al., 1990 [45]. Thus,
VLA4 represents a singular example of a f;, integrin
receptor participating in both cell-cell and cell-
extracellular matrix adhesion functions by means of the
30 defined ligands VCAM-1 and FN.

VCAM1 (also known as INCAM-110) was first identified
as an adhesion molecule induced on endothelial cells by
inflammatory cytokines (TNF and IL-~1) and LPS (Rice et
al., 1989 [46]); Osborn et al., 1989 [33]). Because VCAM1

35 binds to cells exhibiting the integrin VLA4 (a8,),
including T and B lymphocytes, monocytes, and
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eosinophils, but not neutrophils, it is thought to
participate in recruitment of these cells from the
bloodstream to areas of infection and inflammation
(Elices et al, 1990 [45); Osborn, 1990 [33]). The
5 VCAM1/VLA4 adhesion pathway has been associated with a
number of physiological and pathological processes.
Although VLA4 is normally restricted to hematopoietic
lineages, it is found on melancma cell lines, and thus it
has been suggested that VCAM1 may participate in

10 metastasis of such tumors (Rice et al., 1989 [46]).
In vivo, VCAaM1 is found on areas of arterial
endothelium representing early atherosclerotic plaques in
a rabbit model system (Cybulsky and Gimbrone, 1991 [47]).
VCAM1 is also found on follicular dendritic cells in
15 human lymph nodes (Freedman et al., 1990 [48]). It is
also present on bone marrow stromal cells in the mouse
{(Miyake et al., 1991 [49)), thus VCAMl appears to play a

role in B-cell development.

The major form of VCAM1 in vivo on endothelial

20 cells, has been referred to as VCAM-7D, and has seven Ig
homology units or domains; domains 4, 5 and 6 are similar
in amino acid sequence to domains 1, 2 and 3,
respectively, suggesting an intergenic duplication event
in the evolutionary history of the gene (Osborn et al.,
25 1989 [33]; Polte et al. 1990 [50); Hession et al., 1991
{51]; Osborn and Benjamin, U.S. Ser. No. 07/821,712 filed
September 30, 1991, {52]). A 6-domain form (referred to
as VCAM~6D herein) is generated by alternative splicing,
in which the fourth domain is deleted (Osborn et al.,
30 1989 ([33]; Hession et al. 1991 [Sli, Cybulsky et al.,
1991 [47); Osborn and Benjamin, U.S. Ser. No. 07/821,712
filed September 30, 1991 [52]). The VCAM-6D, was the
first sequenced of these alternate forms, however, later
in vivo studies showed that the VCAM-7D form was dominant
as in vive. The biological significance of the alternate

splicing is not known, however as shown by Osborn and
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Benjamin, U.S. Ser. No. 07/821,712 filed September 30,
1991 [52), VCAM-6D can bind VLA4-expressing cells and
thus clearly has potential functionality in vivo.
The apparent involvement of the VCAM1/VLA4 adhesion
5 pathway in infection, inflammation and possibly
atherosclerosis has led to continuing intensive research
to understand the mechanisms of cell-cell adhesion on a
molecular level and has led investigators to propose
intervention in this adhesion pathway as a treatment for
10 diseases, particularly inflammation (Osborn et al., 1989
{33]). One method of intervention in this pathway could
involve the use of anti-VLA4 antibodies.
Monoclonal antibodies that inhibit VCAM1 binding to
VLA4 are known. For example, anti-VLA4 MAbs HP2/1 ahd
15 HP1/3 have been shown to block attachment of VLA4-
expressing Ramos cells to human umbilical vein cells and
VCAM1-transfected COS cells (Elices et al., 1990 [45])).
Also, anti-VCAM1 antibodies such as the monoclonal
antibédy 4B9 (Carlos et al., 1990 [53)) have been shown
20 to inhibit adhesion of Ramos (B-cell-like), Jurkat (T-
cell-like) and HL60 (granulocyte-like) cells to COS cells
transfected to express VCAM=-6D and VCAM-7D (Hession et
al., 1991 (51]).
The monoclonal antibodies to VLA4 that have been
25 described to date fall into several categories based on
epitope mapping studies (Pulido, et al., 1991 ([54)).
Importantly one particular group of antibodies, to
epitope "B", are effective blockers of all VLA4-dependent
adhesive functions (Pulido et al., 1991, ([54])). The
30 preparation of such monoclonal antibodies to epitope B of
VLA 4, including, for example the HP1/2 MAb, have been
described by Sanchez-Madrid et al., 1986, ([55].
Antibodies having similar specificity and having high
binding affinities to VLA4 comparable to that of HP1/2,
35 would be particularly promising candidates for the
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preparation of humanized recombinant anti-VLA4 antibodies

useful as assay reagents, diagnostics and therapeutics.

As stated above, inflammatory leukocytes' are

recruited to sites of inflammation by cell adhesion

5 molecules that are expressed on the surface of
endothelial cells and which act as receptors for
leukocyte surface proteins or protein complexes. In
particular, eosinophils have recently been found to
participate in three distinct cell adhesion pathways to

10 vascular endothelium, binding to cells expressing
intercellular adhesion molecule-1 (ICAM-1), endothelial

cell adhesion molecule-1 (ELAM-1), and vascular cell
adhesion molecule-1 (VCAM-1l) (Weller et al., 1991 (56];

Walsh et al., 1991 [57); Bochner et al., 1991 (58]; and

15 Dobrina et al., 1991 [59]}). That eosinophils express
VLA4 differentiates them from other inflammatory cells

such as neutrophils, which bind to ELAM-1 and ICAM-1 but

not VCAM-1.
The VLA4-mediated adhesion pathway has been
20 investigated in an asthma model to examine the possible

role of VLA4 in leukocyte recruitment to inflamed lung
tissue (Lobb, U.S. Ser. No. 07/821,768 filed January 13,
1992 [60]). Administering anti-VLA4 antibody inhibited
both the late phase response and airway

25 hyperresponsiveness in allergic sheep. Surprisingly,
administration of anti-VLA4 led to a reduction in the
number of both neutrophils and eosinophils in the lung at
4 hours after allergen challenge, even though both cells
have alternate adhesion pathways by which they can be

30 recruited to lung tissues. Also surprisingly, inhibition
of hyperresponsiveness in the treated sheep was observed
which continued to 1 week, even though infiltration of
leukocytes, including neutrophils and eosinophils, was
not significantly reduced over time.

35 The VLA4-mediated adhesion model has also been
investigated in a primate model of inflammatory bowel
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disease (IBD) (Lobb, U.S. Ser. No, 07/835,139 filed

February 12, 1992 [61]). The administration of anti-VLA4

antibody surprisingly and significantly reduced acute

inflammation in that model, which is comparable to
5 ulcerative colitis in humans.

More recently, anti-VLA4 antibodies have been used
in methods for the peripheralizing of CD34* cells,
including hematopoietic stem cells as described in
Papyannopoulou, U.S. Ser. No. 07/977,702, filed

10 November 13, 1992 [62].

Thus, anti-VLA4 antibodies having certain epitopic
specificities and certain binding affinities may be
therapeutically useful in a variety of inflammatory
conditions, including asthma and IBD. In particular,

15 humanized recombinant versions of such anti-VLA4
antibodies, if they could be constructed, might be
especially useful for administration in humans. Such
humanized antibodies would have the desired potency and
specificity, while avoiding or minimizing an

20 immunological response which would render the antibody
ineffective and/or give rise to undesirable side effects.
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SUMMARY OF THE INVENTION
The present invention provides a method of

constructing a recombinant anti~VLA4 antibody molecule.

Specifically, recombinant antibodies according .to the

5 present invention comprise the antigen binding regions

derived from the heavy and/or light chain variable
regions of an anti-VLA4 antibody.

The present invention provides a method for the

construction of humanized recombinant antibody molecule

10 using as a first step CDR grafting or "reshaping"

technology. Specifically, the humanized antibodies

according to the present invention have specificity for

VLA4 and have an antigen binding site wherein at least

one or more of the complementarity determining regions

15 (CDRs) of the variable domains are derived from a donor

non-human anti-VLA4 antibody, and in which there may or

may not have been minimal alteration of the acceptor

antibody heavy and/or light variable framework region in

order to retain donor antibody binding specificity.

20 Preferably, the antigen binding regions of the CDR-

grafted heavy chain variable domain comprise the CDRs

corresponding to'positions 31-35 (CDR1l), 50-65 (CDR2) and

95-102 (CDR3). Preferably, the antigen binding regions

of the CDR-grafted light chain variable domain comprise

25 CDRs corresponding to positions 24-34 (CDR1l), 50-56

(CDR2) and 89-3%7 (CDR3). These residue designations are

numbered according to the Kabat numbering (Kabat et al.,

1991 [15]). Thus, the residue/position designations do

not always correspond directly with the linear numbering

30 of the amino acid residues shown in the sequence listing.

In the case of the humanized Vg sequence disclosed

herein, the Kabat numbering does actually correspond to

the linear numbering of amino acid residues shown in the

sequence listing. In contrast, in the case of the

35 humanized V, sequences disclosed herein, the Kabat

numbering does not correspond to the linear numbering of
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amino acid residues shown in the sequence listing (e.g.,
for the humanized V,; regions disclosed in the sequence
listing, CDR2 = 50-66, CDR3 = 99-110).

The invention further provides the recombinant and

5 humanized anti-VLA4 antibodies which may be detectably
labelled.

The invention additionally provides a recombinant
DNA molecule capable of expressing the recombinant and

" humanized anti-VLA4 antibodies of the present invention.

10 The invention further provides host cells capable of

producing the recombinant and humanized anti-VLA4
antibodies of the present invention.

The invention additionally relates to diagnostic and
therapeutic uses for the recombinant and humanized anti-

15 VLA4 antibodies of the present invention.

The invention further provides a method for treating
inflammation resulting from a response of the specific
defense system in a mammalian subject, including humans,
which comprises providing to a subject in need of such

20 treatment an amount of an anti-inflammatory agent
sufficient to suppress the inflammation wherein the anti-
inflammatory agent is a recombinant and humanized anti-
VLA4 antibody of the present invention.

The invention further provides a method for treating

25 non-specific inflammation in a mammalian subject,
including humans using the recombinant and humanized
anti-VLA4 antibodies.

The invention further concerns the embodiment of the
above-described methods wherein the recombinant and

30 humanized anti-VLA4 antibodies of the present invention
are derived from the murine monoclonal antibody HP1/2.
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DETAILED DBSCRIPTION OF SPECIPIC EMBODIMENTS
OF THE INVENTION
The technology for producing monoclonal antibodies
is well known. Briefly, an immortal cell line (typically
5 myeloma cells) is fused to lymphocytes (typically
splenocytes) from a mammal immunized with whole cells
expressing a given antigen, e.g., VLA4, and the culture
supernatants of the resulting hybridoma cells are
screened for antibodies against the antigen (see,

10 generally, Kohler et al., 1975 [1]).

Immunization may be accomplished using standard
procedures. The unit dose and immunization regimen
depend on the species of mammal immunized, its immune
status, the body weight of the mammal, etc. Typically,

18 the immunized mammals are bled and the serum from each
blood sample is assayed for particular antibodies using
appropriate screening assays. For example, anti-VLA4
antibodies may be identified by immunoprecipitation of
187-)labeled cell 1lysates from VLA4-expressing cells

20 (see, Sanchez-Madrid et al., 1986 [55) and Hemler et al.,
1987 (39]). Anti-VLA-4 antibodies may also be identified
by ‘flow cytometry, e.g., by measuring fluorescent
staining of Ramos cells incubated ‘with an antibody
believed to recognize VLA4 (see, Elices et al., 1990

25 {45]). The 1lymphocytes used in the production of
hybridoma cells typically are isolated from immunized
mammals whose sera have already tested positive for the
presence of anti-VLA4 antibodies using such screening
assays. )

30 Typically, the immortal cell line (e.g., a myeloma
cell line) is derived from the same mammalian species as
the lymphocytes. Preferred immortal cell lines are mouse
myeloma cell lines that are sensitive to culture medium
containing hypoxanthine, aminopterin and thymidine ("HAT

35 medium®) .
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Typically, HAT-sensitive mouse myeloma cells are
fused to mouse splenocytes using 1500 molecular weight
polyethylene glycol ("PEG 1500"). Hybridoma cells
resulting from the fusion are then selected using HAT

S medium, which kills unfused and unproductively fused
myeloma cells (unfused splenocytes die after several days
because they are not transformed). Hybridomas producing
a desired antibody are detected by screening the
hybridoma culture supernatants. For example, hybridomas

10 prepared to produce anti-VLA4 antibodies may be screened
by testing the hybridoma culture supernatant for secreted
antibodies having the ability to bind to a recombinant
a,~subunit-expressing cell line, such as transfected K-
562 cells (see, e.g., Elices et al., 1990 [45)]).

15 To produce anti VLA4-antibodies, hybridoma cells
that tested positive in such screening assays are
cultured in a nutrient medium under conditions and for a
time sufficient to allow the hybridoma cells to secrete
the monoclonal antibodies into the culture medium.

20 Tissue culture techniques and culture media suitable for
hybridoma cells are well known. The conditioned
hybridoma culture supernatant may be collected and the
anti-VLA4 antibodies optionally further purified by well-
known methods.

25 Alternatively, the desired antibody may be produced
by injecting the hybridoma cells into the peritoneal
cavity of an unimmunized mouse. The hybridoma cells
proliférate in the peritoneal cavity, secreting the
antibody which accumulates as ascites fluid. The

30 antibody may be harvested by withdrawing the ascites
fluid from the peritoneal cavity with a syringe.

Several anti-VLA4 monoclonal antibodies have been
previously described (see, e.g., Sanchez-Madrid et al.,
1986 [55); Hemler et al., 1987 [39); Pulido et al., ‘1991

35 (54])). HP1/2, for example, is one such murine monoclonal
antibody which recognizes VLA4. VLA4 acts as a leukocyte
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receptor for plasma fibronectin and VCAM-1. Other
monoclonal antibodies, such as HP2/1, HP2/4, L25 and
P4C2, have been described that also recognize VLA4.
Recombinant antibodies have been constructed and are
S described herein in which the CDRs of the variable
domains of both heavy and light chains were derived from
the murine HP1/2 sequence. Preferred starting materials
for constructing recombinant humanized antibodies
according to the present invention are anti-VLA4
10 antibodies, such as HP1/2, that block the interaction of
VLA4 with both VCAM1 and fibronectin. Particularly
preferred are those antibodies, such as HP1/2, which in
addition, do not cause cell aggregation. Some anti-VLA4
blocking antibodies have been observed to cause such
15 aggregation. The HP1/2 MAb (Sanchez-Madrid et al., 1986
(55]) 4is a particularly excellent candidate for
humanization since it has an extremely high potency,
blocks VIA4 interaction with both VCAM1 and fibronectin,
but does not cause cell aggregation, and has the
20 specificity for epitope B on VLA4. In the initial
experiments, V,; and Vy DNA were isolated and cloned from
an HP1/2-producing hybridoma cell line. The variable
domain frameworks and constant domains for humanization

were initially derived from human antibody sequences.
25 The three CDRs that lie on both heavy and light
chains are composed of those residues which structural
studies have shown to be involved in antigen binding.
Theoretically, if the CDRs of the murine HP1/2 antibody
were grafted onto human frameworks to form a CDR-grafted
30 variable domain, and this variable domain were attached
to human constant domains, the resulting CDR-grafted
antibody would essentially be a human antibody with the
specificity of murine HP1/2 to bind human VLA4. Given
the highly "human" nature of this antibody, it would be
35 expected to be far less immuncgenic than murine HP1l/2

when administered to patients.
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However, following testing for antigen binding of a
CDR~grafted HP1/2 antibody in which only the CDRs were
grafted onto the human framework, it was shown that this
did not produce a CDR-grafted antibody having reasonable
5 affinity for the VLA4 antigen. It was therefore decided
that additional residues adjacent to some of the CDRs and
critical framework residues needed to be substituted from
the human to the corresponding murine HP1/2 residues in.
order to generate an antibody with binding affinity in
10 the range of 10% to 100% of the binding affinity of the
murine HP1/2 MAb. Empirically, changes of one or more
residues in the framework regions of Vy; and Vy, were made
to prepare antibodies of the desired specificity and
potency, but without making so many changes in the human
15 framework so as to compromise the essentially human

nature of the humanized V4, and Vi region sequences.
Furthermore, VLA4-binding fragments may be-prepared
from the recombinant anti-VLA4 antibodies described
herein, such as Fab, Fab’, F(ab’),, and F(v) fragments;
20 heavy chain monomers or dimers; light chain monomers or
dimers; and dimers consisting of one heavy chain and one
light chain are also contemplated herein. Such antibody
fragments may be produced by chemical methods, e.g., by
cleaving an intact antibody with a protease, such as
25 pepsin or papain, or via recombinant DNA technigues,
e.g., by using host cells transformed with truncated
heavy and/or light chain genes. Heavy and light chain
monomers may similarly be produced by treating an intact
antibody with a reducing agent such as dithiothreitol or
30 f-mercaptoethanol or by using host cells transformed with
DNA encoding either the desired heavy chain or light

chain or both.
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The following examples are intended to further
illustrate certain preferred embodiments of the invention
and are not intended to be limiting in nature. 1In the
following examples, the necessary restriction enzymes,

5 ‘plasmids, and other reagents and materials may be
obtained from commeircial sources and cloning, ligation
and other recombinant DNA methodology may be performed by
procedures well-known in the art.
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Example 1

Isolation of DNA Segquences Encoding
Murine Anti- variab] .

A. solation o e i chain ¢
To design a humanized recombinant antibody with .
specificity for VLA4, it was first necessary to determine
the sequence of the variable domain of the murine HP1/2
10 heavy and light chains. The sequence was determined from
heavy and light chain cDNA that had been synthesized from
cytoplasmic RNA according to methods referenced in
Tempest et al., 1991 {5].
1. Cells and RNA jgolation
15 Cytoplasmic RNA (~200 ug) was prepared by the method
of Favaloro et al., 1980 [63], from a semi-confluent
150cm® flask of HP1l/2-producing hybridoma cells (about 5
X 10° logarithmic phase cells). The cells were pelleted
and the supernatant was assayed for the presence of
20 antibody by a solid phase ELISA using an Inno-Lia mouse
monoclonal antibody isotyping kit (Innogenetics, Antwerp,
Belgium) using both the kappé conjugate and the lambda
conjugate. The antibody was confirmed to be IgGl/«x by
this method.
25 2. cDNA _Svnthesis
cDNAs were synthesized from the HP1/2 RNA via
reverse transcription initiated from primers based on the
5’ end of either the murine IgGl CH, or the murine kappa
constant domains using approximately 5 pug RNA and 25 pmol
30 primer in reverse transcriptase buffer containing
1 xl1/50 pl Pharmacia (Milton Keynes, United Kingdom) RNA
Guard™ and 250 micromolar dANTPs. The sequence of these
primers, CG1FOR and CK2FOR are shown as SEQ ID NO: 1 and
SEQ ID NO: 2, respectively. The mixture was heated to
35 70°C, then allowed to cool slowly to room temperature.
Then, 100 units/50 ul MMLV reverse transcriptase (Life
Technologies, Paisley, United Kingdom) was added and the
reaction was allowed to proceed at 42°C for one hour.
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3. Amplification of V, and Vy cDNA
Polymerase chain reaction (PCR) of murine MAb
variable regions can be achieved using a variety of
procedures, for example, anchored PCR or primers based
5 on conserved sequences (see, e.g., Orlandi et al., 1989
[64]). Orlandi et al. [64], Huse et al., 1989 [65] and
Jones and Bendig, 1991 [66], have described some variable
region primers. We have been unsuccessful, however, in
" using a number of such primers, particularly those for
10 the light chain PCR of HP1/2 derived Vg sequences.
HP1/2 Ig V, and Vy cDNAs were amplified by PCR as
described by Saiki et al., 1988 [67) and Orlandi et al.,
1989 [64]. Reactions were carried out using 2.5
units/50 ul Amplitag™ polymerase (Perkin Elmer Cetus,
15 Norwalk, CT) in 25 cycles of 94°C for 30 seconds followed
by 55°C for 30 seconds and 75°C for 45 seconds. The final
cycle was followed by five minute incubation at 75°C.
The same 3’ oligonucleotides used for cDNA synthesis were
used in conjunction with appropriate 5’ oligonucleotides
20 based on consensus sequences of relatively conserved
regions at the S’ end of each V region. V,; cDNA was
successfully amplified using the primers VH1BACK [SEQ ID
NOo: 3] and CGlFOR [SEQ ID NO: 1] and yielded an
amplification product of approximately 400 bp. Vyx cDNA
25 was successfully amplified using the primers VKSBACK [SEQ
ID NO: 4) and CK2FOR [SEQ ID NO: 2] and yielded an
amplification product of approximately 380 bp.

4. Cloning and Sequencing V, DNA
30 The primers used for the amplification of Vv, DNA,
contain the restriction enzyme sites PstI and HindIII
which facilitate cloning into sequencing vectors. The

general cloning and ligation methodology was as described

in Molecular Cloning, A Laboratory Manual 1982, {68). The
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amplified DNA was digested with PstI to check for
internal PstlI sites and an internal PstI site was found.
Therefore,the V,; DNA was cloned as PstI-Pstl and PstI-
HindIII fragments into M13mpl8 and 19. The resulting
5 collection of clones from two independent CcDNA
preparations were seguenced by the dideoxy method
(sanger, et al., 1977, [69) using Segquenase™ (United
States Biochemicals, Cleveland, Ohio, USA). The sequence
of a region of ~100-250 bp was determined from each of 25
10 clones. out of more than 4000 nucleotides sequenceqd,
there were three PCR-induced transition mutation in three
separate clones. The HP1/2 V, DNA sequence and its
translated amino acid sequence are set forth in SEQ ID
NO: 5 and SEQ ID NO: 6, respectively. It should be
15 noted that the first eight amino acids are dictated by
the 5’ primer used in the PCR. Computer-assisted
comparisons indicate that HP1/2 V,; [(SEQ ID NOS: 5 and 6]
is a member of family IIC (Kabat et al., 1991, [15). A
comparison between HP1/2 V, [SEQ ID NOS: 5 and 6] and a
20 consensus sequence of family IIC revealed that the only
unusual residues are at amino acid positions 80, 98 and
121 (79, 94 and 121 in Kabat numbering). Although Tyr 80
is invariant in subgroup IIC other sequenced murine V,
regions have other aromatic amino acids at this position
25 although none have Trp. The majority of human and murine
VHé have an arginine residue at Kabat position 94. The
presence of Asp 94 in HP1/2 V, is extremely rare; there
is only one reported example of a negatively charged
residue at this position. Proline at Kabat position 113
30 is also unusual but is unlikely to be important in the
conformation of the CDRs because of its distance from
them. The amino acids making up CDR1 have been found in
three other sequenced murine V, regions. However, CDR2
and CDR3 are unique to HP1/2 and are not found in any

35 other reported murine V.
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5. Cloning and Segquencing V., DNA
The primers used for the amplification of Vg DNA

contain restriction sites for the enzymes EcoRI and

HipdIII. The PCR products obtained using primers VK1BACK

5 [SEQ ID NO: 7], VKSBACK [SEQ ID NO: 4) and VK7BACK [SEQ

ID NO: 8] were purified and cloned into M13. Authentic

kappa sequences were obtained only with VK5BACK [SEQ ID

NO: 4]. The sequence of a region of -~200-350 bp was

determined by the dideoxy method (Sanger et al., 1977,

10 [69] using Sequenase™ (United States Biochemicals,

Cleveland, Ohio, USA) from each of ten clones from two

independent cDNA preparations. Out of more than 2 kb

sequenced, there were only two clones which each
contained one PCR-induced transition mutation.

15 The HP1/2 Vy DNA sequence and its translated amino
acid sequence are set forth in SEQ ID NO: 9 and SEQ ID
NO: 10, respectively. The first four amino -acids are

dictated by the 5’ PCR primer but the rest of the
sequence is in total agreement with partial protein
20 sequence data. HP1/2 Vy is a member of Kabat family V
(Kabat et al., 1991 [15]) and has no unusual residues.
_ The amino acids of CDR1 and CDR3 are unique. The amino
acids making up CDR2 have been reported in one other
murine V.
25
Example 2
Design of a CDR-grafted Anti-VIA4 Antibody
To design a CDR-grafted anti-VLA4 antibody, it was

necessary to determine which residues of murine HP1/2
30 comprise the CDRs of the light and heavy chains.
Three regions of hypervariability amid the less
variable framework sequences are found on both light and
heavy chains (Wu and Kabat, 1970 [16]); Kabat et al., 1991
[15]). In most cases these hypervariable regions
35 correspond to, but may extend beyond, the CDR. The amino
acid sequences of the murine HP1/2 Vy, and Vy chains are
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set forth in SEQ ID NO: 6 and SEQ ID NO: 10,
respectively. CDRs of murine HP1/2 were elucidated in
accordance with Kabat et al., 1991 [15) by alignment with
other Vy; and Vy sequences. The CDRs of murine HP1/2 Vy
5 were identified and correspond to the residues identified
in the humanized. Vu sequenées disclosed herein as

follows:
CDR1 ARy ~Ahy
CDR2 AR —-Alg
10 CDR3 ARgy-AA

These correspond to AA;~AA;, AA =AAg, and AAg~AAp,

respectively, in Kabat numbering. The CDRs of murine

HP1/2 Vy were identified and correspond to the residues

identified in the humanized Vy; sequences disclosed herein
15 as follows:

CDR1 AA,,~AA,,
CDR2 AAs-ARg
CDR3 AAg~AA,
These correspond to the same numbered amino acids in
20 Kabat numbering. Thus, only the boundaries of the V,,

but not V,, CDRs corresponded to the Kabat CDR residues.

The human frameworks chosen to accept the HP1/2 CDRs were

NEWM and REI for the heavy and light chains respectively.

The NEWM and the REI sequences have been published in
25 Kabat et al., 1991 [15).

An initial stage of the humanization process may
comprise the basic CDR grafting with a minimal framework
change that might be predicted from the literature. For
example, in Riechmann et al., 1988 [4], the MAb CAMPATH-

30 1H was successfully humanized using direct CDR grafting
with only one framework change necessary to obtain an
antibody with a binding efficiency similar to that of the
original murine antibody. This framework change was the
substitution of a Phe for a Ser at position 27. However,

35 using the same humanization strategy by CDR grafting and
the single framework change discovered by Riechmann et
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al., 1988 [4] for the preparation of humanized antibodies
having other specificities did not yield antibodies with
affinities comparable to the murine antibodies from which
they were derived. In such cases, the humanization
5 process must necessarily include Vadditidnal empirical
changes to achieve the desired specificity and potency.
Such changes may be related to the unique structure and
sequence of the starting murine antibody but are not
predictable based upon other antibodies of different
10 specificity and sequence. For example, analysis of the
murine V, amino acid sequence from HP1/2 as set forth in
SEQ ID NO: 6 as compared with the other known sequences
indicated that residues 79, 94 and 113 (Kabat numbering)
were unusual. Of these, only Asp 94 is likely to be
15 important in CDR conformation. Most Vy regions that have
been sequenced have an arginine at this position which is
able to form a salt bridge with a relatively conserved
Asp 101 in CDR3. Because NEWM has an Arg 94 and V, CDR3
of HP1/2 has an Asp 101, there remains the possibility
20 that a salt bridge would form which would not normally
occur. The presence of a negatively charged residue at
position 94 is vefy unusual and therefore it was decided

to include the Asp 94 into the putative humanized V,.
A chimeric (murine V/human IgGl/«x) HP1/2 antibody
25 may be useful, but not a necessary, intermediate in the
initial stages of preparing a CDR grafted construct
because (i) its antigen-binding ability may indicate that
the correct V regions have been cloned; and (ii) it may
act as a useful control in assays of the various
30 humanized antibodies prepared in accordance with the

present invention.

For V,, an M13 clone containing full-length HP1/2 V,
was amplified using VH1BACK [SEQ ID NO: 3] and VH1FOR
[SEQ ID NO: 11) which contain PstI and BstEII sites
35 respectively ai: the 5’ and 3’ ends of the V, domain. The
amplified DNA was cut with BstEII and partially cut with

Aragen/Transposagen Ex. 1035 - Part B



WO 94/16094 PCT/US94/00266

=30~

PstI, full-length DNA purified and cloned into M13VHPCR1
(Orlandi et al., 1989 [64]) which had been cut with Pstl
and BsStEII. For Vx an M13 clone containing full-length
HP1/2 Vy was amplified using VK3BACK ([SEQ ID NO: 12] and

5 VK1FOR [SEQ ID NO: 13] to introduce PvulI and BglIIl sites
respectively at the 5’ and 3’ ends of the Vx domain. The
amplified DNA was cut with PvuIl and BglII and cloned
into M13VKPCR1 (Orlandi et al., 1989 [64]) which had been
cut with PvuII and BclI.

10 In sum, the 5’ primers used for the amplification of
the murine Vy and Vg regions contain convenient
restriction sites for cloning into our expression
vectors. The 3’ primers used in the PCRs were from the
constant regions. Restriction sites at the 3’ end of the

15 variable regions were introduced into cloned murine
variable region genes with PCR primers which introduced
BstII or BgqlII sites in the heavy and 1light (kappa)
variable regions, respectively. Additionally, the Vv
primer changed Pro 113 to Ser. ‘

20 The murine V,; and Vy DNAs were cloned into vectors
containing the 'gpt and hygromycin resistance genes
respectively, such as pngpt and pSVhyg as described by
Orlandi, et al. [64], and appropriate human IgGl, IgG4 or
x constant regions were added, for example, as described

25 by Takahashi et al., 1982 [70], Flanagan and Rabbitts,
1982 [71), and Hieter et al., 1980 [72], respectively.
The vectors were cotransfected into the rat myeloma YB2/0
and mycophenolic acid resistant clones screened by ELISA
for secretion of chimeric IgG/x antibody. The YB2/0 cell

30 line was described by Kilmartin et al., 1982 [73] and is
available from the American Type Culture Collection
(ATCC, Rockville, MD). ELISA positive clones were
expanded and antibody purified from culture medium by
protein A affinity chromatography. The chimeric antibody

35 purified from the transfected cells was assayed for anti-
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VLA4 antibody activity as described in Example 7 and was
found to be equipotent with the murine HP1/2 antibody.

Example 3
5 Transplantation of CDR Sequences and

Mutagenesis of Selected Framework Residues

Transplantation of the CDRs into human frameworks

was performed using M13 mutagenesis vectors. The human
10 frameworks chosen to accept the CDR sequences outlined in
Example 2 were derived from NEWM for vy and REI for Vi,

each in an M13 mutagenesis vector. The M13 mutagenesis
vectors used for Vy and Vi, were M13VHPCR1 and M13VKPCR2,
respectively. MI13VKPCR2 is identical to MI13VKPCR1 as

15 described by Orlandi et al., 1989 [64]), except for a
single amino acid change from valine (GTG) to glutamine

(GAA) in framework 4 of the REI Vx coding sequence.
M13VHPCR1 described by Orlandi et al., 1989 ([64] is M13

that contains the coding sequence for a Vy region that is

20 an NEWM framework sequence with CDRs derived from an
anti-hapten (4-hydroxy-3-nitrophenyl acetyl caproic acid)
antibody; the irrelevant V, CDRs are replaced by site-
directed mutagenesis with the CDRs derived from HP1/2 Vy
as described below. The V, region sequence (DNA and

25 amino acid) encoded by M13VHPCR1l is shown as SEQ ID NOS:
14 and 15. M13VKPCR2, like M13VKPCRl1 described by
Orlandi et al. [64), is M13 that contains the coding
sequence for a Vi region that is N-terminal modified REI
framework sequence with CDRs derived from an anti-

30 lysozyme antibody; these irrelevant Vy CDRs are replaced
by site-directed mutagenesis with the CDRs derived from
HP1/2 Vx as described below. The Vg region sequence (DNA
and amino acid) encoded by M13PCR2 is shown as SEQ ID
NOS: 16 and 17. ‘

35 Synthetic oligonucleotides were synthesized
containing the HPl/2-derived V, and Vyx CDRs flanked by
short sequences drawn from NEWM and REI frameworks,
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respectively, and grafted .into the human frameworks by
oligonucleotide site-directed nutagenesis as follows.
For CDR grafting into the human Vg framework,
mutagenizing oligonucleotides 598 [SEQ ID NO: 18], 599
5 [SEQ ID NO: 19] and 600 [SEQ ID NO: 20] were used. For
CDR grafting into the human Vy framework, the
mutagenizing oligonuclectides were 605 [SEQ ID NO: 21]),
606 [SEQ ID NO: 22] and 607 [SEQ ID NO: 23]. To S pg of
Vy or Vy single-stranded DNA in M13 was added a 2-fold
10 molar excess of each of the three Vy; or Vg phosphorylated
oligonucleotides together with flanking primers based on
M13 sequences, oligo 10 ([SEQ ID NO: 24] for V, and oligo
385 [SEQ ID NO: 25) for Vx. Primers were annealed to the
template by heating to 70°C and slowly cooling to 37°C.
15 The annealed DNA was extended and ligated with 2.5 U T7
DNA polymerase (United States Biochemicals) and 1 U T4
DNA ligase (Life Technologies) in 10 mM Tris HCl pH 8.0,
5 mM MgCl,, 10 mM DTT, 1 mM ATP, 250 uM dNTPs in a
reaction volume of 50 ul at 16°C for 1-2 hours.
20 The newly extended mutagenic strand was
preferentially amplified using 1 U Vent DNA polymerase
(New England Biolabs) and 25 pmol oligo 11 [SEQ ID NO:
26) or oligo 391 ([SEQ ID NO: 27) (for V, or V,,
respectively) in 10 mM KCl, 10 mM (NH,),SO,, 20 mM Tris
25 HCl pH 8.8, 2 mM MgSO,, 0.1% Triton X-100, 25 uM ANTPs in
a reaction volume of 50 ul and subjecting the sample to
30 cycles of 94°, 30s; 50°, 30s; 75° 90s.
A normal PCR was then performed by adding 25 pmol
oligo 10 ([SEQ ID NO: 24)] (for V) or oligo 385 [SEQ ID
30 NO: 25] (for Vi) with 10 thermal cycles. The product
DNAs were digested with HindIII and BamHI and cloned into
M13mpl9. - Single-stranded DNA was prepared from
individual plaques, sequenced and triple mutants were
identified.
35 The resulting Stage 1 V, construct with the DNA
sequence and its translated product set forth in SEQ ID
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NO: 28 and SEQ ID NO: 29, respectively. In addition to
the CDR grafting, the Stage 1 V, construct contained
selected framework changes. Just prior to CDR1, a block
of sequences was changed to the murine residues Phe 27,
) Asn 28, Ile 29 and Lys 30 [compare AAp—AA;, of SEQ ID NO:
29 with that of murine V, sequence [SEQ ID NO: 6]]. This
included Phe-27 as substituted in the humanization of the
rat CAMPATH1-H antibody (Riechmann et al., 1988 [4]), but
then also substitutes the next three residues found in
10 the murine sequence. Although these four residues are
not nominally included in CDR1 (i.e., are not
hypervariable in the Kabat sense), structurally they are
a part of the CDR1 loop (i.e., structural loop residues),
and therefore included empirically as part of CDRl1. 1In
15 addition, the change from Arg to Asp at residue 94 was
made based on the ratiohale discussed in Example 2. An
alignment of the CDR-grafted Stage 1 framework seguences
as compared with the NEWM framework is shown in Table I.
The resulting VK1 (DQL) construct with the DNA segquence
20 and its translated product are set forth in SEQ ID NO: 30
and SEQ ID NO: 31, respectively. An alignment of the
CDR-grafted VK1 (DQL) framework sequences as compared

with the REI framework is shown in Table II.
The CDR replaced V,; (Stage 1) and V¢ (VK1) genes
25 were cloned in expression vectors according to Orlandi,
et al., 1989 ([64] to yield the plasmids termed
pHUVHHuIgGl, pHuVHHulgG4 and pHuVKHuCK. For pHuVHHulgGl
and pHuVHHuIgG4, the Stage 1 V, gene together with the Ig
heavy chain promoter, appropriate splice sites and signal
30 peptide sequences were excised from the M13 mutagenesis
vector by digestion with HindIII and BamHI, and cloned
into an expression vector such as pSVgpt as described by
orlandi et al. [64], containing the murine Ig heavy chain
enhancer, the SV40 promoter, the gpt gene for selection

35 in mammalian cells and genes for replication and
selection in E. coli. A human IgGl constant region as
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described in Takahashi et al., 1982 [70]) was then added
as a pamHI fragment. Alternatively, a human 1IgG4
construct region as described by Flanagan and Rabbitts,
1982 [71) is added. The construction of the pHUVKHuCK
5 plasmid, using an expression vector such as pSVhyg as
described by Orlandi et al. [64], was essentially the
same as that of the heavy chain expression vector except
that the gpt gene for selection was replaced by the
hygromycin resistance gene (hyg) and a human kappa chain
10 constant region as described by Hieter, 1980, [72] was
added. The vectors were cotransfected into the rat
myeloma YB2/0 and mycophenolic acid resistant clones
screened by ELISA for secretion of human IgG/x antibody.
The YB2/0 cell line was described by Kilmartin et al.,
15 1982 [73] and is available from the American Type Culture
Collection (ATCC, Rockville, MD). ELISA positive clones
were expanded and antibody purified from culture medium
by protein A affinity chromatography. The transfected
cells are assayed for anti-VLA4 antibody activity as

20 described in Example 7.

Example 4
Modification of a CDR grafted Antibody

Beyond the stages of design and preparation to yield

25 anti-VILA4 antibodies as described above in Examples 2 and
3, additional stages of empirical modifications were used

to successfully prepare humanized recombinant anti-VLA4
antibodies. The Stage 1 modifications as described in
Example 3 were based on our analysis of primary sequence

30 and experience in attempting to successfully humanize
antibodies. The next modifications, designated as Stage

2, were empirical, based in part on our analysis of 3D
modelling data. For the Vg region, further
modifications, designated Stage 3, were so-called

35 "scanning" modifications empirically made to correct any
remaining defects in affinities or other antibody
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properties. The modifications that were made in these

several stages were empirical changes of various blocks

of amino acids with the goal of optimizing the affinity

and other desired properties of humanized anti-VLA4

5 antibodies. Not every modification made during the

various stages resulted in antibodies with desired
properties.

1. Additional heavy chain modifications
a. Stage 2 Modification '

10 An additional empirical change in the V, framework

was made with the use of computer modelling, to generate

a Stage 2 construct with the DNA sequence and its

translated product set forth in SEQ ID NO: 32 and SEQ ID

NO: 33, respectively. Using computer modelling of the

15 Stage 1 Vy region, we determined to make a single change

in the framework for Stage 2, namely a substitution of a

Ser for Lys at position 75 (Kabat numbering), that is

position 76 in SEQ ID NO: 33. This determination was in

part based on the possibility that Lys-75 might project

20 into CDR1 and alter its conformation. The M13 vector

containing the Stage 1 CDR grafted HuVH, as described in

Example 3, was used as template for two-step PCR-directed

mutagenesis using the overlap/extension method as

described by Ho et al., 1989 (74]. 1In the first step,

25 two separate PCRs were set up, one with an end primer,

oligo 10, [SEQ ID NO: 24} and a primer containing the

desired mutation, 684 [SEQ ID NO: 34), and the other

with the opposite end primer, oligo 11 [SEQ ID NO: 26},

and a primer, 683 (SEQ ID NO: 35), that is complementary

30 to the first mutagenic primer. The amplification

products of this first pair of PCRs were then mixed

together and a second PCR step was carried out using only

the end primers oligos 10 and 11, SEQ ID NO: 24 and SEQ

ID NO: 26, respectively. The mﬁtagenized amplification

35 product of this PCR was then cloned into Mi3mpl19 and
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sequenced, and a mutant bearing the Lys to Ser change
(Stage 2 or "S mutant") was identified.
This turned out to be a critical change in the
humanized heavy chain derived from HP1/2 (see Efxample 7).
5 However, this critical change in the preparation of
humanized recombinant anti-VLA4 antibodies according to
the present invention was not similarly critical in the
preparation of other humanized antibodies. Specifically,
using the same rationalization and analysis as outlined
10 above, a change in that position was not found to be a
beneficial change in the humanization of antibodies of 2
different specificities. An alignment of the CDR-grafted
Stage 2 framework sequences as compared with the NEWM, as
well as Stage 1 sequences, is shown in Table I.
15
b.  Stage 3 Modifications
Additional empirical changes were made as Stage 3
constructs. In Stage 3, a series of 5 different block
changes of amino acids, for largely empirical reasons,
20 vere made to try to improve potency. These constructs
are designated STAW, KAITAS, SSE, KRS, and AS. All
contain the position 75 Ser (Kabat numbering) changed in
Stage 2 [position 76 of S5EQ ID NO: 35), with other
changes as noted. Each of these constructs was prepared
25 by two-step PCR directed mutagenesis using the
overlap/extension method of Ho et al., 1989 [74), as
described for the Stage 2 Ser mutant, above. For STAW,
the additional changes were Gln to Thr at position 77,
Phe to Ala at position 78 and Ser to Trp at position 79
30 " (Kabat numbering). These changes were accomplished using
end primers, oligos 10 [SEQ ID NO: 24) and 11 [SEQ ID NO:
26} in conjunction with mutagenizing primers 713 [SEQ ID
NO: 36} and 716 ([SEQ ID NO: 37]. The STAW V, DNA
sequence and its translated amino acid sequence are set
35 forth in SEQ ID NO: 38 and SEQ ID NO: 39, respectively.
KAITAS was prepared with additional changes of Arg to Lys .
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(position 66), Val to Ala (67), Met to Ile (69), Leu to
Thr (70) and Val to Ala (71) (Kabat numbering), using
oligos 10 ([SEQ ID NO: 24) and 11 [SEQ ID NO: 26] in
conjunction with oliges 706 [SEQ ID NO: 40] and 707 [SEQ
5 ID NO: 41]. The KAITAS Vy; DNA sequence and its
translated amino acid sequence are set forth in SEQ ID
NO: 42 and SEQ ID NO: 43, respectively. SSE had
additional changes of Ala to Ser (84) and Ala to Glu (85)
(Kabat numbering), effected by oligos 10 and 11 with
10 oligos 768 (SEQ ID NO: 44) and 769 {SEQ ID NO: 45].
The SSE V, DNA sequence and its translated amino acid
sequence are set forth in SEQ ID NO: 46 and SEQ ID NO:
47, respectively. KRS had additional changes of Arg to
Lys (38) and Pro to Arg (40).(Kabat numbering), from
15 oligos 10 (SEQ ID NO: 24] and 11 [SEQ ID NO: 26] with
oligos 704 [SEQ ID NO: 48} and 705 [SEQ ID NO: 49]. The
KRS V, DNA sequence and its translated amino acid
sequence are set forth in SEQ ID NO: 50 and SEQ ID NO:
51, respectively. AS had additional change Val to Ala at
20 position 24 (Kabat numbering) from oligos 10 [SEQ ID NO:
24] and 11 [SEQ ID NO: 26} with oligos 745 [SEQ ID NO:
52] and 746 (SEQ ID NO: 53). The AS Vy, DNA sequence  and
its translated amino acid sequence are set forth in SEQ
ID NO: 54 and SEQ ID NO: 55, respectively. An alignment
25 of the CDR-grafted Stage 3 framework sequences with the
NEWM, Stage 0 (see below), Stage 1, and Stage 2 seguences
is shown in Table I. Importantly, as shown in Example 7,
the potency of STAW and AS humanized antibodies were
improved, while KAITAS and KRS humanized antibodies were
30 not of better potency. This could not be predicted.

c. Reverse (Stage 0) Modifications
The two blocks of changes made to generate Stage 1

at positions 28-30 (NIK) and 94 (D) were mutated back to
35 the NEWM sequences at positions 28-30 (TFS), 94 (R), or
both positions 27-30 (TFS) and 94 (R). These constructs
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were designated Stage 0-A, 0-B and 0-C, respectively.

Each of these constructs was prepared by two-step PCR

directed mutagenesis using the overlap/extension method

of Ho et al., 1989 [74]), as described for the Stage 2 Ser

5 mutant, above. Stage 0-A and 0-B were generated from

Stage 1; Stage O;C was qenérated from Stage 0-A, as

follows. For Stage 0-A, the change was from Asp to Arg

at position 94. This change was accomplished using end

primers, oligos 10 [SEQ ID NO: 24) and 11 [SEQ ID NO: 26]

10 in conjunction with mutagenizing primers 915 [SEQ ID NO:

5S6) and 917 [SEQ ID NO: 57). For stage 0-B, the changes

were from Asn-Ile-Lys to Thr-Phe-Ser at positions 28-30.

These changes were accomplished by using end primers 10

[SEQ ID NO: 24)] and 11 [SEQ ID NO: 26] in conjunction

15 with mutagenizing primers 918 [SEQ ID NO: 58] and 919

[SEQ ID NO: 59). Finally, for stage 0-C, to the change

of Asp to Arg at position 94 in Stage 0-A were added the

changes were from Asn-Ile-Lys to Thr-Phe-Ser at positions

28-30. These changes were accomplished with the same end

20 primers and mutagenizing primers described above for the
Stage 0-B construct.
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TABLE T

HEAVY CHAIN SEQUENCES

5 FR1
NEWM ?VQLXXSGPGLVRPSQTLSLTCTVSGSTFS
Humanized Anti-VLA4:
10
STAGE O-A QVQLQE. . ccessccacssssssss o FNIK
STAGE 0O-B QVQIQE. ccccccccoessccsessaFene
STAGE 0-C [0)1/0) 7 +) S T
15 STAGE 1 QVOLQE. ccessescscscseesss s FNIK
STAGE 2 QVOLOE. . cccreorsncssssse o FNIK
STAGE 3  (STAW) QVQLOE. .. eseveeesnsseeses FNIK
20 : (KAITAS) QVQLQE...:seeecsssesssss. .FNIK
(SSE) QVQLOE. .. .cvseeeenesnsass FNIK
(KRS) QVQLQE. . cccevevcces cssecnn FNIK
{AS) QVQLOE. . cccecooccccccas A..FNIK
25
PR2
NEWM WVRQPPGRGLEWIG
30 Humanized Anti-VLA4:
STAGE O-A esesscssessesae
STAGE O-B essescssssscss
STAGE 0O-C ceeccesasans .o
35
STAGE 1 cecesevesscsse
STAGE 2 ceevsssosasene
40 STAGE 3 (STAW) ceceecosacssse
(KAITAS) cosescsccsssee
(SSE) . eeescssscescce
(KRS) ceKReeeiveons
(AS) csesscsssccvse
45
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TABLE I (Cont’d)

FR3
RVTMLVDTSKNQFSLRLSSVTAADTAVYYCAR

Humanized Anti-VLA4:

STAGE
STAGE
STAGE

" STAGE

STAGE

STAGE

NEWM

O-A
o-B
o-C
1

2

Humanized

STAGE
STAGE
STAGE
STAGE
STAGE

STAGE

Note:

O-A
0-B
o-C
1

2

(STAW) teeesesesS TAW.ceeeacaaanssasssD
(RAITAS) KA.ITA...S.ccecececccasnnssnsssD
(SSE) - Y -3 - SIS
(KRS) teeoeeeesBereneneananeananaaean D
(AS) eeeeanen Seeerennnnannaenneanan D

WGQGSLVTVSS
Anti-VLA4:

eeseTTeuunns
coeeTTeenns
eeeTTeun..

eeeeTTeunn
eeeeITTeenen

(STAW) veeeTTuu...
(KAITAS) ....TTe....
(SSE) eeeeTTuunnn
(KRS) ceeeTTeunnn
(AS) veeeTTu....

X denotes Glx., ? denotes Q or E.
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2. t Chai odifications

In our experience, the humanized 1light chain

generally requires few, if any, modifications. However,

in the preparation of humanized anti-VLA4 antibodies, it

5 became apparent that the light chain of HP1/2 did require
several empirical changes. For example, humanized heavy

chain of the Stage 2 construct (the Ser mutant) with
murine light chain was about 2.5 fold lower potency than
murine HP1/2, while the same humanized heavy chain with

10 humanized light chain was about 4-fold lower potency.
The Stage 1 humanized Vy construct was designated VK1

(DQL) and the DNA sequence and its translated amino acid
sequence are set forth in SEQ ID NO: 30 and SEQ ID NO:

31, respectively. The DQL mutations arose from the PCR

15 primer used in the initial cloning of the Vy region (see
Example 1). Alterations were made in the light chain,
generating two mutants, SVMDY and DQMDY (VK2 and VK3,
respectively). The SVMDY mutant was prepared from the

DQL sequence using oligos 10 [SEQ ID NO: 24) and 11 (SEQ

20 ID NO: 26) for DY sequences with oligos 637 ([SEQ ID NO:
60 and 698 [SEQ ID NO: 61] for SVM sequences. The VK2
(SVMDY) DNA sequence and its translated amino acid
sequence are set forth in SEQ ID NO: 62 and SEQ ID NO:

63, respectively. The DQMDY sequences were restored to

25 the original REI framework sequences by two-step PCR-
directed mutagenesis using end primers 10 [SEQ ID NO: 24)

and 11 [SEQ ID NO: 26] with mutagenic primers 803 [SEQ ID

NO: 64) and 804 ([SEQ ID NO: 65), and using the SVMDY
sequence as template. The VK3 (DQMDY) DNA seguence and

30 its translated amino acid sequence are set forth in SEQ
ID NO: 66 and SEQ ID NO: 67, respectively. The change in

the amino términus (SVM versus DQM) is not relevant, and
relates to the amino terminus of the murine light chain.
The other two changes, D and Y, were made to improve

3s potency, and did indeed do so as described in Example 7.
An alignment of the CDR-grafted DQL (VK1), SVMDY (VK2)
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and DQMDY (VK3) framework sequences as compared with the
REI sequence is shown in Table II.
When the AS mutant heavy chain was combined with the
improved 1light chain (SVMDY), the resulting humanized
5 antibody was equipotent with murine HP1/2 as shown in
Table III.
3. Alternative Humanized V., and V. Regions
Alternatively, a humanized Vy; region sequence based
on HP1/2 V, region [SEQ ID NO: 5] may be prepared. One
10 such alternative is designated V4~-PDLN. The DNA sequence
of PDLN V, and its translated amino acid sequence are set
forth as SEQ ID NO: 68 and SEQ ID NO: 63, respectively.
In addition, an alternative humanized Vy; region
sequence based on the HP1/2 V, region [SEQ ID NO: 9] may
15 be prepared. One such alternative Vy sequence is
designated V,-PDLN and its translated amino acid sequence
are set forth as SEQ ID NO: 70 and SEQ ID NO: 71,

respectively.
The humanized V,-PDLN was prepared by ligating 12
20 oligonucleotides, which together span the entire

humanized variable region, and by screening for
constructs having the correct sequence. The protocol is
described in more detail below.
Oligonucleotides 370-119 through 370-130
25 (SEQ ID NO:72 through SEQ ID NO:83, respectively)
(20 pmoles each) were dried down, and separately
resuspended in 20 pl 1x Kinase Buffer containing 1 mM ATP
and 1 ul T4 polynucleotide kinase (10 U/uxl). The kinase
reaction mixture was incubated for 1 hour at 37°C. The
30 reaction was terminated by incubating at 70°C for
5 minutes.
The kinase-treated oligonucleotides were combined
with each other (240 gl total) and ligated together with
26 4l 10 mM ATP and 2 ul T4 DNA ligase (10 U/ul), and the
35 reaction mixture was incubated at room temperature for
6 hours. The ligation reaction mixture was extracted
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with phenol:chloroform (1:1) saturated with TE buffer,
and then ethanol precipitated and washed 5 times with 70%

ethanol.
The dried and washed ethanol precipitate was-
5 resuspended in 50 gl 1x 150 mM Restriction Enzyme Buffer

(10x 150 mM Restriction Enzyme Buffer is 100 mM Tris-HC1,
pH 8.0, 1.5 M NaCl, 100 mM MgCli, 1 mg/ml gelatin, 10 mM
dithiothreitol) and incubated with restriction enzymes
BstE2 and PstI for 16 hours at 37°C. The digestion

10 products were electrophoresed through a 2% agarose gel,
and the band corresponding to 330 bp was excised. The
fragment was eluted using GENECLEAN II® and the eluate
was ethanol precipitated. The ethanol precipitate was
resuspended in 20 ul TE buffer.

15 Next, the 330 bp fragment was ligated into vector
pLCB7 which was prepared for ligation by digesting with
PstI and BstE2, dephosphorylating the 5’ ends with calf
alkaline phosphatase, fractionating on a low melting
temperature agarose (LMA) gel, and excising the

20 pLCB7/PstI/BstE2 IMA fragment. The pLCB7 LMA fragment
was then ligated to the 330 bp oligonucleotide fragment
encoding the humanized V, region using T4 DNA ligase.

The ligation mixture was used to transform E. coli
JA221(Iqg) to ampicillin resistance. Colonies were grown

25 up and mini-prep DNA was prepared. The recombinant
plasmids were screened for the presence of an
approximately 413 bp NotI/BstE2 fragment. DNA sequence
analysis identified vector pMDR1023 as having the
designed humanized V4-PDLN sequence.

30 The humanized Vy-PDLN was prepared by ligating 12
oligonucleotides, which together span the entire
humanized V,-PDLN variable region, and by screening for
constructs having the correct sequence. The protocol is
described in more detail below.

35 Oligonucleotides 370-131 through 370-142
(SEQ ID NO:84 through SEQ ID NO:95, respectively)
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(20 pmoles each) were dried down, and separately
resuspended in 20 pl 1x Kinase Buffer containing 1 mM ATP
and 1 gl T4 polynucleotide kinase (10 U/ul). The kinase
reaction mixture was incubated for 1 hour at 37°C. The
5 reaction was terminated by incubating at 70°C for
5 minutes.
The kinase-treated oligonucleotides were combined
with each other (240 pl total) and ligated together with
26 pl 10 mM ATP and 2 pl T4 DNA ligase (10 U/pl), and the
10 reaction mixture was incubated at room temperature for
6 hours. The ligation reaction mixture was extracted
with phenol:chloroform (1:1) saturated with TE buffer,
and then ethanol precipitated and washed 5 times with 70%
ethanol.
15 The dried and washed ethanol precipitate was
resuspended in 40 gl TE, then electrophoresed through a
2% agarose gel, and the band corresponding to 380 bp was
excised. The fragment was eluted using GENECLEAN II® and
the eluate was ethanol precipitated. The ethanol
20 precipitate was resuspended in 20 gl TE buffer.
Next, the 380 bp fragment was ligated into vector
PNN0O3, which was prepared for ligation by linearizing
with HindIII and BamHl, dephosphorylating the 5’ ends
with calf alkaline phosphatase, fractionating on a low
25 melting temperature agarose gel, and excising the band
corresponding to 1linearized pNN0O3 (2.7 kb). The
linearized, dephosphorylated pNN0O3 was then ligated to
the 380 bp oligonucleotide fragment encoding the
.humanized V, region using T4 DNA ligase. '
30 The ligation mixture was used to transform E. coli
JA221(Iq) to ampicillin resistance. Colonies were grown
up and mini-prep DNA was prepared. The recombinant

plasmids were screened for the presence of the variable
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region fragment. DNA sequence analysis identified vector
PMDR1025 as having the designed humanized Vy-PDLN

seguence. .
When an antibody with a Vy-PDLN containing heavy
5 chain and with a V,-PDLN containing light chain was

assayed for potency according to Example 7, the resulting
humanized antibody was approximately eguipotent with the
murine HP1/2 antibody.
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IABLE IX

LIGHT CHAIN S8EQUENCES

REI

Humanized Anti-VLA4:
Construct VK1 (DQL)
Construct VK2 (SVMDY)

PR1
DIQMTQSPSSLSASVGDRVTITC

e

S. VM. eieeeeenncnnnonns

Construct VK3 (DQMDY) D.QM....ccceeese secessens
FR2
REI WYQQTPGRAPKLLIY
Humanized Anti-VLA4:
VK1 (DQL) ceeeKeveuonnnnn
VK2 (SVMDY) [
VK3 (DQMDY) eeeeKeeoeeoaan .e
FR3
REI GVPSRFSGSGSGTDYTFTISSLQPEDIATYYC
Humanized Anti-VLA4: :
VK1 (DQL) cessssescsnecesFecaceccacccsonoces
VK2 (SVMDY) R T T N
VK3 (DQMDY) B o O T
FR4
REI FGQGTKIQIT
Humanized Anti-VLA4:
VK1 (DQL) ee-s:.VE.K
VK2 (SVMDY) ee+...VE.K
VK3 (DQMDY) ..., .VE.K

Aragen/Transposagen Ex. 1035 - Part B



WO 94/16094 PCT/US94/00266

-4 7=

Example 5

ession o ecombj 1=

Each of the V,; region sequences and V,. region
5 sequences prepared according to Examples 1-4, are
transferred into expression vectors with constant region
sequences, and the vectors are transfected, preferably
via éléctroporation, into mammalian cells. The heavy and
light chain sequences may be encoded on separate vectors
10 and co-transfected into the cells or alternatively heavy
and 1light chain sequences may be encoded by and
transfected as a single vector. Such a single wvector
will contain 3 expression cassettes: one for Ig heavy
chain, one for Ig light chain and one for a selection
15 marker. Expression levels of antibody are measured
following transfection, as described below, or as
described in Example 7.

Vi and Vx region sequences as described in Example
4, were inserted into various cloning and expression
20 vectors. For the anti-VLA4 V, region sequences, plasmids
containing such sequences [as described in Examples 1-4)
were digested with PstI and BstE2. The plasmid DNA after
digestion with PstI and BstE2, was dephosphorylated and
electrophoresed through 2% agarose gel. The band for
25 ligation was excised and the DNA elected using the
GENECLEAN™ technique (Bio10l1l Inc., LaJolla, California),
ethanol precipitated and resuspended in 20 ul TE buffer
(10mM Tris-HCl, 1mM Na, EDTA). Then, 10 pl of the
resuspended DNA was used for ligation with the PstI/BstE2

30 digested V, region sequence.
The ligation mixture was used to transform E. coli
K 12 JA221 (Iq) to ampicillin resistance. E. colji Ki2
JA221 (I1g) cells have been deposited with the ATCC
(accession number 68845). Recombinant colonies were
35 screened for the presence of the V,; insert. Some of the
plasmids containing such fragments were sequenced. The
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Vy-containing plasmids were designated pBAG 184 (V-
STAW), pBAG 183 (V,~KAITAS), pBAG 185 (V,~KRS), pBAG 207
(Vy-SSE) and pBAG 195 (V,-AS), and were deposited in E.
colj K12 J221 (Iq) cells with the ATCC as accession nos.
5 69110, 69109, 69111, 69116 and 69113, respectively. The
plasmid containing alternative Vy-PDLN region was
designated pMDR1023. '
For the V, region seduences, the DNA encoding these
sequences were amplified for cloning and transformation
10 using PCR. Prior to amplification, 20 pmoles of each of
the Vx chain primers were kinased by incubation with T4
polynucleotide kinase at 37°C for 60 minutes by a
conventional protocol. The kinase reactions were stopped
by heating at 70°C for 10 minutes.
15 The PCR reactions each contained 10 pl 10X PCR
buffer (10X PCR buffer is 100 mM Tris/HCl, pH 8.3, 500 mM
KCl, 15 mM MgCl,, 0.01% gelatin, 20 pmoles each of the
appropriate kinased primers, 20 uxl cDNA, 0.5 pl Taq
polymerase (5 U/ul, Perkin Elmer-Cetus) and 49.5 pl H,0.
20 The PCR conditions were 30 cycles of incubation for: 1
minute at 94°C; 2 minutes at 40°C (for heavy chain PCR)
or at 55°C (for light chain PCR); and 2 minutes at 72°C.
For VK1-DQL, primers were 370-247 [SEQ ID NO: 96] and
370-210 [SEQ ID NO: 97]}. For VK2-SVMDY, primers were
25 370-269 [SEQ ID NO: 98) and 370-210 [SEQ ID NO: 97]. For
VK3-DQMDY, primers were 370-268 [SEQ ID NO: 99] and 370-
210 [SEQ ID NO: 97].
The reaction mixtures were electrophoresed through
2% agarose gel, and the bands corresponding to the
30 expected sizes of the light chain variable region (-330
bp) were excised with Agel and BamHI. The DNA in those
bands were eluted using the GENECLEAN™ téchnique (Biol01l
Inc., LaJolla, california), ethanol precipitated and
subsequently each resuspended in 20 ul TE buffer (10 mM
35 Tris-HCl, 1 mM Na,EDTA).
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Klenow fragment of DNA polymerase (New England
Biolabs, 5 U/ul) (1 ul) was added to the purified PCR
fragments in a reaction volume of 25 ul containing 1x
ligation buffer (10x ligation buffer is 0.5 M Tris/HCl,
5 pH 7.5, 100 mM MgCl, and 40 mM DTT) and 0.125 mM each of
dXTPs and the reaction incubated at room temperature for
15 minutes. The reaction was terminated by incubation at
70°C for 5 minutes, and then stored on ice.
The fragment from each PCR reaction is ligated to a
10 plasmid such as pNNO3 or a plasmid derived from pNNO3
such as pLCB7, which had been previously linearized by
EcoRV, dephosphorylated and fractionated through low
temperature melting agarose. Such plasmids, including
pPNNO3 and pLCB7 have been described in co-pending and co-
15 assigned (Burkly et al., U.S. Ser. No. 07/916,098, filed
July 24, 1992 [75]).
The ligation mixture was used to transform E.coli
K12 JA221(Ig) to ampicillin resistance. . E.coli Ki2
JA221(Ig) cells are deposited with American Type Culture
20 Collection (accession number 68845). Recombinant
colonies were screened for the presence of the Vi insert.
Some of the plasmids containing such fragments were
sequenced. The Vi -containing plasmids were designated
pPBAG 190 (VK1-DQL), PpPBAG 198 (VK2-SVMDY) and pBAG 197
25 (VK3-DQMDY), and were deposited in E. coli Ki2 JA 221
(Ig) cells with the ATCC as accession nos. 69112, 69115
and 69114, respectively. The plasmid containing the
alternative V, (PDLN) region was designated pMDR 1025.

In a series of experiments, the expression vectors

30 encoding recombinant anti-VLA4 heavy and light chains are
transfected via electroporation and the cells are then
cultured for 48 hours. After 48 hours of culture, the

cells are radiolabelled using ¥s-cysteine overnight and

then the cell extracts and conditioned media are

35 immunoprecipitated by incubation with protein A-
Sepharose. The protein A-Sepharose is washed and the
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bound proteins are eluted with SDS-PAGE loading buffer.
The samples are analyzed via electrophoresis through 10%
SDS-PAGE gels under reducing conditions. 1In this way,
light chain expression is detected only as a consegquence
5 of the light chains being associated with the heavy
chains. The expectéd sizes of the heavy and light chains
as visualized in the 10% gels are 50 kD and 25 kD,

respectively.
Since recombinant anti-VLA4 antibody molecules,
10 prepared as described in Examples 1-4, may be stably

expressed in a variety of mammalian cell lines, it is
possible to express recombinant antibody genes in
nonsecreting myeloma or hybridoma cell lines under the
control of Ig-gene promoters and enhancers or in non-
15 lymphoid cells, such as Chinese hamster ovary (CHO)
cells, in conjunction with vector amplification using
DHFR selection. Recently, Bebbington et al., 1992 (76}
have described a method for the high-level expression of
a recombinant antibody from myeloma cells using a
20 glutamine synthetase gene as an amplifiable marker. This
GS expression system is most preferred for the production
of recombinant anti-VLA4 antibody molecules according to
the present invention. The methods, vectors with hCMV
promoters and with 5’ untranslated sequences from the
25 hCMV-MIE genes including cell lines (most preferably NSO)
and media for GS expression of recombinant antibodies is
described in detail in Bebbington et al., 1992 ([76],
WO86/05807 [77], WO87/04462 [78), WO89/01036 [79] and
WO89/10404 ([80].
30 In accordance with the teachings of these
publications, NSO cells were transfected with a heavy
chain sequence having the VH-AS region sequence {SEQ ID
NO: 54] and a light chain sequence having the VK-SVMDY
sequence [SEQ ID NO: 66) to obtain a stable cell line
3s secreting a humanized recombinant anti-VLA4 antibody with
high potency comparable to the murine HP1/2 antibody.
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This cell line has been deposited with the ATCC on
November 3, 1992 and given accession no. CRL 11175. The
AS/SVMDY humanized antibody is at least equipotent with
or perhaps more potent than the murine HP1/2 antibody.
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Example 6
Purification of MAbs from Conditioned Media for Assay

To obtain accurate values for half-maximal binding
5 or inhibition, stock solutions of purified antibodies are
needed  at known concentrations. Stable cell 1lines
secreting the antibodies of interest were made and the
humanized recombinant anti-VLA4 antibodies were purified
from conditioned medium using conventional protein A
10 chromatography. The concentration of the purified
antibodies is assessed by their absorption coefficient at
280 nm, which is well established for antibodies.
A cell line producing a humanized anti-VLA4 antibody
is grown in roller bottles in Dulbecco’s modified Eagle
15 medium containing 10% fetal bovine serum. A 2 liter
batch of conditioned medium is used for each purification
run. Cells are removed from the medium by centrifugation
in a RC-3B preparative centrifuge (4K, 30 minutes, H4000
rotor) and the supernatant is filtered first through a
20 0.45 u membrane and then through a 0.22 u membrane. The
medium is stored at 4°C until it can be processed.
- Two liters of conditioned medium is concentrated to
220 ml in a spiral ultrafiltration unit (Amicon, Corp.,
Cherry Hill Drive, Danvers, MA 01923) that is equipped
25 with an S1Y30 (YM30) Diaflo cartridge. The concentrate
is diluted with 400 ml of protein A binding buffer (3M
NaCl, 1.5M glycine pH 8.9) and again concentrated to
200 ml. The concentrate is treated in batch with 0.5 ml
Fast Flow Protein A Sepharose 4 (Pharmacia, Inc., 800

30 Centennial Avenue, Piscataway, NJ 08854) using a raised
stir bar to agitate the mixture. After an overnight
incubation at 4°C, the resin is collected by

centrifugation (5 minutes, 50 g), washed twice with 20
volumes of protein A binding buffer (using centrifugation
35 to recover the resin), and transferred to a column for
subsequent treatment. The column is washed four times
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with 0.5 ml of protein A binding buffer, two times with

0.25 ml of PBS, and the IgG is eluted with Pierce IgG

elution buffer (Pierce Chemical Co., Rockford, IL. 61105

Cat No. 21004Y or 21009Y). 180 pl fractions are

5 collected, which are neutralized with 20 ul of 1M HEPES

PH 7.5. PFractions Are analyze& for absorbance at 280 nm

and by SDS-PAGE. The gel is stained with Coomassie blue.

Peak fractions are pooled. 100 gl (14 ml/ml) is diluted

with 100 xl of PBS and subjected to gel filtration on a

10 Superose 6 FPLC column (Pharmacia, Inc., 800 Centennial

Avenue, Piscataway, NJ 08854 ) in PBS. The column is

run at 20 ml/hour and 1.5 minute fractions are collected.

Peak column fractions are pooled, aliquoted, frozen on

dry ice, and stored at -70°C. SDS-polyacrylamide gel

15 profile of the final product is obtained under reducing

and non-reducing conditions. In some cases when the

sample is analyzed under non-reducing conditions, about

10% of the product is not an intact antibody. Studies in

these cases indicate that this product is a heavy-light

20 chain dimer. This has been previously recognized as a
problem with IgG4 antibodies.
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Example 7
Determination of Relative Binding Affinities
of Humanized Recombinant Anti-VIA4 Antibodies
Recombinant antibodies according to the present
5 invention are purified, as described in Example 6, and

are assayed to determine their specificity for VLA4 and
their binding affinity or potency. 1In particular, the
potency of a recombinant anti-VLA4 antibody was assessed
by calculating the half-maximal binding constant

10 (reported as ng/ml or ug/ml of purified antibody) using
t&o different assays described as follows.

1. Inhibition of VIA4-dependent adhesion to VCAM1
The critical function of an anti-VLA4 antibody is
defined by the ability to inhibit the VCAM1/VLA4 adhesion

15 pathway. It has been previously shown (Lobb et al.,
1991a, ([81]) that purified recombinant soluble VCAM1
(rsVCAM1l) can be immobilized on plastic and is a
functional adhesion molecule. Immobilized rsVCAM1 binds
VLA4-expressing cells such as the human B cell line

20 Ramos, and this binding can be inhibited by MAbs to
VCAM1, such as 4B9 or MAbs to VLA4, such as HP1/2. This
assay provides a reproducible method to assess the
potency of any humanized recombinant antibody. Briefly,
the antibody solution is diluted, and the serial antibody

25 dilutions are incubated with Ramos cells, which are then
incubated with rsVCAMl-coated plates. The Ramos cells
are fluorescently labelled as described by Lobb, 1991b
[82], and binding assessed by fluorescence in 96 well
cluster plates according to the folléwing protocol.

30 Recombinant soluble VCAM1 was prepared and pufified
essentially as described by Lobb et al., 1991a [81).
Soluble VCAM is diluted to 10 pg/ml in 0.05 M NaHCO,,
(15mM NaHCO,, 35mM Na,CO;) pH 9.2. Then 50 ul/well is
added into a Linbro Titertek polystyrene 96 well plate,

35 flat bottom, Flow Labs catalog #76-531-05. The plate is
incubated at 4°C overnight.
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Following this incubation, the contents of the wells
are removed by inverting and blotting the plate. To the
empty wells, 100 ul/well of 1% of BSA in PBS, 0.02% NaN,
is added for 1 hour or longer at room temperature. If

5 the plate is not to be used immediately, it can be
blocked and stored for one week at 4°C. BSA is added to
some wells to assess non-specific binding.

For binding quantitation, VLA4 presenting cells,
preferably Ramos cells, should be prelabelled. The

10 cells may be radioclabelled or fluorescently labelled.
For radiolabelling, prelabelling of the cells may be done
overnight using JH-thymidine (0.5 uci/ml).
Alternatively, and preferably, the cells ax;e preincubated
with BCECF-AM (chemical name: 2’,7’-bis-(2~-carboxyethyl)-

15 S(and -6) carboxyfluorescein, acetoxymethyl ester,
Molecular Probes Inc., Eugene, Oregon, catalog #B-1150).
For this method, cells are suspended to 5 x 10‘/1i11, 2 uM
BCECF-AM is added and the mixture is incubated for 30
minutes at 37°C. Following either method, the cells are

20 washed with RPMI, 2% FBS, pH 7.4. RPMI with 1% FBS may
also be used.

For the binding study, 2-4 x 10° cells/ml in RPMI,
2% FBS are resuspended, then 50 ul of labelled cells are
added per well for 10 minutes of binding at room

25 temperature.

After the 10 minute incubation, the contents of the
wells are removed by inversion and the plates washed 1-2
times gently with RPMI, 2% FBS. When examined under a
light microscope, BSA blank wells should have very few

30 cells bound. A brief inverted spin may be included to
remové cells not firmly attached and the plates may be
washed again 1-2 times.

For the BCECF-AM method, 100 gl of 1% NP40 is added
to each well to solubilize the cells and then the plate

35 is read on a fluorescence plate scanner. (If the
radiolabelling method is used, 100 ul of 0.1% NaOH is
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added to each well and then the contents of each well are

transferred to scintillation vials containing cocktail).

A volume of 50 ul of labelled cells should be

counted to obtain a total known value added to each well.

5 Then the 50 pl of labelled cells are added to either a

well containing only 100 gl of 1% NP4O0 or to a
scintillation vial depending on the method used.

For antibody blocking studies, 100 ugl/well of murine

HP1/2 MAb (anti-VILA4) typically at 10 ug/ml in RPMI, 2%

10 FBS are added to the rsVCAM1 coated plates and incubated
for 30 minutes at room temperature prior to cell binding
as described above. MAb HPl/2 (anti-VLA4) or any
recombinant humanized anti-VLA4 antibody prepared as
described herein must be preincubated with labelled cells

15 for 30 minutes at room temperature prior to the cell
binding. Concentrations of the antibodies preincubated
will vary, but generally concentrations were in the range
of about 1 ug/ml.

In these adhesion assays, murine HP1/2 inhibits

20 Ramos cell binding completely at about 40 ng/ml, and half
maximally at about 15 ng/ml (10 uM). The results of
adhesion assays as represented by the calculated half-
maximal binding constants using humanized recombinant
anti-VLA4 antibodies made according to the present

25 invention are shown in Table III. The number (n) of
experiments performed for each value is indicated for the
recombinant humanized antibodies. As discussed below,
these results generally compare well with the results
obtained with the FACS binding assay.

30 The potency of recombinant Stage 0, Stage 1, Stage
2 and Stage 3 antibodies having the VK1 (DQL) light chain
that had been purified from stably transfected YB2/0 cell
lines was measured in the adhesion assay, as shown in
Table III. The results showed that there was no

35 inhibition detected in concentrations up to 1 ug/ml (1000
ng/ml) with the Stage 0-B and 0-C humanized antibodies.
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The results with the recombinant Stage 3 antibodies STAW

and AS having the improved VK2 (SVMDY) light chain showed

that the AS/SVMDY antibody was at least equipotent and
perhaps more potent than the murine HP1/2 antibody.

5 Certain Stage 2 and Stage 3 constructs showed potencies
of about 20% to about 100% of the potency of the murine

HP1/2 antibody. '

2. FACS Assays

The binding of humanized recombinant antibodies to

10 the cell surface can be assessed directly by fluorescence
activated cell sorter (FACS) analysis, using
fluorescently labelled antibodies. This is a standard
technique that also provides hglf-maximai binding
information following dose response measurements. The

1s FACS methods are described in Lobb et al., 1991b ([82].
Briefly, 25 ul cells (4 x 10%/ml in FACS buffer (PBS

2% FBS, 0.1% NaN,;) on ice are added to 5 ul of 5 pg/ml

FITC or phycoerythrin (PE) conjugated antibody in FACS
buffer, and incubated in V-bottomed microtiter wells on

20 . ice for 30 minutes. To the wells, 125 ul of FACS buffer
is added, the plates are centrifuged at 350 x g for 5
minutes, and the supernatant is shaken off. To each well

is added 125 ul FACS buffer, then the cells are
transferred to 12 x 75 mm Falcon polystyrene tubes and

25 resuspended to a final volume of 250 ukl in FACS buffer.
The mixture is analyzed on a Becton Dickinson FACStar.
The results of the FACS assays as represented by the
calculated half-maximal binding . constructs using
humanized tecombinaﬁt anti-VLA4 antibodies made according
30 to the present invention are shown in Table III and the
number (n) of experiments performed for each value is
indicated for the humanized antibodies. Table III also
shows the potency calculated from the combined adhesion
and FACS assays. Murine HP1/2 binds half-maximally to
35 Ramos cells at 15 ng/ml. The AS/SVMDY humanized antibody
binds half-maximally to Ramos cells at 12 ng/ml. Thus,
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the two assays (i.e., adhesion and FACS assays) show an
excellent correlation for the murine antibody and the
humanized AS/SVMDY antibody.

TABLE III .
5 SUMMARY OF HALF-MAXIMAL BINDING CONSTANTS FOR
CO ANTT - IBODIES
Antibody Adhesion CS_Ass Combination
Assay
Murine HP1/2 | 15 ng/ml 15 ng/ml 15 ng/ml
10 Stage 0 >1000 ng/ml - -
(Humanized {(n=3)
heavy chain)
Stage 1 228 ng/ml - 228 ng/ml
(Humanized (n=6) (n=6)
15 heavy chain)
Stage 2 56 ng/ml 47 ng/ml 60 ng/ml
(Ser mutant) {(n=14) (n=6) (n=20)
Stage 3
(STAW) 30 ng/ml 33 ng/ml 32 ng/ml
(n=3) (n=3) (n=6)
20 (KAITAS) 85 ng/ml 100 ng/ml 90 ng/ml
(n=2) (n=1) (n=3)
(SSE) 100 ng/ml 40 ng/ml 80 ng/ml
(n=2) {(n=1) (n=3)
(KRS) S0 ng/ml 70 ng/ml 57 ng/ml
(n=2) (n=1) (n=3)
(AS) 28 ng/ml 14 ng/ml 21 ng/ml
(n=2) (n=2) (n=4)
constructs with improved light chain
25 STAW/SVMDY 25 ng/ml 35 ng/ml 29 ng/ml
{n=4) (n=3) (n=7)
AS/SVMDY 12 ng/ml 12 ng/ml 12 ng/ml
(n=2) (n=2) (n=4)
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The following plasmids in E. goli K12 J221 (Iq)

cells were deposited under the Budapest Treaty with

5 American Type Culture Collection '(ATCC), Rockville,

Maryland (USA) on October 30, 1992. The deposits are
identified as follows:

Plasmigd Accession No,
PBAG 184 (V,-STAW) 69110
10 PBAG 183 (V4-KAITAS) 69109
PBAG 185 (V,~KRS) 69111
PBAG 207 (V,-SSE) 69116
PBAG 195 (V,~AS) 69113
15 PBAG 190 (VK1-DQL) 69112
PBAG 198 (VK2-SVMDY) 69115
PBAG 197 (VK3-~-DQMDY) 69114

In addition, an NSO cell line producing humanized
20 recombinant anti-VLA4 antibody was deposited under the
Budapest Treaty with American Type Culture Collection
(ATCC), Rockville, Maryland (USA) on November 3, 1992.

The deposit was given ATCC accession no. CRL 11175.

25 Sequences
The following is a summary of the sequences set

forth in the Seqﬁence Listing:
SEQ ID NO:1 DNA sequence of CG1FOR -primer
SEQ ID NO:2 DNA sequence of CK2FOR primer
30 SEQ ID NO:3 DNA sequence of VH1BACK primer
SEQ ID NO:4 DNA sequence of VHSBACK primer
SEQ ID NO:5 DNA sequence of HPl/2 heavy chain
variable region

35 SEQ ID NO:6 Amino acid sequence of HP1/2 heavy chain
variable region

SEQ ID NO:7 DNA sequence of VK1BACK primer
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SEQ ID NO:8 DNA seguence of VK7BACK primer

SEQ ID NO:9 DNA sequence of HPl1l/2 1light chain
variable region

° SEQ ID NO:10 Amino acid sequence of HP1/2 light chain
variable region
SEQ ID NO:11 DNA sequence of VH1FOR primer
10 SEQ ID NO:12 DNA sequence of VK3BACK primer
SEQ ID NO:13 DNA sequence of VK1FOR primer
15 SEQ ID NO:14 DNA sequence of VH insert in M13VHPCR1
SEQ ID NO:1S8 Amino acid sequence of VH insert in
M13VHPCR1
20 SEQ ID NO:16 DNA sequence of VK insert in M13VKPCR2
SEQ ID NO:17 Amino acid sequence of VK insert in
M13VKPCR2
25 SEQ ID NO:18 DNA sequence of OLIGO598
SEQ ID NO:19 DNA sequence of OLIGO599
SEQ ID NO:20 DNA sequence of OLIGO600
30 SEQ ID NO:21 DNA sequence of OLIGO605
SEQ ID NO:22 DNA sequence of OLIGO606
35 SEQ ID NO:23 DNA sequence of OLIGO607
SEQ ID NO:24 DNA sequence of OLIGO10
SEQ ID NO:25 DNA sequence of OLIGO385
*° SEQ ID NO:26 DNA sequence of OLIGO;l
SEQ ID NO:27 DNA sequence of OLIGO391
45 SEQ ID NoO:28 DNA sequence of Stage 1 heavy chain
variable region
SEQ ID NO:29 Amino acid sequence of Stage 1 heavy
5o chain variable region

SEQ ID NO:30 , DNA sequence of VK1 (DQL) 1light chain
variable region
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SEQ ID NO:31 Amino acid sequence of VK1 (DQL) light
chain variable region

SEQ ID NO:32 DNA sequence of Stage 2 heavy chain
S variable region

SEQ ID NO:33 Amino acid sequence of Stage 2 heavy
chain variable region

10 SEQ ID NO:34 DNA sequence of OLIGO684
SEQ ID NO:35 DNA sequence of OLIGO683

SEQ ID NO:36 DNA sequence of OLIGO713

15
SEQ ID NO:37 DNA sequence of OLIGO716
SEQ ID NO:38 -DNA sequence of STAW heavy chain variable
region
20
: SEQ ID NO:39 Amino acid sequence of STAW heavy chain
variable region
SEQ ID NO:40 DNA sequence of OLIGO706
25
SEQ ID NO:41 DNA sequence of OLIGO707
SEQ ID NO:42 DNA sequence of KAITAS heavy chain
variable region -
30
SEQ ID NO:43 Amino acid sequence of KAITAS heavy chain
variable region
SEQ ID NO:44 DNA sequence of OLIGO768
35
SEQ ID NO:4S DNA sequence of OLIGO769
SEQ ID NO:46 DNA sequence of SSE heavy chain variable
region
40
SEQ ID NO:47 Amino acid sequence of SSE heavy chain
variable region ’
SEQ ID NO:48 DNA sequence of OLIGO704
45
SEQ ID NO:49 DNA sequence of OLIGO705
SEQ ID NO:50 DNA sequence of KRS heavy chain variable
region
50

SEQ ID NO:51 Amino acid sequence of KRS heavy chain
variable region

SEQ ID NO:52 DNA sequence of OLIGO745
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SEQ ID NO:53 DNA segquence of OLIGO746

SEQ ID NO:54 DNA sequence of AS heavy chain variable

region
5
SEQ ID NO:55 Amino acid sequence of AS heavy chain
variable region
SEQ ID NO:56 DNA sequence of OLIGO915
10
SEQ ID NO:57 DNA sequence of OLIGO917
SEQ ID NO:58 DNA sequence of OLIGOS18
15 SEQ ID NO:59 DNA sequence of OLIOG919
SEQ ID NO:60 DNA sequence of OLiG0697
SEQ ID NO:61 DNA sequence of OLIGO698
20
SEQ ID NO:62 DNA sequence of VK2 (SVMDY) light chain
variable region
SEQ ID NO:63 Amino acid sequence of VK2 (SVMDY) light
25 chain varlable region
SEQ ID NO:64 DNA sequence of OLIGO803
SEQ ID NO:65 DNA sequence of OLIGO804
30
SEQ ID NO:66 DNA sequence of VK3 (DQMDY) light chain
variable region
SEQ ID NO:67 Amino acid sequence of VK3 (DQMDY) 1light
as chain variable region
SEQ ID NO:68 DNA sequence of PDLN heavy chain variable
region
40 SEQ ID NO:69 Amino acid sequence of PDLN heavy chain
variable region
SEQ ID NO:70 DNA sequence of PDLN light chain variable
region
45
SEQ ID NO:71 Amino acid sequence of PDLN light chain
variable region
SEQ ID NO:72 DNA sequence of Oligo 370-119
50

SEQ ID NO:73 DNA sequence of Oligo 370-120

SEQ ID NO:74 DNA sequence of Oligo 370-121
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Oligo 370-122

Oligo 370~-123
Oligo 370-124
Oligo 370-125
Oligo 370-126
Oligo 370-127
Oligo 370-128
Oligo 370-129
0ligo 370-130
Oligo 370-131
Oligo 370-132
Oligo 370-133
Oligo 370-134
Oligo 370-135
Oligo 370-136
Oligo 370-137
Oligo 370-138
Oligo 370-139%
Oligo 370-140
Oligo 370-141
Oligo'370-142

VK1-DQL primer 370-247
VK1-DQL primer 370-210
VK2-SVMDY primer 370-269

VK3-DQMDY primer 370-268

While we have hereinbefore described a number of

it is apparent that our

basic embodiments can be altered to provide other
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embodiments that utilize the compositions and processes
of this invention. Therefore, it will be appreciated
that the scope of this invention includes all alternative
embodiments and variations which are defined in the
5 foregoing specification and by the claims appended
hereto; and the invention is not to be limited by the
specific embodiments that have been presented herein by

way of example.
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SEQUENCE LISTING

(1) GENERAL INFORMATION:
(i) APPLICANT: Lobb, Roy R.; Carr, Prank J.; Tempest, Philip R.
(ii) TITLE OF INVENTION: Recombinant Anti—-VLA4 Antibody Molecules
(iii) NUMBER OF SEQUENCES: 99

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Allegretti & Witcoff, Ltd.
(B) STREET: 10 South Wacker Drive, Suite 3000
(C) CITY: Chicago
(D) STATE: IL
(E) COUNTRY: US
(F) ZzIP: 60606

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS —-DOS
(D) SOPTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: US
(B) FILING DATE:
(C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: McNicholas, Janet M.
(B) REGISTRATION NUMBER: 32,918
(C) REFERENCE/DOCKET NUMBER: 92,445/D012  US

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 312-715-1000
(B) TELEFAX: 312-715-1234

(2) INFORMATION POR SEQ ID NO:l:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA
(ix) FEATURE:
() NAME/KEY: misc_feature

(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "CGIFOR PCR primer”

Aragen/Transposagen Ex. 1035 - Part B



WO 94/16094
-4
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l:
GGAAGCTTAG ACAGATGGGS GTGTCGTTTIT G
(2) INFORMATION FOR SEQ ID NO:2:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(ix) FEATURE:

(A) NAME/KEY: misc_feature
(B) LOCATION: 1 .

PCT/US94/00266

31

(D) OTHER INFORMATION: /note= “"CK2FOR PCR primer"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
GGAAGCTTGA AGATGGATAC AGTTGGTGCA GC
(2) INFORMATION FOR SEQ ID NO:3:

(1) SEQUENCE CHARACTEBRISTICS:
(A) LENGTH: 22 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA
(ix) FEATURE:

(A) NAME/REY: misc_feature
(B) LOCATION: 1

32

(D) OTHER INFORMATION: /note= “VHIBACK PCR primer”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
AGGTSMARCT GCAGSAGTCW GC
(2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

22
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(ix) FEATURE:
(A) NRME/REY: misc_feature
(B) LOCATION: 1 )
(D) OTHER INFORMATION: /note= "VKSBACK

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
TTGAATTCGG TGCCAGAKCW SAHATYGTRA TG
(2) INFORMATION FOR SEQ ID NO:5:

SEQUENCE CHARACTERISTICS:
(A) LENGTH: 360 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

1)

(1i) MOLECULE TYPE: cDNA
FEATURE: .
(A) NAME/KEY: misc_feature
(B) LOCATION: 1

(ix)

(D) OTHER INFORMATION: /note= "pBAG159
3&6

chain variable region; 1,

FEATURE:
(A) NAMB/KEY: CDS
(B) LOCATION: 1..360

(ix)

(xi) SEQUENCE DESCRIPTION: SEQ ID KO:5:

CTT
Leu
11

GTG
val

TCT GGG GCA GAG
Ser Gly Ala Glu

GTC ARA CTG CAG CAG
val Lys Leu Gln Gln
2 6

TTC
Phe

ARC
Asn

TGC
Cys

ACA
Thr

GCT
Ala

TCT
Ser

GGC
Gly
26

GTC
val

ARG
Lys

TTG
Leu

TCC
Ser
21

CAG
Gln

AGG
Arg

CCT
Pro
41

GAA
Glu

CAG
Gln

GGC
Gly

ATG
Met

CAC
His

TGG

Trp
16

GTG
val

ARG
Lys

GAT
Asp

ACT
Thr

TAT
Tyr

AGG ATT

Ile

GAT
Asp

CcCT
Pro

GCG
Ala

AGT
Ser

GGC
Gly
56

Lys

GCG
Ala

CAC
Asp

ACG
Thr

TCC
Ser

TCC
Ser
76

GTC
val

AAG
Lys

GCC
Ala

ACT
Thr

ATT
Ile

ACA
Thr
71

ARG
Lys

ATT
Ile

Leu

GAC
Asp
61

AAC
Asn

PCT/US94/00266

PCR primer”

32
insert: HP1/2 heavy
=E, Q & E in HP1/2"
CCA GGG GCC TCA 48
Pro Gly Ala Ser
16
AAA GAC ACC TAT 96
Lys Asp Thr Tyr
31
GAG TGG ATT GGA 144
Glu Trp Ile Gly
46
CCG AAG TTC CAG 192
Pro Lys Phe Gln
ACA GCC TGG CTG 240
Thr Ala Trp Leu

81
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CAG CTC AGC AGC CTG ACA TCT GAG GAC ACT GCC GTC TAC TAC TGT GCA 288
Gln Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys Ala
86 91 96

GAC GGA ATG TGG GTA TCA ACG GGA TAT GCT CTG GAC TTC TGG GGC CAA 336

Asp Gly Met Trp Val Ser Thr Gly Tyr Ala Leu Asp Phe Trp Gly Gln
101 106 111

GGG ACC ACG GTC ACC GTC TCC TCA 360
Gly Thr Thr Vval Thr Vval Ser Ser :
116 121
(2) INFORMATION FOR SEQ ID NO:6:
(1) SBQUENCE CHARACTERISTICS:
(A) LBENGTH: 120 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(i) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Val Lys Leu Gln Gln Ser Gly Ala Glu Leu Val Lys Pro Gly Ala Ser
2 6 11 16

Val Lys Leu Ser Cys Thr Ala Ser Gly Phe Asn Ile Lys Asp Thr Tyr
21 26 31

Met His Trp Val Lys Gln Arg Pro Glu Gln Gly Leu Glu Trp Ile Gly
36 41 46

Arg Ile Asp Pro Ala Ser Gly Asp Thr Lys Tyr AsBp Pro Lys Phe Gln
51 56 61

Val Lys Ala Thr Ile Thr Ala Asp Thr Ser Ser Asn Thr Ala Trp Leu
66 71 76 81

Gln Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys Ala
86 1 9

Asp Gly Met Trp Val Ser Thr Gly Tyr Ala Leu Asp Phe Trp Gly Gln
101 106 111

Gly Thr Thr Val Thr Val Ser Ser
116 121

(2) INFORMATION FOR SEQ ID NO:7:
(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
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(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(i) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/KBY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "VKIBACK PCR primer”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
GACATTCAGC TGACCCAGTC TCCA ' 24
(2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: CDNA

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "VKIBACK PCR primer®

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
TTGAATTCGG AGTTGATGGG AACATTGTAA TG 32
(2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 318 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(i1) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/REY: CDS
(B) LOCATION: 1..318
(D) OTHER INFORMATION: /product= "HP1/2 light chain
variable region”®

(ix) FEATURE:

(A) NAME/KEY: misc_feature
(B) LOCATION: 1
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(D) OTHER INFORMATION: /note= "pBAGI72 insert: HP1/2 1light
chain variable region®

(xi) SEQUENCE DESCRIPTION: SEQ ID KO:9:

AGT ATT GTG ATG ACC CAG ACT CCC ARA TTC CTG CTT GTT TCA GCA GGA 48
ser Ile Val Met Thr Gln Thr Pro Lys Phe Leu Leu Val Ser Ala Gly
1 5 10 15

GAC AGG GTT ACC ATA ACC TGC AAG GCC AGT CAG AGT GTG ACT AAT GAT 96
Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Ser Val Thr Asn Asp

GTA GCT TGG TAC CAA CAG ARG CCA GGG CAG TCT CCT ARA CIG CTG ATA 144
val Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Lys Leu Leu Ile
35 40 45

TAT TAT GCA TCC AAT CGC TAC ACT GGA GTC CCT GAT CGC TTC ACT GGC 192
Tyr Tyr Ala Ser Asn Arg Tyr Thr Gly Val Pro Asp Arg Phe Thr Gly
50 55 60

AGT GGA TAT GGG ACG GAT TTC ACT TTC ACC ATC AGC ACT GTG CAG GCT 240
Ser Gly Tyr Gly Thr Asp Phe Thr Phe Thr Ile Ser Thr Val Gln Ala
65 70 75 80

GAA GAC CTG GCA GTT TAT TTC TGT CAG CAG GAT TAT AGC TCT CCG TAC 288
Glu Asp Leu Ala Val Tyr Phe Cys ¢ln Gln Asp Tyr Ser Ser Pro Tyr
85 S0 95
ACG TTC GGA GGG GGG ACC ARG CTG GAG ATC . 318
Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile
100 105
(2) INFORMATION FOR SEQ ID NO:10:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 106 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

Ser Ile Val Met Thr Gln Thr Pro Lys Phe Leu Leu Val Ser Ala Gly
1 5 10 15

ABp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Ser Val Thr Asn Asp
20 25 30

Vval Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Lys Leu Leu Ile
35 40 45
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Tyr Tyr Ala Ser Asn Arg Tyr Thr Gly Val Pro Asp Arg Phe Thr Gly
50 55 . 60

Ser Gly Tyr Gly Thr Asp Phe Thr Pha Thr Ile Ser Thr val Gln Ala
65 70 75 80

Glu Asp Leu Ala Val Tyr Phe Cys Gln Gln Asp Tyr Ser Ser Pro Tyr
85 90 95

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile
100 105

(2) INFORMATION FOR SEQ ID NO:1l:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(i) MOLECULE TYPE: cDNA
(ix) FEATURE:
" (A) NAME/REY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "VHIFOR PCR primer®
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:
TGAGGAGACE GTGACCGTGG TCCCTTGGCC CCAG 34
(2) INFORMATION FOR SEQ ID NO:12:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= “"VK3BACK PCR primer®
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
GACATTCAGC TGACCCA 17

(2) INFORMATION FOR.SEQ ID NO:13:
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(1) SEQUERCE CHARACTERISTICS:
(A) LENGTH: 22 base pairs
(B) TYPE: nucleic acid

(C) STRARDEDNESS: single

(D) TOPOLOGY:

linear

(ii) MOLECULE TYPE: cDNA

(ix)

FEATURE:
(A) NAME/REY:
(B) LOCATION:

misc_feature

1

PCT/US94/00266

(D) OTHER INFORMATION: /note= "VKIFOR PCR primer"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

GTTAGATCTC CAGCTTGGTC CC

(2) INFORMATION FOR SEQ ID NO:l4:

(i) SEQUENCE CHARACTERISTICS:

(ii)
(ix)

(ix)

(ix)

(ix)

(ix)

(ix)

(A) LENGTH: 823 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D) TOPOLOGY:
MOLECULE TYPE:
FEATURE:

(A) NAME/KEY:
(B) LOCATION:

linear

cDNA

miBc_feature

1..621

22

(D) OTHER INFORMATION: /note= "VH insert in MI3 VHPCRI"

FEATURE:
(A) NAME/REY:
(B) LOCATION:

FEATURE:
(A) NAME/KEY:
(B) LOCATION:

FEATURE:
(A) NAME/REY:
(B) LOCATION:

FEATURE:
(A) NAME/REY:
(B) LOCATION:

FEATURE:
(A) NAME/REY:
(8) LOCATION:

exon
261..621

sig_peptide
join(122..167,

mat_peptide
261..621

cDs
join(122..167,

TATA_signal
38..45

250..260)

250..621)
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(ix)

(ix)

(ix)

(ix)

FEATURE:

(A) NAME/KEY: misc_feature
(B) LOCATION: 351..365

(D) OTHER INFORMATION: /note=

FEATURE:

(A) NAME/RBEY: misc_feature
(B) LOCATION: 408..458

(D) OTHER INFORMATION: /note=

FEATURE:

(p) NAME/KBY: misc_feature
(B) LOCATIOR: 555..587

(D) OTHER INFORMATION: /notewm

FEATURE:

(A) NAME/KEY: misc_feature
(B) LOCATION: (621~622)

(D) OTHER INFORMATION: /note=

PCT/US94/00266
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"CDR1"

.cDRz.

-mmw

"gplice to constant region”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:

AAGCTTATGA ATATGCAAAT CCTCTGAATC TACATGGTAA ATATAGGTTT GTCTATACCA 60
CAAACAGAAA AACATGAGAT CACAGTTCTC TCTACAGTTA CTGAGCACAC AGGACCTCAC 120
C ATG GGA TGG AGC TGT ATC ATC CTC TTC TTG GTA GCA ACA GCT ACA G 167
Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr
-19 -~15 -10 -5
GTAAGGGGCT CACAGTAGCA GGCTTGAGGT CTGGACATAT ATATGGGTGA CAATGACATC 227
CACTTTGCCT TTCTCTCCAC AG GT GTC CAC TCC CAG GTC CAA CTG CAG GAG 278
Gly Val Hie Ser Gln Val Gln Leu Gln Glu
-3 1 5
AGC GGT CCA GGT CTT GTG AGA CCT AGC CAG ACC CTG AGC CTG ACC TGC 326
Ser Gly Pro Gly Leu Val Arg Pro Ser Gln Thr Leu Ser Leu Thr Cys
10 15 20
ACC GTG TCT GGC AGC ACC TTC AGC AGC TAC TGG ATG CAC TGG GTG AGA 374
Thr Val Ser Gly Ser Thr Phe Ser Ser Tyr Trp Met His Trp Val Arg
25 30 -
CAG CCA CCT GGA CGA GGT CTT GAG TGG ATT GGA AGG ATT GAT CCT AAT 422
Gln Pro Pro Gly Arg Gly Leu Glu Trp Ile Gly Arg Ile Asp Pro Asn
40 45 50 -
AGT GGT GGT ACT ARG TAC AAT GAG AAG TTC AAG AGC AGA GTG ACA ATG 470
Ser Gly Gly Thr Lys Tyr Asn Glu Lys Phe Lys Ser Arg Val Thr Met
55 60 65 70
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CTG GTA GAC ACC AGC AAG AAC CAG TTC AGC CTG AGA CTC AGC AGC GTG 518

Leu Val Asp Thr Ser Lys Asn Gln Phe Ser Leu Arg Leu Ser Ser Val
75 80 85

ACA GCC GCC GAC ACC GCG GTC TAT TAT TGT GCA AGA TAC GAT TAC TAC 566
Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala Arg Tyr Asp Tyr Tyr

90 95 100
GGT AGT AGC TAC TTT GAC TAC TGG GGC CAA GGG ACC ACG GTC ACC GTC 614

Gly Ser Ser Tyr Phe Asp Tyr Trp Gly Gln Gly Thr Thr Val Thr Val
105 110 115

TCC TCA G 621
Ser Ser
120
(2) INFORMATION FOR SEQ ID NO:1S5:
(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 139 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l5:

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly
-19 -15 -10 -5

Val His Ser Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Arg
Pro Ser Gln Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Ser Thr Phe
15 20 25

Ser Ser Tyr Trp Met His Trp Val Arg Gln Pro Pro Gly Arg Gly Leu
30 35 40 45

Glu Trp Ile Gly Arg Ile Asp Pro Asn Ser Gly Gly Thr Lye Tyr Asn
50 55 60

Clu Lys Phe Lys Ser Arg Val Thr Met Leu Val Asp Thr Ser Lys Asn

Gln Phe Ser Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val
80 8s 90

Tyr Tyr Cys Ala Arg Tyr Asp Tyr Tyr Gly Ser Ser Tyr Phe Asp Tyr
95 100 105
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Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser

110

115

120

(2) INPORMATION FOR SEQ ID NO:16:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 594 base pairs
{B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(i)

(ix)

(ix)

(ix)

(ix)

(ix)

(ix)

(ix)

(ix)

(ix)

(D) TOPOLOGY:
MOLECULE TYPE:
FEATURE :

(A) NAME/KEY:
(B) LOCATION:

linear

cDNA

misc_feature
1..632

PCT/US94/00266

(D) OTHER INFORMATION: /note= "VK insert in M13 VKPCR2"

FEATURE:
(A) NAME/KBY:
(B) LOCATION:

FEATURE:
(A) NAME/KEY:
(B) LOCATION:

FEATURE:
(A) NAME/KEY:
(B) LOCATION:

FEATURE:
(R) NAME/KEY:
(B) LOCATION:

FEATURE:
(A) NAME/KEY:
(B) LOCATION:

PEATURE:
(A) NAME/KEY:
(B) LOCATION:

exon
273..594

sig_peptide
join(134..179, 262..272)

mat_peptide
273..594

CDS
join(134..179, 262..594)

TATA_signal
50..57

misc_feature
342..374

(D) OTHER INFORMATION: /note= “CDRI"

FEATURE:
(A) NAME/KEY:
(B) LOCATION:

misc_feature
420..440

(D) OTHER INFORMATION: /notew "CDR2"

FEATURE:
(A) NAME/KEY:
(B) LOCATION:

misc_feature
537..563

(D) OTHER INFORMATION: /note= =CDR3"
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(ix) FEATURE:
(R) NAME/KEY: misc_feature
(B) LOCATION: (594~595)
(D) OTHER INFORMATION: /note= "splice to constant region”

(xi) SBQUENCE DESCRIPTION: SEQ ID NO:16:

CTCTTAAACT TCAAGCTTAT GAATATGCAA ATCCTCTGAA TCTACATGGT ARATATAGGT 60
TTGTCTATAC CACAAACAGA AAAACATGAG ATCACAGTTC TCTCTACAGT TACTGAGCAC 120 '
ACAGGACCTC ACC ATG GGA TGG AGC TGT ATC ATC CTC TTC TTG GTA GCA 169
Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala
-19 -15 -10
ACA GCT ACA G GTAAGGGGCT CACAGTAGCA GGCTTGAGGT CTGGACATAT 219
Thr Ala Thr
-5
ATATGGGTGA CAATGACATC CACTTTGCCT TTCTCTCCAC AG GT GTC CAC TCC 272
Gly Vval His Ser
-3
GAC ATC CAG CTG ACC CAG AGC CCA AGC AGC CTG AGC GCC AGC GTG GGT 320
Asp Ile Gln Leu Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15
GAC AGA GTG ACC ATC ACC TGT AGA GCC AGC GGT AAC ATC CAC AAC TAC 368
Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gly Asn Ile His Asn Tyr
20 25 30
CTG GCT TGG TAC CAG CAG ARG CCA GGT AAG GCT CCA AAG CTG CTG ATC 416
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45
TAC TAC ACC ACC ACC CTG GCT GAC GGT GTG CCA AGC AGA TTC AGC GGT 464
Tyr Tyr Thr Thr Thr Leu Ala Asp Gly Val Pro Ser Arg Phe Ser Gly
50 55 60
AGC GGT AGC GGT ACC GAC TTC ACC TTC ACC ATC AGC AGC CTC CAG CCA 512
Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu Gln Pro
65 70 5 80
GAG GAC ATC GCC ACC TAC TAC TGC CAG CAC TTC TGG AGC ACC CCA AGG 560
Glu Asp Ile Ala Thr Tyr Tyr Cye Gln Hie Phe Trp Ser Thr Pro Arg
85 90 95
ACG TTC GGC CAR GGG ACC ARG GTG GRA ATC ARA C 594
Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys :
100 105
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(2) INFORMATION FOR SEQ ID NO:17:

(1) SEQUERCE CHARACTERISTICS:
(A) LENGTH: 126 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(xi) SEQUENRCE DESCRIPTION: SEQ ID NO:17:

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly
-19 -15 -10 -5

val His Ser Asp Ile Gln Leu Thr Gln Ser Pro Ser Ser Leu Ser Ala
1 5 10

Ser Val Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gly Asn Ile
15 20 25

His Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys
30 35 40 . 45

Leu Leu Ile Tyr Tyr Thr Thr Thr Leu Ala Asp Gly Val Pro Ser Arg
50 55 60

Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser

Leu Gln Pro Glu Asp Ile Ala Thr Tyr Tyr Cys Gln His Phe Trp Ser
80 85 %0

Thr Pro Arg Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
95 100 105

(2) INFORMATION FOR SEQ ID NO:18:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 54 base pairs
(B) TYPE: nucleic acid
.(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: !
(D) OTHER INFORMATION: /note= "DNA sequence of 598
oligonucleotide”
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:
TGTCTCACCC AGTGCATATA GGTGTCTTTA ATGTTGAAGC CAGACACGCT GCAG 54
(2) INFORMATION FOR SEQ ID NO: 19:
(i) SEQUENRCE CHARACTERISTICS:
(A) LENGTH: 71 base pairs -
(8) TYPE: nucleic acia .
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(11) MOLECULE TYPE: cDNA
(ix) FEATURE:
(A) NAME/REY: misc_feature
(B) LOCATION: 1
(D) OTHER INKFORMATION: /note= "DNA sequence of 599
cligonucleotide®
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:
CAGCATTGTC ACTCTGACCT GGAACTTCGG GTCATATTTA GTATCGCCAC TCGCAGGATC 60
AATCCTTCCA A 71
(2) INFORMATION FOR SEQ ID NO:20:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 70 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "DNA sequence of 600
oligonucleotide*
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:
GGTCCCTTGG CCCCAGAAGT CCAGAGCATA TCCCGTTGAT ACCCACATTC CGTCTGCACA 60
ATAATAGACC 70
(2) INFORMATION FOR SEQ ID NO:2}:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 51 base pairs
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(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1 . ‘
(D) OTHER INFORMATION: /note= "DNA sequence of 605
oligonuclectide”

(x{) SEQUENCE DESCRIPTION: SEQ ID NO:2i:
TCCCTTGGCC GAACGTGTAC GGAGAGCTAT AATCCTGCTG GCAGTAGTAG G 51
(2) INFORMATION FOR SEQ ID NO:22:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 52 baee pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULRER TYPE: CDNA

(ix) FEATURE:
(A) NAME/REY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "DNA sequence of 606
oligonucleotide”

(xi) SEQUENCE DESCRIPTION: SEQ 1D NO:22:

ATCTGCTTGG GCACACCAGT GTAGCGATTG GATGCATAGT AGATCAGCAG CT 52
(2) INFORMATION FOR SEQ ID NO:23:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 61 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1|
(D) OTHER INFORMATION: /note= "DNA sequence of 607
oligonucleotide”
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(xi) SEQUENCE DESCRIPTION: SEQ ID RO:23:

TCTGCTGGTA CCAAGCTACA TCATTAGTCA CACTCTGACT GGCCTTACAG GTGATGGTCA 60

c 61

(2) INFORMATION FOR SEQ ID NO:24:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(R) NAME/REY: misc_feature
(B) LOCATION: 1 .
(D) OTHER INFORMATION: /note= "DNA gegquence OLIGO 10
oligonucleotide®” .

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:
GTAAAACGAC GGCCAGT 17
(2) IRFORMATION FOR SEQ ID NO:2S:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/REY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= *“DNA Bsequence of OL1GO 385
oligonucleotide”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:
GCGGGCCTCT TCGCTATTACGC 22
(2) INFORMATION FPOR SEQ ID NO:26:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 base pairs,

(B) TYPE: nucleic aciad
(C) STRANDEDNESS: single
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(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/REY: misc_feature .
(B) LOCATION: 1 .
(D) OTHER INFORMATION: /note= "DNA sequence of OLIGO 1l
oligonucleotide®

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:
ARCAGCTATG ACCATG 16
(2) INFORMATION FOR SEQ ID NO:27:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "DNA sequence of OLIGO 391
oligonucleotide”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27:
CTCTCTCAGG GCCAGGCGGT GA 22
(2) INFORMATION FOR SEQ ID NO:28:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 429 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(ix) FEATURE:

(A) NAME/KEY: 8ig_peptide
(8) LOCATION: 1..57

(ix) FEATURE:

(A) NAME/REY: mat_peptide
(B) LOCATION: 58..429
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ATG
Met
-19
GCC
Ala

cCcT
Pro

Lys
30

GAG
Glu

CCG
Pro

Gln

TAT
Tyr

Phe
110

2

(ix) PEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 1..429

(ix) FEATURE:
(A) NAME/REY: misc_feature
(B) LOCATION: 1 .
(D) OTHER INFORMATION: /note= "pMDRIO19 insert: Stage 1 heavy
chain variable region "

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:

GAC TGG ACC TGG AGG GTC TTC TGC TTG CTG GCT GTA GCA CCA GGT 48
Asp Trp Thr Trp Arg Val Phe Cys Leu Leu Ala Val Ala Pro Gly
-15 -10 -5
CAC TCC CAG GTC CAA CTG CAG GAG AGC GGT CCA GGT CTIT GTG AGA 96
His Ser Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Arg
1 5 10
AGC CAG ACC CTG AGC CTG ACC TGC ACC GTG TCT GGC TTC AAC ATT 144
Ser Gln Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Phe Asn Ile
15 20 25
GAC ACC TAT ATG CAC TGG GTG AGA CAG CCA CCT GGA CGA GGT CTT 192
Asp Thr Tyr Met His Trp Val Arg Gln Pro Pro Gly Arg Gly Leu
35 40 45
TGG ATT GGA AGG ATT GAT CCT GCG AGT GGC GAT ACT AAA TAT GAC 240
Trp Ile Gly Arg Ile Asp Pro Ala Ser Gly Asp Thr Lys Tyr Asp
50 55 60
ARG TTC CAG GTC AGA GTG ACA ATG CTG GTA GAC ACC AGC ARG AAC 288
Lys Phe Gln Val Arg Val Thr Met Leu Val Asp Thr Ser Lys Asn
65 70 75
TIC AGC CTG AGA CTC AGC AGC GTG ACA GCC GCC GAC ACC GCG GTC 336
Phe Ser Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Vval
80 85 9
TAT TGT GCA GAC GGA ATG TGG GTA TCA ACG GGA TAT GCT CTG GAC 384
Tyr Cys Ala Asp Gly Met Trp Val Ser Thr Gly Tyr Ala Leu Asp
95 100 105 :
TGG GGC CAA GGG ACC ACG GTC ACC GTC TCC TCA GGT GAG TCC 429
Trp Gly Gln Gly Thr Thr val Thr Val Ser Ser Gly Glu Ser
115 120

INFORMATION FOR SEQ ID NO:29:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 143 aminoc acids
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(B) TYPE: amino acid
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO329:

Mot Asp Trp Thr Trp Arg Val Phe Cys Leu Leu Ala Val Ala Pro Gly
-19 -15 -10 -

Ala His Ser Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Arg
1 5 10

Pro Ser Gln Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Phe Asn Ile
15 20 : 25

Lys Rep Thr Tyr Met His Trp Val Arg Gln Pro Pro Gly Arg Gly leu
30 35 40 45

Glu Trp Ile Gly Arg Ile Aep Pro Ala Ser Gly Asp Thr Lys Tyr Asp
50 55 60

Pro Lys Phe Gln Val Arg Val Thr Met Leu Val Asp Thr Ser Lys Asn
65 70 75

Gln Phe Ser Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val
80 85 90

Tyr Tyr Cys Ala Asp Gly Met Trp Val Ser Thr Gly Tyr Ala Leu Asp
95 100 105

Phe Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser Gly Glu Ser
110 118 120

(2) INFORMATION POR SEQ ID NO:30:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 386 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA
(ix) FEATURE:
(A) NAME/REY: 8ig_peptide.
(B) LOCATION: 1..57
(ix) FEATURE:’

(A) NAME/KEY: mat_peptide
(B) LOCATION: 58..386
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{(ix) FEATURE:
(R) NAME/KEY: CDS
(B) LOCATION: 1..386

(ix) FEATURE:
(A) NAME/KEY: misc_feature ,
(B) LOCATION: 1 .
(D) OTHER INFORMATION: /note= "pBAG190 insert: VK! (DQL)
light chain variable region®

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:

ATG GGT TGG TCC TGC ATC ATC CTG TTC CTG GTT GCT ACC GCT ACC GGT 48
Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly
-19 -15 - -10 -5

GTT CAC TCC GAC ATC CAG CTG ACC CAG AGC CCA AGC AGC CTG AGC GCC 96
val His Ser Aep Ile Gln Leu Thr Gla Ser Pro Ser Ser Leu Ser Ala
1 5 10

AGC GTG GGT GAC AGA GTG ACC ATC ACC TGT ARG GCC AGT CAG AGT GTG 144
Ser Val Gly Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Ser Val
15 20 25

ACT AAT GAT GTA GCT TGG TAC CAG CAG ARG CCA GGT AAG GCT CCA ARG 192
Thr Asn Asp Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys
30 35 40 45

CTG CTG ATC TAC TAT GCA TCC AAT CGC TAC ACT GGT GTG CCA AGC AGA 240
Leu Leu Ile Tyr Tyr Ala Ser Asn Arg Tyr Thr Gly Val Pro Ser Arg
50 55 60

TTC AGC GGT AGC GGT AGC GGT ACC GAC TTC ACC TTC ACC ATC AGC AGC 288
Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser
65 70 75

CTC CAG CCA GAG GAC ATC GCC ACC TAC TAC TGC CAG CAG GAT TAT AGC 336
Leu Gln Pro Glu Asp Ile Ala Thr Tyr Tyr Cys Gln Gln Asp Tyr Ser
80 85 90

TCT CCG TAC ACG TTC GGC CAA GGG ACC AAG GTG GAA ATC AAA CGT AAG TG 386
Ser Pro Tyr Thr Phe Gly Gln Gly Thr Lye Val Glu Ile Lys Arg Lys
95 100 105

(2) INFORMATION POR SEQ ID NO:31:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 128 amino acids

(B) TYPE: amino acid
(D) TOPOLOGY: linear
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(1i) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:31:

Met Gly Trp Sar Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly
-19 ~15 -10 -5

val His Ser Asp Ile Gln Leu Thr Gln Ser Pro Ser Ser Leu Ser Ala
1 5 . 10

Ser Val Gly Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Ser val
15 : 20 25

Thr Asn Asp Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys
30 35 40 45

Leu Lau Ile Tyr Tyr Ala Ser Asn Arg Tyr Thr Gly Val Pro Ser Arg
50 55 60

Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser
65 70 75

Leu Gln Pro Glu Asp Ile Ala Thr Tyr Tyr Cys Gln Gln Asp Tyr Ser
80 85 90

Ser Pro Tyr Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Lys
95 100 105

(2) INFORMATION FOR SEQ ID NO:32:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 429 base pairs
(B) TYPE: nucleic aciad
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/REY: sig peptide
(B) LOCATION: 1..57

(ix) FEATURE:
(A) NAME/KEY: mat_peptide
(B) LOCATION: 58..429

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 1..429

(ix) FEATURE:
(A) NAME/REY: misc_feature
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(B) LOCATION: 1

(D) OTHER INFORMATION: /note= °*"pMDR1028 insert: Stage 2
heavy chain variable region®

(xi) SEQUEBRCE DESCRIPTION: SEQ ID NO:32:

ATG GAC TGG ACC TGGC AGG GTC TTC TGC TTG CTG GCT CTA GCA CCA GGT . 48
Met Asp Trp Thr Trp Arg Val Phe Cys Leu Leu Ala Val Ala Pro Gly
-19 -15 -10 -5 .

GCC CAC TCC CAG GTC CAA CTG CAG GAG AGC GGT CCA GGT CTT GTG AGA 96
Ala His Ser Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Arg
1 S 10

CCT AGC CAG ACC CTG AGC CTG ACC TGC ACC GTG TCT GGC TTC AAC ATT 144
Pro Ser Gln Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Phe Asn Ile
15 20 25 ’

AAA GAC ACC TAT ATG CAC TGG GTG AGA CAG CCA CCT GGA CGA GGT CTT 192
Lys Asp Thr Tyr Met His Trp Val Arg Gln Pro Pro Gly Arg Gly Leu
30 35 40 45

GAG TGG ATT GGA AGG ATT GAT CCT GCG AGT GGC GAT ACT AAA TAT GAC 240
Glu Trp Ile Gly Arg Ile Asp Pro Ala Ser Gly Asp Thr Lys Tyr Asp

CCG AAG TTC CAG GTC AGA GTG ACA ATG CTG GTA GAC ACC AGC AGC AAC 288
Pro Lys Phe Gln Val Arg Val Thr Met Leu Val Asp Thr Ser Ser Asn
- 65 70 75

CAG TTC AGC CTG AGA CTC AGC AGC GTG ACA GCC GCC GAC ACC GCG GTC 336
Gln Phe Ser Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val
’ 80 85 90

TAT TAT TGT GCA GAC GGA ATG TGG GTA TCA ACG GGA TAT GCT CTG GAC 384
Tyr Tyr Cys Ala Rep Gly Met Trp Val Ser Thr Gly Tyr Ala Leu Asp
95 100 105

TTC TGG GGC CAA GGG ACC ACG GTC ACC GTC TCC TCA GGT GAG TCC 429
Phe Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser Gly Glu Ser
110 115 120
(2) INFORMATION FPOR SEQ ID NO:33:
(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 143 amino acids

(B) TYPE: amino acid

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
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(xi) SBQUENCE DESCRIPTION: SEQ ID NO:33:

Met Asp Trp Thr Trp Arg Val Phe Cys Leu Leu Ala Val Ala Pro Gly
-19 -15 -10 -5

Ala His Ser Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Arg
1 5 10

Pro Ser Gln Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Phe Asn Ile
15 20 25

Lys Asp Thr Tyr Met His Trp Val Arg Gln Pro Pro Gly Arg Gly Leu
30 35 40 45

Glu Trp Ile Gly Arg Ile Asp Pro Ala Ser Gly Asp Thr Lys Tyr Asp
50 55 60

Pro Lys Phe Gln Val Arg Val Thr Met Leu Val Asp Thr Ser Ser Asn
65 70 75

Gln Phe Ser Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val
80 85 90

Tyr Tyr Cys Ala Aep Gly Met Trp Val Ser Thr Gly Tyr Ala Leu Asp
95 100 105

Phe Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser Gly Glu Ser
110 115 120

(2) INFORMATION FOR SEQ ID NO:34:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: cDNA
(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "DNA sequence of 684
oligonucleotide*”
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34:
AGACACCAGC AGCAACCAGT TCAG 24
(2) INFORMATION FOR SEQ ID NO:35:

(i) SEQUENCE CHARACTERISTICS:
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(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: cDNA

(ix) PEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1!
(D) OTHER INFORMATION: /note= "DNA sequence of 683
oligonucleotide” :

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35:
TGAACTGGTT GCTGCTGGTG TCTA 24
(2) INFORMATION FOR SEQ ID NO:36:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(b) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "DNA sequence of 713
oligonucleotide”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:36:
ACCAGCAGCA ACACAGCCTG GCTGAGACTC AGCAGCG 37
(2) INFORMATION FOR SEQ ID NO:37:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 base paire
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "DNA sequence of 716
oligonucleotide”
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37:
GCTGAGTCTC AGCCAGGCTG TGTTGCTGCT GGTGTCGA 38
(2) INFORMATION FOR SEQ ID NO:38:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 429 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(i) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/KEY: sig_peptide
(B) LOCATION: 1..57

{(ix) FEATURE:
(A) NAME/REY: mat_peptide
(B) LOCATION: 58..429

(ix) FEATURE:
(A) NAME/REY: CDS
(B) LOCATION: 1..429

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: |
(D) OTHER INFORMATION: /note= "pBAGIB4 insert: STAW heavy
chain variable region”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:38:

ATG GAC TGG ACC TGG AGG GTC TTC TGC TTG CTG GCT GTA GCA CCA GGT 48
Met Asp Trp Thr Trp Arg Val Phe Cys Leu Leu Ala Val Ala Pro Gly
-19 -15 -10 -5

GCC CAC TCC CAG GTC CAA CTG CAG GAG AGC GGT CCA GGT CTT GTG AGA 96
Ala His Ser Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Arg

CCT AGC CAG ACC CTG AGC CTG ACC TGC ACC GTG TCT GGC TTC AAC ATT 144
Pro Ser Gln Thr Leu Ser Leu Thr Cyas Thr Val Ser Gly Phe Asn Ile
15 20 25

AAR GAC ACC TAT ATG CAC TGG GTG AGA CAG CCA CCT GGA CGA GGT CTT 192

Lys Asp Thr Tyr Met His Trp Val Arg Gln Pro Pro Gly Arg Gly Leu
30 - 35 40 45
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GAG TGG ATT GGA AGG ATT GAT CCT GCG AGT GGC GAT ACT AARAR TAT GAC 240
Glu Trp Ile Gly Arg Ile Asp Pro Ala Ser Gly Asp Thr Lys Tyr Asp
60

CCG AAG TTC CAG GTC AGA GTG ACA ATG CTG GTA GAC ACC AGC AGC ARC 288
Pro Lys Phe Gln Val Arg Val Thr Met Leu Val Asp Thr Ser Ser Asn
65 70 75

ACA GCC TGG CTG AGA CTC AGC AGC GTG ACA GCC GCC GAC ACC GCG GTC 336
Thr Ala Trp Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val
80 85 90

TAT TAT TGCT GCA GAC GGA ATG TGG GTA TCA ACG GGA TAT GCT CTG GAC 384
Tyr Tyr Cys Ala Asp Gly Met Trp Val Ser Thr Gly Tyr Ala Leu Asp
95 100 105

TTC TGG GGC CAA GGG ACC ACG GTC ACC GTC TCC TCA GGT GAG TCC 429
Phe Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser Gly Glu Ser
110 115 120

(2) INFORMATION FOR SEQ ID NO:39:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 143 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:39:

Met Asp Trp Thr Trp Arg Val Phe Cys Leu Leu Ala Val Ala Pro Gly
-19 -15 -10 -5

Ala His Ser Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Arg
1 5 10

Pro Ser Gln Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Phe Asn Ile
15 20 25

Lys Asp Thr Tyr Met His Trp Val Arg Gln Pro Pro Gly Arg Gly Leu
30 35 40 45

Glu Trp lle Gly Arg Ile Asp Pro Ala Ser Gly Asp Thr Lys Tyr Asp
50 55 60

Pro Lys Phe Gln Val Arg Val Thr Met Leu Val Asp Thr Ser Ser Asn
65 70 75

Thr Ala Trp Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val
80 85 90
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Tyr Tyr Cys Ala Asp Gly Met Trp Val Ser Thr Gly Tyr Ala Leu Asp
95 100 105

Phe Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser Gly Glu Ser
110 115 120

(2) INFORMATION FOR SEQ ID NO:40:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 40 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/REY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "DNA sequence of 706
oligonucleotide”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:40:
AGTTCCAGGT CAAAGCGACA ATTACGGCAG ACACCAGCAA . 40
(2) INFORMATION FOR SEQ ID NO:41%:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 40 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(ix) FEATURE:
(A) NAME/REY: misc_feature
(B) LOCATION: |
(D) OTHER INFORMATION: /note= "DNA sequence of 707
oligonucleotide”
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:41:
CTTCCTGGTG TCTGCCGTAA TTGTCGCTTT GACCTGGAAC ‘ 40
(2) INFORMATION FOR SEQ ID NO:42:
(1) SEQU’ENCE CHARACTERISTICS:
(A) LENGTH: 429 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
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(D) TOPOLOGY: linear
(i) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/REY: sig_peptide
(B) LOCATION: 1..57

(ix) FEATURE:
(R) NAME/KEY: mat_peptide
(B) LOCATION: 58..429

(ix) FBATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 1..429

(ix) FEATURE:
(A) NAME/REY: misc_feature
() LOCATION: | A
(D) OTHER INFORMATION: /note= "pBAGI83 insert: KAITAS
heavy chain variable region®

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:42:

ATG GAC TGG ACC TGG AGG GTC TTC TGC TTG CTG GCT GTA GCA CCA GGT 48
Met Asp Trp Thr Trp Arg Val Phe Cys Leu Leu Ala Val Ala Pro Gly
-19 -15 -10 -5

GCC CAC TCC CAG GTC CAA CTG CAG GAG AGC GGT CCA GGT CTT GTG AGA 96
Ala His Ser Glm Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Arg
1 5 10

CCT AGC CAG ACC CTG AGC CTG ACC TGC ACC GTG TCT GGC TTC AAC ATT 144
Pro Ser Gln Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Phe Asn Ile
15 20 25

ARA GAC ACC TAT ATG CAC TGG GTG AGA CAG CCA CCT GGA CGA GGT CTT 192

Lys Asp Thr Tyr Met His Trp Val Arg Gln Pro Pro Gly Arg Gly Leu
30 35 40 45

GAG TGG ATT GGA AGG ATT GAT CCT GCG AGT GGC GAT ACT ARR TAT GAC 240
Glu Trp Ile Gly Arg Ile Asp Pro Ala Ser Gly Asp Thr Lys Tyr Asp
50 55 . 60

CCG AAG TTC CAG GTC AAA GCG ACA ATT ACG GCA GAC ACC AGC AGC AAC 288
Pro Lys Phe Gln Val Lys Ala Thr Ile Thr Ala Asp Thr Ser Ser Asn

CAG TTC AGC CTG AGA CTC AGC AGC GTG ACA GCC GCC GAC ACC GCG GTC 336
Gln Phe Ser Leu Arg Leu Ser Ser Val Thr Ala Ala Aep Thr Ala Val
80 85 90

Aragen/Transposagen Ex. 1035 - Part B



© WO 94/16094 PCT/US94/00266

-101-

TAT TAT TGT GCA GAC GGA ATG TGG GTA TCA ACG GGA TAT GCT CTG GAC 384
Tyr Tyr Cys Ala Asp Gly Met Trp Val Ser Thr Gly Tyr Ala Leu Asp
95 100 105

TTC TGG GGC CAA GGG ACC ACG GTC ACC GTC TCC TCA GGT GAG TCC 429
Phe Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser Gly Glu Ser
110 115 120
(2) INFORMATION FOR SBQ ID NO:43:
(i) SEQUERCE CHARACTERISTICS:
(A) LENGTH: 143 amino acids
(B) TYPE: amino aciad
(D) TOPOLOGY: linear
(i) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:43:

Met Asp Trp Thr Trp Arg Val Phe Cys Leu Leu Ala Val Ala Pro Gly
—-19 -15 -10 -5

Ala His Ser Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Arg
1 5 10

Pro Ser Gln Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Phe Asn Ilé
15 20 25

Lye Asp Thr Tyr Met His Trp Val Arg Gln Pro Pro Gly Arg Gly Leu
30 35 40 45

Glu Trp Ile Gly Arg Ile Asp Pro Ala Ser Gly Asp Thr Lys Tyr Asep
50 55 60

Pro Lys Phe Gln Val Lys Ala Thr Ile Thr Ala Asp Thr Ser Ser Asn
65 70 5

Gln Phe Ser Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val
80 8s 90

Tyr Tyr Cys Ala Asp Gly Met Trp Val Ser Thr Gly Tyr Ala Leu Asp
95 100 105

Phe Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser Gly Glu Ser
110 115 120

(2) INFORMATION FOR SEQ ID NO:44:
(1) SEQUENCE CHARACTERISTICS:
(A) LENCTH: 36 base pairs

(B) TYPE: nucleic aciad
(C) STRANDEDNESS: single
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(D) TOPOLOGY: linear
(i) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/REY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= °DNA sequence of 768
oligonucleotide”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:44:
CTCAGCAGCG TGACATCTGA GGACACCGCG GTCTAT 36
(2) INFORMATION FOR SEQ ID NO:45:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(R) NAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "DNA sequence of 769
oligonucleotide®

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:45:
ATAGACCGCG GTGTCCTCAG ATGTCACGCT GCTGAG 36
(2) INFORMATION FOR SEQ ID NO:46:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 372 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1..372
(D) OTHER INPORMATION: /note= "pBAG207 insert: SSE heavy
chain variable region®

(ix) FEATURE:
(A) NAME/REY: mat_peptide
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(B) LOCATION: 1..372

(ix) FEATURE:
(A) NAME/RBY: CDS
(B) LOCATION: 1..372

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:46:

CAG GTC CAA CTG CAG GAG AGC GGT CCA GGT CTT GTG AGA CCT AGC CAG 48

6ln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Arg Proc Ser Gln
1 5 10 15

ACC CTG AGBC CTG ACC TGC ACC GTG TCT GGC TTC AAC ATT AAA GAC ACC 96
Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Phe Asn Ile Lys Asp Thr

TAT ATG CAC TGG GTG AGA CAG CCA CCT GGA CGA GGT CTT GAG TGG ATT 144

Tyr Met His Trp Val Arg Gln Pro Pro Gly Arg Gly Leu Glu Trp lle
s 40 45

GGA AGG ATT GAT CCT GCG AGT GGC GAT ACT AAA TAT GAC CCG AAG TTC 192
Gly Arg Ile Asp Pro Ala Saer Gly Asp Thr Lys Tyr Asp Pro Lys Phe
50 55 60

CAG GTC AGA GTG ACA ATG CTG GTA GAC ACC AGC AGC f\AC CAG TTC AGC 240
Gln Val Arg Val Thr Met Leu Val Asp Thr Ser Ser Asn Gln Phe Ser
65 70 75 80

CTG AGA CTC AGC AGC GTG ACA TCT GAG GAC ACC GCG GTC TAT TAT TGT 288
Leu Arg Leu Ser Ser Val Thr Ser Glu Asp Thr Ala val Tyr Tyr Cys

GCA GAC GGA ATG TGG GTA TCA ACG GGA TAT GCT CTG GAC TTC TGG GGC 336
Ala Asp Gly Met Trp Val Ser Thr Gly Tyr Ala Leu Asp Phe Trp Gly ’
100 108 110

CAR GGG ACC ACG GTC ACC GTC TCC TCA GGT GAG TCC 372
Gln Gly Thr Thr val Thr Val Ser Ser Gly Glu Ser
115 120 .
(2) INFORMATION FOR SEQ ID NO:47:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 124 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

Aragen/Transposagen Ex. 1035 - Part B



‘WO 94/16094 PCT/US94/00266
104
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:47:

Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gln
1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Phe Asn Ile Lys Asp Thr
20 25 30

Tyr Met His Trp Val Arg Gln Pro Pro Gly Arg Gly Leu Glu Trp Ile
35 40 45

Gly Arg Ile Asp Pro Ala Ser Gly Asp Thr Lys Tyr Asp Pro Lys Phe
50 55 60

Gln Val Arg Val Thr Met Leu Val Asp Thr Ser Ser Asn Gln Phe Ser
65 70 75 80

Leu Arg Leu Ser Ser Val Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Asp Gly Met Trp Val Ser Thr Gly Tyr Ala Leu Asp Phe Trp Gly
100 105 110

Gln Gly Thr Thr Val Thr Val Ser Ser Gly Glu Ser
115 120

(2) INFORMATIOR FOR SEQ ID NO:48:

() SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA
(ix) FEATURE:
(A) NKAME/REBY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "DNA sequencae of 704
oligonucleotide”
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:48:
TGCACTGGGT GAAACAGCGA CCTCGACGAG G 31
(2) INFORMATION FOR SEQ ID NO:49:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
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(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "DNA sequence of 705
oligonucleotide”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:49:
CCTCGTCCAG GTCGCTGTTT CACCCAGTGC A 31
(2) INFORMATION FOR SEQ ID NO:50:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 429 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(1x) FEATURE:
: (A) NAMB/REY: sig_peptide
(B) LOCATION: 1..57

(ix) FEATURE:
(A) NAME/RKEY: mat_peptide
(B) LOCATION: 58..429

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 1..429

(ix) FEATURE:
(R) NAME/KEY: misc_feature
(B) LOCATION: |
(D) OTHER INFORMATION: /note= "pBAG!I85 insert: KRS heavy
chain variable region®

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:50:

ATG GAC TGG ACC TGG AGG GTC TTC TGC TTG CTG GCT GTA GCA CCA GGT 48
Met Asp Trp Thr Trp Arg Val Phe Cys Leu Leu Ala Val Ala Pro Gly
-19 -15 -10 -5
GCC CAC TCC CAG GTC CAR CTG CAG GAG AGC GGT CCA GGT CTT GTG AGA 96
Ala His Ser Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Arg

1 5 10
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CCT AGC CAG ACC CTG AGC CTG ACC TGC ACC GTG TCT GGC TTC AARC ATT 144
Pro Ser Gln Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Phe Asn Ile
15 20 25

AAAR GAC ACC TAT ATG CAC TGG GTG AAA CAG CGA CCT GGA CGA GGT CTT 192
Lys Asp Thr Tyr Met His Trp Val Lys Gln Arg Pro Gly Arg Gly Leu

GAG TGG ATT GGA AGG ATT GAT CCT GCG AGT GGC GAT ACT AAA TAT GAC 240
Glu Trp Ile Gly Arg Ile Aup Pro Ala Ser Gly Asp Thr Lys Tyr Asp
50 55 60

CCG AAG TTC CAG GTC AGA GTG ACA ATG CTG GTA GAC ACC AGC AGC ARC 288
Pro Lys Phe Gln Val Arg Val Thr Met Leu Val Asp Thr Ser Ser Asn
65 70 75

CAG TTC AGC CTG AGR CTC AGC AGC GTG ACA GCC GCC GAC ACC GCG GTC 336
Gln Phe Ser Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val
80 85 90

TAT TAT TGT GCA GAC GGA ATG TGG GTA TCA ACG GGA TAT GCT CTG GAC 384
Tyr Tyr Cys Ala Asp Gly Met Trp Val Ser Thr Gly Tyr Ala Leu Asp
95 100 105
TTC TGG GGC CAA GGG ACC ACG GTC ACC GTC TCC TCA GGT GAG TCC 429
Phe Trp Gly Gln Gly Thr Thr val Thr Val Ser Ser Gly Glu Ser
110 115 120
(2) INFORMATION FOR SEQ ID NO:51:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: ]43 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:St:

Met Asp Trp Thr Trp Arg Val Phe Cys lLeu Leu Ala Val Ala Pro Gly
-19 -15 -10 -5

Ala His Ser Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Arg
1 5 10

Pro Ser Gln Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Phe Asn 1lle
15 20 25

Lys Asp Thr Tyr Met His Trp Val Lys Gln Arg Pro Gly Arg Gly Leu
30 35 40 45
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Glu Trp Ile Gly Arg Ile Asp Pro Ala Ser Gly Asp Thr Lys Tyr Asp
50 55 60

Pro Lys Phe Gln Val Arg Val Thr Met Leu Val Asp Thr Ser Ser Asn
65 70 75

Gln Phe Ser Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val
80 85 90

Tyr Tyr Cys Ala Asp Gly Met Trp Val Ser Thr Gly Tyr Ala Leu Asp
95 100 105

Phe Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser Gly Glu Ser
110 115 120

(2) INFORMATION FOR SEQ ID NO:52:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "DNA sequence of 745
oligonucleoctide”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:52:
TGACCTGCAC CGCGTCTGGC TTCAAC 26
(2) INFORMATION FOR SEQ ID NO:53:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTB: 26 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(ix) FEATURE:
(A) NAME/REY: miec_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "DNA sequence of 746

oligonuclecotide”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:53:
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TTGAAGCCAG ACGCGGTGCA GGTCAG 26
(2) INFORMATION FOR SEQ ID NO:54:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 429 base pairs
(B) TYPR: nuclaic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linmear

(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/REY: sig_peptide
(B) LOCATION: 1..57

(ix) FPEATURE:
(A) NAME/KEY: mat peptide
(B) LOCATION: 58..429

(ix) FEATURE:
(A) NAME/RBY: CDS
(B) LOCATION: 1..429

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTEER INPORMATION: /note= "pBAGl95 insert: AS heavy
chain variable region®

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:54:

ATG GAC TGG ACC TGG AGG GTC TTC TGC TTG CTG GCT GTA GCA CCA GGT 48
Met Asp Trp Thr Trp Arg Val Phe Cys Leu Leu Ala Val Ala Pro Gly
-19 -15 -10 -5

GCC CAC TCC CAG GTC CAA CTG CAG GAG AGC GGT CCA GGT CIT GTG AGA 56
Ala His Ser Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Arg

CCT AGC CAG ACC CTG AGC CTG ACC TGC ACC GCG TCT GGC TTC AAC ATT 144
Pro Ser Gln Thr Leu Ser Leu Thr Cys Thr Ala Ser Gly Phe Aen Ile
15 20 25 :

AAA GAC ACC TAT ATG CAC TGG GTG AGA CAG CCA CCT GGA CGA GGT CTT 192
Lys Asp Thr Tyr Met His Trp Val Arg Gln Pro Pro Gly Arg Gly Leu
30 35 40 45

GAG TGG ATT GGA AGG ATT GAT CCT GCG AGT GGC GAT ACT AAA TAT GAC 240

Glu Trp Ile Gly Arg Ile Asp Pro Ala Ser Gly Asp Thr Lys Tyr Asp
50 55 60
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CCG AAG TTC CAG GTC AGA GTG ACA ATG CTG GTA GAC ACC AGC AGC ARC 288
Pro Lys Phe Gln Val Arg Val Thr Met Leu Val Asp Thr Ser Ser Asn
65 70 75

CAG TTC AGC CTG AGA CTC AGC AGC GTG ACA GCC GCC GAC ACC GCG GTC 336
Gln Phe Ser Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val
80 85 %0
TAT TAT TGT GCA GAC GGA ATG TGG GTA TCA ACG GGA.TAT GCT CTIG GAC 384
Tyr Tyr Cys Ala Asp Gly Met Trp Val Ser Thr Gly Tyr Ala Leu Asp
95 100 105
TTC TGG GGC CAA GGG ACC ACG GTC ACC GTC TCC TCA GGT GAG TCC 429
Phe Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser Gly Glu Ser
110 115 120
(2) INFORMATION FOR SEQ ID NO:55:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 143 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:55:

Met Asp Trp Thr Trp Arg Val Phe Cys Leu Leu Ala Val Ala Pro Gly
-19 -15 -10 -5

Ala His Ser Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Arg
1 5 10

Pro Ser Gln Thr Leu Ser Leu Thr Cys Thr Ala Ser Gly Phe Asn Ile
15 20 25

Lys Asp Thr Tyr Met His Trp Val Arg Gln Pro Pro Gly Arg Gly Leu
30 35 40 45

Glu Trp Ile Gly Arg Ile Asp Pro Ala Ser Gly Asp Thr Lys Tyr Asp
50 55 60

Pro Lys Phe Gln Val Arg Val Thr Met Leu Val Asp Thr Ser Ser Asn

Gln Phe Ser Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val
80 85 90

Tyr Tyr Cys Ala Asp Gly Met Trp Val Ser Thr Gly Tyr Ala Leu Asp
95 100 105
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Phe Trp Gly Gln Gly Thr Thr Val Thr val Ser Ser Gly Glu Ser
110 - 115 120

(2) INFPORMATION FOR SEQ ID NO:56:

(1) SEBEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "DNA sequence of 915
oligonucleotide”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:56:
TATTATTGTG CAAGAGGAAT GTGGGTATC 29
(2) INFORMATION FOR SEQ ID NO:57:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1{) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/REY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "DNA sequence of 917
oligonucleotide”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:57:
ATACCCACAT TCCTCTTGCA CAATAATAG 29
(2) INFORMATION FOR SEQ ID NO:58:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 4] base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(i) MOLECULE TYPE: CDNA
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(ix) FEATURE:
(A) NAME/KBY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "DRA sequence of 918
oligonucleotide®

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:58:
CTGCACCGTG TCTGGCTTCA CCTTCAGCGA CACCTATATG C . 41
(2) INFORMATION FOR SEQ ID NO:59:
(1) SEQUENCE CHARACTERISTICS:
() LENGTH: 41 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/RKEY: misc_feature
(B) LOCATION: 1
(b)) OTHER INPORMATION: /note= "DNA sequence of 919
ocligonuclectide”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:59:
GCATATAGGT GTCGCTGAAG GTGAARGCCAG ACACGGTGCA G 41
(2) INFORMATION FOR SEQ ID NO:60:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(ix) PEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1 '
(D) OTHER INFORMATION: /note= "DNA eequence of 697
oligonucleotide”
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:GO:.
GGTGTCCACT CCAGCATCGT GATGACCCAG A 41

(2) INFORMATION FOR SEQ ID NO:61:

Aragen/Transposagen Ex. 1035 - Part B



WO 94/16094 PCT/US94/00266

-112-

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "DNA sequence of 698
oligonucleotide”

(‘xi) SEQUENCE DESCRIPTION: SEQ ID NO:61:

TCTGGGTCAT CACGATGCTG GAGTGGACAC C 41

(2) INPORMATION FOR SEQ ID NO:62:

(i) SEQUENCE CHBARACTERISTICS:
(A) LENGTH: 386 base pairs
(B) TYPE: nucleic aciad
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(i) MOLECULE TYPE: cDNA

(ix) PFEATURE:
(A) NAME/KEY: sig_peptide
(B) LOCATION: 1..57

(ix) FEATURE:
‘(A) NAMBE/KEY: mat_peptide
(B) LOCATION: 58..386

(ix) FEATURE:
(A) NAME/REY: CDS
(B) LOCATION: 1..386

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1 .
(D) OTHER INFORMATION: /note= "pBAGI98 inmert: VK2 (SVMDY)
light chain variable region” .

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:62:
ATG GGT TGG TCC TGC ATC ATC CTG TTC CTG GTT GCT ACC GCT ACC GGT 48

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly .
-19 -15 -10 -5
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GTC CAC TCC AGC ATC GTG ATG ACC CAG AGC CCA AGC AGC CTG AGC GCC 96
val Hia Ser Ser Ile Val Met Thr Gln Ser Pro Ser Ser Leu Ser Ala

AGC GTG GGT GAC AGA GTG ACC ATC ACC TGT AAG GCC AGT CAG AGT GTG 144
Ser Val Gly Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Ser Val

GGT ARG GCT CCA AAG 192
Gly Lys Ala Pro Lys

ACT AAT GAT GTA GCT TGG TAC CAG CAG AAG
Thr Asn Asp Val Ala Trp Tyr Gln Gln Lys
30 35

CTG CTG ATC TAC TAT GCA TCC AAT CGC TAC GGT GTG CCA GAT AGA 240

Leu Leu Ile Tyr Tyr Ala Ser Asn Arg Tyr Gly Val Pro Asep Arg
50 55 60

2§ &38

TTC AGC GGT AGC GGT TAT GGT ACC GAC TTC ACC TTC ACC ATC AGC AGC 288
Phe Ser Gly Ser Gly Tyr Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser
65 70 75

CTC CAG CCA GAG GAC ATC GCC ACC TAC TAC TGC CAG CAG GAT TAT AGC 336
Leu Gln Pro Glu Asp Ile Ala Thr Tyr Tyr Cys Gln Gln Asp Tyr Ser
80 85 90
TCT CCG TAC ACG TTC GGC CAA GGG ACC AAG GTG GAA ATC AAA CGT AAG TG 386
Ser Pro Tyr Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Lys
95 100 105
(2) INFORMATION FOR SEQ ID NO:63:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 128 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:63:

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly
-19 -15 -10 -5

val His Ser Ser Ile Val Met Thr Gln Ser Pro Ser Ser Leu Ser Ala
1 s 10

Ser Val Gly Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Ser Vval
15 20 25

Thr Asn Asp Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys
30 35 40 ] 45
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Leu Leu Ile Tyr Tyr Ala Ser Asn Arg Tyr Thr Gly Val Pro Asp Arg
50 55 60

Phe Ser Gly Ser Gly Tyr Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser
65 70 75

Leu Gln Pro Glu Asp Ile Ala Thr Tyr Tyr Cys Gln Gln Asp Tyr Ser
80 85 90

Ser Pro Tyr Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Lys
95 100 105

(2) INPORMATION FOR SEQ ID NO:64:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) PEATURE:
(A) NAMEB/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "DNA sequence of 803
oligonucleotide”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:64:
GGTGTCCACT CCGACATCCA GATGACCCAG AG 32
(2) INFORMATION FOR SEQ ID NO:6S:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(ix) FEATURE:
(A) NAME/KEY: misc_feature
(8) LOCATION: 1
(D) OTHER INPORMATION: /note= "DNA sequence of 804
oligonuclectide”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:65:

CTCTGGGTCA TCTGGATGTC GGAGTGGACA CC 32
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(2) INFORMATION FOR SEQ ID NO:66:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 386 base pairs
(8) TYPE: nucleic acia
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: cDNA

(1x) FEATURE:
(A) NAME/REY: aig_peptide
(8) LOCATION: 1..57

(ix) FEATURE:
(A) NAME/KEY: mat_peptide
(B) LOCATION: 58..386

(ix) FEATURE:
(A) RAME/KEY: CDS
(B) LOCATION: 1..386

(ix) FEATURE:
(A) KRAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "pBAGI97 insert: VK3 (DQMDY)
light chain variable region®

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:66:

ATG GGT TGG TCC TGC ATC ATC CTG TTC CTG GTT GCT ACC GCT ACC GGT 48
Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly
-19 -15 -10 ' -5

GTC CAC TCC GAC ATC CAG ATG ACC CAG AGC CCA AGC AGC CTG AGC GCC 96
val His Ser Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala

AGC GTG GGT GAC AGA GTG ACC ATC ACC TGT ARG GCC AGT CAG AGT GTG 144
Ser Val Gly Asp Arg vVal Thr Ile Thr Cys Lys Ala Ser Gin Ser Val
15 20 25

ACT AAT GAT GTA GCT TGG TAC CAG CAG AAG CCA GGT ARG GCT CCA AAG 192

Thr Asn Asp Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys
30 35 40 45

CTG CTG ATC TAC TAT GCA TCC AAT CGC TAC ACT GGT GTG CCA GAT AGA 240

Leu Leu Ile Tyr Tyr Ala Ser Asn Arg Tyr Thr Gly Val Pro Asp Arg
50 55 : 60
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TTC AGC GGT AGC GGT TAT GGT ACC GAC TTC ACC TTC ACC ATC AGC AGC 288
Phe Ser Gly Ser Gly Tyr Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser
70 75
CTC CAG CCA GAG GAC ATC GCC ACC TAC TAC TGC CAG CAG GAT TAT AGC 336
Leu Gln Pro Glu Asp Ile Ala Thr Tyr Tyr Cys Gln Gln Asp Tyr Ser

8

80 8s
TCT CCG TAC ACG TTC GGC CAA GGG ACC AAG GTG GAA ATC ARA CGT ARG TG 386
Ser Pro Tyr Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Lys
95 100 105
(2) INFORMATION FOR SEQ ID NO:67:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 128 amino acids
(8) TYPE: amino acid
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:67:

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly
-19 -15 -10 -5

Val His Ser Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala
1 5 10

Ser Val Gly Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Ser Val
15 20 25

Thr Asn Asp Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys
30 35 40 45

Leu Leu Ile Tyr Tyr Ala Ser Asn Arg Tyr Thr Gly Val Pro Asp Arg
Phe Ser Gly Ser Gly Tyr Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser
65 70 75

Leu Gln Pro Glu Asp Ile Ala Thr Tyr Tyr Cys Gln Gln Asp Tyr Ser
80 85 90"

Ser Pro Tyr Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Lys
95 -100 105

(2) INFORMATION FOR SEQ ID NO:68:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 429 base pairs
(B) TYPE: nucleic acid
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(C) STRARDEDNESS: oingle
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) PEATURR:
(A) RAME/REY: misc_feature
(B) LOCATION: 1..429
(D) OTHER INFORMATION: /note= "pMDR1023 insert: PDLN heavy
chain variable region®

(ix) FEATURE: .
(A) NAMB/KEY: sig_peptide
(8) LOCATION: 1..57

(ix) FEATURE:
(A) NAME/REY: mat_peptide
(B) LOCATION: 5B..429

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 1..429

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:68:

ATG GAC TGG ACC  TGG AGG GTC TTC TGC TTG CTG GCT GTA GCA CCA GGT 48
Met Asp Trp Thr Trp Arg Val Phe Cys Leu Leu Ala Val Ala Pro Gly
-19 -15 -10 -5

GCC CAC TCC CAG GTC CAA CTG CAG GAG TCC GGT GCT GAA GTT GTT AAA 96
Ala His Ser Gln Val Gln Leu Gln Glu Ser Gly Ala Glu Val Val Lys

CCG GGT TCC TCC GTT AAA CTG TCC TGC ARA GCT TCC GGT TTC AAC ATC 14
Pro Gly Ser Ser Val Lys Leu Ser Cys Lys Ala Ser Gly Phe Asn Ile
15 20 25

AAA GAC ACC TAC ATG CAC TGG GTT AAA CAG CGT CCG GGT CAG GGT CTG 192
Lys Asp Thr Tyr Met His Trp Val Lys Gln Arg Pro Gly Gla Gly Leu
30 35 40 45

GAA TGG ATC GGT CGT ATC GAC CCG GCT TCC GGT GAC ACC ARA TAC GAC 240
Glu Trp Ile Gly Arg Ile Asp Pro Ala Ser Gly Asp Thi Lys Tyr Asp

50 55 60
CCG AMA TTC CAG GTT AAA GCT ACC ATC ACC GCT GAC GAAR TCC ACC TCC 288
Pro Lys Phe Gln Val Lys Ala Thr Ile Thr Ala Aep Glu Ser Thr Ser

ACC ccr TAC CTGC GAA CTG TCC TCC CTG CGT TCC GAA GAC ACC GCT GTT 336
Thr Ala Tyr Leu Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val
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TAC TAC TGC GCT GAC GGT ATG TGG GTT TCC ACC GGT TAC GCT CTG GAC 384
Tyr Tyr Cys Ala Asp Gly Met Trp Val Ser Thr Gly Tyr Ala Leu Aap
95 100 105 .

TTC TGG GGT CAG GGT ACC ACG GTC ACC GTC TCC TCA GGT GAG TCC 429
Phe Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser Gly Glu Ser
110 115 120
(2) INFORMATION FOR SEQ ID RO:69:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 143 amino acids
(B) TYPR: amino acid
(D) TOPOLOGY: linear
(L1) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:69:

Met Asp Trp Thr Trp Arg Val Phe Cys Leu Leu Ala Val Ala Pro Gly
-19 -15 -10 -5

Ala His Ser Gln Val Gln Leu Gln Glu Ser Gly Ala Glu Val Val Lys
1 5 10

Pro Gly Ser Ser Val Lys Leu Ser Cys Lys Ala Ser Gly Phe Asn Ile
15 20 25

Lys Asp Thr Tyr Met His Trp Val Lys Gln Arg Pro Gly Gln Gly Leu
30 35 40 45

Glu Trp Ile Gly Arg Ile Asp Pro Ala Ser Gly Asp Thr Lys Tyr Asp
50 55 60

Pro Lys Phe Gln Val Lye Ala Thr Ile Thr Ala Asp Glu Ser Thr Ser
65 70 75

Thr Ala Tyr Leu Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val
80 85 90

Tyr Tyr Cys Ala Asp Gly Met Trp Val Ser Thr Gly Tyr Ala Leu Rep
95 100 105

Phe Trp Gly Gln Gly Thr Thr Val Thr val Ser Ser Gly Glu Ser
110 115 120

(2) 1INFORMATION FOR SEQ ID NO:70:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 383 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
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(D) TOPOLOGY: linear
(1) MOLECULE TYPE: cDRA

(ix) FERTURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1..376 .
(D) OTHER INFORMATION: /mote= “pMDRI025S insert: PDLN light
chain variable region®

(ix) FEATURE:
(A) NAME/KEY: aig_peptide
(B) LOCATION: 1..57

(ix) FEATURE:
(A) NAME/KEY: mat_peptide
(B) LOCATION: 58..376

(ix) FEATURE:
(A) NAME/KEY: CDS
(8) LOCATION: 1..376

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:70:

ATG GGT TGG TCC TGC ATC ATC CTG TTC CTG GTT GCT ACC GCT ACC GGT 48
Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly
-19 -15 -10 -5

GTT CAC TCC ATC GTT ATG ACC CAG TCC CCG GAC TCC CTG GCT GTT TCC 96
val His Ser Ile Val Maet Thr Gln Ser Pro Asp Ser Leu Ala Val Ser

CTG GGT GAA CGT GTT ACC ATC AAC TGC AAR GCT TCC CAG TCC GTT ACC 144
Leu Gly Glu Arg Val Thr Ile Asn Cys Lys Ala Ser Gln Ser Val Thr
15 20 25

AAC GAC GTT GCT TGG TAC CAG CAG AARA CCGC GGT CAG TCC CCG AAA CTG 192
Asn Asp Val Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Lys Leu
30 35 40 45

CTG ATC TAC TAC GCT TCC ARC CGT TAC ACC GGT GTT CCG GAC CGT TTC 240
Leu Ile Tyr Tyr Ala Ser Asn Arg Tyr Thr Gly Val Pro Asp Arg Phe
50 55 ' 60

TCC GGT TCC GGT TAC GGT ACC GAC TTC ACC TTC ACC ATC TCC TCC GTT 288
Ser Gly Ser Gly Tyr Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Val
65 70 75

CAG GCT GAA GAC GTT GCT GTT TAC TAC TGC CAG CAG GAC TAC TCC TCC 336

Gln Ala Glu Asp Val Ala Val Tyr Tyr Cys Gln Gln Rep Tyr Ser Ser
80 85 90
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CCG TAC ACC TTC GGT GGT GGT ACC AAAR CTG GAG ATC TAR GGA TCC TC 383

Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile *
95 100 105§

(2) INPORMATION FOR SEQ ID NO:7l:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 124 amino acids
(B) TYPE: amino acid R
(D) TOPOLOGY: linear

(i) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:71:

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly
-19 —~15 -10 -5

Val His Ser Ile Val Met Thr Gln Ser Pro Asp Ser Leu Ala Val Ser
1 5 10

Leu Gly Glu Arg Val Thr Ile Asn Cys Lys Ala Ser Gln Ser Val Thr
15 20 25

Asn Asp Val Ala Trp Tyr Gln Gln Ly.s Pro Gly Gln Ser Pro Lys Leu
30 35 40 45

Leu Ile Tyr Tyr Ala Ser Asn Arg Tyr Thr Gly Val Pro Asp Arg Phe
50 55 60

Ser Gly Ser Gly Tyr Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Val
65 70 5

Gln Ala Glu Asp Val Ala Val Tyr Tyr Cys Gln Gln Asp Tyr Ser Ser
80 85 90

Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile *
95 100 105

(2) INFORMATION FOR SEQ ID NO:72:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 60 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA
(ix) FEATURE: .

(A) NAME/REY: misc_feature
(B) LOCATION: 1
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(D) OTHER INFORMATION: /mote= “"Oligo 370-119 corresponding
to 58-117 VH-PDLN"

(xi) SBQUENCE DESCRIPTION: SEQ ID NO:72:

CAGGTTCAGC TGCAGGAGTC CGGTGCTGAAR GTTGTTAAAC CGGGTTCCTC CGTTAAACTG 60
(2) INPORMATION FOR SEQ ID NO:73:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 60 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(i) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "Oligo 370-120 corresponds
to 118—177 VH-PDLN"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:73:
TCCTGCAAAG CTTCCGGTTT CAACATCAAR GACACCTACA TGCACTGGGT TAAACAGCGT 60
(2) INFORMATION FOR SEQ ID NO:74:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 60 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: cDNA
(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "Oligo 370-121 corresponds
to 178-237 VH-PDLN"
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:74:
CCGGGTCAGG GTCTGGAATG GATCGGTCGT ATCGACCCGG CTTCCGGTGA CACCAAATAC 60
(2) INFORMATION FOR SEQ ID NO:75:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 66 base pairs
(B) TYPE: nucleic acid
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(C) STRARDEDRESS: single
(D) TOPOLOGY: linear
(ii) MOLRERCULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "Oligo 370-122 corresponds

to 238-303 VH-PDLN"
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:75:

GACCCGARAT TCCAGGTTAA AGCTACCATC ACCGCTGACG ARTCTCACCTC CACCGCTTAC 60

CIGGAR
(2) IRFORMATION FOR SEQ ID NO:76:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 63 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "Oligo 370-123 corresponds
to 304-366 VH-PDLN"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:76:
CTGTCCTCCC TCCETTCCGA AGACACCGCT GTITACTACT GCGCTGACGG TATGTGGGTT 60
TCC 63
(2) INFORMATION FOR SEQ ID NO:77:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 54 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: cDNA
(ix) FEATURE:

(A) NAME/REY: miec_feature
(B) LOCATION: 1
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(D) OTHER INFORMATION: /note= "Oligo 370-124 corresponds
to.367—-420 VH—PDLN"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:77:

ACCGGTTACG CTCTGGACTT CTGGGGTCAG GGTACCACGG TCACCGTTTC CTCC 54
(2) INFORMATION FOR SEQ ID NO:78:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 63 base pairs
. (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: cDNA
(iv) ANTI-SENSE: YES
(ix) FEATURE:

(A) NAME/KEY: misc_feature

(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "Oligo 370-125 corresponds
to reverse VH—PDLN 420-358"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:78:
GGAGGAAACG GTGACCGTGG TACCCTGACC CCAGAAGTCC AGAGCGTAAC CGGTGGAARC 60

CCA 63

(2) INFORMATION FOR SEQ ID NO:79:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 47 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(iv) ANTI—-SENSE: YES

(ix) FPEATURE:

(A) NAME/KRY: misc_feature
(8) LOCATION: 1

(D) OTHER INPORMATION: /note= "Oligo 370-126 corresponds
to reverse VH—PDLN 357-311"
ixi) SEQUENCE DESCRIPTION: SEQ ID NO:79:

CATACCGTCA GCGCAGTAGT AAACAGCGGT GTCTTCGGAA CGCAGGG 47
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(2) INFORMATION POR SEQ ID NO:80:

(1)

(11)
(iv)

(ix)

SEQUENCE CHARACTERISTICS:
(A) LENGTH: 67 base pairs
(8) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

MOLECULE TYPE: cDNA
ANTI—-SENSE: YES
FEATURE:

(A) NAME/KEY: misc_feature
(B) LOCATION: 1

PCT/US94/00266

-124-

(D) OTHER INFORMATION: /note= “"Oligo 370-127 corresponds
to reverse VH-—PDLN 310-244"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:80:

AGGACAGTTC CAGGTAAGCG GTGGAGGTGG ATTCGTCAGC GGTGATGGTA GCTTITAACCT 60

GGAATTT

(2) INFORMATION FOR SEQ ID NO:81:

(89

(1)
iv)

(ix)

SEQUENCE CHARACTERISTICS:
(A) LENGTH: 60 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

MOLECULE TYPE: CDNA
ANTI—-SENSE: YES
FEATURE:

(A) NAME/REY: misc_feature
(B) LOCATION: 1

67

(D) OTHER INFORMATION: /note= "Oligo 370-128 corresponds
to reverse VH—PDLN 243—186"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:81:

CGGGTCGTAT TTGGTGTCAC CGGAAGCCGG GTCGATACGA CCGATCCATT CCAGACCCTG 60

(2) INFORMATION FOR SEQ ID NO:82:

1)

SEQUENCE CHARACTERISTICS:
(A) LENGTH: 60 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
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(D) TOPOLOGY: linear
(11) MOLECULE TYPE: cDNA
(iv) ANTI—-SENSE: YES
(ix) FEATURE:

(A) NAME/KEY: misc_feature
(B) LOCATION: 1

PCT/US94/00266

(D) OTHER INFORMATION: /note= “Oligo 370-129 corresponds

to reverse VH-—PDLN 185-124"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 82:

ACCCGGACGC TGTTTAACCC AGTGCATGTA GGTGTCTTTG ATGTTGAAAC CGGAAGCTTT 60

(2) INFORMATION FOR SEQ ID NO:83:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 66 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA
(iv) ANTI-SENSE: YES
(ix) FEATURE:

(A) NAME/KEY: misc_feature
(B) LOCATION: 1

(D) OTHER INFORMATION: /note= "Oligo 370-130 corresponds

to reverse VH-PDLN 123-—-5B8*

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:83:

GCAGGACAGT TTAACGGAGG AACCCGGTTT AACAACTTCA GCACCGGACT CCTGCAGCTG 60

AACCTG
(2) INFORMATION FOR SEQ ID NO:84:

(L) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 66 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) PEATURE:
(A) NAME/KEY: miec_feature
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(B) LOCATION: 1
(D) OTHER INFORMATION: /note= =Oligo 370-131 corresponds
to 1-58 VK-PDLN"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:84:

AGCTTACCAT GGGTTGGTCC TGCATCATCC TGTTCCTGGT TGCTACCGCT ACCGGTGTTC 60

ACTCCA . ) . . 66
(2) INFORMATION FOR SEQ ID NO: 85:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 66 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: ¢DNA

(ix) FPEATURE:
(A) NAME/REY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "Oligo 370-132 corresponds
to §9—-124 VK—PDLN"

(xi) SBQUENCE DESCRIPTION: SEQ ID NO:85:
TCCTTATCGAC CCAGTCCCCG GACTCCCTGG CTGTTTCCCT GGGTGAACGT GTTACCATCA 60
ACTGCA 66
(2) INFORMATION FOR SEQ ID NO:86:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 66 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(i1) MOLECULE TYPE: CDNA
(ix) PEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1

(D) OTHER INFORMATION: /note= "Oligo 370-133 corresponds
to 125—-190 VK-PDLN"
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 86:

AAGCTTCCCA GTCCGTTACC AACGACGTTG CTTGGTACCA GCAGAAACCG GGTCAGTCCC 60

CGAAAC " 66
(2) INFORMATION FOR SEQ ID NO:87:
(i) SEQUBNCE CHARACTERISTICS:
(A) LENGTH: 66 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA
(ix) PFEATURE:
(A) NAMB/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "Oligo 370-134 corresponds
to 191-256 VK—PDLN"
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:87:
TGCTGATCTA CTACGCTTCC AACCGTTACA C.CGGTGT’I'CC GGACCGTTTC TCCGGTTCCG 60
GTTACG 66
(2) INFORMATION FOR SEQ ID NO:88:
(L) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 66 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: cDNA
(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: |
(D) OTHER INFORMATION: /note= "Oligo 370-135 corresponds
to 257-322 VK-—PDLN" ’
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:88:
GTACCGACTT CACCTTCACC ATCTCCTCCG TTCAGGCTGA AGACGTTGCT GTTTACTACT 60
GCCAGC ) 66

(2) INFORMATION POR SEQ ID NO:89:
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(1) SEQUENCE CHARACTERISTICS:
(A) LERGTH: 54 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
() NAME/REY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "0ligo 370—136 corresponds

to 323-376 VK—PDLN"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:89:

AGGACTACTC CTCCCCGTAC ACCTTCGGTG GTGGTACCAA ACTGGAGATC TAAG 54

(2) INFORMATION FOR SEQ ID NO:90:

(1) SEQUENCE CHARRCTERISTICS:
(A) LENGTH: 63 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(iv) ANTI-SENSE: YES

(ix) FEATURE:
(p) NAME/REY: misc_feature
(B) LOCATION: 1

(D) OTHER INFORMATION: /note= "Oligo 370—137 corresponds
to reverse VK-—PDLN 380-318"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:90:
GATCCTTAGA TCTCCAGTTT GGTACCACCA CCGARGGTGT ACGGGGAGGA GTAGTCCTIGC 60

TGG 63

(2) INFORMATION FOR SEQ ID NO:91:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 66 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear .

(ii) MOLECULE TYPE: cDNA
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(iv) ANTI-SENSE: YES
(ix) FBEATURE:

(A) NAMB/KEY: misec_feature
(B) LOCATION: 1

(D) OTHER INFORMATION: /note= “Oligo 370-138 corrasponda
to reverse VK—PDLN 317-252~
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:91:

CAGTAGTAAA CAGCAACGTC TTCAGCCTGA ACGGAGGAGA TGGTGAAGGT GAAGTCGGTA 60

CCGTAA . 66
(2) INFORMATION POR SEQ ID NO:92:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 66 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(iv) ANTI-SENSE: YES
(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "Oligo 370-139 corresponds
to reverse VK—PDLN 251—186"
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:92:

CCGGAACCGG AGAAACGGTC CGGAACACCG GTGTAACGGT TGGAAGCGTA GTAGATCAGC 60
AGTTTC _ 66
(2) INFORMATION FOR SEQ ID NO:93:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 66 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(iv) ANTI-SENSE: YES

(ix) FEATURE:
(A) NAME/REY: misc_feature
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(B) LOCATION: |
(D) OTHER INFORMATION: /note= "Oligo 370-140 corresponds
to reverse VK—PDLN 185-120"

(xi) SBQUENCE DESCRIPTION: SEQ ID NO:93:

GGGGACTGAC CCGGTTTCTG CTGGTACCAA GCAACGTCGT TGGTAACGGA CTGGGAAGCT 60

TTGCAG 66 .
(2) INFORMATION FOR SEQ ID NO:94:

(i) SEQUENCE CHARACTERISTICS:
. (A) LBENGTH: 66 base paire
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA
(iv) ANTI-SENSE: YES
(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "Oligo 370-141 corresponds
to reverse VK—PDLN 119-54=
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:94:
TTGATGGTAA CACGTTCACC CAGGGAAACA GCCAGGGAGT CCGGGGACTG GGTCATAACG 60
ATGGAG 66
(2) INFORMATION FOR SEQ ID NO:95:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 57 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(iv) ANTI-SENSE: YES
(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: !

(D) OTHER INFORMATION: /note= "Oligo 370-142 corresponds ,
to reverse VK-PDLN 53-1"
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:95:
TGAACACCGG TAGCGGTAGC ARCCAGGAAC AGGATGATGC AGGACCAACC CATGGTA 57
(2) INPORMATION FPOR SEQ ID KO:96:

(i) SBQUENCE CHARRACTERISTICS:
(A) LENGTH: 51 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(i) MOLECULE TYPE: cDRA

(ix) FEATURE: .
(A) NAME/KEY: miec_feature
(B) LOCATION: 1}
(D) OTHER INFORMATION: /note= "DNA sequence of VK1-DQL
primer 307-247"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:96:
ACCGCTACCG GTGTTCACTC CGACATCCAG CTGACCCAGA GCCCAAGCAG C . 51
(2) INFORMATION FOR SEQ ID NO:97:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 56 base pairse
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "DNA sequecne of VKI-DQL
primer 370-210"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:97:
CTGAGGATCC AGARAGTGCA CTTACGTTTG ATTTCCACCT TGGTCCCTTG GCCGAA 56
(2) INFORMATION FOR SEQ ID NO:98:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: S1 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/KBY: misc_feature
(B) LOCATION: 1
(D) OTHER INFPORMATION: /note= "DNA sequence of VK2—SVMDY .
primer 370-269" .

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:98: \
CTCTCCACCG GTGTCCACTC CAGCATCGTG ATGACCCAGA GCCCAAGCAG C 51
(2) INFORMATION FOR SEQ ID NO:99:

(L) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 51 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: c¢cDNA
(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1 .
(D) OTHER INFORMATION: /note= "DNA sequence of VK3—DQMD
primer 370-268"
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:99:

CTCTCCACCG GTGTCCACTC CGACATCCAG ATGACCCAGA GCCCAAGCAG C 51
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WHAT IS CLAIMED IS:

1. A recombinant antibody molecule comprising
antigen binding regions derived from the heavy or light
chain variable regions of an anti-VLA4 antibody.

5 2. A humanized recombinant antibody molecule
having specificity for VLA4 and having an antigen binding
site wherein at least one of the complementarity
determining regions (CDR) of the variable regions are
derived from a non-human anti-VLA4 antibody.

10
3. A humanized recombinant heavy chain according
to claim 2 comprising non-human CDRs at positions 31-35
(CDR1), 50-65 (CDR2) and 95-102 (CDR3) (Kabat numbering).

4. A humanized recombinant heavy chain according
to claim 3 comprising non-human residues at framework
positions 27-30 (Kabat numbering).

5. A humanized recombinant heavy chain according
to claim 4 comprising additional non-human residues at
framework position 75 (Kabat numbering).

6. A humanized recombinant heavy chain according
to claim 5 comprising additional non-human residues at
framework position(s) 77-79 or 66-67 and 69-71 or 84-85
or 38 and 40 or 24.

7. A humanized recombinant light chain according
to claim 2 comprising non-human CDRs at positions 24-34
(CDR1), 50-56 (CDR2) and 89-97 (CDR3).

8. A humanized recombinant light chain according

to claim 7 comprising non-human residues at framework
positions 60 and 67.
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9. A humanized recombinant antibody molecule
comprising at least one antibody heavy chain according to
claim 3 and at least one antibody light chain according
to claim 7.

10. A humanized recombinant antibody molecule
according to claim 7 wherein the non-human CDRs are
derived from the HP1/2 murine monoclonal antibody.

11. DNA encoding an antibody heavy chain according
to claim 3.

12. DNA encoding an antibody light chain according
to claim 7.

13. DNA encoding an antibody molecule according to
claim 10.

14. A vector comprising DNA according to claim 11.

15. A vector comprising DNA according to claim 12.
16. A vector comprising DNA according to claim 13.

17. An expression vector comprising DNA encoding an
antibody heavy chain according to claim 3 in operative
combination with DNA encoding an antibody light chain
according to claim 7.

18. An expression vector comprising DNA encoding an
antibody molecule according to claim 10.

19. Host cells transformed with a vector according
to claim 14 and a vector according to claim 15.
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20. Host cells transformed with a vector according
to claim 1s6.

5 21. A process for the production of a humanized
recombinant anti-VLA4 antibody comprising:

(a) producing an expression vector comprising
an operon having a DNA sequence encoding an antibody
heavy or light chain wherein at least one of the CDRs of

10 the variable domain are derived from a non-human anti-
VLA4 antibody and the remaining immunoglobulin-derived
parts of the antibody chain are derived from a human
immunoglobulin;

(b) producing an expression vector comprising

15 an operon having a DNA sequence encoding a complementary
antibody light or heavy chain wherein at least one of the
CDRs of the variable domain are derived from a non-human
anti~-VLA4 antibody and the remaining immunoglobulin-
derived parts of the antibody chain are derived from a

20 human immunoglobulin;

(c) ¢transfecting a host cell with each vector;
and

(d) culturing the transfected cell line to
produce the humanized recombinant anti-VLA4 antibody

25 molecule.

22. A process according to claim 21 wherein the DNA
sequence encoding the heavy chain and the light chain
comprise the same vector.

23. A therapeutic composition comprising an
antibody molecule, or a fragment thereof, according to
claim 1 in combination with a pharmaceutically acceptable
diluent, excipient or carrier.
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24. A diagnostic composition comprising an antibody
molecule, or a fragment thereof, according to claim 1 in
a detectably labelled form.

25. A method of treatment comprising administering
an effective therapeutic amount of an antibody according
to claim 1 to a human or animal subject.

5 26. A method for treating inflammation resulting
from a response of a specific defense system in a
mammalian subject which comprises providing to a subject
in need of such treatment an amount of an anti-
inflammatory agent sufficient to suppress the

10 inflammation, wherein the anti-inflammatory agent is an
antibody according to claim 1.

27. A humanized recombinant anti-VLA4 antibody
molecule having the characteristics of an antibody which
15 comprises a humanized heavy chain comprising a variable
heavy chain region selected from the group consisting of
Vy = STAW (SEQ ID NO:39), V,; - KAITAS (SEQ ID NO:43), V, -
SSE (SEQ ID NO:47), V4 - KRS (SEQ ID NO:51), and Vy - AS
(SEQ ID NO: 55), in combination with a humanized light
20 chain comprising a light chain variable region selected
from the group consisting of VK - DQL (SEQ ID NO: 31),
VK2 - SVMDY (SEQ ID NO: 63), and VK3 - DQMDY (SEQ ID NO:
67).

28. DNA encoding the humanized heavy chain and the
humanized light chain according to claim 27.

29. A vector comprising DNA according to claim 28.

30. An expression vector comprising DNA encoding an
antibody molecule according to claim 27.
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31. Host cells transformed with a vector according
to claim 29.

32. Host cells transformed with a vector according
to claim 30.

33. Host cells according to claim 32 that are
ATCC CRL 11175.

5 34. A humanized recombinant anti-VLA4 antibody
molecule having a potency from about 20% to about 100% of
the potency of an antibody which comprises a humanized
heavy chain comprising a variable heavy chain region of
Vy - AS (SEQ ID NO: 55), in combination with a humanized

10 light chain comprising a light chain variable region of
VK2 - SVMDY (SEQ ID NO: 63).

35. A therapeutic composition comprising an
antibody molecule, or a fragment thereof, according to
claim 27 or 34 in combination with a pharmaceutically
acceptable diluent, excipient or carrier.

36. A diagnostic composition comprising an antibody
molecule, or a fragment thereof, according to claim 27 or
34 in a detectably labelled form.

37. A method of treatment comprising administering

an effective amount of an antibody according to claim 27
or 34 to a human or animal subject.
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38. A method for treating inflammation resulting

from a response of a specific defense system in a

mammalian subject which comprises providing to a subject

in need of such treatment an amount of an anti-

5 inflammatory agent sufficient to suppress the

infl&mmation, wheréin the anti-inflammatory agent is an
antibody according to claim 27 or 34.

39. A humanized recombinant anti-VILA4 antibody
molecule that is the antibody produced by ATCC CRL 11175
or an antibody having the characteristics of the antibody
produced by ATCC CRL 11175.

40. A humanized recombinant anti-VLA4 antibody
molecule that has a potency from about 20% to about 100%
of the potency of the antibody produced by ATCC
CRL 11175.

41. A humanized recombinant anti-VLA4 antibody
molecule that has a potency from about 20% to about 100%
of the potency of the antibody produced by the murine
monoclonal antibody HP1/2.
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INTERCELLULAR ADHESTON MEDIATORS

FIELD OF THE INVENTION
The present invention relates to compositions and
methods for reducing or controlling inflammation and for
treating inflammatory disease processes and other pathological
10 conditions mediated by intercellular adhesion.

BACKGROUND OF THE INVENTION .
Vascular endothelial cells and blcood platelets play
key roles in a number of biological responses by selectively

15 binding certain cells, for instance phagocytic leukocytes, in
the blood stream. For example, endothelial cells
preferentially bind monocytes and granulocytes prior to their
migration through the blood vessel wall and into surrounding
tissue in an inflammatory-response. Certain inflammation-

20 triggering compounds are known to act directly on the vascular
endothelium to promote the adhesion of leukocytes to vessel
walls, which cells then move through the walls and into areas
of injury or infection. Cellular adhesion to vascular
endothelium is also thought to be involved in tumor metastasis.

25 Circulating cancer cells apparently take advantage of the
body's normal inflammatory mechanisms and bind to areas of
blood vessel walls where the endothelium is activated.

Blood platelets are also involved in similar
responses. Platelets are known to become activated during the

30 initiation of hemostasis and undergo major morphological,
biochemical, and functional changes (e.g., rapid granule
exocytosis, or degranulation), in which the platelet alpha
granule membrane becomes fused with the external plasma

" membrane. As a result, new cell surface proteins become

35 expressed that confer on the activated platelet new functions,
such as the ability to bind both other activated platelets and
other cells. Activated platelets are recruited into growing

thrombi or are cleared rapidly from the blood circulation.
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Activated platelets are known to bind to phagocytic leukocytes,
including monocytes and neutrophils. Examples of pathological
and other biological processes which are thought to be mediated
by this process include atherosclerosis, blood clotting and

5 inflammation.

Recent work has revealed that specialized cell
surface receptors on endothelial cells and platelets,
designated endothelial leukocyte adhesion molecule-1 (ELAM-1)
and granule membrane protein-140 (GMP-140), respectively, are

10 involved in the recognition of various circulating cells by the
endothelium and platelets. These receptors are surface
glycoproteins with a lectin-like domain, a region with homology
to epidermal growth factor, and a region with homology to
complement regulatory proteins (see, Bevilacqua et al., Science

15 243:1160 (1989), which is incorporated herein by reference).
For example, ELAM-1 has been shown to mediate endothelial
léukocyte adhesion, which is the first step in many
inflammatory responses. Specifically, ELAM-1 binds human
neutrophils, monocytes, eosinophils, certain T-lymphocytes (N.

20 Graber et al., J. Immunol., 145:819 (1990)), NK cells, and the
promyelocytic cell line HL-60.

The term "selectin" has been suggested for a general
class of receptors, which includes ELAM-1 and GMP-140, because
of their lectin-like domain and the selective nature of their

25 adhesive functions. These cell surface receptors are expressed
on a variety of cells. GMP-140 (also known as PADGEM) is
present on the surface of platelets and endothelial cells,
where it mediates platelét-leukocyte and endothelium—-leukocyte
interactions. Another member of the selectin class is the MEL~-

30 14 antigen and its human analog LaM-1 which are cell surface
receptors of lymphocytes, and act as lymph node homing
receptors. The exact nature of the ligand recognized by
selectin receptors, however, has remained largely unknown.

Various other methods have been previously developed

35 to block the action of selectins and thus inhibit cellular
adhesion. For instance, the use of monoclonal antibodies
directed to ELAM-1 has been proposed as a method to inhibit
endothelial-leukocyte adhesion as a treatment for pathological
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responses, such as inflammation. Endothelial interleukin-8 has
also been shown to be an inhibitor of leukocyte-endothelial
interactions.

With the elucidation of the ligand-receptor
interaction it will be possible to develop highly specific,
efficient inhibitors of selectin-mediated cellular adhesion
which would be useful in therapeutic regimens. The ligand(s)
could also be used to target other pharmaceutical compounds,
such as anti-inflammatory agents or anti-oxidants, to the sites
of injury. To date, however, insufficient understanding of the
interaction of the ligand(s) and receptor molecules on the
respective cells has hindered these efforts. The present
invention fulfills these and other related needs.

SUMMARY OF THE INVENTION

Novel compositions which selectively bind a selectin
cell surface receptor and which have at least one
oligosaccharide moiety are provided by the present invention.
The compositions inhibit intercellular adhesion mediated by the
selectin -cell surface receptor and thereby are capable, for
example, of inhibiting inflammatory and other pathological
responses associated with cellular adhesion. Generally, the
composition comprises sialic acid and fucose, a sulfate, or a
phosphate. In related embodiments the composition that binds
the selectin may be a glycoprotein, a glycolipid, or an
oligosaccharide.

In one aspect, pharmaceutical compositions are
provided. The pharmaceutical compositions can be, for example,
liposomes which comprise a ligand oligosaccharide moiety
capable of selectively binding a selectin receptor and a
pharmaceutically acceptable carrier. The liposome containing
the ligand may also serve as a targeting vehicle for a
conventional chemotherapeutic agent, which agent is contained
within the liposome and delivered to targeted cells which
express a selectin receptor. Typically the chemotherapeutic
agent is an anti-inflammatory agent or an anti-oxidant. Using
the ligands described herein to target chemical agents

encapsulated within liposomes is a convenient and effective

9119501A1_1_> Y
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method for reducing therapeutic levels of a drug and minimizing
side effects.
In other aspects, the invention comprises methods of

inhibiting intercellular adhesion in a patient for a disease

5 process such as inflammation or reperfusion injury by
administering to the patient a therapeutically effective dose
of a compound comprising a moiety capable of binding a selectin
cell surface receptor. The cell surface receptor, such as
ELAM-1 or GMP-140, may be expressed on vascular endothelial

10 cells or platelets. The inflammatory process may be, for
example, rheumatoid arthritis. The compound which is
administered may have an ocligosaccharide moiety having the
chemical formula: NeuAca2,3Galﬁ1,4(Fuca1,3)GlcNAcﬁ1—Rl;
wherein R, is an amino acid, oligopeptide, 1ipid, or

15 oligosaccharide.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates the ability of cells which express
SLX (LEC 11) to bind to IL-18 activated endothelial cells

20 compared to those cells which express non-sialylated Le* (cnoQ
K1 and LEC 12).

Fig. 2 illustrates the ability of monoclonal
antibodies specific for SLX to block selectin-mediated binding
of HL-60 cells at 37°*C (Fig. 22) and 4°C (Fig. 2B) compared to

25 monoclonal antibodies which do not bind SIX determinants.

Fig. 3 illustrates the effects of incubating LEC-11
(Fig. 3A) and LEC 12 (Fig. 3B) cells with SLX and non-SLX
specific monoclonal antibodies on binding to activated
endothelial cells.

30 Fig. 4 illustrates the results obtained by treating
HL-60, LEC1l1l and LECl2 cells with sialidase before binding to
activated endothelial cells.

Fig. 5 compares the ability of liposomes which
contain glycolipids with SLX, Le*, or similar carbohydrate

35 structures to inhibit the binding of HL-60 cells to activated
endothelial cells.
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Fig. 6 compares the inhibition of GMP-140 mediated
platelet adhesion by monoclonal antibodies specific for SLX and
Le* determinants.

Fig. 7 compares the ability of liposomes which

5 contain glycolipids with SLX, Le*, or similar carbohydrate
structures to inhibit the binding of HL-60 cells to activated
platelets.

Fig. 8 compares the ability of liposomes which
contain glycolipids with SLX, Le*, or similar carbohydrate

10 structures to inhibit the binding of PMNs to activated
platelets. '

Fig. 9 shows inhibition of GMP-140 mediated adehsion
by glycolipids with the terminal sialic acid either NeuAc or

NeuGc.

15
DESCRIPTION OF THE PREFERRED EMBODIMENT

Compositions and methods are provided for inhibiting
inflammatory and other disease responses mediated by cellular
adhesion. The present invention also provides compounds (e.d.,

20 glycoconjugates and monoclonal antibodies) which have the .
ability to block or inhibit the adhesion of the cells mediated
by selectin cell surface receptors. Methods for preparing and
screening for such compounds are also provided. In addition,
diagnostic and therapeutic uses for the compounds are provided.

25 A basis of the present invention is the discovery of
a carbohydrate moiety recognized by selectin cell surface-
receptors. As discussed above, selectins, also known as the
"LEC-CAM" family of cell adhesion molecules, are unique
glycoproteins expressed on the surface of a variety of cells.

30 For instance, ELAM-1 is inducibly expressed on vascular
endothelial cells (Bevilacqua et al., supra and Hession et al.,
Proc. Nat'l. Acad. Sci., 87:1673-1677 (1990), both of which are

‘ incorporated herein by reference). This receptor has been
demonstrated to be induced by inflammatory cytokines such as

35 interleukin IA (IL-IB) and tumor necrosis factor a (TNFe), as
well as bacterial endotoxin (lipopolysaccharide) (see,
Bevilacqua et al., Proc. Natl. Acad. Sci., 84:9238-9242 (1987)

which is incorporated herein by reference). These compounds
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act directly on endothelial cells in vitro to substantially
augment polymorphonuclear leukocyte (neutrophil), and monocyte
adhesion (Bevilacqua et al., Proc. Natl. Acad. Sci., supra).
As discussed above, GMP-140 is a membrane
5 glycoprotein of platelet and endothelial secretory granules
(Geng et al., Nature, 343, 757-760 (1990) which is incorporated
herein by reference). Activated pilatelets which express GMP-
140 on their surface are known to bind to monocytes and
neutrophils (Jungi et al., Blood 67:629-636 (1986)), and also
10 to monocyte-like cell lines, e.g., HL60 and US37 (Jungi et al.,
supra; Silverstein et al., J. Clin. Invest. 79:867-874 (1987));

all of which are incorporated herein by reference. GMP-140 is
an alpha granule membrane protein of molecular weight 140,000
that is expressed on the surface of activated platelets upon
15 platelet stimulation and granule secretion (Hsu-Lin et al., J.
Biol. Chem. 259:9121-9126 (1984); Stenberg et al., J. Cell
Biol. 101:880-886 (1985); Berman et al., J. Clin. Invest.
78:130-137 (1986)). It is also found in megakaryocytes
(Beckstead et al., Blood 67:285-293 (1986)), and in endothelial
20 cells (McEver et al., Blood 70:355a (1987)) within the Weibel-
Palade bodies (Bonfanti et al., Blood 73:1109-1112 (1989)).
Furie et al. U.S. Patent No. 4,783,330, describe monoclonal

antibodies reactive with GPM-140. All of the foregoing
references are incorporated herein by reference.
25 A third selectin receptor is the lymphocyte homing
receptor, MEL-14 antigen or LAM-1 (Gallatin et al., Nature
" 304:30-34 (1983); Siegellman et al;, Science, 243:1165-1172
(1989) ; Rosen, Cell Biology, 1:913-919 (1989); and Lasky et al.
Cell 56:1045-1055 (1989) all cf which are incocrpocrated herein
30 by reference). 1In addition to lymphocyte homing, MEL-14
antigen/LAM-1 is believed to function early in neutrophil
binding to the endothelium.
The structure and function of selectin receptors has
" been elucidated by cloning and expression of full length cDNa
35 encoding each of the above receptors (see, e.g., Bevilacqua et
al., Science, supra, (ELAM-1), Geng et al., supra, (GMP 140),
and Lasky et al., supra, (MEL-14 antigen)). The extracellular
portion of selectins can be divided into three segments based

Aragen/Transposagen Ex. 1035 - Part B
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on homologies to previously described proteins. The N-terminal
region (about 120 amino acids) is related to the C-type
mammalian lectin protein family as described by Drickanmer, J.
Biol. Chem., 263: 9557-9560 (1988) (which is incorporated
5 herein by reference) that includes low affinity IgE receptor

CD23. A polypeptide segment follows, which has a sequence that
is related to proteins containing the epidermal growth factor
(EGF) motif. Lastly, after the EGF domain are one Or more
tandem repetitive motifs of about 60 amino acids each, related

10 to those found in a family of complement regulatory proteins.

Since selectin receptors comprise a lectin-like
domain, the specificity of the molecules is likely to be based
on protein-carbohydrate interactions. Evidence provided here
indicates that a sialylated, fucosylated N-acetyllactosamine

15 unit of the Lewis X antigen, designated here as SLX, is a
moiety recognized by the lectin region of the selectin
receptor. In particular, the evidence shows recognition of
this moiety by both ELAM-1 and GMP-140. Compounds of the
present invention comprise this fucosylated, sialylated N-

20 acetyllactosamine unit in a variety of configurations.

The nomenclature used to describe the oligosaccharide
moieties of the present invention follows the conventional
nomenclature. Standard abbreviations for individual
monosaccharides are used. For instance, 2-N-acetylglucosamine

25 is represented by GlcNAc, fucose is Fuc, galactose is Gal, and
glucose is Glc. Two sialic acids which may be present on the

’oligosaccharides of the present invention are 5-N-
acetylneuraminic acid (NeuAc) and 5-N- glycolylneuraninic ac1d
(NeuGc). Unless otherwise indicated, all sugars except fucose

30 (L-isomer) are D-isomers in the cyclic pyranose configuration.
The two anomers of the cyclic forms are represented by a and B.

The monosaccharides are generally linked by
glycosidic bonds to form oligo- and polysaccharides. The

" orientation of the bond with respect to the plane of the rings

35 is indicated by a and B. The particular carbon atoms that form
the bond between the two monosaccharides are also noted. Thus,
a B glycosidic bond between C-1 of galactose and C-4 of glucose-
is represented by Galfl,4Glc. For the D-sugars (g;g;, D~
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GlcNAc, D-Gal, and D-NeuAc) the designation o means the
hydroxyl attached to C-1 (C-2 in NeuAc) is below the plane of
the ring and B is above the ring. In the case of L-fucose, the
a designation means the hydroxyl is above the ring and S means
it is below.

Having identified SLX as a carbohydrate ligand that
mediates leukocyte-endothelial and leukocyte-platelet cell
adhesion, compounds comprising SLX or its mimetics can be
purified or synthesized de novo. Once obtained, such compounds
can be used for a variety of purposes, including, for example,
competitive inhibition of the binding of SLX-bearing cells to
cells which express the selectin receptors. By binding of the
compounds of the invention to a cell surface selectin,
interaction of the selectin with the native SIX ligand on
migrating cells will be prevented, interfering with normal and
pathological binding of leukocytes and other cells to the
endothelium or platelets. Thus, compounds which contain one or
more SLX-R units or mimetics can serve as effective inhibitors
of, for instance, inflammation, atherosclerosis, clotting and
other endothelial or platelet-mediated pathologies.

Compounds containing SLX can be obtained from the
cell surface glycoproteins or glycolipids from a number of
cells. For instance, the SILX antigen is present on N-linked
carbohydrate groups of the cell surface glycoproteins of LEC11
cells, a glycosylation mutant of CHO cells. LECll expresses
this unique glycopeptide which contains a terminal structure
bearing both sialic acid and fucose in the SLX sequence:

0118501A1 | > . Aragen/Transposagen Ex. 1035 - Part B
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NeuAca2,3Galfl, 4GlcNAcgl~-R
|e1,3
Fuc
5 (SLX-R)
where R is:
2Man Fuc
a1, 6 +|lal,6
10 ManBf1l,4GlcNAcSl,4G1lcNAcS1,Asn

a1, 4
(+SLX) A1, 2Man

(See, Stanley et al., J. Biol. Chem., 263:11374 (1988), which
15 is incorporated herein by reference.) Using the procedure

described below, it was demonstrated that tHe LEC11 mutant

bound to activated human vascular endothelial cells. Neither

wild type CHO cells nor other related glycosylation matant CHO

cell lines without the particular glycosylation pattern (SLX)
20 showed the same level of binding.

In the SLX moiety expressed by LEC11 cells, the
sialic acid is in the form of NeuAc. The sialic acid may be in:
other forms, such as NeuGc, without significantly affecting
binding. For instance, SILX isolated from bovine erythrocytes

25 comprises NeuGc. As demonstrated in Example IX, below, the
affinity for selectin receptors is the same for both forms.
Thus, the term "SLX" as used herein refers to the minmal
tetrasaccharide unit shown above in which the terminal sialic
acid is NeuAc, NeuGc or other eguivalent forms of sialic acid.

30 Structures illustrated herein which show the sialic acid
residue as NeuAc are understood to include these other forms,

in particular NeuGc.
Naturally occuring variations on the basic SLX moiety

‘are also recognized by selectin receptors. For instance,

35 evidence provided in Example VIII, below, shows that an
oligosaccharide moiety, termed SY2 (also known as the VIM
antigen), having the structure
NeuGcaZ,3GalB1,4GlcNAcﬁ1,3Galﬁ1,4(Fucal,3)GlcNAcﬁ1,3GalB1,4G1cB
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binds selectin receptors as well as SLX. The SY2 moiety
comprises two sialylated N-acetyllactosamine units, one of
which is SLX. Thus, oligosaccharides recognized by selectin
receptors may comprise a number of the sialylated N-

5 acetyllactosamine units, at least one of which is fucosylated
(see, Teimeyer et al., Proc. Natl. Acad. Sci. (USA) 88:1138-
1142 (1991), which is incorporated herein by reference.

Sources that can be used to obtain the SLX unit
include any cell which naturally expresses the moiety on

10 glycolipid or glycoprotein carbohydrate groups. Thus,
polymorphonuclear neutrophils, lymphocytes, tumor cells or HL-
60 cells have been used to purify this unit. Other cells which
bind to activated vascular endothelium can also be used to
isolate the ligand (see, Symington et al., J. Immunol.

15 134:2498-2506 (1985), Mizoguchi et al., J._Biol. Chem.
259:11949-11957 (1984), Mizoguchi et al., J. Biol. Chem.
259:11943-11948 (1984), Paietta et al., Cancer Res. 48:28-287
(1988), all of which are incorporated herein by reference).

Compounds containing SLX or its mimetics can be

20 prepared from natural sources using methods well known in the
art for isolating surface glycoproteins, glycopeptides,
oligosaccharides and glycolipids from cells (See, e.d9., Gerard,
"Purification of glycoproteins" and Thomas et al.,
"purification of membrane proteins," both in Guide to_ Protein

25 Purification, Vol. 182, Methods in Enzymology (Deutscher ed.,
1990), which is incorporated herein by reference). For
example, LECl1l1 cells can be used to obtain glycoprotein or
glycolipid which contains the SLX unit using, for instance, the
method described in Stanley et al., supra. Briefly, in one

30 method LEC11 cells are infected with vesicular stomatitis
virus. The structural carbohydrate alterations exhibited by
LEC11 are then expressed on the N-linked biantennary
carbohydrates of the G glycoprotein of the virus. The virus is

'purified by equilibrium gradient centrifugation, and

35 glycopeptides are purified using proteinase digestion as

described by Stanley et al.
| Several approaches are used to isolate a selectin-

binding moiety from HL-60, HT-29, colo 205, neutrophils, and
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other cell lines which contain a ligand recognized by
selectins. Since the ligand is generally expressed on the cell
surface of these cell types, one approach consists of isolating
a plasma membrane fraction enriched in the ligand. Once plasma

5 membranes have been isolated, the ligands may be isolated and
subsequently identified using monoclonal antibodies,
particularly those which are reactive with the SIX
oligosaccharide structure, such as monoclonal antibodies FH6,
SNH3 and CSLEX-1.

10 To characterize a selectin ligand, release of the
oligosaccharide from the glycopeptide is generally the first
step in the structural analysis of the oligosaccharide chain.
This is accomplished by chemical cleavage of the protein-
carbohydrate linkage, or by specifically releasing the

15 oligosaccharide with endoglycosidases. In most cases,
different procedures may be used to establish the correct
conditions for an individual glycoprotein. Asparagine-linked
oligosaccharides are released by hydrazinolysis,
endoglycosidases, vigorous alkaline hydrolysis, and

20 trifluoroacetolysis. O-linked carbohydrate units are released
by alkaline f-elimination. The oligosaccharides are separated
from the glycopeptides by gel filtration. The resulting
oligosaccharides are then separated from each other using a
combination of gel filtration, HPLC, thin layer chromatography,

25 and ion exchange chromatography. The isolated oligosaccharides
are then fully analyzed. Complete structural analysis of the
purified oligosaccharide units requires the determination of
the monosaccharide units, their ring form, configuration (D or
L), anomeric linkage (e or B), the positions of the linkages

30 between the sugars and their sequence. In addition, the
position of any substituent groups are established.

Methylation analysis is used to determine the positions of the
glycosidic linkages between the monosaccharides. The anomeric
.configuration of the sugar residues can be addressed using 500-

35 MHz'H NMR spectroscopy. The conditions and methods used to

perform a complete structural carbohydrate analysis are

described generally in Beeley, Laboratory Techniques in
Biochemistry and Molecular Biology, eds. Burdon and
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Knippenberg, Elsevier, Amsterdam (1985), incorporated herein by
reference. ‘
The state of the art techniques to fully characterize

the sugars of an oligosaccharide include the use of several

5 analytical techniques such as FAB-MS (fast atom bombaxdment-
mass spectrometry), HPAE (high pH anion exchange
chromatography) and 1H-NMR. These techniques are
complementary. Recent examples of how these techniques are
used to fully characterize the structure of an oligosaccharide

10 can be found in the analysis by Spellman et al., J. Biol. Chem.
264:14100 (1989), and Stanley et a2l., supra. Other methods
include positive ion fast atom bombardment mass spectroscopy
(FAB-MS) and methylation analysis by gas chromatography -
electron impact mass spectroscopy (GC/EI-MS) (see, EPO

15 Application No. 89305153.2, which is incorporated herein by
reference).

' One approach to characterizing the selectin ligand on
glycolipids consists of disrupting the cells using organic
solvents, isolating the glycolipids, and identifying those

20 glycolipids reactive with monoclonal antibodies to SLX, such as
FH6, SNH3, SNH4, CSLEX-1, or VIM-2, for example, and then '
determining the structure of the oligosaccharide chains. To
obtain glycolipids and gangliosides which contain SILX, standard
methods for glycolipid preparation can be used (see, e.g.,

25 Ledeen et al., J. Neurochem. 21:829 (1973), which is
incorporated herein by reference). For example, glycolipids

are extracted from HL-60, HT-29, PMNs, human leukocytes, and
other cell lines expressing the selectin ligand by methods
generally known to those skilled in the arts (see, e.g.,

30 Symington et al., J. Immunol. 134:2498 (1985) and Macher and
Beckstead, Leukemia Res. 14:119-130 (1890)). Cells are grown
in suspension and are harvested by centrifugation. Glycolipids
are extracted from the cell pellet by chloroform/methanol 2:1

" and isopropyl alcohol/hexane/water 55:25:20 as described by

35 Kannagi et al., J. Biol. Chem. 257:14865 (1982). The resulting

extracts are partitioned by a chloroform/methanol/water (3:2:1)

Folch partition. The resulting upper phase of the extraction
contains gangliosides and the lower phase contains glycolipids.
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The upper phase containing gangliosides
(glycosphingolipids that contain at least one sialic acid
moiety) are isolated and separated into neutral and acidic
fractions using DEAE-Sephadex chromatography as described in

5 detail by Ledeen and Yu, Methods Enzymol. 83:139 (1982). The
resulting gangliosides are pooled, lyophilized, and dissolved
in chloroform/methanol (2:1). The lower phase of the Folch
partition contains glycolipids. These are isolated and
separated on preparative thin-layer chromatography using

10 chloroform/methanol/water (60:35:8) as the solvent system as
described by Symington.

To identify those gangliosides and glycolipids which
contain the selectin ligand, immunochemical glycolipid analysis
is performed according to the procedure of Magnani et al.,

15 Anal. Biochem. 109:399 (1980). Briefly, the ganglioside pool
described above is chromatographed by thin layer-
chromatography. The thin layer plate is then incubated with
1257 j1abeled FH6, or other monoclonal antibody which binds
specifically to SLX. Following incubation with the labeled

20 antibody, the plate is exposed to radiographic detection film
and developed. Black spots on the X-ray film correspond to
gangliosides that bind to the monoclonal antibody, and those
gangliosides are recovered by scraping the corresponding areas
of the silica plate and eluting the gangliosides with

25 chloroform/methanol/water. Glycolipids are also dried and
resuspended in chloroform and developed in a similar thin layer
system and probed with the radiolabeled antibody. Structural
analysis of oligosaccharides derived from glycolipids is
performed essentially as described for glycoproteins.

30 Oligosaccharides comprising the SLX unit can be
prepared from glycoproteins by methods well known in the art
(see, e.qg., Gerard, supra, at pp. 537-539). Typically,

~N-glycosidase F (N-glycanase)‘is used to cleave N-linked
oligosaccharides while O-linked groups are cleaved with endo-N-

35 acetylgalactosaminidase.

Synthetic compounds containing SLX or its mimetics
attached to a variety of moieties can be prepared depending on

the particular use desired. For example, SLX can be converted
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to a ganglioside by linking a ceramide moiety to the C-1 of the
reducing terminal GlcNAc unit. SILX structures can also be
1inked to a wide variety of other moieties such as variously
substituted amino groups, heterocyclic compounds, ether
5 linkages with branched or unbranched carbon chains, and ether
linkages with aryl or alkylaryl moieties. The SIX unit may
also be bound to various amino acids, amino acid mimetics,
oligopeptides or proteins.
The term "alkyl" as used herein means a branched or
10 unbranched saturated or unsaturated hydrocarbon chain,
including lower alkyls of 1-7 carbons such as methyl, ethyl,
n-propyl, butyl, n-hexyl, and the like, cycloalkyls (3-7
carbons), cycloalkylmethyls (4-8 carbons), and arylalkyls. The
term "aryl" refers to a radical derived from an aromatic
15 hydrocarbon by the removal of one atom, &.9., phenyl from
benzene. The aromatic hydrocarbon may have more than one
unsaturated carbon ring, e.g., naphthyl. "Heterocyclic
compounds" refers to ring compounds having three or more atoms
in which at least one of the atoms is other than carbon (e.q.,
20 N, O, S5, Se, P, or As). Examples of such compounds include
furans, pyrimidines, purines, pyrazines and the like.

_ For the synthesis of polyvalent forms of SIX,
monomeric units containing SIX can be joined to form molecules
having one to about four or more SIX moieties. An example of

25 such a polyvalent form is one in which the oligosaccharide
" units are linked by the following moieties:

' Y
I
30 ~NH~C~NH—(CH,) —NH-C-NH-, or
Y Y
I
—NH—C—NH—(CH,) —W—(CH,) -NH-C-NH—

35
wherein, n and m are the same or different and are integers

from 2 to 12; Y is 0 or S; and W is O, S, or NH; or
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b4 b4
—NH—E—NH—Z—NH—&—NH— .
wherein, Z is a 5- to l4-membered ring and the substituents on
5 the ring are in a cis- or trans-relationship, and the
substituents are in a 1,2 to 1,(p/2)+1 arrangement, where p is
. the size of the ring. If the ring is a heterocyclic ring
(e.g., one comprising nitrogen atoms) the oligosaccharide
moieties are preferably linked to the ﬁitrogen atoms on the
10 ring. Examples of heterocyclic compounds that are suitable for
_this purpose include pipérazine and homopiperazine.
Alternatively, poly&alent forms of SLX or its
mimetics can be created by attaching the desired moiety to
preformed carrier moieties with multiple sites of attachment.
15 Examples include attachment of SIX to the amino groups of
lysine and lysine-containing peptides, proteins, glycoproteins
or the asparagine side-chain of such compounds.
One method of preparing polyvalent- forms of SLX is
by addition of desired monosaccharide residues to
20 polysaccharides. For instance, the conversion of a
polysaccharide which contains the linear core structure of SILX
_into a polyvalent SLX containing polysaccharide is achieved by
enzymatic fucosylation. Native polysaccharide type Ia obtained
from Group B Streptococcus is preferably used. The entire
25 200,000 dalton polysaccharide can be used for this purpose as
well as fragemnts thereof. Thus, polysaccharides having a
molecular weight between about 5,000 and about 300,000 can be
used. A molecular weight between about 25,000 and about
100,000 is preferred. Any number of side chains on the
30 polysaccharide type la may be fucosylated for the
polysaccharide to have activity. Typically, between about 5
and about 200 side chains are fucosylated, preferably between
about 50 and about 150 are fucosylated.
- . The synthesis of the SLX moiety can be accomplished
35 using chemical, enzymatic, or combined chemical and enzymatic
- strategies. (see, e.d9., EPO Publication No. 319,253, which is
incorporated herein by reference.) 1In a preferred method
(Scheme I below), a compound containing one or more N-
acetylglucosamine units (GlcNAc-R) can be reacted sequentially
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with a galactosyltransferase (N-acetylglucosamine B1,4
galactosyltransferase (E.C. 2.4.1.90)), a sialytransferase
(GalBl,4GlcNAc c2,3 sialyltransferase (E.C. 2.4.99.6) or
GalBl,3GalNAc @2,3 sialytransferase (E.C. 2.4.99.4) and a

5 fucosyltransferase (N-acetylglucosaminide «al,3
fucosyltransferase (E.C. 2.4.1.152)) to yield the final SLX-
containing structures. In this case, R may be a carrier moiety
or activatable intermediate that will allow attachment to a
suitable carrier moiety. Each enzymatic reaction uses the

10 appropriate nucleotide sugar as a donor substrate to generate
the following intermediates in the synthesis of SLX. The
glycosyl transfer reactions may optimally be carried out with
added alkaline phosphatase (e.g., from calf intestine, CIAP) to
consume the nucleoside phosphate byproduct which may inhibit

15 the reaction.

GlcNAc-R

UDP-Gal-\
upp ¢’

Galfl,4GlcNAcC-R

20 CHP"NELIACD
CMP

NeuAca2,3GalfBl, 4GlcNAc-R

GDP—F%S:>‘
GDP
("

25 NeuAca2,3Galgfl, 4
GlcNAc-R (SLX-R)
Fucal, 3
Scheme I
30

The general conditions for preparative enzymatic
synthesis of carbohydrate groups analogous to SLX are known
(see, e.g., Toone et al., Tetrahedron 45:5365-5422 (1989); Wong

. et al., J. Am. Chem. Soc. 47:5416-5418 (1982); Unverzagt et
35 al., J. Am. Chem. Soc. 112:9308-9309 (1990); Prieels et al., J.
Biol. Chem. 256:10456-10463 (1981), all of which are
incorporated herein by reference). Each of the key enzymatic

reactions has been demonstrated (Beyer et al., Adv. Enzymol.
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52:23-176 (1981); Toone et al., supra; and Howard et al., J.

Biol. Chem. 262:16830-16837 (1981): all of which are

incorporated herein by reference). For preparative reactions,
the galactosyltransferase and the sialyltransferase(s) are

5 purified from natural sources (Beyer et al., supra, and
Weinstein et al., J. Biol. Chem. 257:13835-13844 (1982), which
are incorporated herein by reference). Fucosyltransferases may
also be identified from natural sources, as generally described

in Crawley and Hindsgaul, Carbohvd. Res. 193:249-256 (1989),

10 incorporated by reference herein. The cDNAs of the
galactosyltransferase and a sialyltransferase have been cloned
(Paulson and Colley, J. Biol.Chem. 264:17615-17618 (1989),
which is incorporated herein by reference), allowing the
production of soluble recombinant enzymes for large-scale

15 preparative synthesis (Colley et al., J. Biol.

Chem. 264:17619-17622 (1989)).
To obtain sufficient amounts of fucosyltransferase

for large-scale reaction, the enzyme can be cloned and
expressed as a recombinant soluble enzyme by someone with

20 ordinary skill in the art. As a preferred method RNA can be '
subtracted from the wild type CHO cells and LEC1ll cells as
described by Chirgwin et al., Biochemistry 18:5214-5299 (-1979),
and the poly A+ RNA isolated by chromatography on oligo(dT) -
cellulose. Next, cDNA from the LEC-11 cells can be prepared as

25 described by Sambrook et al., Molecular Cloning: A Laboratory
Manual, 2nd Ed. (1989), Cold Spring Harbor Press, New York,
which is incorporated herein by reference. The cDNA can be
subtracted using the method of Davis (Handbook of Experimental
Immunology, Vol. 2, pp. 1-13 (1986)) using excess poly A+ RNA

30 from wild type CHO cells, which do not express the desired
fucosyltransferase, but otherwise have most of the mMRNA species
of LEC11 cells. A cDNA library can then be constructed in the
CDM8 expression vector using the subtracted cDNA (Seed,

. Nature 329:840-842 (1987)). Clones expressing the

35 fucosyltransferase can be isolated using the expression cloning
method described by Larsen gt al., Proc. Natl. Acad.
Sci. 86:8227-8231 (1989), employing transfection of COS-1 cells
and screening for cells expressing the SLX antigen with the FH6
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antibody or other antibody with specificity for the SIX
antigen. The full-length clone of the fucosyltransferase can
then be used to produce a soluble recombinant enzyme as taught
by Colley et al., supra.

5 Another source of SIX is al-acid glycoprotein, which
is a plasma glycoprotein, the carbhydrate moities of which can
be fucosylated to produce SLX (see, Alpha,-Acid glycoprotein:

Genetics, Biochemistry, Physiological Functions, and
Pharmacoloqgy, Bauman et al. ed. (Wiley 1989), and Walz, et al.

10 Science 250:1132-1135 (1990), both of which are incorporated

herein by reference).
although enzymatic or combined chemical and enzymatic
synthesis of SLX compounds are preferred, chemical synthesis is

also possible, as shown in Schemes II and IIa below.
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Ccomponent pieces of the SILX structure have been

synthesized. Nicolaou, et al., (J. Amer. Chem. Soc. 112:3693

(1990)) have published the total synthesis of the tumor-
associated Le* family of glycosphingolipids. Therein - is
described the synthesis of the protected trisaccharide

GalBl,4 (Fucal,3)GlcNAc (A). Reaction of this intermediate with

an appropriate glycosyl acceptor (e.g., an alcohol moiety)
results in compound (B). Selective deprotection and
acetylation of the glucosamine moiety are carried out
essentially as described in Nicolaou, et al. to afford compound
(C). Reaction of (C) with a sialyltransferase as described
above furnishes the desired product SLX-R, although this may be
produced in relatively low yield using Scheme II.

Modified fucosides may be included in the synthetic
schemes to provide for SLX analogues which vary in this moiety.
For example, a-D-arabinosyl glycosides may be synthesized
following known procedures, Nicolaou et al., J.Amexr.Chem.Soc.
112:3693-3695 (1990) through the use of tri-O-benzyl arabinosyl
halides. Other C-5 aryl or alkyl substituted arabinosyl
moieties may be synthesized, Danishefsky et al.,
J.Amer.Chem.Soc. 107:1274 (1985), Danishefsky, Aldrichimica
Acta. 19:59-68 (1986) and references therein, and introdu;ed

into the disaccharide in the same manner. All of these
references are incorporated herein by reference.

According to alternative Scheme IIa, the
trisaccharide (A) is partially deprotected to furnish (D),
which is subsequently reacted with the peracetylated sialic
acid methyl ester (E) following a procedure described by
Kameyama et al., XV _Intl. Carbohyd. Svmp., Abst. No. AQ0S6,
(1990), and Carbihydrate Res., 209:cl-c4 (1991) (which are
incorporated herein by reference), yielding (F) after
chromatographic purification. Treatment of (F) sequentially
with methylhydrazine, N-acetylation, O-deacetylation and ester
'hydrolysis furnishes SILX-R.

Preferred examples of R for scheme II and IIa inciude
alkyl (straight chain, branched, saturated, mono- and poly-
unsaturated); serine (D or L); serine containing peptides; di-

and tri-alkanolamines (e.g. [HO(CHZLJzNH, [HO(CH,) 1,N; wherein
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n = C,-C,, as straight chain, branched, unsaturated, mono- and
poly-unsaturated). R can also be aryl, substituted aryl (e.g.,
Me, OH, I; alone or in combination including'lxl), alkylaryl,
arylalkyl or other moiety, as the skilled artisan would include
5 for the desired use. The introduction of iodine into phenolic
compounds such as tyrosine is known in the art. Radical groups
containing phenols are useful for the introduction of 1257
radioisotope, yielding compounds which are useful in diagnosis.

The SLX ligand as disclosed here may also be used to

10 assay for the presence of coﬁpounds which are capable of
inhibiting intercellular adhesion mediated by selectins. 2
number of methods can be used to assay the biological activity
of test compounds for the ability to inhibit the selectin-
mediated response. Ideally, the assays of the present

15 invention ailow large scale in vitro or in vivo screening of a
variety of compounds.

The agent or test compound to be screened will
typically be a synthetic or naturally-produced biomolecule,
such as a peptide, polypeptide, protein (e.g., monoclonal

20 antibody), carbohydrate (e.d., cligosaccharide),
glycoconjugate, nucleic acid, and the like. The compounds are
synthetically produced using, for instance, the methods for
synthesizing oligosaccharides described above (see, also,
Khadem, Carbohydrate Chemistry (Academic Press, San Diego,Ca,

25 1988), which is incorporated herein by reference). Methods for
synthesizing polypeptides of defined composition are well' known
in the art (see, .Atherton et al. Solid Phase Peptide Synthesis
(IRL Press, Oxford, 1989) which is incorporated herein by
reference). If the synthetic test compounds are polymeric

30 (e.g., polypeptides or polysaccharides) they are preferably
altered in a systematic way to identify the sequence of
monomers which have the desired effect (see, e.g., U.S. Patent

. No. 4,833,092, which is incorporated herein by reference).
Test compounds may also be isoclated from any natural source,

35 such as animal, plant, fungal, or bacterial cells in accordance
with standard procedures as described above. Potentially
useful monoclonal antibodies can be prepared according to

standard methods described in more detail, below.
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The assays of the present invention are particularly
useful in identifying compounds which act as antagonists or
agonists of a ligand molecule. Antagonists are compounds which
reverse the physiological effect of a ligand or exclude binding
of the ligand to the receptor. An antagonist usually competes
directly or indirectly with the ligand for the receptor binding
site and, thus, reduces the proportion of ligand molecules
bound to the receptor. Typically, an antagonist will be the
topographical equivalent of the natural ligand and will compete
directly with the ligand for the binding site on the selectin.
Such a compound is referred to here as a "mimetic." An SILX
mimetic is a molecule that conformationally and functionally
serves as substitute for an SLX moiety in that it is recognized
by a selectin receptor. Alternatively, if the ligand and the
test compound can bind the receptor simultaneously, the
compound may act non-competitively. A non-competitive
inhibitor acts by decreasing or inhibiting the subsequent
physiological effects of receptor-ligand interactions rather
than by diminishing the proportion of ligand molecules bound to
the receptor. Finally, the assays of the present invention can
be used to identify synthetic or naturally occurring agonists,
that is, compounds which bind the receptor and initiate a
physiological response similar to that of the natural ligand.

Numerous direct and indirect methods for in vitro
screening of inhibitors of ligand-receptor interactions are
available and known to those skilled in the art. For instance,
the ability to inhibit adhesion of SLX-bearing cells to cells
expressing a particular selectin can be determined. As
discussed above, selectin receptor genes have been cloned, thus
the genes can be inserted and expressed in a wide variety of
cells, such as COS cells, CHO cells and the like. 1In addition,
cells which do not normally express SLX are capable of being

transformed with one or more glycosyltransferase genes which

confer on the transformed cells the ability to synthesize the

ligand. (see, e.g., Lowe et al., Cell 63:475-484 (1990), which
is incorporated herein by reference.) Typically, the test
compound or agent is incubated with labelled SLX~-bearing cells

and activated endothelial cells immobilized on a solid surface.
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Inhibition of cellular adhesion is then determined by detecting
label bound to the surface after appropriate washes. 1In an
exemplified assay described below, promyelocytic HL-60 cells
and activated human endothelial cells or activated platelets

5 are used.

' Since a ligand specific for selectin receptors has
now been identified, isolated ligand molecules can also be used
in the assays. The terms "isolated selectin-binding agent" or
"isolated SLX moiety" as used herein refer to a selectin

10 binding or SLX-bearing compound that is in other than its
native state, e.g., not associated with the cell membrane of a
cell that normally expresses the ligand. Thus, an isolated SLX
moiety may be a component of an isolated molecule, such as an
oligosaccharide or a glycoconjugate. The isolated molecule may

15 Dbe synthesized or prepared from the membranes of SIX-—-bearing
cells. Alternatively, the isolated selectin-binding agent or
S1X moiety may be associated with a liposome or attached to a
solid surface before use in the assay. Methods for preparing
SIX-bearing liposomes and for immobilizing various biomolecules

20 are extensively discussed below.

Typically, the in vitro assays of the present
invention are competition assays which detect the ability of a
test compound to competitively inhibit binding of a compound
known to bind either the receptor or the ligand. Inhibition of

25 binding between SLX and a selectin receptor is usually tested.
Inhibition of other binding interactions are also suitable, for

~ instance, inhibition of the binding between a monoclonal )
antibody (e.g., FH6) and SILX or between an SIX mimetic and a
~ selectin inhibitor can be used. Numerous types of competitive

30. assays are known (see, e.qg., U.S. Patents No. 3,376,110,

' 4,016,043, and Harlow and Lane, Antibodies: A Laboratory
Manual, Cold Spring Harbor Publications, N.Y. (1988), which are

) incorporated‘herein by reference).

Thelassays of the present invention are also suitable
35 for measuring binding of a test compound to one component alone
rather than using a competition assay. For instance,
immunoglobulins can be used to identify compounds that contain
the SLX moiety. Standard procedures for monoclonal antibody
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assays, such as ELISA, may be used (see, Harlow and Lane,
supra) . When assaying for glycolipids .comprising the SIX
antigen, the reactivity of the monoclonal antibody with the
antigen’can be assayed by TLC immunostaining by the method

5 originally described in Magnani et al., Anal.
Biochem. 109:399-402 (1980) or by solid-phase radioimmunoassay
as described by Kanagi et al., Cancer Res. 43:4997-5005 (1983) ;
which are incorporated herein by reference. Glycoproteins can
be assayed by standard immunoblotting procedures as described

10 in Harlow and Lane, supra. Sandwich assay formats are also
suitable (see, e.g., U.S. Patent Nos. 4,642,285; 4,299,916; and
4,391,904; and Harlow and Lane, supra all of which are
incorporated herein by reference). Typically, compounds which
have been identified in a binding assay will be further tested

15 to determine their ability to inhibit receptor-ligand

interactions.
Oother assay formats involve the detection of the

presence or absence of various physiological changes in either
ligand-bearing or selectin-bearing cells that result from the
20 interaction. Examples of suitable assays include the
measurement of changes in transcription activity induced by
binding (see, e.g., EPO Publication No. 3712820), the detection
of various cell mediated extra-cellular effects (see, e.g., PCT
Publication No. 90/00503), and the detection of changes in the
25 membrane potential of individual cells (see, &.9., U.S. Patent
No. 4,343,782), all of which are incorporated herein by
reference. Alternatively, conformational changes in isolated
receptors or ligands can be detected: see, e.9., U.S. Patent
No. 4,859,609, which is incorporated herein by reference.
30 Any component of the assay, including the ligand, the
receptor, or the test compound, may be bound to a solid
~surface. Many methods for immobilizing biomolecules on solid
~ surfaces are known in the art. For instance, the solid surface
may be a membrane (e.g., nitrocellulose), a microtitexr dish
35 (e.g., PVC or polystyrene) or a bead. The desired component
may be covalently bound or npncovalently attached through

unspecific bonding.
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A wide variety of organic and inorganic polymers,
both natural and synthetic may be employed as the material for
the solid surface. Illustrative polymers include polyethylene,
polypropylene, poly(4-methylbutene), polystyrene,

5 polymethacrylate, poly(ethylene terephthalate), rayon, nylon,
poly(vinyl butyrate), silicones, polyformaldehyde, cellulose,
cellulose acetate, nitrocellulose, etc. Other materials which
may be employed, include paper, glasses, ceramics, metals,
metalloids, semiconductive materials, cermets or the like. 1In

10 addition are included substances that form gels, such as
proteins, e.g., gelatins, lipopolysaccharides, silicates,
agarose and polyacrylamides or polymers which form several
aqueous phases, such as dextrans, polyalkylene glycols
(alkylene of 2 to 3 carbon atoms) or surfactants e.g.

15 amphiphilic compounds, such as phospholipids, long chain (12-24
carbon atoms) alkyl ammonium salts and the like. Where the
solid surface is porous, various pore sizes may be employed
depending upon the nature of the system.

In preparing the surface, a plurality of different

20 materials may be employed, particularly as laminates, to obtain
various properties. For example, protein coatings, such as
gelatin can be employed to avoid non-specific binding, simplify.
covalent conjugation, enhance signal detection or the 1like.

If covalent bonding between a compound and the

25 surface is desired, the surface will usually be polyfunctional.
or be capable of being polyfunctionalized. Functiocnal groups
which may be present on the surface and used for linking can
include carboxylic acids, aldehydes, amino groups, cyano
groups, ethylenic groups, hydroxyl groups, mercapto groups and

30 the like. The manner of linking a wide variety of compounds to
various surfaces is well known and is amply illustrated in the
literature. See for example Immobilized Enzymes, Ichiro
Chibata, Halsted Press, New York, 1978, and Cuatrecasas, J.
.Biol. Chem. 245 3059 (1970) which is incorporated herein by

35 reference.

In addition to covalent bonding, various methods for
noncovalently binding an assay component can be used.
Noncovalent binding is typically nonspecific absorption of a

.BNSDOCID: <WO,

9118501A1_1_> Aragen/Transposagen Ex. 1035 - Part B

4 1



WO 91/19501 PCT/US91/03592

27

compound to the surface. Typically, the surface is blocked
with a second compound to prevent nonspecific binding of
labelled assay components. Alternatively, the surface is
designed such that it nonspecifically binds one component but

5 does not significantly bind another. For example, a surface
bearing a lectin such as Concanavalin A will bind a
carbohydrate containing compound but not a labelled protein
that lacks glycosylation. Various solid surfaces for use in
noncovalent attachment of assay components are reviewed in U.S.

10 Ppatent Nos. 4,447,576 and 4,254,082, which are incorporated
herein by reference.

Many assay formats employ labelled assay components
such as SLX ligands, SLX mimetics, immunoglobulins, receptors,
or test compounds. The label may be coupled directly or

15 indirectly to the desired component of the assay according to
methods well known in the art. A wide variety of labels may be
used. The component may be labelled by any one of several
methods. The most common method of detection is the use of
autoradiography with 3H, %1, **s, l‘c, or 3?p labelled compounds

20 or the like. The choice of radioactive isotope depends on
research preferences due to ease of synthesis, varying
stability, and half lives of the selected isotopes. Other non-
radioactive labels include ligands which bind to labelled
antibodies, fluorophores, chemiluminescent agents, enzymes, and

25 antibodies which can serve as specific binding pair members for
a labelled ligand. The choice of label depends on sensitivity

" required, ease of conjugation with the compound, stability
requirements, and available instrumentation.

Non-radioactive labels are often attached by indirect

4

30 means. Generally, a ligand molecule (e.d., biotin) is
covalently bound to the molecule. The ligand then binds to an
anti-ligand (e.g., streptavidin) molecule which is either

inherently detectable or covalently bound to a signal systen,
.such as a detectable enzyme, a fluorescent compound, or a
35 chemiluminescent compound. Ligands and anti-ligands may be
varied widely. Where a ligand has a natural anti-ligand, for
example, biotin, thyroxine, and cortisol, it can be used in

conjunction with the labelled, naturally occurring anti-
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ligands. Alternatively, any haptenic or antigenic compound can
be used in combination with an antibody..
The molecules can also be conjugated directly to

signal generating compounds, e.g., by conjugation with an

5 enzyme or fluorophore. Enzymes of interest as labels will
primarily be hydrolases, particularly phosphatases, esterases
and glycosidases, or oxidoreductases, particularly peroxidases.
Fluorescent compounds include fluorescein and its derivatives,
rhodamine and its derivatives, dansyl, umbelliferone, etc.

10 Chemiluminescent compounds include luciferin, and 2,3-
dihydrophthalazinediones, e.g., luminol. For a review of
various signal producing systems which may be used, see, U.S.
Patent No. 4,391,904, which is incorporated herein by
reference.

15 As discussed above, in addition to various inhibitor
compounds which comprise an accessible SLX unit or SLX mimetic,
the present invention also provides monoclonal antibodies
capable of inhibiting intercellular adhesion mediated by
selectins as well as methods for identifying such antibodies.

20 The monoclonal antibodies bind a selectin ligand or receptor
and block cellular adhesion. Thus, the multitude of techniques
available to those skilled in the art for production and
manipulation of various immunoglobulin molecules can be applied
to inhibit intercellular adhesion. '

25 As used herein, the term "immunoglobulin" refers to a
protein consisting of one or more polypeptides substantially
encoded by immunoglobulin genes. The recognized immunoglobulin
genes include the kappa, lambda, alpha, gamma, delta, epsilon
and mu constant region genes, as well as the myriad

30 immunoglobulin variable region genes. The immunoglobulins may
exist in a variety of forms besides antibodies, including for

example, Fv, Fab, and F(ab),, as well as in single chains

(e.g., Huston et al., Proc. Nat. Acad. Sci. U.S.A. 85:5879-5883
(1988) and Bird et al., Science 242:423-426 (1988), which are
35 incorporated herein by reference). (see, generally, Hood et

al., Immunoclogy, 2nd ed., Benjamin, N.Y. (1984), and
Hunkapiller and Hood, Nature 323:15-16 (1986), which are

incorporated herein by reference.)
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Antibodies which bind the SLX antigen may be produced

by a variety of means. The production of non-human moncclonal

antibodies, e.g., murine, lagomorpha, equine, etc., is well
known and may be accomplished by, for example, immunizing the

5 animal with the SLX antigen or a preparation containing a
glycoprotein or glycolipid comprising the antigen. Antibody-
producing cells obtained from the immunized animals are
jmmortalized and screened, or screened first for the production
of antibody which inhibits the interaction of the viral surface

10 protein with the receptor molecule and then immortalized. For
a discussion of general procedures of monoclonal antibody
production see Harlow and Lane, Antibodies, A Laboratory Manual

(1988), supra.
The generation of human monoclonal antibodies to a

15 human antigen (in the case of an SIX unit isolated from human
tissue) may be difficult with conventional techniques. Thus,
it may be desirable to transfer the antigen binding regions of
the non-human antibodies, e.g., the F(ab'); or hypervariable
regions, to human constant regions (Fc) or framework regions by

20 reccmbinant DNA techniques to produce substantially human
molecules. Such methods are generally known in the art and are
described in, for example, U.S. 4,816,397, EP
publications 173,494 and 239,400, which are incorporated herein
by reference. Alternatively, one may isolate DNA sequences '

25 which encode a human monoclonal antibody or portions thereof
that specifically bind to the human SLX by screening a DNA
library from human B cells according to the general protocol
outlined by Huse et al., Science 246:1275-1281 (1989) ,
incorporated herein by reference, and then cloning and

30 amplifying the seguences which encode the antibody (or binding
fragment) of the desired specificity.

A number of currently available monoclonal antibodies
can be used according to the present invention to inhibit
intercellular adhesion mediated by selectins. For instance,

. 35 CSLEX-1 (see, Campbell et al., J. Biol. Chem. 259:11208-11214

(1984)), VIM-2, which recognizes a sequence slightly different
from SILX (see, Macher et al., supra), FH6 (described in U.S.
Patent No. 4,904,596) (all references are incorporated herein
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by reference) or SH, and SH, generated by Dr. S. Hakomori of the
Biomembrane Institute in Seattle, Washington.
The compounds of the present invention, including
immunoglobulins, can be used in preparing pharmaceutical
5 formulations as discussed below. If the compound is an
oligosaccharide or glycoconjugate, the SLX or SILX-mimetic
moiety can be presented in a variety of forms, but should be
able to effectively bind to a selectin receptor, such as ELAM-
1, GMP-140, or MEL-14 antigen and thereby inhibit intercellular
10 adhesion.

The pharmaceutical compositions of the present
invention can be used to block or inhibit cellular adhesion
associated with a number of disorders. For instance, a number
of inflammatory disorders are associated with selectins

15 expressed on vascular endothelial cells and platelets. The
term "inflammation" is used here to refer to reactions of both
the specific and non-specific defense systems. A specific
defense system reaction is a specific immune system reaction to
an antigen. Example of specific defense system reactions

20 include antibody response to antigens, such as viruses, and
delayed-type hypersensitivity. A non-specific defense system
reaction is an inflammatory response mediated by leukocytes
generally incapable of immunological memory. Such cells
include macrophages, eosinophils and neutrophils. Examples of

25 non-specific reactions include the immediate swelling after a
bee sting, and the collection of PMN leukocytes at sites of
bacterial infection (e.g., pulmonary infiltrates in bacterial
pneumonias and pus formation in abscesses).

Other treatabie disorders include, e.d., rheumatoid

30 arthritis, post-ischemic leukocyte-mediated tissue damage
(reperfusion injury), frost-bite injury or shock, acute
leukocyte-mediated lung injury (e.g., adult respiratory
distress syndrome), asthma, traumatic shock, septic shock,

-nephritis, and acute and chronic inflammation, including atopic

35 dermatitis, psoriasis, and inflammatory bowel disease. Various
platelet-mediated pathologies such as atherosclerosis and
clotting can also be treated. In addition, tumor metastasis
can be inhibited or prevented by inhibiting the adhesion of
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circulating cancer cells. Examples include carcinoma of the
colon and melanoma.

By way of example, reperfusion injury is particularly
amenable to treatment by compositions of the present invention.

5 compositions which inhibit a GMP-140 selectin-ligand

interaction may be particularly useful for treating or
preventing reperfusion injury. The present invention may be
used prophylactically prior to heart surgery to enhance post-

surgical recovery. .
10 Because GMP-140 is stored in Weibel-Palade bodies of

platelets and endothelial cells and is released upon activation
by thrombin to mediate adhesion of neutrophils and monocytes,
inhibitors of the GMP-140 -ligand interaction may be especially
useful in minimizing tissue damage which often accompanies

15 thrombotic disorders. For instance, such inhibitors may be of
therapeutic value in patients who have recently experienced
stroke, myocardial infarctions, deep vein thrombosis, pulmonary
embolism, etc. The compounds are especially useful in pre-
thrombolytic therapy.

20 Compositions of the invention find particular use in
treating the secondary effects of septic shock or disseminated
intravascular coagulation (DIC). Leukocyte emigration into
tissues during septic shock or DIC often results in

_ pathological tissue destruction. Furthermore, these patients

25 may have widespread microcirculatory thrombi and diffuse
inflammation. The therapeutic compositions provided herein
inhibit leukocyte emigration at these sites and mitigates
tissue damage. '

The inhibitors of selectin-ligand interaction also

30 are useful in treating traumatic shock and acute tissue injury
associated therewith. Because the selectins play a role in
recruitment of leukocytes to the sites of injury, particularly
ELAM-1 in cases of acute injury and inflammation, inhibitors
‘thereof may be administered locally or systemically to control

35 tissue damage associated with such injuries. Moreover,
because of the specificity of such inhibitors for sites of
inflammation, e.g., where ELAM-1 receptors are expressed, these
compositions will be more effective and less likely to cause
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complications when compared to traditional anti-inflammatory
agents.
Thus, the present invention also provides

pharmaceutical compositions which can be used in treating the

5 aforementioned conditions. The pharmaceutical compositions are
comprised of biomolecules or other compounds which comprise an
SLX unit, antibodies which bind to SLX, or other compounds
which inhibit the interaction between the SLX ligand and
selectin receptors, together with pharmaceutically effective

10 carriers. A biomolecule of the present invention may be a
peptide, polypeptide, protein (e.g., an immunoglobulin),
carbohydrate (g.g., oligosaccharide or polysaccharide),
glycoconjugate (e.a., glycolipid or glycoprotein), nucleic
acid, and the like. The pharmaceutical compositions are

15 suitable for use in a variety of drug delivery systems. For a
brief review of present methods for drug delivery, see, Langer,
Science 249:1527-1533 (1990), which is incorporated herein by
reference.

In light of the complexity of the inflammatory

20 response in mammals, one of skill will readily recognize that
the pharmaceutical compositions of the present invention may
comprise SLX bearing compounds in admixture with othex
compounds known to interfere with the function of other
cellular adhesion molecules. For instance, members of the

25 integrin family of adhesion molecules are thought to play a
role in the extravasation of leukocytes at points of infection.
For a review of intercellular adhesion receptors, including
selectin receptors, and their role immune function, see
Springer, Nature 346:425-434 (1990), which is incorporated

30 herein by reference. 1In addition, successful treatment using
the pharmaceutical compositions of the present invention may
also be determined by the state of development of the condition
to be treated. Since different adhesion molecules may be up or
.down regulated in response to é variety of factors during the

35 course of the disease or condition, one of skill will recognize
that different pharmaceutical compositions may be required for
treatment of different inflammatory states.
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In one embodiment, the SLX ligand of the
pharmaceutical composition can be used to target conventional
anti-inflammatory drugs or other agents to specific sites of
tissue injury. By using a selectin-binding oligosaccharide

5 moiety such as an SLX ligand or SILX mimetic to target a drug to
a selectin receptor on, e.g., a vascular endothelial cell, such
drugs can achieve higher concentrations at sites of injury.
Side effects from the conventional anti-inflammatory
chemotherapeutic agents can be substantially alleviated by the

10 lower dosages, the localization of the agent at the injury
sites and/or the encapsulation of the agent prior to delivery.

The targeting component, i.e., the SLX ligand or an
SILX mimetic which binds to a desired selectin, can be directly
or indirectly coupled to the chemotherapeutic agent. The

15 coupling, which may be performed by means, generally known in
the art, should not substantially inhibit the ability of the
ligand to bind the receptor nor should it substantially reduce
the activity of the chemotherapeutic agent. A variety of
chemotherapeutics can be coupled for targeting. For example,

20 anti-inflammatory agents which may be coupled include SLX-

béaring compounds of the present invention, immunomodulators,

platelet activating factor (PAF) antagonists, cyclooxygenase
inhibitors, lipoxygenase inhibitors, and leukotriene
antagonists. Some preferred moieties include cyclosporinlA,

25 indomethacin, naproxen, FK-506, mycophenolic acid, etc.
Similarly, anti-oxidants, e.g., superoxide dismutase, are -
useful in treating reperfusion injury when targeted by a SLX
ligand or mimetic. Likewise, anticancer agents can be targeted
by coupling the SLX ligand or nimetic to the chemotherapeutic

30 agent. Examples of agents which may be coupled include
daunomycin, doxorubicin, vinblastine, bleomycin, etc.

The selectin receptor targeting may also be

_accomplished via amphipaths, or dual character molecules
(polar:nonpolar) which exist as aggregates in agueous solution.

35 Amphipaths include nonpolar lipids, polar lipids, mono- and
diglycerides, sulfatides, lysolecithin, phospholipids, saponin,
bile acids and salts. These molecules can exist as emulsions

and foams, micelles, insoluble monolayers, liquid crystals,

0118501A1_1_> Aragen/Transposagen Ex. 1035 - Part B

BNSDOCID: <WO,




WO 91/19501 PCT/US91/03592
34

phospholipid dispersions and lamellar layers. These are
generically referred to herein as liposomes. In these
preparations the drug to be delivered is incorporated as part
of a liposome in conjunction with a SLX ligand or mimetic which

5 binds to the selectin recebtor. Thus, liposomes filled with a
desired chemotherapeutic agent can be directed to a site of
tissue injury by the selectin-SLX ligand interaction. When the
liposomes are brought into proximity of the affected cells,
they deliver the selected therapeutic compositions.

10 The liposomes of the present invention are formed
from standard vesicle-forming lipids, which generally include
neutral and negatively charged phospholipids and a sterol, such
as cholesterol. The selection of lipids is generally guided by
consideration of, e.g., liposome size and stability of the

15 liposomes in the bloodstream.

Typically, the major lipid component in the liposomes
is phosphatidylcholine. Phosphatidylcholines having a variety
of acyl chain groups of varying chain length and degree of
saturation are available or may be isolated or synthesized by

20 well-known techniques. In general, less saturated
phosphatidylcholines are more easily sized, particularly when
the liposomes must be sized below about 0.3 microns, for-
purposes of filter sterilization. Methods used in sizing and
filter-sterilizing liposomes are discussed below. The acyl

25 chain composition of phospholipid may also affect the stability
of liposomes in the blood. One preferred phosphatidylcholine
is partially hydrogenated egg phosphatidylcholine.

Targeting of liposomes using a variety of targeting
agents (e.d., ligands, receptors and monoclonal antibodies) is

30 well known in the art. (see, e.q., U.S. Patent Nos. 4,957,773
and 4,603,044, both of which are incorporated herein by
reference). Glycoproteins and glycolipids of a variety of

~ molecular weights can be used as targeting agents. Typically,
glycoproteins having a molecular weight less than about 300,000

35 daltons, preferably between about 40,000 and about 250,000 are
used, more preferably between about 75,000 and about 150,000.
Glycolipids of molecular weight of less than about 10,000
daltons, preferably between about 600 and about 4,000 are used.
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standard methods for coupling targeting agents to
liposomes can be used. These methods generally involve
incorporation into liposomes of lipid components, such as
phosphatidylethanolamine, which can be activated for attachment
5 of targeting agents, or derivatized lipophilic compounds, such
as lipid derivatized bleomycin.. Antibody targeted liposomes

can be constructed using, for instance, liposomes which

incorporate protein A (see, Renneisen, et al., J. Biol. Chem.,

265:16337-16342 (1990) and Leonetti et al., Proc. Natl . Acad.
10 Sci. (USA) 87:2448-2451 (1990), both of which are incorporated
herein by reference).

Targeting mechanisms generally require that the
targeting agents be positioned on the surface of the liposome
in such a manner that the target agents are available for

15 interaction with the selectin receptor. The liposome is
typically fashioned in such a way that a connector portion is
first incorporated into the membrane at the time of forming the
membrane. The connector portion must have a lipophilic portion
which is firmly embedded and anchored in the membrane. It must

20 also have a hydrophilic portion which is chemically awvailable

~on the aqueous surface of the liposome. The hydrophilic
portion is selected so that it will be chemically suitable to
form a stable chemical bond with the targeting agent which is
added later. Therefore, the connector molecule must have both .
‘25v a lipophilic anchor and a hydrophilic reactive group suitable
_ for reacting with the target agent and holding the target agent

in its correct position, extended out from the liposome's
surface. In some cases it is possible to attach the target.
agent to the connector molecule directly, but in most instances
30 it is more suitable to use a third molecule to act as a
chemical bridge, thus linking the connector molecule which is
in the membrane with the target agent which is extended, three
dimensionally, off of the vesicle surface.
Liposome charge is an important determinant in
35 liposome clearance from the blood, with negatively charged
liposomes being taken up more rapidly by the '
reticuloendothelial system (Juliano, Biochem. Biophvs. Res.
Commun. 63:651 (1975)) and thus having shorter half-lives in
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the bloodstream. Liposomes with prolonged circulation half-
lives are typically desirable for therapeutic and diagnostic
uses. Liposomes which can be maintainéd from 8, 12, or up to
24 hours in the bloodstream provide sustained release of the

5 selectin-ligand inhibitors of the invention, or may facilitate
targeting of the inhibitors (which may be labelled to provide
for in vivo diagnostic imaging) to a desired site before being
removed by the reticuloendothelial system. )

Typically, the liposomes are prepared with about 5-15

10 mole percent negatively charged phospholipids, such as
phosphatidylglycerol, phosphatidylserine or
phosphatidylinositol. Added negatively charged phospholipids,
such as phosphatidylglycerol, also serves to prevent
spontaneous liposome aggregating, and thus minimize the risk of

15 undersized liposomal aggregaté formation. Membrane-rigidifying
agents, such as sphingomyelin or a saturated neutral
phospholipid, at a concentration of at least about 50 mole
percent, and 5-15 mole percent of monosialylganglioside, may
provide increased circulation of the liposome preparation in

20 the bloodstream, as generally described in U.S. Pat. No. 4,
837,028, incorporated herein by reference.

Additionally, the liposome suspension may include
lipid-protective agents which protect lipids and drug
components against free-radical and lipid-peroxidative damages

25 on storage. Lipophilic free-radical quenchers, such as )
alphatocopherol and water-soluble iron-specific chelators, such
as ferrioxianine, are preferred.

A variety of methods are available for preparing
liposomes, as described in, e.g., Szoka et al., Ann. Rev.

30 Biophys. Bioeng. 9:467 (1980), U.S. Pat. Nos. 4, 235,871,
4,501,728 and 4,837,028, incorporated herein by reference. One
method produces multilamellar vesicles of heterogeneous sizes.
In this method, the vesicle forming lipids are dissolved in a
suitable organic solvent or solvent system and dried under

35 vacuum or an inert gas to form a thin lipid film. If desired,
the film may be redissolved in a suitable solvent, such as
tertiary butanol, and then lyophilized to form a more
homogeneous lipid mixture which is in a more easily hydrated
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powder-like form. This film is covered with an aqueous
solution of the targeted drug and the targeting component and
allowed to hydrate, typically over a 15;60 minute period with
agitation. The size distribution of the resulting

5 pultilamellar vesicles can be shifted toward smaller sizes by
hydrating the lipids under more vigorous agitation conditions
or by adding solubilizing detergents such as deoxycholate.

The hydration medium contains the targeted drug at a

concentration which is desired in the interior volume of the

10 liposomes in the final liposome suspension. Typically the drug
solution contains between 10-100 mg/ml in a buffered saline.
The concentration of the targeting SLX molecule or mimetic
which binds a selectin is generally between about 0.1 - 20
mg/ml.

15 Following liposome preparation, the liposomes may be
sized to achieve a desired size range and relatively narrow
distribution of liposome sizes. One preferred size range is
about 0.2-0.4 microns, which allows the liposome suspension to
be sterilized by filtration through a conventional filter,

20 typically a 0.22 micron filter. The filter sterilization
method can be carried out on a high through-put basis if the
lipcsomes have been sized down to about 0.2-0.4 microns.

Several techniques are available for sizing liposomes
to a desired size. One sizing method is described in U.S. Pat.

25 No. 4,737,323, 1ncorporated herein by reference. Sonicating a
liposome suspension either by bath or probe sonication produces
a progressive size reduction down to small unilamellar vesicles
less than about 0.05 microns in size. Homogenization is
another method which relies on shearing energy to fragment

30 large liposomes into smaller ones. In a typical homogenization
procedure, multilamellar vesicles are recirculated through a
standard emulsion homogenizer until selected liposome sizes,
typically between about 0.1 and 0.5 microns, are ocbserved. 1In

" both methods, the particle size distribution can be monitored

35 Dby conventional laser-beam particle size discrimination.

Extrusion of liposome through a small-pore
polycarbonate membrane or an asymmetric ceramic membrane is

also an effective method for reducing liposome sizes to a
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relatively well-defined size distribution. Typically, the
suspension is cycled through the membrane one or more times
until the desired liposome size distribution is achieved. The
liposomes may be extruded through successively smaller-pore

5 membranes, to achieve a gradual reduction in liposome size.

Even under the most efficient encapsulation methods,
the initial sized liposome suspension may contain up to 50% or
more drug and targeting agent in free (non-encapsulated) form.
Therefore, to maximize the advantages of liposomal targeted

10 drug, it is important to remove free drug and targeting agent
from the final injectable suspension.

Several methods are available for removing non-
entrapped compound from a liposome suspension. In one method,
the liposomes in the suspension are pelleted by high—speed

15 centrifugation leaving free compound and very small liposomes
in the supernatant. Another method involves concentrating the
suspension by ultrafiltration, then resuspending the
concentrated liposomes in a drug-free replacement medium.
Alternatively, gel filtration can be used to separate large

20 liposome particles from solute molecules.

Following treatment to remove free drug and/or
targeting agent, the liposome suspension is brought to a
desired concentration for use in intravenous administration.
This may involve resuspending the liposomes in a suitable

25 volume of injection medium, where the liposomes have been
concentrated, for example by centrifugation or ultrafiltration,
or concentrating the suspension, where the drug removal step
has increased total suspension volume. The suspension is then
sterilized by filtration as described above. The liposome-

30 ligand preparation may be administered parenterally or locally
in a dose which varies according to, e.g., the manner of
administration, the drug being delivered, the particular
disease being treated, etc.

For pharmaceutical compositions which comprise the

35 SLX ligand, and/or SLX mimetics which bind to selectin
receptors, the dose of the compound will vary according to,
e.g., the particular compound, the manner of administration,
the particular disease being treated and its severity, the
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overall health and condition of the patient, and the judgment
of the brescribing physician. For example, for the treatment
of reperfusion injury, the dose is in the range of about 50 ug
to 2,000 mg/day for a 70 kg patient. Ideally, therapeutic

5 administration should begin as soon as possible after the
myocardial infarction or other injury. The pharmaceutical
compositions are intended for parenteral, topical, oral or
local administration, such as by aerosol or transdermally, for
prophylactic and/or therapeutic treatment. The pharmaceutical

10 compositions can be administered in a variety of unit dosage
forms depending upon the method of administration. For
example, unit dosage forms suitable for oral administration
include powder, tablets, pills, capsules and dragees.

Preferably, the pharmaceutical compositions are

15 administered intravenously. Thus, this invention provides
compositions for intravenous administration which comprise a
solution of the compound dissolved or suspended in a
pharmaceutically acceptable carrier, preferably an agqueous
carrier. A variety of aqueous carriers may be used, e.g.,

20 water, buffered water, 0.4% saline, and the like. These:
compositions may be sterilized by conventional, well known
sterilization techniques, or may be sterile filtered. The
resulting aqueous solutions may be packaged for use as is, or
lyophilized, the lyophilized preparation being combined with a

25 sterile aqueous solution prior to administration. The
compositions may contain pharmaceutically acceptable auxiliary
substances as required to approximate physiological conditions,
such as pH adjusting and buffering agents, tonicity adjusting
agents, wetting agents and the like, for example, sodium

30 acetate, sodium lactate, sodium chloride, potassium chloride,
calcium chloride, sorbitan monolaurate, triethanolamine oleate,
etc.

The concentration of SLX ligand or mimetic, which may
be combined with other SLX ligands or mimetics to form a

15 wcocktail" for increased efficacy in the pharmaceutical
formulation, can vary widely, i.e., from less than about 0.05%,
usually at or at least about 1% to as much as 10 to 30% by
weight and will be selected primarily by fluid volumes;
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" viscosities, etc., in accordance with the particular mode of
administration selected. The cocktail may also comprise a
monoclonal antibody which binds to selectin receptor, e.g., a
monoclonal antibody to ELAM-1 or GMP-140, combined with the SLX

5 ligand, a ligand mimetic or a monoclonal antibody to the
ligand, so as to effectively inhibit the ligand-receptor
interaction. As described above, the cocktail components may
be delivered via liposome preparations.

Thus, a typical pharmaceutical composition for
10 intravenous infusion could be made up to contain 250 ml of
sterile Ringer's solution, and 25 mg of the compound. Actual
methods for preparing parenterally administrable compounds will
be known or apparent to those skilled in the art and are

described in more detail in for example, Remington's

15 Pharmaceutical Sciences, 17th ed., Mack Publishing Company,

Easton, PA (1985), which is incorporated herein by reference.
For solid compositions, conventional nontoxic solid

carriers may be used which include, for example, pharmaceutical
grades of mannitol, lactose, starch, magnesium stearate, sodium

20 saccharin, talcum, cellulose, glucose, sucrose, magnesium
carbonate, and the like. For oral administration, a
pharmaceutically acceptable nontoxic composition is formed by
incorporating any of the normally employed excipients, such as
those carriers previously listed, and generally 10-95% of

25 active ingredient, that is, one or more SLX ligands or mimetics
of the invention, preferably about 20% (see, Remington's,

supra) .

For aerosol administration, the compounds are
preferably supplied in finely divided form aleng with a
30 surfactant and propellant. Typical percentages of SLX
oligosaccharide ligands or mimetics are 0.05% - 30% by weight,
preferably 1% - 10%. The surfactant must, of course, be
nontoxic, and preferably soluble in the propellant.
) Representative of such agents are the esters or partial esters

35 of fatty acids containing from 6 to 22 carbon atoms, such as

™~

caproic, octanoic, lauric, palmitic, stearic, linoleic,
linolenic, olesteric and oleic acids with an aliphatic

polyhydric alcohol or its cyclic anhydride such as, for
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" example, ethylene glycol, glycerol, erythritol, arabitol,
mannitol, sorbitol, the hexitol anhydrides derived from
sorbitol, and the polyoxyethylene and polyoxypropylene
derivatives of these esters. Mixed esters, such as mixed or
natural glycerides may be enmployed. The surfactant nay
constitute 0.1%-20% by weight of the composition, preferably
0.25-5%. The balance of the composition is ordinarily
propellant. Liguefied propellants are typically gases at
ambient conditions, and are condensed under pressure. Among
suitable liquefied propellants are the lower alkanes containing
up to 5 carbons, such as butane and propane; and preferably
fluorinated or fluorochlorinated alkanes. Mixtures of the
above may also be employed. 1In producing the aerosol, a
container equipped with a suitable valve is filled with the
appropriate propellant, containing the finely divided compounds
and surfactant. The ingredients are thus maintained at an
eléevated pressure until released by action of the valve.

The compositions containing the compounds can be
administered for prophylactic and/or therapeutic treatments.

In therapeutic applications, compositions are administered to a
patient already suffering from a disease, as described above,
in an amount sufficient to cure or at least partially arrest
the symptoms of the disease and its complications. An amount
adequate to accomplish this is defined as "therapeutically
effective dose." Amounts effective for this use will depend on
the severity of the disease and the weight and general state of
the patient, but generally range from about 0.5 mg to about
2,000 mg of SLX oligosaccharide or SIX mimetic per day for a 70
kg patient, with dosages of from about 5 mg to about 200 mg of
the compounds per day being more commonly used.

In prophylactic applications, compositions containing
the compounds of the invention are administered to a patient
susceptible to or otherwise at risk of a particular disease.

" Such an amount is defined to be a "prophylactically effective
dose." 1In this use, the precise amounts again depend on the
patient's state of health and weight, but generally range from
about 0.5 mg to about 1,000 mg per 70 kilogram patient, more



10

15

20

25

30

35

-BNSDOCID: <WO,

these enzymes is to isolate a Golgi apparatus fraction from a

WO 91/19501 PCT/US91/03592
42

commonly from about 5 mg to about 200 mg per 70 kg of body
weight. : .

Single or multiple administrations of the
compositions can be carried out with dose levels and pattern
being selected by the treating physician. In any event, the
pharmaceutical formulations should provide a quantity of SIX
oligosaccharide or SLX mimetic of this invention sufficient to
effectively treat the patient.

The compounds may also find use as diagnostic
reagents. For example, lébeled compounds can be used to locate
areas of inflammation or tumor metastasis in a patient
suspected of having an inflammation. For this use, the
compounds can be labeled with **I, c, or tritium.

The following examples are offered by way of

illustration, not by way of limitation. -

EXAMPLE T

Isolation of ol1,3-fucosyltransferase I from Golgi Apparatus

' LEC11, HL-60, HT-29, certain adenocarcinomas (colo
205 cells in particular), and polymorphonuclear leukocytes
(PMN, neutrophils) contain a very specific ail,3-
fucosyltransferase I, which is able to transfer fucose from
GDP-fucose to the sialylated substrates NeuAce2,3Galfl, 4GlcNAc
or NeuGca2,3Galfl,4G1lcNAc.

It is well known in the art that fucose is
transferred to oligosaccharide chains in the lumen of the Golgi
apparatus via specific fucosyltransferases, reviewed in .
Schacter and Roseman, in "The Biochemistry of Glycoproteins and
Proteoglycans", W. Lennarz, ed., Plenum Press, New York,
pp. 85-160 (1980), which is incorporated herein by reference.
Since the subcellular localization of the fucosyltransferases
is in the Golgi apparatus, the first step in the isolation of

cell line which expresses this novel and specific al,3-

fucosyltransferase.

™~

Golgi apparatus-derived vesicle fractions are
prepared by a modification of the procedure described by Balch
et al., Cell, 39:405 (1984) which is incorporated herein by
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reference. The LEC11, HL-60, HT-29, PMN, colo 205 or other
cell lines containing the al,3-fucosyltransferase I are grown
in suspension to a density of approximately 5 X 10° cells/ml.
Cells are harvested from the suspension culture by
5 centrifugation at 2,000 X g. The resulting cell pellet from a

12 liter suspension (6 X 10° cells) is resuspended in 3 volumes
(packed cell volume) of ijce-cold 0.25M sucrose (w/v) solution
containing Tris-Cc1 (10mM), pH 7.0, heat inactivated fetal calf
serum (7%), and Aprotinin (100 pg/ml, Sigma Chemical, Co. St.

10 Louis, Mo.). ’ .

The cells are disrupted (approximately 60 strokes)
with a tight fitting Wheaton glass dounce homogenizer using the
A pestle. The homogenate is centrifuged for 5 min. at 500 X g
in a table-top clinical centrifuge. Lipid and insoluble

15 material remaining at the top of the solution in the centrifuge
tube is discarded. The cloudy supernatant is transferred to a
clean tube, and the sucrose concentration of the supernatant

fraction is then adjusted to 40% (w/Vv) sucrose in Tris-Ccl (20
mM), pH 7.0, with the aid of a refractometer. Five milliliters
20 of this suspension is transferred to an ultracentrifuge tube
and is layered sequentially with 2.5 ml of 35% (w/v) sucrose in
Tris-cl (10 mM, pH 7.0) and 2.0 ml of 29% (W/v) sucrose in 10
mM Tris-Cl buffer. The gradient is centrifuged for 1 hr. at
110,000 X g in a SW-41 rotor (Beckman) at 5°C. Golgi apparatus
25 enriched vesicles are collected from the 29% to 35% sucrose .
interphase. Other subcellular fractions are found at other
interphases in the gradient; e.g., vesicles derived from the
rough and smooth endoplasmic reticulum band below the Golgi
derived vesicles, etc. The band removed from the 28% to 35%
30 interphase is analyzed for the presence and amount of
sialyltransferase activity. ‘
The enzyme sialytransferase is only known to be found
within Golgi apparatus-derived vesicles and is used by those
" trained in the art as a marker to assess the authenticity of
35 the band collected from the 29-35% interphase.
Sialyltransferase assays are performed using asialofetuin as
the acceptor as described by Briles et al., J. Biol. Chem.,
252:1107 (1977). A good Golgi apparatus derived vesicle
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preparation from LEC cells typically has a sialyltransferase-
specific activity of 3.0 nmole/mg protein/hr.

The resulting Golgi apparatus preparation is then
used as a source of the al,3-fucosyltransferase I used in the

5 enzymatic synthesis described above.

EXAMPIE TIT
Demonstration of Intercellular Adhesion
by Cells Expressing SIX
10 The ability of LEC11 cells (which express SLX) to
bind to activated endothelial cells expressing ELAM-1 was

compared to that of CHO cells and another glycosylation mutant,
LEC12, which expresses the structure Le*, a non-sialylated form
of SLX.

15
MATERIALS

Passage 5 human umbilical vein endothelial cells

(HUVEC) (Clonetics) which had been grown on a gelatin coated 48
well assay plate were used as the source of endothelial cells.

20 Cells were stimulated with IL-18 (Genzyme) at 30 pg/ml. Cells
were stimulated for exactly 4 hrs. HL-60 cells provided by
American Type Culture Collection (ATCC No. CCL 240) were -used
as the source of control ligand bearing cells. These were
harvested from bulk culture in RPMI 1640 (Gibco) containing

25 Penicillin (100 units/ml)/ Streptomycin (100 Mcg/ml) (Irvine
Scientific), L-Glutamine (2mM) (Irvine Scientific) and 10%
Fetal Bovine Serum (Hazleton) (hereafter referred to as CRPMI).
LEC11, LEC12 and CHO-Kl1 were provided by Dr. P. Stanley. They
were grown in suspension culture in complete alpha MEHM

30 containing ribonucleotides and deoxyribonucleotides (Gibco),
Penicillin (100 units/ml)/ Streptomycin (100 pg/ml) (Irvine
Scientific), L-Glutamine (2mM) (Irvine Scientific) and 10%
Fetal Bovine Serum (Hazelton).

35 PROCEDURE
1. HL-60, LECll, LEC1l2 and CHO-Kl cells were
harvested and washed in CRPMI. A viable cell count was made
using trypan blue. 3 x 10° cells of each type were pelleted in
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a 10 ml test tube and 300 pl of *!Cr (450 uCi) (New England

Nuclear) was added to each pellet. The tubes were allowed to

incubate 1 hour at 37°C with gentle agitation.

5 2. Labeled cells were washed 3X in medium and
resuspended to 2 X 10°/ 400 ul (6ml). The tubes were then
placed in a 4°C ice bath.

3. After 4 hours incubation with IL-18 the assay
10 plate containing activated BUVEC was removed from the incubator
and chilled for 15 minutes by placing the plate in a 4°C ice

bath.

4. When the temperature in both samples had
15 equilibrated, the medium was removed from the assay wells with

a pasteur pipette a few wells at a time.

5. Labeled cells were added to the wells in 400 pul
volumes equal to 2 x 10° cells/well. Three 400 ul aliguots of
20 each cell suspension were placed in glass tubes for

determination of input CPMs.

6. The plate was incubated in the ice water bath
for 30 minutes.

25
7. Unbound cells were removed from the wells of the

- assay plate by systematic resuspension using a pasteur pipette

followed by addition and removal of 0.7 ml of medium.

30 8. All of the medium was removed from the wells and
a solution of 0.125 M Tris, 2% SDS and 10% glycerin was added
(0.3 ml). The plate was allowed to stand for 30 minutes and
then 0.5 ml of deo was added to each well.

35 9. The fluid in each well was resuspended with a

P1000 pipette and transferred to a glass test tube. The P1000

tip was ejected into the tube.
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10. The tubes, including those containing the input
CPM samples were counted in a gamma counter.

11. CPMs bound in each well were divided by the
5 input CPMs for each sample to determine the % bound. The mean
and standard deviation of triplicate assay points were plotted.

The results obtained in this experiment, shown in

Fig. 1, indicate that cells expressing SIX have the ability to

10 bind effectively to activated vascular endothelial cells
expréssing ELAM-1. These data show that LEC11 cells which
express high levels of the unique carbohydrate SLX bind
exceptionally well to IL-18 activated HUVEC, while LEC12 and
CHO-K1 which lack significant quantities of this carbohydrate

15 are poor binders of the activated HUVEC. This conclusion is
further supported by the observation that this binding occurs
at 4°C, a characteristic of ELAM-1 mediated binding.

EXAMPIE TIT

20 Inhibition of Intercellular Adhesion bv
Monoclonal Antibodies Specific for SIX.
Two sets of experiments are described which confirm

that the ligand on neutrophils for ELAM-1 contains an
oligosaccharide where the terminal sugars are
25 NeuAca?2, 3Galpl, 4 (Fuc al,3)GlcNac(SLX).

These experiments are performed by assaying the
ability of monoclonal antibodies specific for sialylated Le*
and for the unsialylated form, Le*, to block the ELAM-1
mediated adhesion of HL-60 cells to IL-18 stimulated HUVEC.

30 A. Monoclonal Antibody Panel 1

Materials: Passage 3 HUVEC from cultures initiated
for the present experiments were used as described above. Two
sets of triplicate wells were left unstimulated as controls.

" Four triplicates were stimulated with IL-1p (Genzyme) at 10
35 pug/ml and 4 at 20 pg/ml. Cells were stimulated for exactly 4
hours. HL-60 cells obtained from the American Type Culture
Collection were used as the source of ligand bearing cells.
These were harvested from bulk culture in RPMI-1640 (Gibco)
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containing penicillin (100 units/ml), streptomycin (100 pg/ml)
(Irvine Scientific), L-Glutamine (2mM) (Irvine Scientific) and
10% Fetal Bovine Serum (Hazleton) (hereafter referred to as

cRPMI) . .
Monoclonal antibody preparations included SNH3 (IgM)

at about 20 ug/ml and SH1 (IgG3) at about 10 pg/ml. The
specificity of SNH3 is for SLX, while SH1 recognizes the
‘unsialylated structure.

Procedure:
1. HIL-60 cells were harvested and washed in CRPMI.

A viable cell count was made using trypan blue. 3 Xx 10% cells
were placed in each of 2, 10 ml test tubes and 300 ul of Sler
(450 pCi) (New England Nuclear) was added to each tube. The
tubes were allowed to incubate 1 hour at 37°C with gentle

agitation.

2. The antibodies were supplied as hybridoma
culture supernatants and contained 0.01% NaN3 and 0.05%
thimerosal. To remove these preservatives, 5 ml. of each
antibody was dialysed against 3 changes of 500 ml each of
outdated tissue culture medium over 72 hours.

_ 3. Antibodies were collected from dialysis and 3.5
nl of each was placed in 10 ml tubes. The remainder was
retained for use in an ELISA assay for HL-60 binding. 7 ml of
RPMI 1640 5% FCS was placed in a 4th tube for use as a control.

-~

4. Labeled HL-60 cells were washed 3X in CRPMI and
pooled into one tube. They were then centrifuged and

resuspended to 1 ml in medium.

5. 200 pl of cell suspension was added to each of

the antibody containing tubes and 400 pl to the control tube.
Tubes were incubated 20 min. at 37°C with gentle agitation.

6. The stimulated HUVEC assay plate was removed
from the incubator and the medium was removed from the wells

with a pasteur pipette, a few wells at a time.
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7. 0.5 ml of cell suspension was added to each of
triplicate wells. Control cells were plated on unstimulated
and stimulated HUVEC at both IL-18 concentrations. Test cells

5 were added to stimulated wells only.

8. 0.5 ml aliquots of each cell suspension were
added to glass tubes to be used to determine the input CPMs.

10 9. The assay plate was returned to the incubator
(5% COZ, 37°C) for 30 min.

10. An aliquot of each cell suspension was mixed
with an equal volume of trypan blue and the cells were examined
15 microscopically for viability. The results were: Control =
98%, SH1 = 92%, and SNH3 = 99%.

1l. Unbound cells were removed from the wells of the
assay plate by systematic resuspension using a pasteur pipette
20 followed by addition and removal of 0.7 ml of medium.

12. All of the medium was removed from the wells and
a solution of 0.125 M Tris, 2% SDS (Bio-Rad) and 10% glycerin
) (Fisher) was added (0.3 ml). The plates were allowed to stand
25 for 30 min. and then 0.6 ml ofcﬂgo was added to each well.

13. The fluid in each well was resuspended with a
P1000 pipette and transferred to a glass test tube. The P1000

tip was ejected into the tube.

30
14. The tubes, including those containing the input'
counts per minute (CPM) samples were counted in a gamma
counter.
35 15. CPMs bound in each well were divided by the

input CPMs for each sample to determine the % bound. The mean
and standard deviation of triplicate assay points were plotted.
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Replicates were judged to be best in the experiment
in which high IL-18 was used to induce the endothelial cells.
The results showed that the monoclonal antibody SNH3
blocked the binding of HL-60 cells to IL-1f stimulated HUVEC
5 via the ELAM-1 receptor. The control antibody SH1 which does
not bind the SLX determinant did not block binding of HL-60
cells to ELAM-1. This suggests that the terminal sialic acid
in the ligand is necessary for binding to ELAM-1.

10 B. Monoclonal Antibody Panel 2
Materials: Passage 3 HUVEC which had been grown on

gelatin coated.48 well assay plates (Costar) were used as the
source of endothelial cells. The plates were prepared as
previously described above. Two sets of triplicate wells wvere

15 left unstimulated as controls. Seven triplicates on each plate
were stimulated with IL-18 at 30 pug/ml in 0.5 ml of EGM-UV.
Cells were stimulated for exactly 4 hrs. HL-60 cells (ATCC)
were used as the source of ligand bearing cells. These were
harvested from bulk culture in CRPMI. Fresh hybridoma

20 supernatants containing monoclonal antibodies included: FH6
(IgM) a lower affinity mAb; SNH-3 (IgM) (20 upg/ml); SH-1 (IgG,)
(10 pg/ml); FH-2 (IgM) a Le* reactive mAb; SNH-4 (IgG3) a high
affinity antibody; and CSLEX-1 (IgM) (provided by Dr. P.

_ Terasaki, UCLA as purified immunoglobulin at 2.8 mg/ml, diluted

25 to 9 ug/ml in Dulbecco's Modified Eagles Medium (DMEM)
containing 5% FCS for use in this assay). The specificities of
the antibodies were as follows: FH6, SNH-4, SNH3 and CSLEX-1
were specific for SLX; FH2 and SH1l were specific for the
unsialylated Le*.

30 Procedure:

1. HL-60 cells were harvested and washed in CRPMI.

A viable cell count was made using trypan blue. 3 Xx 10% cells
were placed in each of 2, 10 ml test tubes and 300 pl of *!cr
(450 pCi) (New England Nuclear) was added to each tube. The

35 tubes were allowed to incubate 1 hour at 37°C with gentle

agitation.
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2. Labeled HL-60 cells were washed 3X in DMEM
containing 5% FCS (hereafter referred to as cDMEM) and pooled
into one tube. They were then centrifuged and resuspended to 4

x 10° cells per ml in the same medium.

3. 3.2 ml of each monoclonal antibody culture
supernatant, and 3.2 ml purified CSLEX-1l (29 ug), were added to
separate test tubes; a control tube received 6.4 ml of medium.

10 4. 200 pl of cell suspension (equal to about 8 x
10° cells) was added to tubes containing the monoclonal
antibodies and 400 pl to the control tube. Tubes were then
incubated 20 min. at 37°C with gentle agitation.

15 5. The stimulated HUVEC assay plate was removed
from the incubator and the wells were washed one time with
cDMEM and the medium was removed from the wells with a pasteur

pipette, a few wells at a time.

20 6. 0.4 ml of cell suspension was added to each weil
of one of the two plates. Control cells were plated on
‘unstimulated and stimulated HUVEC. Antibody treated cells wvere
added to stimulated wells only.

25 7. 0.4 ml aliquots of each cell suspension were
added to glass tubes to be used to determine the input CPMs.

8. The assay plate was incubated at 37°C for 30

30
9. The remainder of each cell suspension and the
assay plate were placed in an ice bath to chill for 20 min.

10. The cell suspensions were plated on the chilled
35 plate as for the 37°C plate above. This plate was incubated
for 30 min. at 40°C.
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The remaining steps of the assay were performed as
described in steps 11-15 of Section A above, except that in
step 12 the plates were allowed to stand for 15 min. rather
than 30 min.

5 The results, shown in Fig. 2A, indicate that the
monoclonal antibodies SNH—3, FH6, SNH-4 and CSLEX-1, all
sﬁecific for SLX, significantly blocked the binding of HL-60
célls to IL-18 stimulated HUVEC via the ELAM-1 receptor when
incubated at 37°C. The monoclonal antibodies specific for Le*

10 (FH2 and SH1) were not effective inhibitors. Thus, the ligand
for ELAM-1 contains the sialylated Le™ antigen or a similar
structure found in cell surface glycoproteins or glycolipids.

When incubated at 4°C (Fig. 2B), antibodies FH6 and
SNH-3 (both IgM's) enhanced binding. 1In these tests there

15 appeared to be significant agglutination of the HL-60 cells in
the wells, which may account for this observation.

C. Monoclonal Antibodies Block Adhesion of ILEC1l Cells to
Cells which Express ELAM-1
20 In this set of experiments the ability of monoclonal
antibodies specific for SLX and for the unsialylated form, Le*,
to block the ELAM-1 mediated adhesion of LEC11l cells (which
express SLX) and LEC12 cells (which express Le™) to IL-18

stimulated HUVEC.
25 Materials: Passage 4 HUVEC served as the source of

endothelial cells. The plates were prepared as previously
described. Two sets of triplicate wells were left unstimulated
as controls. 7 triplicatés on each plate were stimulated with
IL-18 at 30 pg/ml in a 0.5 ml volume of EGM-UV. Cells were

30 stimulated for exactly 4 hrs. LEC11 and LEC12 cells, described
generally in Stanley et al., J. Biol. Chem., 263:11374 (1988),
supra, were provided by Dr. P. Stanley. They were grown in
suspension culture in complete alpha MEM containing
.ribonucleotides and deoxyribonucleotides (Gibco), penicillin

35 (100 unitslml)/streptomycin (100 pg/ml) (Irvine Scientific), L-
Glutamine (2mM) (Irvine Scientific) and 10% FBS (Hazelton).
The monoclonal antibodies used in these experiments are
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described in Section B, above. They included: FH6, SNH-3, SH-
1, FH-2, SNH~4 and CSLEX-1.

Procedure:
5 1. LEC11 and LECl2 cells were harvested and washed
in CRPMI. A viable cell count was made using trypan blue. 3 x
10® cells of each cell line were placed in each of 2, 10 ml
test tubes and 300 pl of 3!Cr (450 uCi) (New England Nuclear)
was added to each tube. The tubes were allowed to incubate 1
10 hr. at 37°C with gentle agitation.

2. The radiolabeled cells were washed X3 in cDMEM
and pooled into one tube. They were then centrifuged and
resuspended to 4 x 10° cells per ml in the same medium.

15

3. 1.6 ml of each monoclonal antibody supernatant,
and 1.6 nl purified CSLEX-1 (15 ug), were added to separate
test tubes; control tubes received 3.2 ml medium.

20 4. 200 ul of cell suspension equal to 4 x 10° LEC11
or LEC12 cells were added to tubes containing the monoclonal
antibodies and 400 pl to the control tube. Tubes were

incubated 20 min. at 37°C with gentle agitation.

25 5. The stimulated HUVEC assay plate was removed
from the incubator and the wells were washed one time with
cDMEM and the medium was removed from the wells with a pasteur

pipette, a few wells at a time.

30 6. The cell suspensions and the assay plate were

placed in an ice bath to chill for 20 min.

) 7. 0.4 ml of cell suspension was added to each well
of the previously described assay plate. Control cells were

35 plated on unstimulated and stimulated HUVEC. Antibody treated
cells were added to stimulated wells only. Each assay was done

in triplicate.
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8. 0.4 ml aliquots of each cell suspension were
added to glass tubes to be used to determine the input CPMs.

9. The assay plate was incubated for 30 min. at

The remaining steps of the assay were performed as
described in steps 11-15 of Section A, above, except that in
step 12 the plates were allowed to stand for 15 min.

10 The results shown, in Figs. 3A and 3B, indicate that
the monoclonal antibodies SNH-3, FH6, SNH-4 and CSLEX-1 (all
specific for SLX) significantly blocked the binding of LEC1l1
cells to IL-18 stimulated HUVEC via the ELAM-1 receptor. LEC12
cells, which do not express the SLX epitope, did not bind the

15 activated endothelium. The monoclonal antibodies specific for
Le* (FH2 and SH1) caused minor inhibition of LEC11 binding.

Further confirmation that SILX is a primary ligand for
ELAM-1 receptor was provided by removing sialic acid from LEC
11 and HL-60 cells. In these experiments the treatment of LEC

20 11 and HL-60 cells prior to adhesion assays with Clostridium
perfringens neuraminidase (sialidase), 1.6 U/ml (Type X, Sigma
Chem. Co.) for 90 min. at 37°C during 5lcr-labelling. The
results, shown in Fig. 4, confirm that sialidase substantially
reduced the adhesion of LEC 11 and HL-60 cells by 70-85% to

25 activated endothelial cells.

EXAMPLE TV

Liposomes of Glvcosphingolipids Block Binding of

SILX Cells to Activated Endothelial Cells

30 This Example describes the preparation of liposomes

' which contain various biosynthetically produced
‘glycosphingolipids on which the terminal carbohydrate units are
either SLX, Le®, or similar but not identical compounds. The
'ability of the liposomes which contain SLX or SLX mimetics to’

35 block the binding of SLX-expressing HL-60 cells and LEC1ll cells
to endothelial cells which have been stimulated to express

ELAM-1 by treatment with IL-18 is shown.
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Materials: The glycosphingolipids used in this
experiment are shown in Table I; they were obtained from the
Biomembrane Institute, Seattle, WA, and were either purified or
biosynthetically produced and characterized by NMR and mass

5 spectrometry, as generally described in Hakomori, S. I., et
al., J. Biol. Chem., 259:4672 (1984), and Fukushi Y., et al.,
J. Bicl. Chem. 259:10511 (1%84), incorporated by referenced
herein. S-dilLe®™ (SLX) was synthesized enzymatically by adding
fucosyl residues using a colo 205 cell line as enzyme source

10 and SH as substrate. Nonsialylated dile* was similarly
synthesized using nLcé as substrate and the cell line NCI H-69.

See Holmes et al., J. Biol. Chem. 260:7619 (1985), incorporated
by reference herein. SPG and SH were purified form bovine red
blood cells, and nLcé was produced by chemical removal of the

15 terminal sialosyl residue from SH.
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Liposomes containing the glycosphingolipids were
formed as follows: 100 upg of glycolipid was added to 300 pg
phosphatidylcholine (Sigma, egg yolk) and 500 pg cholesterol
(Sigma) in chloroform-methanol (2:1) and the whole solution

5 evaporated to dryness by N2 in 15 ml screwcap tubes.

Passage 3 HUVEC, which had been grown on to
confluence on a gelatin coated 48 well assay plate (Costar)
were used as the source of endothelial cells. The plates were
prepared as previously described. Two sets of triplicate wells

10 were left unstimulated as controls. 14 triplicates were
stimulated with IL-18 at 30 pg/ml in a 0.5 ml volume of EGM-UV.
Cells were stimulated for exactly 4 hrs. HL-60 cells and LEC1l
cells were cultured as described above.

15 Procedure:

1. One 48 well Costar cluster dish containing HUVEC
grown to confluence on gelatin was removed from the incubator
and the medium in each well was removed with a pasteur pipette
and replaced either with 0.5 ml fresh EGM-UV medium or with the

20 same medium containing 30 pg/ml IL-18, and the plate then
returned to the incubator for 4 hrs.

2. HL-60 cells and LEC1l1 cells were harvested and
washed in CRPMI. A viable cell count was made using trypan
25 blue. 6 x 10° cells of each cell type were radiolabeled as
follows: 3 x 10° cells of each type were placed in each of 2,
10 ml test tubes and 300 upl of °!Cr (450 uCi) (New England
' Nuclear) was added to each tube. The tubes were allowed to

incubate 1 hr. at 37°C with gentle agitation.

30
3. Radiolabeled HL-60 and LEC11 cells were washed
3X in CRPMI and pooled into one tube. They were then
centrifuged and resuspended to 2 x 10° cells per ml in the same
‘mediun.
35

4. The stimulated HUVEC assay plate was removed
from the incubator and the wells were washed two times with

RPMI 1640 containing 5 mg/ml bovine serum albumin (BSA);
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5. Liposomes were prepared as follows: The
evaporated pellets were dissolved in 100 ul of absolute ethanol
and sonicated for 2 min. Two ml of PBS was added slowly to the

5 tubes over two minutes while continuing to sonicate. This
stock was diluted 1:10 in RPMI 1640 medium just prior to use
and 50 pl of a stock solution of BSA at 100 mg/ml was added to
each 1 ml of diluted liposomes to make a final concentration of

5 mg/ml BSA.

10
6. The medium was removed from the wells of the

assay plate with a pasteur pipette, a few wells at a time, and
0.3 ml of liposome suspension was added to each of 6 IL-18
stimulated assay wells. Control wells received the liposome

15 buffer containing ethanol, RPMI 1640 and BSA at the same
concentrations as in the liposome containing wells. Control
buffer was plated on unstimulated and stimulated HUVEC.
Liposome containing samples were added to stimulated wells
only.

20
7. The plates were incubated for 40 min. at 37°C

and then 50 pl of 5lcr labeled HL-60 or LECll cells were added
to the assay wells. Each cell line was assayed in triplicate
on each liposome preparation. The final concentration of cells

25 was 105/350 pl/well. Three aliquots of 50 pl of each cell
suspension were added to glass tubes to be used to determine

the input CPMs, and the assay plate incubated at 37°C for 30

min.

30 8. Unbound cells were removed from the wells of the
assay plates by systematic resuspension using a pasteur pipette
followed by addition and removal of 0.7 ml of medium. All of
the medium was removed from the wells and a solution of 0.125 M
‘Tris, 2% SDS and 10% glycerin was added (0.3 ml). The plates

35 were allowed to stand for 15 min. and then 0.5 ml of deo was

added to each well.
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9. The fluid in each well was resuspended and
transferred to a glass test tube. The pipette tip was ejected
into the tube. The tubes, including those containing the input
CPM samples, were counted in a gamma counter. CPMs bound in

5 each well were divided by the input CPMs for each sample to
determine the %‘bound. The means and standard error of

triplicate assay points were plotted.

As shown in Fig. 5, liposomes containing selected

10 glycolipids having terminal sequences which contained SLX (S-
diLe*, Table 1) dramatically inhibited adhesion of HL-60 cells
to activated endothelial cells at 4°C. Liposomes containing
glycolipids with Le* (di-Le*) or other related carbohydrate
structures (Table 1) exhibited minimal inhibition that was not

15 dependent on the structure of the carbohydrate group. Similar
results were obtained with LEC 11 cell adhesion. When the
experiments were performed at 37°C, HL-60 cell adhesion was
reduced by liposomes containing glycolipids with the SIX
structure (S-dile*, 70%), and also to a lesser extent by

20 liposomes containing Le* (di-Le*, 40%) suggesting that Le™ may
also interact with EILAM-1, but with a lower affinity. These
experiments show that biosynthetically produced SLX or similar
SIX mimetic compounds when formulated into liposome
compositions can serve as therapeutic compounds for, e.g., the

25 reduction of leukocyte infiltration into inflammatory sites.

Jurkat cells bind to IL-1 activated endothelial cells

predominantly through the V-CAM (endothelial cell) - VILA-4
(Jurkat cell) adhesion pair (Wayner et al., J. Cell Biol.
109:1321), in contrast to the adhesicn of HL-6C and LEC 11

30 cells to activated endothelial cells through the ELAM-1
receptor. Jurkat cell adhesion was not inhibited by liposomes
which contained SLX, but was completely inhibited by monoclonal
antibody to the a subunit of the integrin molecule VIA-4. This

" result demonstrates that SLX liposome inhibition of HL-60 and

35 LEC 11 cells is not a stearic effect attributable to binding of '
liposomes to endothelial cells, but supports the conclusion
that SLX liposomes inhibit the adhesion through a direct
competition with the ligand binding site of ELAM-1.
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EXAMPLE V

Antibodies to SLX Inhibit GMP-140 Mediated
5 Binding on Activated Human Platelets
In this Example the ability of monoclonal antibodies
specific for SLX and for the unsialylated Le® to block the GMP-
140 mediated adhesion of HL-60 cells to activated human

platelets was determined.
10 Materials: HL-60 cells are described above and were

used as the source of ligand bearing cells. Jurkat cells were
used as the non-ligand bearing control. Monoclonal antibodies
SH-1, FH-2, SNH-4, and CSLEX-1l are also described above.

15 Procedure:
1. Blood was drawn from a normal human donor into a

syringe containing ACD anticoagulant (dextrose, 2.0 g; sodium
citrate 2.49 g; and citric acid 1.25 g; to 100 ml with dH0) at

, a ratio of 6 parts blood to 1 part anticoagulant.

20 Platelets were isolated by differential
centrifugation as follows: Blood was centrifuged at 800 rpm
(approx. 90 x g) for 15 min. at room temp. The supernatant was
collected and centrifuged at 1200 rpm (approximately 400 X g)

) for 6 min. The supernatant was removed and centrifuged at 2000

25 rpm (1200 x g) for 10 min. to pellet the platelets. The
platelet button was washed 2 times with Tyrode-HEPES buffer, pH
6.5 (NaCl 8.0 g; KCl 0.2 g7 NaH2Po41%o 0.057 g; MgC12'6H20 0.184
g; NaHCO3 0.1 g; Dextrose, 1.0 gi and HEPES, 2.383 g; bring to
1 L with DI water, adjust to pH 6.5 with 1N NaOH) followed by

30 one wash in PBS. Platelets were suspended to a concentration

of 10%/ml in PBS.

2. Approximately 20 min. before the platelets were
A finally resuspended, 48 well plates were coated with 0.1%

35 gelatin and incubated to 15 min. at 37°C. Excess gelatin was
removed by pipette immediately fore the addition of the
platelet suspension. Platelets were activated by the addition
of 0.25 units of thrombin/ml (Sigma T-6759) of platelet
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suspension. Platelets were allowed to stand at room

temperature for 20 min.

3. To prepare bound, agtivated platelets, 300 pl of
5 the platelet suspension was added to each well of the gel
coated plate. The plate was incubated at 37°C to 15 min., then
spun at 800 rpm (90 xg) for 2 min. The unbound platelets were
removed by washing the plate 3 times with PBS.

10 4. Since platelets possess highly reactive Fc
receptors, to prevent uptake of any aggregated IgG from the
antibody preparation, the platelet Fc receptors were blocked as
follows: Purified mouse IgG W6/32 (IgGh) at 27 mg/ml was
aggregated by heating at 63°C for 5 min. 300 pl of the heated

15 preparation at 20 pg/ml in PBS was added to each well of the
platelet-coated plate. The plate was incubated at 37°C for 15
min. then washed with PBS.

5. HL-60 and Jurkat cells were harvested and washed
20 in CRPMI. A viable cell count was made using trypan blue, 3 x
10% cells of each type were placed in each of 2, 10 ml test
tubes and 300 pl of 3!Cr (450 pCi) (New England Nuclear) was
added to each tube. The fubes_were incubated for 1 hr. at 37°C
with gentle agitation.

25
6. Radiolabeled cells were washed 3X in CRPMI and
pooled into one tube. They were then centrifuged and
resuspended to 4 x 10% cells per ml in the same medium.

30 7. 1.6 ml of each monoclonal antibody culture
supernatant, and 1.6 ml of purified CSLEX-1 (15 ug) were added
to separate test tubes; control tubes received 1.6 ml of
medium.

35 8. 100 pl of the labeled HL-60 of Jurkat cell

suspension (containing 4 x 10° cells) was added to each of the
tubes which contained monoclonal antibody. They were incubated
for 20 min. at 37°C with gentle agitation. Following this
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incubation period, 0.3 ml of each cell suspension (containing
7.5 x 10* cells) was added to each well of the previously
described assay plate containing bound activated platelets.

Each assay was done in triplicate.

9. The assay plate was centrifuged at 90 xg for 2
min. and then incubated for 5 min. at room temp. Unbound cells
were removed from the wells of the assay plate by inverting the
plate into a radioactive waste receptacle and blotting the

10 plate on towels. The wells were washed X3 by carefully adding
300 pl PBS to each well and inverting and blotting the plate.
All of the medium was removed from the wells and 0.3 ml of a
solution of 0.125 M Tris, 2% SDS and 10% glycerin was added.
The plates were allowed to stand for 15 min. and then 0.6 ml of

15 dHZO was added to each well.

10. The fluid in each well was resuspended with a
pipette and transferred to a glass test tube. The tip was
ejected into the tube. The tubes, including those containing

20 the input samples, were counted in a gamma counter. CPMs bound
in each well were divided by the input CPMs for each sample to
‘determine the % bound. Input CPMs were determined by counting
a 0.3 ml aliquot of each cell suspension described in step 8.

The results, shown in Fig. 6, indicate that the

25 monoclonal antibodies SNH-4 and CSLEX-1 specific for SIX
blocked the binding of HL-60 cells to GMP-140 on activated.
platelets. The monoclonal antibodies specific for Le*™ (FH2 and
SH-1) also blocked this binding but to a lesser extent. This
Example suggests that both SLX and Le®™ may be ligands for GMP-

30 140, but that the SLX structure may be of a higher affinity for
GMP-140 than the Le™ structure.

. EXAMPLE VI
Liposomes of Glyvcosphingolipids Block Binding of
35 SLX Cells‘to Activated Platelets

This Example demonstrates the ability of the
liposomes which contain SLX or SLX mimetics to block the
binding of SLX-expressing HL-60 cells and PMNs to platelets
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which have been stimulated to express GMP-140 by treatment with
Thrombin. The assays generally followe@ the protocol described
in lLarsen et al., Cell 63: 467-474 (1990), which is
incorporated herein by reference.

5 Materials:

Glycosphingolipids were prepared as described in

Example IV. The platelets were prepared as described in
Example V, except that blocking of Fc receptors was not
performed. HL60 cells were prepared as described above.

10 PMNs were prepared from 50 ml of whole blood drawn
from volunteer donors into heparinized vacutainer tubes, which
were inverted to mix the blood. All steps were performed at
22-24 degrees C.- Each 25 ml of blood was layered over 15 ml of
Mono-Poly Resolving Medium (Flow Labs). The tubes were

15 centrifuged at 800xg for 25 min followed by 1300xg for a
further 25 min. The PMN layer was removed and placed in a
clean 50cc centrifuge tube. Thirty ml of Hanks Balanced salt
Solution (Gibco) containing 20mM HEPES (Gibco) and 0.2%
glucose (Fisher) was added to each tube, which were then

20 centrifuged at 1900xg for 3 min. The PMNs were washed 3X in
the same buffer by centrifugation at 1900xg for 3 min. PMNs
were counted using a hemacytometer and resuspended to 2 x10%/ml

and held at room temperature until use.

25 Procedure
1. 20 ul of preparation of activated platelets were
- placed in each of 28 1.5 ml eppendorf tubes (14 duplicate
samples).
2. 20 ul of the diluted liposomes at 10 ug, 5 ug or
30 2 ug, or of the control buffers, were added to the appropriate
tube of each duplicate.
3. The platelets were incubated with the liposome
preparations for 20 min. at room temp.
4. Neutrophils or HL-60 cells at 2 x 10° cells/ml
35 were each added to one set of liposome treated platelets.
20 ul of cell suspension were added to each tube.
5. The tubes were mixed and allowed to stand at

room temperature for 20 min. Then they were applied to a
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hemacytometer and the cells were scored as positive (2 or more
platelets attached/cell) or negative (less than 2 platelets
attached/cell). .
As shown in Fig. 7, liposomes containing selected
5 glycolipids having terminal sequences which contained SLX (S-
diLE*, Table 1) dramatically inhibited adhesion of HL-60 cells
to activated platelets. Liposomes containing glycolipids with
Le* (di—lex) or other related carbohydrate structures (Table 1)
exhibited minimal inhibition that was not dependent on the
10 structure of the carbohydrate group. Similar results wvere
obtained with PMN cell adhesion (Fig. 8). These experiments
show that biosynthetically produced SLX or similar SLX mimetic
compounds when formulated into liposomes compositions can serve
as therapeutic compounds for, e.g., the reduction of leukocyte
15 binding to platelets in inflammatory sites.
EXAMPLE VII
Hexasaccharide SLX blocks binding of Neutrophils to platelets
In this example the ability of a minimal tetra-
saccharide SLX to inhibit GMP-140 adhesion was compared to that
. 20 of a hexasaccharide SLX. Briefly, platelets and neutrophils
were isolated by the methods described above. Platelets were
activated with thrombin and then incubated with dilutions of
various oligosaccharides. Neutrophils were added and the
effect of the saccharides on the adhesion of neutrophils to
25 activated platelets was determined. The oligosaccharides used
were as follows: SLX(hexa), NeuAca2,3Galfl,4 (Fucel,3)
GlcNacpfl,3 Galgl,4Glc-0- CH(ﬂiSlMe (the generous gift of
Professor Hasegawa, Gifu Unlver51ty, Japan) and SLX(tetra),

NeuAca2,3Galfl,4 (Fucal,3)GlcNAc.

30
Procedure
. 1. Platelets were isolated as described above and were
activated (2x10%/ml) by incubation for 20 min at room
35 temperature with thrombin at a final concentration of
0.25U/ml.
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2. Neutrophils were isolated by layering heparinized blood
over Mono-Poly Resolving Medium (Ficoll-Hypaque—Flow
Laboratories), followed by centrifugation for 25 min at
2000rpm and then, a further 25 min at 2500rpm as described

5 above.

3. For the assay, 20 pul of the platelet suspension (2x10%/m1)
was placed in an Eppendorf centrifuge tube. An equal
volume of the oligosaccharide preparations at

10 concentrations from 500 ug/ml to 2.0 ug/ml, or of
glycolipid-liposome preparations (prepared as described,
above), at concentrations from 2 pg/ml teo 0.25 upg/ml, was
added and the tubes were allowed to stand at room
temperature for 20 min. Twenty pl of the neutrophil

15 preparation (2x106/ml) was then added and the tubes were

allowed to stand for a further 20 min at room temperature.

4. Adhesion of activated platelets to the neutrophils was
assessed microscopically. One hundred neutrophils were
20 evaluated. They were scored as positive if 2 or more
platelets were attached and negative if less than 2
platelets were bound. The percent of cells with 2 or more
. bound platelets was calculated.

25 The results of two identical experiments are shown in Table 2.
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TABLE 2
AMOUNT REQUIRED FOR 50%
OLIGOSACCHARIDE INHIBITION
5 ‘ (uM)
EXPERIMENT 1 EXPERIMENT 2
SLX (hexa) 4.0 2.2
10
SILX (tetra) 69.0 54.0
Le™ ' 78.0 43.0
15

As indicated in Table 2 above, approximately 20 times more of
the SLX-tetra saccharide is required for 50% inhibition of GMP-
140 mediated binding of neutrophils to thrombin activated
platelets than of the SLX-hexa saccharide. The amount of the
20 tetra-saccharide required is approximately that needed for a
similar degree of inhibition when the non-sialylated Le* was
used. These results suggest that the 5-6 sugar SLX moiety,
especially including the GlcNAcBl,3Gal structure constitutes a
portion of the ligand for GMP-140 necessary for binding.
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EXAMPLE VIII
Blocking adhesion using variant SIX structures
This example describes experiments testing various

glycolipid structures on liposomes. In particular, SY2, a
sialylated polysaccharide in which the fucose instead of being
attached to the ultimate GlcNAc as in SIX, is attached to the
penultimate GLcNAc was tested. Platelets and neutrophils were
isolated by the methods described above. Platelets were
activated with thrombin and then incubated with dilutions of
various glycolipids embedded in liposomes prepared as described
above. Neutrophils were added and the effect of the
glycolipids on the adhesion of neutrophils to activated

platelets was determined.

structures of the various glycolipids examined are as
follows: SDiY2, NeuGce2,3Galfl, 4 (Fucal,3)GlcNacgl,3Galfl,4
(Fucal,3)GlcNAcgSl,3Galpl,4GlcBl, 1Cer; SIX, NeuGeca2,3Galpl,4
(Fucal, 3)GlcNAcfl,3Galfl,4Glcgl, 1Cer; SY2, NeuGca2,3Galpfl,4
GlcNAcB1l,3GalBl, 4 (Fucal, 3)G1lcNAcBl,3Galpl, 4Glcpl,1Cer; SH,
NeuGca2,3Galfl,4G1lcNAcgl,3Galfl,4G1lcNAcCSl,3Galfl,4G1lecpl, 1Cex;
SPG, NeuGca2,3Galfl,4GlcNAcSl,3Galfl,4Glcgl, 1Cer.

The results of two identical experiments are shown in
Table 3.
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Table 3

AMOUNT REQUIRED FOR
50% INHIBITION

(kM)

0.325

0.345

These results show that SY2 inhibited GMP-140 mediated adhesion
of neutrophils to thrombin activated platelets equally as well

as did SILX and SDiv2.
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EXAMPLE IX
Blocking adhesion using further variants of SIX
The example demonstrates that the affinity of
sialylated Le*™(SLX) for GMP-140 is the same whether the
5 terminal sialic acid is in the form N-Acetyl neuraninate
(NeuAc) or N-Glycol neuraminate (NeuGc). All materials were
prepared as described above. Platelets and neutrophils were
isolated by the methods described. Platelets were activated
with thrombin and then incubated with dilutions of various
10 glycolipids contained in liposomes. Neutrophils were added and
the effect of the glycolipids on the adhesion of neutrophils to

activated platelets was determined.

The results of an experiment in which synthetic

15 SLX(NeuAc) and a preparation of SLX prepared by enzymatic
fucosylation of of sialylparagloboside purified from bovine
erythrocytes SLX(NeuGc), were directly compared are shown in

Table 4.
20 Table 4
GLYCOLIPID SOURCE AMOUNT REQUIRED FOR
50% INHIBITION
(LM)
25
SLX (Bovine Erythrocytes) 0.74
(NeuGc)
SLX (Synthetic) 0.67
30 (NeuAc)

These results show that SLX-hexasaccharide inhibited GMP-140
' mediated adhesion of neutrophils to thrombin activated
35 platelets equally well whether the sialic acid ﬁas NeuAc or
NeuGc. This result indicates that either the N-acetyl or N-
glycollyl derivative of sialic acid would also allow
recognition of SLX by ELAM-1.
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Various glycolipids were also tested in the same

.assay. The results are presented in Figure 9Structures of the
glycolipids tested are as follows: SIX(hexa),
NeuGca2,3Galﬁl,4(Fucal,3)GlcNacﬁl,3Galﬁ1,44Glcﬁl,1Ceramide;

5 a2,3 SIX cer, NeuAca2,3Galgl, 4 (Fucal,3)GlcNAcAl, 3
GalBfl,4Glcpl, 1Ceramide; a2,6 SLX cer, NeuAca2,6Galgl, 4
(fuca1,3)GlcNacﬁ1,3GalBl,4Glcﬁ1,1Ceramide; SH, NeuGca2,3Galfil, 4
G1cNAcS1,3Galfl, 4GlcNAcBSl,3Galpl,4Glcpl,1Ceramide.

10 EXAMPLE X
Blocking adhesion using synthetic SIX
This example demonstrates that synthetic SLX binds
ELAM-1 and inhibits neutrophil adhesion to activated
endothelium. This example also shows that the linkage of the

15 sialic acid affects binding to ELAM-1.

Two synthetic compounds were prepared. One comprised
sialic acid in an @2.3 linkage, as in naturally occurring SLX.
The second comprised sialic acid in an a2,6 linkage, to examine
20 the importance of the nature of the linkage to receptor

binding.

Liposomes were prepared by adding 12 ul of absolute
ETOH to each tube, warming briefly in a 50°C water bath and
25 sonicating for 2 min. 238 ul of warm phosphate buffered saline
(PBS) was added slowly to each tube while sonicating and
sonication was continued for a further 10 min. The final

concentration of stock liposcmes was 400 ug glycolipids/ml in

5% ETOH/PBS.

30
Procedure
1. HUVECs, PMNs, and liposomes were prepared as described
above.
35

2. The stimulated HUVEC assay plate was removed from the
incubator and the wells were washed two times with RPMI

1640 containing 5 mg/ml bovine serum albumin (BSA).
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3. Liposomes stocks were diluted in the HBSS/BSA buffer to
make solutions equal to: 40 pg/ml, 30 pg/ml, 15 ug/ml, 7.5
pg/ml, 3.75 pg/ml and 1.87 pg/ml. Similar dilutions were

5 prepared from a control stock consisting of PBS-5% ETOH.

4. The medium was removed from the wells of the assay plate

with a pasteur pipette, a few wells at a time.

10 5. 0.05 ml of each liposome suspension was added to duplicate
wells on the stimulated assay plate.' Control wells
received the liposome buffer containing ethanol HBSS and
BSA at the same concentrations as in the liposome
containing wells. Control buffer was plated on

15 unstimulated and stimulated HUVEC. Liposome containing

samples were added to stimulated wells only.

6. The plates were incubated for 40 min at 37°C and then 50 ul
of PMNs were added to the assay wells. The final
20 concentration of cells was 5x10° well in 100 ul.

7. The assay plate was returned to the incubator (5% co,, 37

*C) for 8 min.

25 8. Unbound cells were removed from the wells of the assay
plates by systematic resuspension using a p200 multichannel
pipette followed by addition and removal of 0.2 ml of

medium.

30 9. All of the medium was removed from the wells and 50 pl of
' solubilization buffer was- added. This consisted of citrate
buffer (24.3 ml of 0.1 M Citric acid, 10.5 g/500 ml + 25.7
ml of 0.2 M dibasic sodium phosphate, 14.2 g/500 ml and SQ
H0 to 100 ml) containing 0.1% NO-40 detergent.

35
10. The plate was incubated on a rotary shaker for 10 min and
then 0.05 ml of OPDA solution [8 mg o-phenylene-—diamine,
Sigma cat$ P-1526, 8 pl of 30% HO, and 10 ml of citrate
_BNSDOCID: <WO, §119501A1_1_> Aragen/Transposagen Ex. 1035 - Part B
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buffer (as above)] was added to each well. The reaction
was allowed to develop for 15 min and then 25 pl of 4N
H,S0, was added to each well to stop the reaction.

11. A reagent bulk was prepared by mixing 100 ul ‘volumes of the
solubilization buffer and the OPDA solution with 50 pl of

4N H_SO,.
2 4

12. 100 pl of supernatant was removed from each of 2 wells and
transferred to- a flexible ELISA assay plate (Falcon). The
plate scanned spectrophotometrically at 492 nM within 30

min.

The results of the two experiments are presented in Table 5,

below.
Table 5
(2,6) Slex . (2,3)SLex
Concentration Mean Mean
1 20 pg/ml 0.663 0.156
2 15 pg/ml 0.636 0.270
3 7.5 pg/ml 0.602 , 0.359
4 3.75 pg/ml 0.655 0.483
5 1.87 pg/ml © 0.690 0.580
6 .47 pg/ml 0.695 0.642
7 0 pg/ml 0.710 0.716
Control +1L-1B Control -1L-1B

Concentration Mean Mean
1 20 pg/ml 0.657 0.010
2 15 ug/ml 0.740 0.010
3 7.5 pg/ml 0.658 0.013
4 3.75 ug/ml 0.698 0.009
5 1.87 ug/ml 0.725 0.014
6 .47 pg/ml 0.782 0.018
7 0 pg/ml 0.708 0.016
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These results show that liposomes containing synthetic
@(2,3)SialylLe* but not «(2,6)Sialylle™ inhibit neutrophil
adhesion to activated endothelium in an ELAM-1 dependent

5 binding assay. Thus, the a2,3 linkage of the sialic acid
appears to be necessary for recognition by ELAM-1. 1In
addition, the results show that a synthetically produced
oligosaccharide, «(2,3)Sialylle®, binds to ELAM-1 and blocks
binding of neutrophils to activated endothelium. This compound

10 or derivatives of this compound therefore constitute potential
anti-inflammatory drug candidates.

EXAMPLE XTI
Treatment of HL60 Cells with Endo-f-Galactosidase

15 This example describes experiments to determine
whether the internal f-galactose-backbone sugar linkage of
sialylated Le®™ of HL60 cells was susceptible to cleavage by
Endo-g-Galactosidase, an enzyme known to cleave an internal g-
galactose linkage in polylactosaminyl structures, but not f-gal

20 when GlaNAc is attached to mannose (core-type structures).
Procedure:

Platelets were isolated and activated with thrombin by
the methods described above. Cultured HL60 cells were treated
with endo-g-galactosidase as described below and the effect of

25 enzyme treatment on the GMP-140 mediated adhesion of HL60 cells
to activate platelets was determined.

Enzyme treatment of the HL60 cells was carried out as
follows: 12.4 x10° cells were washed twice with Hanks Balanced
Salt Solution containing 20mM HEPES and 0.2% glucose, followed

30 by a single wash step in normal saline. The endo-f-
galactosidase (0.1 Unit, ICN Chemicals, Inc., Irvine, CA) was
dissolved in 200ul normal saline and 200pl sodium acetate
buffer, pH 6.01. 200uxl (containing 0.05U of enzyme) was added
to 3 x 10° HL60 cells, and 200ul of the acetate buffer was

35 added to a similar number of cells to be used as the buffer

. control. Both tubes were incubated at 37°C for 60 min. with
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gentle shaking. The tubes were then cooled in ice and the
cells were washed three times in HBSS containing HEPES and
glucose and were then counted and suspended to 2x10%/ml.

For the assay, 20ul of Tyrode-HEPES buffer, pH 7.2 was

5 placed in an Eppendorf tube. The same volume of activated
platelets (2x10%/ml) and HL60 cells (2x10%/ml) was added and,
after nixing, the tubes were allowed to stand at room
temperature for'io min. Adhesién of platelets to the HL60
cells was assessed microscopically as described earlier for

10 adhesion of activated platelets to neutrophils.

The results of these experiments indicated that
treatment of HL60 cells with Endo-f-Galactosidase inhibited
their ability to bind to thrombin activated platelets by 87.5%.
Thus, the minimal SLX-containing tetrasaccharide ligand for

15 GMP-140 is probably attached to a lactose or polylactosaminyl

structure rather than a mannose.
EXAMPLE XII

Fucosylated Polysaccharide blocks binding
20 of Neutrophils to Platelets

In this example the ability of a fucosylated
polysaccharide to inhibit GMP-140 mediated adhesion was
compared to that of the non-fucosylated polysaccharide, é

25 hexasaccharide SLX and Le*. Briefly, platelets and neutrophils
were isolated by the methods described above. Platelets were
activated with thrombin and then incubated with dilutions of
various oligosaccharides. Neutrophils were added and the
‘effect of the saccharides on the adhesion of neutrophils to

30 activated platelets was determined. The oligosaccharides used
were as follows: Native polysaccharide and its fucosylated
derivative (the preparation of both is described, below); SLX
hexasaccharide, ILNF III (Le™) and LNF I (the structures are

described above).
35 - The conversion of a polysaccharide which contains the

linear core structure of SLX into a polyvalent SLX containing
polysaccharide was achieved by enzymatic fucosylation. The
native polysaccharide type Ia was obtained from Group B
Streptococcus as described by Jennings et al., Biochem. 22
40 1258-1263 (1983) which is incprporated heréin by reference.
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The appropriate bacterial strains are deposited with the
American Type Culture Collection and have Deposit Nos. 12400,
31574, 12401, and 31575.
To prepare the fucosylated polysaccharide, the native
5 type Ia polysaccharide 1 mg. was dissolved in a mixture of 6 uL
of 1 M manganese chloride, guanosine 5'-diphosphate B-L-fucose
with a radiolabelled tracer (specific activity 1.82 x 10°
cpm/umol), 0.9 umoles in water 90 pL and water 137 pL. To this
was added 100 pulL solution of 3/4 fucosyl transferase isolated

10 from human milk as previously described by Prieels et al.,
J.Biol.Chem. 256 10456-10463 (1981) which is incorporated
herein by reference. |

The reaction mixture of concentrated against a
membrane (100K cut off) several times with water and the

15 retentate lymphysized to give a powder. Resuspension and
counting of label indicated approximately one half (i.e., about
100) of the available acceptor side chains had been
fucosylated.

Procedure:

20 Platelets were isolated as described above and were
activated (2x10°/ml) by incubation for 20 min at room
temperature with thrombin at a final concentration of 0.25U/ml.

Neutrophils were isolated by layering heparinized
blood over Mono—-Poly Resolving Medium (Ficoll-Hypaque, Flow

25 Laboratories), followed by centrifugation for 25 min at 2000rpm
and then, a further 25 min at 2500rpm as described above.

For the assay, 20 pl of the platelet suspension
(2x10%/ml) was placed in an Eppendorf centrifuge tube. An
equal volume of the oligosaccharide preparations at

30 concentrations from 500ug/ml to 2.0ug/ml was added and the
tubes were allowed to stand at room temperature for 20 min.
Twenty ul of the neutrophil preparation (2x10%/m1) was then
added and the tubes were allowed to stand for a further 20 min
at room temperature.

35 Adhesion of activated platelets to the neutrophils was
assessed microscopically. One hundred neutrophils were
evaluated. They were scored as positive if 2 or more platelets
were attached and negative if less than 2 platelets were bound.
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The percent of cells with 2 or more bound platelets was

calculated. '
As shown in Table 6, the fucosylated polysaccharide

very efficiently inhibited GMP-140 mediated binding of

5 neutrophils to thrombin activated platelets- 50% inhibition was
achieved with less than 1lug/ml. This compared to 20ug/ml which
was required of the native polysaccharide and 8ug/ml of the SIX

hexasaccharide for a similar degree of inhibition.

10
TABLE 6
OLIGOSACCHARIDE AMOUNT REQUIRED FOR
50% INHIBITION

15 (pg/ml)

Native Polysaccharide 20
20 Fucosylated Polysaccharide <1

SLX Hexasaccharide 8

LNF III (Le™) 35
25

INF I No Inhibition
30

Although the foregoing invention has been described in
some detail by way of illustration and example for purposes of
clarity of understanding, it will be apparent that cexrtain

35 changes and modifications may be practiced within the scope of

the appended claims.
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WHAT IS CLAIMED JIS:

1. A pharmaceutical composition comprising a
pharmaceutically acceptable carrier and a compound having a
5 selectin-binding oligosaccharide moiety.

2. A composition of claim 1, wherein the
oligosaccharide moiety contains fucose and sialic acid.

10 3. A composition of claim 1, vwherein the
oligosaccharide moiety is Fg—Galﬁ1,4(Fucal,B)GlcNAcﬁl—Rz,
wherein

R, is selected from the group consisting of
NeuAca2,3, NeuGca2,3, Neuica2,3Galfl,4GlcNAcgl,3, and
15 NeuGca2,3GalBl,4GlcNAcpl,3; and
R, is selected from the group consisting of
1,3B8Gal, 1,2aMan, and 1,6cGalNAc.

4. A composition of claim 1, wherein the
20 oligosaccharide moiety is on a polysaccharide.

5. A composition of claim 4 wherein the
polysaccharide is a fucosylated polysaccharide type Ia of Group
' B streptococcus.
25

6. A composition of claim 5 wherein the
polysaccharide has molecular weight between about 5,000 and
300,000 daltons.

30 7. A composition of claim 5 wherein the

polysaccharide comprises between about 5 and about 200

fucosylated side chains.

8. A composition of claim 7 wherein the
35 polysaccharide comprises between about 50 and about 150

fucosylated side chains.
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9. A composition of claim 1 wherein the compound is

a glycoprotein or a glycolipid.

10. A composition of claim 1, wherein selectin-
5 binding moiety binds a selectin receptor expressed on a

vascular endothelial cell or a platelet.

11. A composition of claim 1, wherein the cell

surface receptor is ELAM-1 or GMP-140.

10
12. A pharmaceutical composition which comprises a
pharmaceutically acceptable carrier and a liposome having a
compound which comprises a selectin-binding oligosaccharide
moiety.
15

15;~.A%ébm56§£%ion of claim 12, wherein the liposome

encapsulates an anti-inflammatory chemotherapeutic agent.

14. A composition of claim 12, wherein the anti-

20 inflammatory agent is cyclosporin A.

15. A composition of claim 12, wherein the
oligosaccharide moiety comprises a fucose and a sialic acid
' residue.
25
16. A composition of claim 12, wherein the
oligosaccharide moiety is Ri—Ga1ﬁ1,4(Fuca1,3)GlcNAcﬁl—{%,
wherein ‘
R, is selected from the group consisting of
30 NeuAca2,3, NeuGea2,3, NeuAca2,3Galfl,4GlcNAcfl,3, and

NeuGca2,3GalBl,4G1lcNAcSl,3; and
R, is selected from the group consisting of

1,38Gal, 1,2aMan, and 1,6aGalNAc.

35 17. A composition of claim 12 wherein the compound

is a glycoprotein.
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18. A composition of claim 12 wherein the
glycoprotein has a molecular weight between 40,000 and about
250,000 daltons.

5 19. A composition of claim 1, wherein the compound

is a glycolipid.

20. A composition of claim 14, wherein the
glycolipid has a molecular weight between about 600 and about

10 4,000 daltons.

21. A composition of claim 12, wherein the compound

is an oligosaccharide.

15 22. A composition of claim 12, wherein the selectin-
binding moiety binds a selectin receptor expressed on a

vascular endothelial cell or a platelet.

23. A pharmaceutical composition comprising a
20 pharmaceutically acceptable carrier and a compound having an
oligosaccharide moiety capable of selectively binding a

selectin, the compound comprising:

=%,
wherein
25 1, is the oligosaccharideAmoiety and is selected
from the group consisting of SLX and S5Y2;
X, is selected from the group consisting of H,
OH, NH,, NHR,, OR,, OAryl, OAlkylAryl, OCeramide, R,,
Aryl, and AlkylAryl, vwherein R, is a C,-C,, alkyl.
30 '
24. A compound of claim 23, wherein L is linked to
Y Y
I
35 —NH—C—NH—(CH,) ,—NH—-C-NH—, or
X Y
I
~NH—C—NE—(CH,) ,—W—(CH,) —NH—C-NH—
40
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wherein, n and m are the same or different and are integers

from 2 to 12; Y is O or S; and W is 0, S, or NH; or to
Y Y
I I
—NH—C—NH-Z—-NH-C-NH— ,

wherein, n and m are integers from 2 to about 12;
Y is 0 or S; and
W is 0, S, or NH, or to

v Y
| I
~NH-C—NH-Z—NH—C—NH- ,

wherein, Z is a 5~ to l4-membered ring and the substituents on
the ring are in a cis- or trans-relationship, and the
substituents are in a 1,2 to 1, (p/2)+1 arrangement, where p is

the size of the ring.

25. A composition comprising a heterocyclic compound
having two nitrogen atoms and two oligosaccharide moieties of

claim 23, each moiety being linked to a nitrogen atom.

26. A composition of claim 25, wherein the
heterocyclic compound is a six or seven membered ring, selected

from the group of piperazine or homopiperazine.

27. A composition comprising an amino acid linked to

the oligosaccharide moiety of claim 23.

28. A composition of claim 27, wherein the amino
acid is lysine, homolysine, ornithine, diaminobutyric acid,

asparagine or diaminopropionic acid.

29. A composition of claim 28, wherein the amino

acid is incorporated in an oligopeptide.
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30. A composition of claim 29, wherein the
oligopeptide comprises lysine, homolysine, ornithine,

diaminobutyric acid, asparagine or diaminopropionic acid.

5 31. A composition of claim 30, wherein the
oligopeptide further comprises an alanine, tyrosine or
radioiodinated tyrosine.

32. A composition of claim 31, wherein the
10 oligopeptide comprises, in a direction from the N-terminus to
the C—terﬁinus,

L L
| ]
15 I-Lys—Lys or
L L L

I—Lys—R —Lys—R_—Lys—3ala,
20 1 2
wherein R, and R, are any amino acid residue.

33. A pharmaceutical composition comprising a
pharmaceutically acceptable carrier and an immunoglobulin
25 capable of selectively binding an oligosaccharide ligand
recognized by a selectin cell surface receptor.

34. A composition of claim 33 wherein the ligand
_ comprises the sequence NeuAca2,3Galpfl,4(al,3Fuc)GlcNAcgl.
30 '
35. A composition of claim 33, wherein the

oligosaccharide ligand is expressed by a leukocyte.

_ 36. A composition of claim 33, wherein the selectin
- 35 is expressed by a vascular endothelial cell or a platelet.

37. A composition of claim 33, wherein the selectin
is ELaM-1.

40 - 38. A composition of claim 33, wherein the
immunoglobulin is CSLEX-1, FHS, SNH,, SNH, & or VIM-2.
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39. A composition of claim 33, wherein the

composition is in unit dosage form.

40. A pharmaceutical composition for inhibiting
5 selectin-mediated intercellular adhesion which comprises a
compound capable of selectively binding a selectin receptor.

41. A composition of claim 40, wherein the compound
comprises an oligosaccharide moiety having a fucose and a

10 sialic acid residue.

42. A composition of claim 41, wherein the

oligosaccharide moiety is SLX or SY2.

15 43. A composition of claim 40 wherein the compound

is an immunoglobulin.

44. A composition of claim 40, wherein the cell
surface receptor is expressed on vascular endothelial cells or

20 platelets.

45. A composition of claim 40, wherein the cell

surface receptor is ELAM-1 or GMP-140.

25 46. A composition of claim 40 wherein the selectin-
mediated intercellular adhesion is associated with an

inflammatory disease response.

47. A composition of claim 46, wherein the
30 inflammatory disease process is reperfusion injury, asthma,

psoriasis, septic shock or nephritis.

48. A method for inhibiting selectin-mediated
intercellular adhesion in a patient, the method comprising
35 administering a therapeutically effective dose of the

pharmaceutical composition of claims 1, 12, 23, 33.
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49. A method of claim 48, wherein the intercellular

adhesion is associated with an inflammatory condition.

50. A method of claim 49, wherein the inflammatory
5 condition is reperfusion injury, asthma, psoriasis, septic

shock, or nephritis.

51. A method of inhibiting intercellular adhesion
mediated by a selectin cell surface receptor in a patient, the
10 method comprising administering to the patient a
therapeutically effective dose of a compound having at least
one oligosaccharide moiety capable of selectively binding the

cell surface receptor.

15 52. A method of claim 51, wherein the
oligosaccharide moiety comprises a fucose and a sialic acid
residue. |

53. A method of claim 51, wherein the
20 oligosaccharide moiety is Ri-Galﬁl,4(Fucal,B)GlcNAcﬁl—Rz,

wherein
R is selected from the group consisting of
NeuAca2,3, NeuGca2,3, NeuAca2,3Galfl,4GlcNAcgl,3, and
NeuGca2,3Galpl,4G1lcNAcBl,3: and
25 R, is selected from the group consisting of
N 1,38Gal, 1,2aMan, and 1, 6aGalNAc.

54. A method of claim 51, wherein the cell surface
receptor is ELAM-1 or GMP-140.
30 .
55. A method of claim 51 wherein the oligosaccharide

moiety is on a liposome.

56. A method of claim 51 wherein the oligosaccharide
35 moiety is on a polysaccharide.
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57. A method of claim 51 wherein the polysaccharide
is a fucosylated polysaccharide type Ia of Group B

streptococcus.

5 58. A method of claim 51, wherein the selectin
mediates adhesion of a leukocyte, monocyte or neutrophil to the

endothelial cell.

59. A method of claim 51, wherein the intercellular

10 adhesion is associated with an inflammatory condition.

60. A method of claim 59, wherein the inflammatory
condition is reperfusion injury, asthma, psoriasis, septic
shock, nephritis, or traumatic shock.

15
61. A method of claim 51, wherein the intercellular

adhesion is associated with metastasis.

62. A method of treating an inflammatory disease
20 process mediated by a selectin cell surface receptor in a
patient, the method comprising administering to the patient a
therapeutically effective dose of a biomolecule having an
oligosaccharide moiety capable of selectively binding the cell
surface receptor.

25
63. A method of claim 62, wherein the

oligosaccharide moiety contains sialic acid and fucose.

64. A method of claim 62, wherein the biomolecule
30 has a chemical formula selected from the group consisting of
NeuAca2,3Galﬁl,4(Fucal,3)GlcNAcBl-R1,
NeuGca2,3Galfl, 4 (Fucal, 3) GI1cNACEL1-R , and
NeuGcaZ,3Galﬁ1,4GlcNAQB1,3Ga1ﬁ1,4(Fucal,3)GlcNAcﬁl—Rl;
wherein R is selected from the group consisiting of an amino
35 acid, an oligopeptide, a protein, a glycoprotein, and a

polysaccharide.
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65. A method of claim 62, wherein the cell surface
receptor is ELAM-1 or GMP-140.

66. A method of assaying a test compound for the
5 ability to inhibit selectin-mediated cellular adhesion, the
method comprising the steps of:
contacting the test compound with a selectin
receptor and an isolated selectin-binding agent; and
detecting the ability of the test compound to
10 inhibit binding between the receptor and the agent.

67. A method of claim 66 wherein the agent comprises

an SLX moiety, an SIX mimetic, or an immunoblogulin.

15 68. A method of claim 66 wherein the receptor is on
an activated endothelial cell or a platelet.

69. A method of claim 66 wherein the receptor, the
agent, or the test compound is labelled.
20
70. A method of claim 66 wherein the receptor or the
agent are immobilized on a solid surface.

71. A method of claim 66 wherein the step of
25 detecting the inhibition of binding is carried out by detecting
a physiological change in a cell bearing the receptor.

72. A method of claim 66 wherein the test compound
is an oligosaccharide or a glycoconjugate.
30
73. A method of claim 66 wherein the test compound
comprises fucose and sialic acid.

74. A method of claim 73 wherein the test compound
35 comprises an SLX moiety.

75. A method of claim 66 wherein the test compoﬁnd
is an immunoblogulin.
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76. A method of assaying for the ability of an
oligosaccharide moiety to selectively bind a selectin receptor,
the method comprising contacting a test compound having the

5 moiety with the receptor and determining the binding of the

compound to the receptor.

77. A method of claim 76 wherein the test compound

is labelled.

10
78. A method of claim 76 wherein the receptor is

immobilized on a solid surface.

79. A method of claim 76 wherein the moiety

15 comprises fucose and sialic acid.

80. A method of claim 76 wherein the step of
contacting further comprises contacting the test compound with
a selectin-binding agent and the step of determining binding is
20 carried out by detecting the inhibition of binding between the

receptor and the agent.

81. A method of claim 80 wherein the agent is an

immunoblogulin.

25
82. A method of claim 80 wherein the agent comprises

an SLX moiety.

83. A method of assaying a test compound for the

30 ability to selectively bind an SLX moiety, the method
comprising contacting the test compound with an isolated SILX
moiety and determining the binding of the compound to the

isolated SLX moiety.

35 84. A method of claim 83 wherein the isolated SIX

moiety is immobilized on a solid surface.
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85. A method of claim 83 wherein the test compound
is labelled.

86. A method of claim 83 wherein the test compound
5 is an immunoblogulin.

87. A method of claim 83 wherein the step of
contacting further comprises contacting the test compound with
an SLX-binding agent and the step of determining binding is

10 carried out by detecting the inhibition of binding between the
isolated SIX moiety and the SLX-binding agent.

88. A method of claim 87 wherein the
SLX-binding agent is an immunoglobulin.
15
89. A method of claim 87 wherein the SLX-binding
aéent is a selectin receptor. .

90. A pharmaceutical composition comprising a

20 suitable carrier and a compound having a selectin-binding

oligosaccharide moeity having the formula:

R; - Galgpl, 4 (Ry)GlcNacf - R,

wherein, R; is NeuAca2,3; NeuGca2,3; NeuAcaZz,

3GalB1l,4GlcNAcS1, 3;
25 or NeuGca2,3Galfl,4GlcNacBpl,3;

R, is L-Fucel,3; D-Fuceal,3; Araal,3; (R,S8)-5-alkyl-Aracl,3

or (R,S)-5-aryl-Araal,3; '

Rz is 1,3FGal; 1,2aMan; or 1,6aGalNAc.

30 91. A composition of claim 90, wherein the
oligosaccharide moiety is on a glycoprotein or glycolipid.

92. A composition of claim 90, wherein the
oligosaccharide moiety binds a selectin receptor expressed on a

35 vascular endothelial cell or a platelet.

93. A composition of claim 90, wherein the cell
surface receptor is ELAM-1 or GMP-140.
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Itemized summary of claims grouplags

»

L. viaims 1-63 and 99-9%, drawn to pharmaceutical
compositions comprising compounds and a Ifirst metnod of using the
compositions, classified in Class 424 subclass 85.8, Class 424
supbclass 43¢, CTlass 314 subclass 8, Class 514 subclass 23, and
Class 336 subclass 123.

19 There are independent and distinct species pertinent to the
invention ot Group IL. The Ifirst named species, the moiety
contains fucose and sialic acid and the compound is a
polysaccharide (claims 4-8, 1@, 11 and 95@), will be searched to
the extznt that claims 1-55 and 90-93 embrace 1it. Note that a

13 search oI any other additional species within Group I requires

payment or additional fees. The aaditional specaies are:

arthe compound 1s a glycopeptide or glycoprotein (claims 9,
27-32 and Y1) ;

b)the compound is a glycolipid (claims 9, 19, 23, 24 and

1

20 91);
c)the composition comprises a liposaome (claims 12-18 and 20-
22);
d)the compound s heterocyclic (claims 25 and 26);
e)the compeosition comprises an immunoglobulan (claims T3-
z5 39,

1I. Claims ©6-73, drawvn to a method of assaying a test
compound for the ability tao inhibat selectin-mediated cellular
adhesion, classifiied.in Class 424 subclass 85.8, Class 3530

30 subclass 35@ and Class S36 subclass 123.

There are independent and distinct species pertinent to the
invention oi Group II. The first named sgpecies, the agent
comprises an SLX moiety, the receptor 1s on an activated
endothelial cell, any of which may bpe labeled or immaobilized

35 (claims 66-70 and 72-735), will be searched to the extent that
claims 66-75 embrace it upon payment of the requisite fee for
LGroup [I. Note that a search of any otner additiocnal species

withain Group II requires payment of add;tlonal fees. The
aaditional species are:

42 If)the agent comprises an SLX mimetic (claim &7);
gi'the agent comprises an immunoglobulin (claim &87);
h)the step of detecting is carried out by detecting

phy51olog1cal change 1n a cell (clzaim 71).

.

49 III. Claims 76-82, drawn to a method of assaying for the
ability of an oligosaccharaide moiety to selectively bind a i
selectin receptor, classified 1n Class 424 subclass 85.8, Class '
545 subclass 123 and Class S39 subciass 350.
There are independent and distinct species pertinent to tne
=1%) invention of Group I[II. The first nameda species, the method
HSDOGIE: <WO—srissomarl> Aragen/Transposagen Ex. 1035 - Part B



Y

ly

—
o

<2

1]

Lo
wn

JSDOCID: <WO.

>

seri1al No. PCT/US91/03592
Art Unit =< IB3

comprises contacting tne t=st compound with a seiectin-

turtiner
the agent 1= i1mmunoglobulin (claims 8v-81),

cinding agent whsreln

wili oe¢ s2arcnea to ths extent tnat claims 76-82 embrace i1t upon
payment oi the requisite f=e for Group III. Note that a search
OX 2ay otner additional zpecies waithin Group III requires payment
01 additional rees. The additional species is

1)the agent 1s an SLX moiety (claaim 82).

Iv. Claims 83-89Y, drawn to a method of assaying a test
compound for the ability to selectively bind an SLX moiety,
Classified 1n Class 536, subclass 123, Class 424 subclas=s &85.8
and Class 530 subclass 350.

There are i1ndependent and distanct species pertanent to the
invention of Graoup [V. The first named species, tnhe method
further comprises contacting the test compound with an SLX-
binding agent which is an immunoglobulin (claims 87-88), will be
Searched to the extent that claims 83-89 embrace it upon payment -
Ol the requisaite fee for Group IV. Note that a search of any
other additional species withain Group IV requires payment of

additional fees. The additional species is:
J)tne SLX-binding agent is a selectin receptor (claim &9).

The inventions are distinct, each from the other because of

the Icllowing reasans:

The process or Group I
processes of Groups II, III

1s materially distinct from the
and IV because the administration of

a therapeutically effectaive dose is practiced with materially
difierent process steps and has materially different purposes

from the steps and purpeses oI testing compounds.

The inventions of Groups II, III and IV are distinct and
independent each from the other as the claimed process steps are
dif:ierent, and the modes of detecting are different. '

PCT Rules 13.1 and 13.2 do not provide for multiple distinct
methods within a single general inventive concept.
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GLYCOSYLATION ENGINEERING OF ANTIBODIES FOR IMPROVING
ANTIBODY-DEPENDENT CELLULAR CYTOTOXICITY

1. RELATION TO OTHER APPLICATIONS
5 This application claims priority to United States Provisional Application
Serial No. 60/082,581, filed April 20, 1998, incorporated herein by reference in its

entirety.

1L FIELD OF THE INVENTION

10 The present invention relates to the field of glycosylation engineering of
proteins. More particularly, the present invention relates to glycosylation engineering
to generate proteins with improved therapeutic properties, including antibodies with

enhanced antibody-dependent cellular cytotoxicity.

15 IIL - BACKGROUND OF THE INVENTION

Glycoproteins mediate many essential functions in human beings, other
eukaryotic organisms, and some prokaryotes, inéluding catalysis, signalling, cell-cell
communication, and molecular recognition and association. They make up the majority
of non-cytosolic proteins in eukaryotic organisms. Lis and Sharon, 1993, Eur. J.

20 Biochem. 218:1-27. Many glycoproteins have been exploited for therapeutic purposes,
and during the last two decades, recombinant versions of naturally-occurring, secreted
glycoproteins.have been a major product of the biotechnology industry. Examples
include erythropoietin (EPO), therapeutic monoclonal antibodies (therapeutic mAbs),
tissue plasminogen activator (tPA), interferon-f, (IFN-B), granulocyte-macrophage

25 colony stimulating factor (GM-CSF), and human chorionic gonadotrophin (hCH).
Cumming ef al., 1991, Glycobiology 1:115-130.

The oligosaccharide component can significantly affect properties relevant to
the efficacy of a therapeutic glycoprotein, including physical stability, resistance to
protease attack, interactions with the immune system, pharmacokinetics, and specific

30 biological activity. Such properties may depend not only on the presence or absence,
but also on the specific structures, of oligosaccharides. Some generalizations between
oligosaccharide structure and glycoprotein function can be made. For example. certain

oligosaccharide structures mediate rapid clearance of the glycoprotein from the
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bloodstream through interactions with specific carbohydrate binding proteins, while
others can be bound by antibodies and trigger undesired immune reactions. Jenkins ef
al., 1996, Nature Biotechn. 14:975-981.
Mammalian cells are the preferred hosts for production of therapeutic
5 glycoproteins, due to their capability to glycosylate proteins in the most compatible
* form for human application. Cumming, 1991, supra; Jenkins et al., 1996, supra.
Bacteria very rarely glycosylate proteins, and like other types of common hosts, such as
yeasts, filamentous fungi, insect and plant cells, yield glycosylation patterns associated
with rapid clearance from the blood stream, undesirable immune interactions, and in
10 some specific cases, reduced biological activity. Among mammalian cells, Chinese
hamster ovary (CHO) cclls have been most commonly used during the last two decades.
In addition 10 giving suitable glycosylation patterns, these cells allow consistent
generation of penctically stable. highly productive clonal cell lines. They can be
cultured to high densities in simple bioreactors using serum-free media, and permit the
15 development of safe and reproducible bioprocesses. Other commonly used animal cells
include baby hamster kidney (BHK) cells, NSO- and SP2/0-mouse myeloma cells.
More recentls. production from transgenic animals has also been tested. Jenkins et al.,
1996. supra.
The glyeosylation of recombinant therapeutic proteins produced in animal
20 cells can be engincered by overexpression of glycosyl! transferase genes in host cells.
Bailcy. 1991, Science 252:1668-1675. However, previous work in this field has only
used constitutive expression of the glycoprotein-modifying glycosyl transferase genes,

and little attention has been paid to the expression level.

25 IV, SUMMARY OF THE INVENTION
The present invention is directed, generally, to host cells and methods for the
generation of proteins having an altered glycosylation pattern resulting in improved
therapeutic values. In one speciﬁé embodiment, the invention is directed to rhos_t cells
that have been engineered such that they are capablé of expressing a preferred range of a
30 glycoprotein-modifying glycosyl transferase activity which increases complex N-linked
oligosaccharides carryving bisecting GIcNAc. In other embodiments, the present
invention is directed to methods for the generation of modified glvcoforms of

glycoproteins, for example antibodies, including whole antibody molecules, antibody
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fragments, or fusion proteins that include a region equivalent to the Fc region of an
immunoglobulin, having an enhanced Fc-mediated cellular cytotoxicity, and
glycoproteins so generated. The invention is based, in part, on the inventors' discovery
that there is an optimal range of glycoprotein-modifying glycosy! transferase expression
5 for the maximization of complex N-linked oligosaccharides carrying bisecting GlcNAc.
More specifically, the present invention is directed to a method for
producing altered glycoforms of proteins having improved therapeutic values, e.g., an
antibody which has an enhanced antibody dependent cellular cytotoxicity (ADCC), in a
host cell. The invention provides host cells which harbor a nucleic acid encoding the
10 protein of interest, e.g., an antibody, and at least one nucleic acid encoding a
glycoprotein-modifying glycosyl transferase. Further, the present invention provides
methods and protocols of culturing such host cells under conditions which permit the
expression of said protein of interest, e: g., the antibody having enhanced antibody
dependent cellular cytotoxicity. Further, methods for isolating the so generated protein
15 having an aliered glycosylation pattern, e.g., the antibody with enhanced antibody
dependent cellular cytotoxicity, are described. .
Furthermore, the present invention provides alternative glycoforms of
proteins having improved therapeutic properties. The proteins of the invention include
antibodies with an enhanced antibody-dependent cellular cytotoxicity (ADCC), which

20 have been generated using the disclosed methods and host cells.

V. BRIEF DESCRIPTION OF THE DRAWINGS .
‘ FIGURE 1 depicts the representation of typical Fc-associated
oligosaccharide structures.

25 FIGURE 2 depicts a Western blot analysis of tetracycline-regulated
expression of GnT 111 in two different tTA-producing CHO clones. CHOt2 (lanes A
and B) and CHOLt17 (lanes C and D) cells were transfected with the pUDH10-3GnTIIIm
expression vector and cultured for 36 h in the absence (lanes A and C) or presence of
tetracvcline, at a concentration of 400 ng/ml (lanes B and D). Cell lysates were then

30 prepared for western blot analysis probing with an antibody (9E10), which recognizes
specifically the c-myc tag added to GnT IlI at its carboxy-terminus.

FIGURE 3 depicts determination of the range of tetracycline concentrations

where myc-tagged GnT 111 expression can be controlled. CHOt17 cells were transfected

)
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with the pUDH10-3-GnTIIlm expression vector and then cultured for 48h in the
presence of the indicated concentrations of tetracycline. GnT Il levels in cell lysates
from these cultures were compared using western blot analysis. GnT III was detected
via the c-myc tag using 9E10 antibody.

5 FIGURES 4A through 4B depict screening of CHO clones for stable,
tetracycline-regulated expression of GnT V (FIGURE 4A) or myc-tagged GnT III
(FIGURE 4B) glycosyltransferases by western blot analysis. CHOt17 cells were co-
transfected with a vector for expression of puromycin resistance (pPUR) and either
pUHD10-3GnTV (FIGURE 4A) or pUDH10-3GnTIIIm (FIGURE 4B) and stable CHO

10 clones were selected for resistance to puromycin (7.5 u/ml), in the presence of
tetracycline (2 ug/ml). Eight clones (1-8) for each glycosyltransferase were cultured for
48 h in the absence or presence (+) of tetracycline (2 xg/ml) and analysed by western
blot using either an anti-GnT V antibody (FIGURE 4A) or an anti-myc (9E10) antibody
(FIGURE 4B).

15 FIGURES 5A and 5B depict verification of activity of heterologous GnT V
(FIGURE 5A) and Gn T III (FIGURE 5B) glycosyltransferaseas in vivo by lectin blot
analysis. Cellular glycoproteins from various stable clones (numbered as in FIGURE
4), cultured in the absence or presence (+) of tetracycline (2 ug/ml), were resolved by
SDS-PAGE, blotted to a membrane, and probed with either L-PHA (FIGURE 5A) or E-

20 PHA (FIGURE 5B) lectins. These iectins bind with higher affinity to the
oligosaccharide products of reactions catalyzed by GnT V and GnT III, respectively,
than to the oligosaccharide substrates of these reactions. A molecular weight marker
(MWM) was run in parallel. A cqrhparison of lectin blots in FIGURES 5A and 5B
indicates a broader range of substrates, among the endogenous CHO cell glycoproteins,

25 for GnT III (FIGURE 5B) than for GnT V (FIGURE 5A).

FIGURES 6A through 6D depict inhibition of cell growth upon
glycosyltransferase overexpression. CHO-tet-GnTIIIm cells were seeded to 5-10%
confluency and cultured in the absence (FIGURES 6A and 6B) or presence (FIGURES
6C and 6D) of tetracycline. Cultures were photographed 45 (FIGURES 6A and 6C) and

30 85 (FIGURES 16B and 6D) hours after seeding.

FIGURE 7 depicts sequences of oligonucleotide primers used in PCRs for
the construction of the chCE7 heavy chain gene. Forward and reverse primers are

identified by the suffixes ".fwd" and ".rev", respectively. Overlaps between different

4
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primers, necessary to carry out secondary PCR steps using the product of a primary
PCR step as a template, are indicated. Restriction sites introduced, sequences annealing
to the CE7 chimeric genomic DNA, and the synthetic leader sequence introduced, are
also indicated.

5 FIGURE 8 depicts sequences of oligonucleotide primers used in PCRs for
the construction of the chCE7 light chain gene. Forward and reverse primers are
identified by the suffixes ".fwd" and ".rev" respectively. Overlaps between different
primers, necessary to carry out secondary PCR steps using as a template the product of a
primary PCR step, are indicated. Restriction sites introduced, sequences annealing to

10 the CE7 chimeric genomic DNA, and the leader sequence -introduced, are also indicated.

FIGURE 9 depicts MALDI/TOF-MS spectra of neutral oligosaccharide
mixtures from chCE7 samples produced either by SP2/0 mouse myeloma cells
(FIGURE 9A, oligosaccharides from 50 ng of CE7-SP2/0), or by CHO-tetGnTIII-
chCE?7 cell cultures differing in the concentration of tetracycline added to the media,

15 and therefore expressing the GnT III gene at different levels. In decreasing order of
tetracycline concentration, i.e., increasing levels of GnT III gene expression, the latter
samples are: CE7-2000t (FIGURE 9B, oligosaccharides from 37.5ug of antibody),
CE7-60t (FIGURE 9C, oligosaccharides from 37.5 ug of antibody, CE7-30t (FIGURE
9D, oligosaccharides from 25 ug of antibody) and CE7-15t (FIGURE 9E,

20 oligosaccharides from 10 g of antibody).

FIGURE 10 depicts N-linked oligosaccharide biosynthetic pathways leading
to bisected complex oligosaccharides via a GnT Ill-catalyzed reaction. M stands for
Mannose; Gn, N-acetylglucosamine (G1cNAc); G, galactose; Gn®, bisecting G1cNAc; f,
fucose. The oligosaccharide nomenclature consists of enumerating the M, Gn, and G

25 residues attached to the core oligosaccharide and indicating the presence of a bisecting
GlcNAc by including a Gn®. The oligosaccharide core is itself composed of 2 Gn
residues and may or may not include a fucose. The major classes of oligosaccharides
are shown inside dotted frames. Man I stands for Golgi mannosidase; GnT, G1cNAc
transferase; and GalT, for galactosyltransferase. The mass associated with the major,

30 sodium-associated oligosaccharide ion that is observed MALDI/TOF-MS analysis is
shown beside each oligosaccharide. For oligosaccharides which can potentially be core-
fucosylated, the masses associated with both fucosylated (+f) and non-fucosylated (-f)

forms are shown.
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FIGURE 11 depicts N-linked oligosaccharide biosynthetic pathway leading
to bisected complex and bisected hybrid oligosaccharides via GnT Ill-catalyzed
reactions. M stands for mannose; Gn N-acetylglucosamine (G1cNAc); G, galactose;
Gn®, bisecting G1cNAg; f, fucose. The oligosaccharide nomenclature consists of

5 enumerating the M, Gn, and G residues attached to the common oligosaccharide and
indicating the presence of bisecting G1cNAc by including a Gn®. The oligosaccharide
core is itself composed of 2 Gn residues and may or not include a fucose. The major
classes of oligosaccharides are shown inside dotted frames. Man I stands for Golgi
mannosidase; TnT, G1cNAc transferase; and GalT, for galactosyltransferase. The mass

10 associated with major, sodium-associated oligosaccharide ion that is observed in
MALDI/TOF-MS analysis is shown beside each oligosaccharide. For oligosaccharides
which can potentially be core-fucosylated, the masses associated with both fucosylated
(+1) and non -fucosylated (-f) forms are shown.

FIGURE 12 depicts ADCC activity of different chCE7 samples. Lysis of

15 IMR-32 ncuroblastoma cells by human lymphocytes (target:effector ratio of 1:19, 16 h
incubation at 37 °C), mediated by different concentrations of chCE7 samples, was
measured via retention of a fluorescent dye. The percentage of cytotoxicity is
calculated relative to a total lysis control (by means of a detergent), after subtraction of
the signal in the absence of antibody.

20 FIGURE 13 depicts the GnT Il expression of different cultures of CHO-tet-
GnTIHI grown at different tetracycline concentrations used to produce distinct C2B8
antibody samples. Cell lysates from each culture grown at 2000ng/ml (Lane C) and
25ng/ml (Lane D) tetracycline cohccntrations were resolved by SDS-PAGE, blotted
onto 2 membranc. and probed with 9E10 (see supra) and anti-mouse horseradish

25 pcroxi.dasc as primary and secondary antibodies, respectively. Lane A depicts a
negative control.

FIGURES 14A and 14B depict the specificity of antigen binding of the
C2BS$ anti-CD20 monoclonal antibody using an indirect immunofluorescence assay
with cells in suspension. CD20 positive cells (SB cells; ATCC deposit no.ATCC

30 CCL120) and CD20 negative cells (HSB cells; ATCC deposit no. ATCC CCL120.1),
FIGURE 14A and 14B respectively, were utilized. Cells of each type were incubated
with C2B8 antibody produced at 25ng/m tetracycline as a primary antibody. Negative

* controls included HBSSB instead of primary antibody. An anti-human 1gG Fc specific,

6
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polycional, FITC conjugated antibody was used for all samples as a secondary antibody.
FIGURE 15 depicts the ADCC activity of different C2B8 antibody samples
at different antibody concentrations (0.04-5ug/ml). Sample C2B8-nt represents the
ADCC activity of the C2B8 antibody produced in a cell line without GnT 111
5 expression. Samples C2B8-2000t, C2B8-50t and C2B8-25t show the ADCC activity of
| -three antibody samples produced at decreasing tetracycline concentrations (i.e.,

increasing GnT III expression).

VI DEFINITIONS

10 Terms are used herein as generally used in the art, unless otherwise defined
in the following:

As used herein, the term antibody is intended to include whole antibody
molecules, antibody fragments, or fusion proteins that include a region equivalent to the
Fc region of an immunoglobulin.

15 As used herein, the term glycoprotein-modifying glycosyl transferase refers
to an enzyme that effects modification of the glycosylation pattern of a glycoprotein.
Examples of glycoprotein-modifying glycosyl transferases include, but are not limited
to glycosyl transferases such as GnT III, GnT V, GalT, and Man II.

As used herein, the term glycosylation engineering is considered to include

20 any sort of change to the glycosylation pattern of a naturally occurring polypeptide or
fragment thereof. Glycosylation engineering includes metabolic engineering of the
glycosylation machinery of a cell, including genetic manipulations of the
oligosaccharide synthesis pathways to achieve altered glycosylation of glycoproteins
expressed in cells. Furthermore, glycosylation engineering includes the effects of

25 mutations and cell environment on glycosylation.

As used herein, the term host cell covers any kind of cellular system which
can be engineered to generate modified glycoforms of proteins, protein fragments, or
peptides of interest, including antibodies and antibody fragments. Typically, the host
cells have been manipulated to express optimized levels of at least one glycoprotein-

30 modifying glycosyl transferase, including, but not limited to GnT 111, GnT V, GalT, and
Man 11, and/or at least one glycosidase. Host cells include cultured cells, e.g.,
mammalian cultured cells. such as CHO cells, BHK cells, NSO cells, SP2/0 cells, or

hybridoma cells, yeast cells, and insect cells, to name only few, but also cells comprised

7
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within a transgenic animal or cultured tissue.

As used herein, the term Fe-mediated cellular cytotoxicity is intended to
include antibody dependent cellular cytotoxicity (ADCC), and cellular cytotoxicity
directed to those cells that have been engineered to express on their cell surface an

5 Fc-region or equivalent region of an immunoglobin G, and cellular cytotoxicity
mediated by a soluble fusion protein consisting of a target protein domain fused to the

N-terminus of an Fc-region or equivalent region of an immunoglobulin G.

VIL DETAILED DESCRIPTION OF THE INVENTION

10 A. General Overview

The objective of the present invention is to provide glycoforms of

proteins, in particular antibodies, including whole antibody molecules, antibody
fragments, or fusion proteins that include a region equivalent to the Fc region of an
immunoglobulin, to produce new variants of a therapeutic protein. The invention is

15 based, in part, on the inventors' discovery that the glycosylation reaction network of a
cell can be manipulated to maximize the proportion of certain glycoforms within the
population, and that certain glycoforms have improved therapeutic characteristics. The
invention is further based, in part, on the discovery of ways to identify glycoforms of
proteins which have an improved therapeutic value, and how to generate them

20 reproducibly. The invention is further based, in part, on the discovery that there is a _
preferred range of glycoprotein-modifying glycosyl transferase expression in the
antibody-generating cell, for increasing complex N-linked oligosaccharides carrying
bisecting GlcNAc.

As such, the present invention is directed, generally, to methods for the

25 glycosylation engineering of proteins to alter and improve their therapeutic properties.
More specifically, the present invention describes methods for producing in a host cell
an antibody which has an altered glycosylation pattern resulting in an enhanced
antibody dependent cellular cytotoxicity (ADCC). For the practice of the methods, the
present invention provides host cells which harbor a nucleic acid encoding an antibody

30 and at least one nucleic acid encoding a glycoprotein-modifying glycosyl transferase.
Further. the present invention provides methods and protocols of culturing such host
cells under conditions which permit the expression of the desired antibody having an

altered glycosylation pattern resulting in an enhanced antibody dependent cellular
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cytotoxicity. Further, methods for isolating the so generated antibody with enhanced
antibody dependent cellular cytotoxicity are described.
In more specific embodiments of the invention, two monoclonal antibodies,
namely the anti-neuroblastoma antibody chCE7, and the anti-CD20 antibody C2BS8,
5 have been used as model therapeutic glycoproteins, and the target glycoforms have been

‘those carrying a special class of carbohydrate, namely bi-antennary complex N-linked

- oligosaccharides modified with bisecting N-acetylglucosamine (GlcNAc). In the model
system provided by the invention, CHO cells are used as host cells, although many
other cell systems may be contemplated as host cell system. The glycosyl transferase

10 that adds a bisecting GIcNACc to various types of N-linked oligosaccharides, GlcNAc-
transferase IIT (GnT III), is not normally produced by CHO cells. Stanley and Campell,
1984. J. Biol. Chem. 261:13370-13378.

To investigate the effects of GnT III overexpression experimentally, a CHO
cell line with telracycl_jpe-regulated overexpression of a rat GnT III cDNA was

15 established. Using thiéﬂéxberimenta] éystem, the inventors discovered that 4
overexpression of GnT III to high levels led to growth inhibition and was toxic to the
cells. Another CHO cell line with tetracycline-regulated overexpression of GnT V,
which is a distinct glycosyl transferase, showed the same inhibitory effect, indicating
that this may be a general feature of glycoprotein-modifying glycosyl transferase

20 overexpression. The effect of thé enzyme expression on the cell growth sets an upper
limit to the level of glycoprotein-modifying glycosyl transferase overexpression and
may therefore also limit the extent to which poorly accessible glycosylation sites can be
modified by engineering of glycosylation pathways and patterns using unregulated
expression vectors.

25 The production of a set of chCE7 mAb and C2B8 samples differing in their
glycoform distributions by controlling GnT Il expression in a range between basal and
toxic levels are disclosed. Measurement of the ADCC activity of the chCE7 mAb
samples showed an optimal range of GnT 111 expression for maximal chCE7 in virro
biological activity. The activity correlated with the level of Fc-associated bisected,

30 complex oligosaccharides. Expression of GnT III within the practical range, i.e., where
no significant growth inhibition and toxicity are observed, led 10 an increase of the
target bisected, complex structures for this set of chCE7 samples. The pattern of

oligosaccharide peaks in MALDI/TOF-mass spectrometric analysis of chCE7 samples

9
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produced at high levels of GnT IlI indicates that a significant proportion of potential
GnT 111 substrates is diverted to bisected hybrid oligosaccharide by-preducts.
Minimization of these by-products by further engineering of the pathway could

therefore be valuable.

B. Identification And Generation Of Nucleic Acids Encoding A
Protein For Which Modification Of The Glycosylation Pattern Is
Desired

The present invention provides host cell systems suitable for the
10 generation of altered glycoforms of any protein, protein fragment or peptide of interest,
for which such an alteration in the glycosylation pattern is desired. The nucleic acids
encoding such protein, protein fragment or peptide of interest may be obtained by
methods generally known in the art. For example, the nucleic acid may be isolated from
a cDNA library or genomic library. For a review of cloning strategies which may be
15 used, see, e.g., Maniatis, 1989, Molecular Cloning, A Laboratory Manual, Cold Springs
Harbor Press, N.Y.; and Ausubel e/ al., 1989, Current Protocols in Molecular Biology,
(Green Publishing Associates and Wiley Interscience, N.Y.).
In an alternate embodiment of the invention, the coding sequence of the
protein, protein fragment or peptide of interest may be synthesized in whole or in part,
20 using chemical methods well known in the art. See, for example, Caruthers er al.. 1980,
Nuc. Acids Res. Symp. Ser. 25215-233; Crea and Horn, 1980, Nuc. Acids Res. USA .
9:2331; Matteucci and Caruthers, 1980, Tetrahedron Letters 21:719; Chow and Kempe,
1981, Nuc. Acids Res. 9:2807-2817. Altemnatively, the protein itself could be produced
using chemical methods to synthesize its amino acid sequence in whole or in part. For
25 example, peptides can be synthesized by solid phase techniques, cleaved from the resin,
and purified by preparative high performance liquid chromatography. E.g., see

Creighton, 1983, Protein Structures And Molecular Principles, W.H. Freeman and Co.,

N.Y. pp. 50-60. The composition of the synthetic peptides may be confirmed by amino
acid analysis or sequencing (e.g., the Edman degradation procedure; see Creighton,
30 1983, Proteins. Structures and Molecular Principles, W.H. Freeman and Co., N.Y ., pp.

34-49).

In preferred embodiments, the invention provides methods for the generation

and use of host cell systems for the production of glycoforms of antibodies or antibody
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fragments or fusion proteins which include antibody fragments with enhanced antibody-
dependent cellular cytotoxicity. Identification of target epitopes and generation of
antibodies having potential therapeutic value, for which modification of the
glycosylation pattern is desired, and isolation of their respective coding nucleic acid

5 sequence 1s within the scope of the invention.

Various procedures known in the art may be used for the production of
antibodies to target epitopes of interest. Such antibodies include but are not limited to
polyclonal, monoclonal, chimeric, single chain, Fab fragments and fragments produced
by an Fab expression library. Such antibodies may be useful, e.g., as diagnostic or

10 therapeutic agents. As therapeutic agents, neutralizing antibodies, i.e., those which
compete for binding with a ligand, substrate or adapter molecule, are of especially
preferred interest.

For the production of antibodies, various host animals are immunized by
injection with the target protein of interest including, but not limited to, rabbits, mice,

15 rats, etc. Various adjuvants may be used to increase the immunological response,
depg:nding on the host species, including but not limited to Freund's (complete and
incomplete), mineral gels such as aluminum hydroxide, surface active substances such
as lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions, keyhole limpet
hemocyanin, dinitrophenol, and potentially useful human adjuvants such as BCG

20 (bacille Calmette-Guerin) and Corynebacterium parvum.

Monoclonal antibodies to the target of interest may be prepared using any
technique which provides for the production of antibody molecules by continuous cell
lines in culture. These include, but are not limited to, the hybridoma technique
originally described by Kohler and Milstein, 1975, Nature 256:495-497, the human

25 B-cell hybridoma technique (Kosbor er al., 1983, Immunology Today 4:72; Cote et al.,
1983, Proc. Natl. Acad. Sci. U.S.A. 80:2026-2030) and the EBV-hybridoma technique
(Cole er al., 1985, Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp.
77-96). In addition, techniques developed for the production of "chimeric antibodies"
(Morrison et al., 1984, Proc. Natl. Acad. Sci. U.S.A. 81:6851-6855; Neuberger et al.,

30 1984, Narure 312:604-608; Takeda ef al., 1985, Nature 314:452-454) by splicing the
genes from a mouse antibody molecule of appropriate antigen specificity together with
genes from a human antibody molecule of appropriate biological activity can be used.

Alternatively, techniques described for the production of single chain antibodies (U.S.

11
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Patent No. 4,946,778) can be adapted to produce single chain antibodies having a
desired specificity.
- Antibody fragments which contain specific binding sites of the target protein
of interest may be generated by known techniques. For example, such fragments
5 include, but are not limited to, F(ab'), fragments which can be produced by pepsin
digestion of the antibody molecule and the Fab fragments which can be generated by
reducing the disulfide bridges of the F(ab"), fragments. Alternatively, Fab expression
libraries may be constructed (Huse er al., 1989, Science 246:1275-1281) to allow rapid
and easy identification of monoclonal Fab fragments with the desired specificity to the
10 target protein of interest.
Once an antibody or antibody fragment has been identified for which
modification in the glycosylation pattern are desired, the coding nucleic acid sequence

is identified and isolated using techniques well known in the art. See, supra.

15 C. Generation Of Cell Lines For The Production Of Proteins With
Altered Glycosylation Pattern

The present invention provides host cell expression systems for the
generation of proteins having modified glycosylation patterns. In particular, the present
invention provides host cell systems for the generation of glycoforms of proteins having

20 an improved therapeutic value. Therefore, the invention provides host cell expression
systems selected or engineered 1o increase the expression of a glycoprotein-modifying
glycosyltransferase. Specifically, such host cell expression systems may be engineered
to comprise a recombinant nucleic acid molecule encoding a glycoprotein-modifying
glycosyltransferase, operatively linked to 2 constitutive or regulated promoter system.

25 Alternatively, host cell expression systems may be employed that naturally produce, are
induced to produce, and/or are selected to produce a glycoprotein-modifying
glycosyltransferase.

In one specific embodiment, the present invention provides a host cell that
has been engineered to express at least one nucleic acid encoding a giycoprotein-

30 mddifying glycosyl transferase. In one aspect, the host cell is transformed or
transfected with a nucleic acid molecule comprising at least one gene encoding a
glycoprotein-modifying glycosyl transferase. In an alternate aspect, the host cell has

been engineered and/or selected in such way that an endogenous glycoprotein-

i2

BNSDOCID: <WO_____995434241_1_> Aragen/Transposagen Ex. 1035 - Part B



WO 99/54342 PCT/US99/08711

modifying glycosyl transferase is activated. For example, the host cell may be selected
to carry a mutation triggering expression of an endogenous glycoprotein-modifying
glycosyl transferase. This aspect is exemplified in one specific embodiment, where the
host cell is a CHO lec]0 mutant. Alternatively, the host cell may be engineered such
5 that an endogenous glycoprotein-modifying glycosyl transferase is activated. In again
. another alternative, the host cell is engineered such that an endogenous glycoprotein-
modifying glycosyl transferase has been activated by insertion of a regulated promoter
element into the host cell chromosome. In a further alternative, the host cell has been
engineered such that an endogenous glycoprotein-modifying glycosyl transferase.has
10 been activated by inscrtion of a constitutive promoter element, a transposon, or a
retroviral element into the host cell chromosome.
Generally. any type of cultured cell line can be used as a background to
enginecr the host cell lines of the present invention. In a preferred embodiment. CHO

cells. BHK cells. NSO cells. SP2/0 cells, or a hybridoma cell line is used as the

)

background cell line to pencrate the engineered host cells of the invention.

The invention is contemplated to encompass engineered host cells
expressing any tvpe of glycoprotein-modifying glycosy! transferase as defined herein.
However. in preferred embodiments, at least one glycoprotein-modifying glycosyl
transferase expressed by the host cells of the invention is GnT 111, or, alternatively,

20 f(1,4)-N-acetylglucosaminyltransferase V (GnT V). However, also other types of
glycoprotein-modifying glycosyl transferase may be expressed in the host system,
typically in addition to GnT IIT or GnT V, including B(1,4)-galactosy! transferase
(GalT). and mannosidase I1 (Man II). In one embodiment of the invention, GnT III is
coexpressed with GalT. In another embodiment of the invention, GnT IlI is

25 coexpressed with Man 1. In a further embodiment of the invention, GnT III is
coexpressed with GalT and Man II. However, any other permutation of glycoprotein-
modifying glycosyl transferases is within the scope of the invention. Further,
expression of a glycosidase in the host cell system may be desired.

One or several nucleic acids encoding a glycoprotein-modifying glvcosyl

30 transferase may be expressed under the control of a constitutive promoter or, alternately,

a regulated expression sysicm. Suitable regulated expression systems include, but are

not limited 10, a tetracycline-regulated expression system, an ecdysone-inducible

expression system. a lac-switch expression system, a glucocorticoid-inducible

Py
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expression system, a temperature-inducible promoter system, and a metall othionein
metal-inducible expression system. If several different nucleic acids encoding
glycoprotein-modifying glycosyl transferases are comprised within the host cell system,
some of them may be expressed under the control of a constitutive promoter, while
5 others are expressed under the control of a regulated promoter. The optimal expression
levels will be different for each protein of interest, and will be determined using routine
experimentation. Expression levels are determined by methods generally known in the
art, including Western blot analysis using a glycosyl transferase specific antibody,
Northern blot analysis using a glycosyl transferase specific nucleic acid probe, or
10 measurement of enzymatic activity. Alternatively, a lectin may be employed which
binds to biosynthetic products of the glycosyl transferase, for example, E,-PHA lectin.
In a further alternativé, the nucleic acid may be operatively linked to a reporter gene; the
expression levels of the glycoprotein-modifying glycosyl transferase are determined by
measuring a signal correlated with the expression level of the reporter gene. The
15 reporter gene may transcribed together with the nucleic acid(s) encoding said
glycoprotein-modifying giycosyl transferase as a single mRNA molecule; their
respective coding sequences may be linked either by an internal ribosome entry site
(IRES) or by a cap-independent translation enhancer (CITE). The reporter gene may be
translated together with at least one nucleic acid encoding said glycoprotein-modifying
20 glycosyl transferase such that a single polypeptide chain is formed. The nucleic acid
encoding the glycoprotein-modifying glycosyl transferase may be operatively linked to
the reporter gene under the control of a single promoter, such that the nucleic acid
encoding the glycoprotein-modifying glycosyl transferase and the reporter gene are
transcribed into an RNA molecule which is alternatively spliced into two separate
25 messenger RNA (mRNA) molecules; one of the resulting mRNAs is translated into said
reporter protein, and the other is translated into said glycoprotein-modifying glycosy!
transferase.
If several different nucleic acids encoding a glycoprotein-modifying glycosyl
transferase are expressed, they may be arranged in such way that they are transcribed as
30 one or as several mRNA molecules. If they are transcribed as a single mRINA molecule,
their respective coding sequences may be linked either by an internal ribosome entry
site (IRES) or by a cap-independent translation enhancer (CITE). They may be

transcribed from a single promoter into an RNA molecule which 1s alternatively spliced

14

895434281 _I_> Aragen/Transposagen Ex. 1035 - Part B

BNSDOCID: <WO,




WO 99/54342 PCT/US99/08711

into several separate messenger RNA (mRNA) molecules, which then are each
translated into their respective encoded glycoprotein-modifying glycosyl transferase.
In other embodiments, the present invention provides host cell expression
systems for the generation of therapeutic proteins, for example antibodies, having an
5 enhanced antibody-dependent cellular cytotoxicity, and cells which display the IgG Fe
region on the surface to promote Fc-mediated cytotoxicity. Generally, the host cell
expression systems have been engineered and/or selected to express nucleic acids
encoding the protein for which the production of altered glycoforms is desired, along
with at least one nucleic acid encoding a glycoprotein-modifying glycosy! transferase.
10 In one embodiment, the host cell system is transfected with at least one gene encoding a
glycoprotein-modifying glycosyl transferase. Typically, the transfected cells are
selected to identify and isolate clones that stably express the glycoprotein-modifying
glycosyl transferase. 1n another embodiment, the host cell has been selected for
expression of endogenous glycosyl transferase. For example, cells may be selected
IS carrying mutations which trigger expression of otherwise silent glycoprotein-modifying
glycosyl transferases. For example, CHO cells are known to carry a silent GnT III gene
that is active in certain mutants, e.g., in the mutant Lec10. Furthermore, methods
known in the art may be used to activate silent glycoprotein-modifying glycosy!
transferase genes. including the insertion of a regulated or constitutive promoter, the use
20 of ransposons. retroviral elements, etc. Also the use of gene knockout technologies or
the use of ribozyme methods may be used to tailor the host cell's glycosyl transferase
and/or glycosidase expression levels, and is therefore within the scope of the invention.
Any type of cultured cell line can be used as background to engineer the host
cell lines of the present invention. In a preferred embodiment, CHO cells, BHK cells,
25 NSO cells. SP2/0 cells. Typically, such cell lines are engineered to further comprise at
Jeast one transfected nucleic acid encoding a whole antibody molecule, an antibody
fragment. or a fusion protéin that includes a region equivalent to the Fc region of an
immunoglobulin. In an alternative embodiment, a hybridoma cell line expressing a
particular antibody of interest is used as background cell line to generate the engineered
30 host cells of the invention.
Typically, at least one nucleic acid in the host cell system encodes GnT III,
or, aliematively, GnT V. However, also other types of glycoprotein-modifying glycosyl

transferase may be expressed in the host system, typically in addition to GnT 11l or GnT
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V, including GalT, and Man II. In one embodimentof the invention, GnT III is
coexpressed with GalT. In another embodiment of the invention, GnT Il is
coexpressed with Man II. In a further embodiment of the invention, GnT 111 is
coexpressed with GalT and Man 1. However, any other permutation of glycoprotein-

5 modifying glycosyl transferases is within the scope of the invention. Further,
expression of a glycosidase in the host cell system may be desired.

One or several nucleic acids encoding a glycoprotein-modifying glycosyl

transferase may be expressed under the control of a constitutive promoter, or alternately,
a regulated expression system. Suitable regulated expression systems include, but are

10 not limited to, a tetracycline-regulated expression system, an ecdysone-inducible
expression system, a lac-switch expression system, a glucocorticoid-inducible
expression system. a temperature-inducible promoter system, and a metallothionein
metal-inducible expression system. If several different nucleic acids encoding
glycoprotein-modifying glycosyl transferases are comprised within the host cell system,

15 some of them may be expressed under the control of a constitutive promoter, while
others are expressed under the contro} of a regulated promoter. The optimal expression
levels will be different for each protein of interest, and will be determined using routine
experimentation. Expression levels are determined by methods generally known in the
art, including Western blot analysis using a glycosyl transferase specific antibody,

20 Northem blot analysis using a glycosyl transferase specific nucleic acid probe, or
measurement of enzymatic activity. Alternatively, a lectin may be employed which
binds to biosynthetic products of glycosyl transferase, for example, E,-PHA lectin. In a
further alternative, the nucleic acid may be operatively linked to a reporter gene; the
expression levels of the glycoprotein-modifying glycosyl transferase are determined by

25 measuring a signal correlated with the expression level of the reporter gene. The
reporter gene may transcribed together with the nucleic acid(s) encoding said
glycoprotein-modifying glycosy] transferase as a single mRNA molecule; their
respective coding sequences may be linked either by an internal ribosome entry site
(IRES) or by a cap-independent translation enhancer (CITE). The reporter gene may be

30 translated together with at least one nucleic acid encoding said glycoprotein-modifying
glycosyl transferase such that a single polypeptide chain is formed. The nucleic acid
encoding the glycoprotein-modifying glycosyl transferase may be operatively linked to

the reporter gene under the control of a single promoter. such that the nucleic acid
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encoding the glycoprotein-modifying glycosyl transferase and the reporter gene are
transcribed into an RNA molecule which is alternatively spliced into two separate
messenger RNA (mRNA) molecules; one of the resulting mRNAs i$ translated into said
reporter protein, and the other is translated into said glycoprotein-modifying glycosyl

5 transferase.

If several different nucleic acids encoding a glycoprotein-modifying glycosyl
transferase are expressed, they may be arranged in such way that they are transcribed as
one or as several mRNA molecules. If they are transcribed as single mRNA molecule,
their respective coding sequences may be linked either by an internal ribosome entry

10 site (IRES) or by a cap-independent translation enhancer (CITE). They may be
transcribed from a single promoter into an RNA molecule which is alternatively spliced
into several separate messenger RNA (mRNA) molecules, which then are each

translated into their respective encoded glycoprotein-modifying glycosy! transferase.

15 1. Expression Systems
‘ ‘Methods which are well known to those skilled in the art can
be used to construct expression vectors containing the coding sequence of the protein of
interest and the coding sequence of the glycoprotein-modifying glycosy! transferase and
appropriate transcriptional/translational control signals. These methods include in vitro

20 recombinant DNA techniques, synthetic techniques and in vivo recombination/genetic
recombination. See, for example, the techniques described in Maniatis ef al., 1989,
Molecular Cloning A Laboratory Manual, Cold Spring Harbor Laboratory, N.Y. and
Ausubel er al., 1989, Current Protocols in Molecular Biology, Greene Publishing
Associates and Wiley Interscience, N.Y.

25 A variety of host-expression vector systems may be utilized to express the
coding sequence of the protein of interest and the coding sequence of the glycoprotein-
modifying glycosyl transferase. Preferably, mammalian cells are used as host cell
systems transfected with recombinant plasmid DNA or cosmid DNA expression vectors
containing the coding sequence of the protein of interest and the coding sequence of the

30 glycoprotein-modifying glycosyl transferase. Most preferably, CHO cells, BHK cells,
NSO cells, or SP2/0 cells, or alternatively, hybridoma cells are used as host cell systems.
In alternate embodiments, other eukaryotic host cell systems may be contemplated,

including, yeast cells transformed with recombinant yeast expression vectors containing
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the coding sequence of the protein of interest and the coding sequence of the
glycoprotein-modifying glycosy) transferase; insect cell systems infected with
recombinant virus expression vectors (e.g., baculovirus) containing the coding sequence
of the protein of interest and the coding sequence of the glycoprotein-modifying

5 glycosyl transferase; plant cell systems infected with recombinant virus expression
vectors (é. &., cauliflower mosaic virus, CaMV; tobacco mosaic virus, TMV) or
transformed with recombinant plasmid expression vectors (e.g., Tiplasmid) containing
the coding sequence of the protein of interest and the coding sequence of the
glycoprotein-modifying glycosy! transferase; or animal cell systems infected with

10 recombinant virus expression vectors (e.g., adenovirus, vaccinia virus) including cell
lines engineered to contain multiple copies of the DNA encoding the protein of interest
and the coding sequence of the glycoprotein-modifying glycosyl transferase either
stably amplified (CHO/dhfr) or unstably amplified in double-minute chromosomes
(¢.g.. murine cell-lines).

15 [For the methods of this invention, stable expression is generally preferred to
transient expression bécause it typically achieves more reproducible results and also is
more amenable to large scale production. Rather than using expression vectors which
contain viral origins of replication, host cells can be transformed with the respective
coding nucleic acids controlled by appropriate expression control elements (e.g.,

20 promoter. enhancer. sequences, transcription terminators, polyadenylation sites, etc.),
and a sclectable marker. Following the introduction of foreign DNA, engineered cells
may be allowed 10 grow for 1-2 days in an enriched media, and then are switched to a
selective media. The selectable marker in the recombinant plasmid confers resistance to
the selection and allows selection of cells which have stably integrated the plasmid into

25 their chromosomes and grow to form foci which in turn can be cloned and expanded
inAlo cell lines.

A number of selection systems may be used, including, but not limited to,
the herpes simplex virus thymidine kinase (Wigier er al., 1977, Cell 11:223),
hypoxanthine-guanine phosphoribosyltransferase (Szybalska & Szybalski. 1962. Proc.

30 Nail Acad. Sci. USA 48:2026), and adenine phosphoribosyltransferase (Lowy er al.,
1980. Cel/ 22:817) genes, which can be employed in tk", hgprt or aprt cells,
respectively. Also, antimetabolite resistance can be used as the basis of selection for

dhfr. which confers resistance to methotrexate (Wigler er al., 1980, Natl. Acad. Sci. USA
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77:3567; O'Hare et al., 1981, Proc. Natl. Acad. Sci. USA 78:1527); gpt, which confers
resistance to mycophenolic acid (Mulligan & Berg, 1981, Proc. Natl. Acad. Sci. USA
78:2072); neo, which confers resistance to the aminoglycoside G-418 (Colberre-Garapin
et al., 1981, J Mol Biol. 150:1); and hygro, which confers resistance to hygromycin

5 (Santerre ef al., 1984, Gene 30:147) genes. Recently, additional selectable genes have
been described, namely trpB, which allows cells to utilize indole in place of tryptophan;
hisD, which allows cells to utilize histinol in place of histidine (Hartman & Mulligan,
1988, Proc. Natl. Acad. Sci. USA 85:8047); the glutamine synthase system; and ODC
(ornithine decarboxylase) which confers resistance to the ornithine decarboxylase

10 inhibitor, 2-(difluoromethyl)-DL-ornithine, DFMO (McConlogue, 1987, in: Current

Communications in Molecular Biology, Cold Spring Harbor Laboratory ed.).

2. Identification Of Transfectants Or Transformants That
Express The Protein Having A Modified Glycosylation
15 Pattern

The host cells which contain the coding sequence and which
express the biologically active gene products may be identified by at least four general
approaches; (a) DNA-DNA or DNA-RNA hybridization; (b) the presence or absence of
"marker" gene functions; (c) assessing the level of transcription as measured by the

20 expression of the respective mRNA transcripts in the host cell; and (d) detection of the
gene product as measured by immunoassay or by its biological activity.

In the first approach, the presence of the coding sequence of the protein of
interest and the coding sequence of the glycoprotein-modifying glycosyl transferase(s)
inserted in the expression vector can be detected by DNA-DNA or DNA-RNA

25 hybridization using probes comprising nucleotide sequences that are homologous to the
resbective coding sequences, respectively, or portions or derivatives thereof.

In the second approach, the recombinant expression vector/host system can
be identified and selected based upon the presence or absence of certain "marker" gene
functions (e.g., thymidine kinase activity, resistance to antibiotics, resistance to

30 methotrexate, transformation phenotype, occlusion body formation in baculovirus, etc.).
For example, if the coding sequence of the protein of interest and the coding sequence
of the glycoprotein-modifying glycosy! transferase are inserted within a marker gene

sequence of the vector, recombinants containing the respective coding sequences can be
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identified by the absence of the marker gene function. Alternatively, a marker gene can
be placed in tandem with the coding sequences under the contro! of the same or
different promoter used to control the expression of the coding sequences. Expression
of the marker in response to induction or selection indicates expression of the coding

5 sequence of the protein of interest and the coding sequence of the glycoprotein-
modifying glycosyl transferase.

In the third approach, transcriptional activity for the coding region of the
protein of interest and the coding sequence of the glycoprotein-modifying glycosyl
transferase can be assessed by hybridization assays. For example, RNA can be isolated

10 and analyzed by Northern blot using a probe homologous to the coding sequences of the
protein of interest and the coding sequence of the glycoprotein-modifying glycosyl
transferase or particular portions thereof. Alternatively, total nucleic acids of the host
cell may be extracted and assayed for hybridization to such probes.

In the fourth approach, the expression of the protein products of the protein

15 of interest and the coding sequence of the g]ycoprotein-modifying glycosyl transferase
can be assessed immunologically, for example by Western blots, immunoassays such as
radioimmuno-precipitation, enzyme-linked immunoassays and the like. The ultimate
test of the success of the expression system, however, involves the detection of the

biologically active gene products.

20
D. Generation And Use Of Proteins And Protein Fragments Having
Altered Glycosylation Patterns
1. Generation And Use Of Antibodies Having Enhanced
Antibody-Dependent Cellular Cytotoxicity
25 In preferfed embodiments, the present invention provides

glycoforms of antibodies and antibody fragments having an enhanced antibody-
dependent cellular cytotoxicity.
Clinical trials of unconjugated monoclonal antibodies (mAbs) for the
treatment of some types of cancer have recently yielded encouraging results. Dillman,
30 1997, Cancer Biother. & Radiopharm. 12:223-225; Deo et al., 1997, Immunology
Today 18:127. A chimeric, unconjugated IgG1 has been approved for low-grade or
follicular B-cell non-Hodgkin's lymphoma (Dillman, 1997, supra). while another

unconjugated mAb, a humanized IgG1 targeting solid breast tumors. has also been

20
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showing promising results in phase III clinical trials. Deo et al., 1997, supra. The
antigens of these two mAbs are highly expressed in their respective tumor cells and the
antibodies mediate potent tumor destruction by effector cells in virro and in vivo. In
contrast, many other unconjugated mAbs with fine tumor specificities cannot trigger
5 effector functions of sufficient potency to be clinically useful. Frost ef al., 1997,
Cancer 80:317-333; Surfus et al., 1996, J Immunother. 19:184-191. For some of these
weaker mAbs, adjunct _cytokiné therapy is currently being tested. Addition of cytokines
can stimulate antibody-dependent cellular cytotoxicity (ADCC) by increasing the
activity and number of circulating lymphocytes. Froster al., 1997, supra;, Surfus et al.,
10 1996, supra. ADCC, a lytic attack on antibody-targeted cells, is triggered upon binding
of lymphocyte receptors to the constant region (Fc) of antibodies. Deo eral., 1997,
supra.
A different, but complementary, approach to increase ADCC activity of
unconjugated 1gG1s would be to engineer the Fe region of the antibody to increase its
15 affinity for the lymphocyte receptors (FcyRs). Protein engineering studies have shown
that FcyRs interact with the lower hinge region of the IgG CH2 domain. Lund e al,
1996, J. Immunol. 157:4963-4969. However, FcyR binding also requires the presence
of oligosaccharides covalently attached at the conserved Asn 297 in the CH2 region.
Lunder al., 1996, supra; Wright and Morrison, 1997, Tibtech 15:26-31, suggesting that
20 either oligosaccharide and polypeptide both directly contribute to the interaction site or
that the oligosaccharide is required to maintain an active CH2 polypeptide
conformation. Modification of the oligosaccharide structure can therefore be explored
as a means to increase the affinity of the interaction.
An IgG molecule carries two N-linked oligosaccharides in its Fc region, one
25 on each heavy chain. As any glycoprotein, an antibody is produced as a population of
glycoforms which share the same polypeptide backbone but have different
oligosaccharides attached to the glycosylation sites. The oligosaccharides normally
found in the Fc region of serum IgG are of complex bi-antennary type (Wormald et al.,
1997, Biochemistry 36:130-1380), with low level of terminal sialic acid and bisecting
30 N-acetylglucosamine (GlcNAc), and a variable degree of terminal galactosylation and
core fucosylation (FIGURE 1). Some studies suggest that the minimal carbohydrate
structure required for FcyR binding lies within the oligosaccharide core. Lund er al.,

1996. supra. The removal of terminal galactoses results in approximately a two-fold

2]

09543421_1_> Aragen/Transposagen Ex. 1035 - Part B

BNSDOCID: <WO,




WO 99/54342 PCT/US99/08711

reduction in ADCC activity, indicating a role for these residues in FcyR receptor
binding. Lund er al., 1996, supra.

The mouse- or hamster-derived cell lines used in industry and academia for
production of unconjugated therapeutic mAbs normally attach the required

5 oligosaccharide determinants to Fc sites. 1gGs expressed in these cell lines lack,
however, the bisecting GicNAc found in low amounts in serum 1gGs. Lifely eral.,
1995, Glycobiology 318:813-822. 'In contrast, it was recently observed that a rat
myeloma-produced, humanized IgG1 (CAMPATH-1H) carried a bisecling GleNAc in
some of its glycoforms. Lifely er al., 1995, supra. The rat cell-derived antibody

10 reached a similar in vitro ADCC activity as CAMPATH-1H antibodies produced in
standard cell lines, but at significantly lower antibody concentrations.

The CAMPATH antigen is normally present at high levels on lymphoma
cells. and this chimeric mAb has high ADCC activity in the absence of a bisecting
GlcNAc. Lifely et al., 1995, supra. Even though in the study of Lifely er a/., 1995,

15 supra. the maximal in vitro ADCC activity was not increased by altering the
glycosylation pattern, the fact that this level of activity was obtained at relatively low
antibody concentrations for the antibody carrying bisected oligosaccharides suggests an
important role for bisected oligosaccharides. An approach was developed to increase
the ADCC activity of IgG1s with low basal activity levels by producing glycoforms of

20 these antibodies carrying bisected oligosaccharides in the Fc region.

' In the N-linked glycosylation pathway, a bisecting GlcNAc is added by the
enzyme ﬁ(l,4)-N-acétylglucosaminyltransferase I (GnT 1II). Schachter, 1986,
Biochem. Cell Biol. 64:163-181. Lifely er al., 1995, supra, obtained different '
glycosylation patterns of the same antibody by producing the antibody in different cell

25 lines with different but non-engineered glycosylation machineries, including a rat
myeloma cell line that expressed GnT 111 at an endogenous, constant Jevel. In contrast,
we used a single antibody-producing CHO cell line, that was previously engineered to
express, in an externally-regulated fashion, differem levels of a cloned GnT 111 gene.
This approach allowed us to establish for the first time a rigorous correlation between

30 expression of GnT 11l and the ADCC activity of the modified antibody.

As demonstrated herein, see, Example 4, infra, C2B8 antibody modified
according 1o the disclosed method had an about sixteen-fold higher ADCC activity than

the standard, unmodified C2B8 antibody produced under identical cell culture and
2
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purification conditions. Briefly, a C2B8 antibody sample expressed in CHO-tTA-C2B8
cells that do not have GnT 111 expression showed a cytotoxic activity of about 31% (at
1pg/ml antibody concentration), measured as in vitro lysis of SB cells (CD20+) by
human lymphocytes. In contrast, C2B8 antibody derived from a CHO cell culture
5 expressing GnT 11 at a basal, largely repressed level showed at 1pg/ml antibody

-concentration a 33% increase in ADCC activity against the control at the same antibody
concentration. Moreover, increasing the expression of GnT III produced a large increase
of almost 80% in the maximal ADCC activity (at 1pg/ml antibody concentration)
compared to the control at the same antibody concentration. See,AExample 4, infra.

10 Further antibodies of the invention having an enhanced antibody-dependent
cellular cytotoxicity include, but are not limited to, anti-human neuroblastoma
monoclonal antibody (chCE7) produced by the methods of the invention, a chimeric
anti-human renal cell carcinoma monoclonal antibody (ch-G250) produced by the
methods of the invention, a humanized anti-HER2 monoclonal antibody produced by

15 the methods of the invention, a chimeric anti-human colon, lung, and breast carcinoma
monoclonal antibody A(ING-l) produced by the methods of the invention, a humanized
anti-human 17-1A antigen monoclonal antibody (3622W94) produced by the methods
of the invention, a humanized anti-human colorectal tumor antibody (A33) produced by
the methods of the invention, an anti-human melanoma antibody (R24) directed against

20 GD3 ganglioside produced by the methods of the invention, and a chimeric anti-human
squamous-cell carcinoma monoclonal antibody (SF-25) produced by the methods of the
invention. In addition, the invention is directed to antibody fragment and fusion
proteins comprising a region that is equivalent to the Fc region of immunoglobulins.

See, infra.

2. Generation And Use Fusion Proteins Comprising A
Region Equivalent To An Fc Region Of An
Immunoglobulin That Promote Fc-Mediated Cy totoxicity

As discussed above, the present invention relates to a method
30 for enhancing the ADCC activity of therapeutic antibodies. This is achieved by
engineering the glycosylation pattern of the Fc region of such antibodies, in particular
by maximizing the proportion of antibody molecules carrying bisected complex

oligosaccharides N-linked to the conserved glycosylation sites in their Fc regions. This
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strategy can be applied to enhance Fc-mediated cellular cytotoxicity against undesirable
cells mediated by any molecule carrying a region that is an equivalent to the Fc region
of an immunoglobulin, not only by therapeutic antibodies, since the changes introduced
by the engineering of glycosylation affect only the Fc region and therefore its

5 interactions with the Fc receptors on the surface of effector cells involved in the ADCC
mechanism. Fc-containing molecules to which the presently disclosed methods can be
applied include, but are not limited to, (a) soluble fusion proteins made of a targeting
protein domain fused to the N-terminus of an Fc-region (Chamov and Ashkenazi, 1996,
TIBTECH 14: 52) and (b) plasma membrane-anchored fusion proteins made of a type I

10 transmembrane domain that localizes to the plasma membrane fused to the N-terminus
of an Fc region ( Stabila, P.F., 1998, Nature Biotech. 16: 1357).

In the case of soluble fusion proteins (a) the targeting domain directs binding
of the fusion protein to undesirable cells such as cancer cells, i.e., in an analogous
fashion to therapeutic antibodies. The application of presently disclosed method to

15 enhance the Fc-mediated cellular cytotoxic activity mediated by these molecules would
therefore be identical to the method applied to therapeutic antibodies. See, Example 2
of United States Provisional Application Serial Number 60/082,581, incorporated herein
by reference.

In the case of membrane-anchored fusion proteins (b) the undesirable cells in

20 the body have to express the gene encoding the fusion protein. This can be achieved
either by gene therapy approaches, i.e., by transfecting the cells in vivo with a plasmid
or viral vector that directs expression of the fusion protein-encoding gene to undesirable
cells, or by implantation in the body of cells genetically engineered to express the fusion
protein on their surface. The later cells would normally be implanted in the body inside

25 a polymer capsule (encapsulated cell therapy) where they cannot be destroyed by an Fc-
mediated cellular cytotoxicity mechanism. However should the capsule device fail and
the escaping cells become undesirable, then they can be eliminated by Fc-mediated
cellular cytotoxicity. Stabila ef al., 1998, Nature Biotech. 16: 1357. In this case, the
presently disclosed method would be applied either by incorporating into the gene

30 therapy vector an additional gene expression cassette directing adequate or optimal
expression levels of GnT 111 or by engineering the cells to be implanted to express
adequate or optimal levels of GnT IIl. In both cases, the aim of the disclosed method is

10 increase or maximize the proportion of surface-displayed Fc regions carrying
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bisected complex oligosaccharides.

The examples below explain the invention in more detail. The following
preparations and examples are given to enable those skilled in the art to more clearly

understand and to practice the present invention. The present invention, however, is not

w

limited in scope by the exemplified embodiments, which are intended as illustrations of
single aspects of the invention only, and methods which are functionally equivalent are
within the scope of the invention. Indeed, various modifications of the invention in
addition to those described herein will become apparent to those skilled in the art from
10 the foregoing description and accompanying drawings. Such modifications are intended

to fall within the scope of the appended claims.

VIIL EXAMPLES
A. Example 1: Tetracycline-Regulated Overexpression Of Glycosyl
15 Transferases In Chinese Hamster Ovary Cells
To establish a cell Iine in which the expression of GnT HI could be
externally-controlled. a tetracycline-regulated expression system was used. Gossen, M.
and Bujard. H.. 1992, Proc. Nat. Acad. Sci. USA, 89: 5547-5551. The amount of GnT
20 [l in thesc cells could be controlled simply by manipulating the concentration of
tetracycline in the culture medium. Using this system, it was found that overexpression
of GnT I1I 10 high levels led to growth inhibition and was toxic to the cells. Another
CHO céll_linc with tetracycline-regulated overexpression of GnT V, a distinct

glycoprotein-modifyving glycosyl transferase, showed the same inhibitory effect,

19
(v

indicating that this may be a general feature of glycoprotein-modifying glycosyl
transferase overexpression. This phenomenon has not been reported previously,
probably due to the fact that inventigators generally have used constitutive promoters
for related experiments. The growth effect sets an upper limit to the level] of
glycoprotein-modifying glycosyl transferase overexpression, and may thereby also limit

30 the maximum extent of modification of poorly accessible glycosylation sites.

1. Materials And Methods
Establishment Of CHO Cells With Tetracycline-Regulated

Expression Of Glycosyltransferases. In a first step, an intermediate CHO cel] line

25
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(CHO-1TA) was first generated that constitutively expresses a tetracycline-controlled
transactivator (tTA) at a level for the adequate for the regulation system. Using
Lipofectamine reagent (Gibco, Eggenfelden, Germany), CHO (DUKX) cells were
co-transfected, with pUHD/5-1, a vector for constitutive expression of the tTA gene
5 (Gossen and Bujard, 1992, Proc. Nat. Acad. Sci. USA, 89: 5547-5551), and pSV2Neo, a
vector for constitutive expression of a neomycin resistance gene (Clontech, Palo Alto,
CA). Stable, drug-resistant clones were selected and screened for adequate levels of
tTA expression via transient transfections with a tetracycline-regulated B-galactosidase
expression vector, pUHGI6-3. C-myc epitope-encoding DNA was added to the 3' end
10 of the rat GnT II1 cDNA (Nishikawa er al., 1992, J. Biol. Chem. 267:18199-18204) by
PCR amplification. Nilsson er al, 1993, J. Cell Biol. 120:5-13. The product was
sequenced and subcloned into pUHDI0-3, a vector for tetracycline-regulated expression
(Gossen and Bujard, supra) to generate the vector pUHDI10-3-GnT II/m. The human
GnT V cDNA (Saito et al., 1995, Eur. J. Biochem. 233:18-26), was directly subcloned
15 into pUHDIO0-3 to generate plasmid vector pUHDI10-3-GnT V. CHO-tTA cells were co-
transfected using a calcium phosphate transfection method (Jordan and Wurm, 1996,
Nucleic Acids Res. 24:596-601), with pPur, a vector for constitutive expression of
puromycin resistance (Clontech, Palo Alto, CA), and either the vector pUHD0-3-GnT
IIlm or the vector pUHDI10-3-GnT V. Puromycin resistant clones were selected in the
20 presence of tetracycline, isolated and then analyzed for tetracycline-regulated
expression of GnT Il or GnT V via western blots analysis. See, infra.
Western And Lectin Blotting. For Western blot analysis of GnT 11l or GnT
V, cell lysates were separated by SDS-PAGE and electroblotted to PVDF membranes
(Millipore, Bedford, MA). GnT III was detected using the anti-c-myc monoclonal
25 antibody 9E10 (Nilsson er al., 1993, J. Cell Biol. 120:5-13) and GnT V using with an
anti-GnT V rabbit polyclonal antibody (Chen et al., 1995, Glycoconjugate J. 12:813-
823). Anti-mouse or anti-rabbit 1gG-horse radish peroxidase (Amersham, Arlington,
IL) was used as secondary antibody. Bound secondary antibody was detected using an
enhanced chemiluminescence kit (ECL kit, Amersham, Arlington, IL)
30 For lectin blot analysis of glycoproteins modified either by GnT I1I- or GnT
V-catalyzed reactions, biotinylated E-PHA (Oxford Glycosciences, Oxford, United
Kingdom) or L-PHA-digoxigenin (Boehringer Mannheim, Mannheim, Germany),

respectively, were used. Merkle and Cummings, 1987. Methods Enzymol. 138:232-259.
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2. Results And Discussion
Establishment Of CHO Cell Lines With Tetracycline-
Regulated Overexpression Of Glycosyl Transferases. The strategy used for
5 establishment of glycosyl transferase overexpressing cell lines consisted of first

-generating an intermediate CHO cell line constitutively expressing the tetracycline-
controlled transactivator (tTA) at an adequate level for the system to work. Yin er al.,
1996, Anal. Biochem. 235:195-201. This level had to be high enough to activate high
levels of transcription, in the absence of tetracycline, from the minimal promoter

10 upstream of the glycosy] transferase genes. CHO cells were co-transfected with a
vector for constitutive expression for tTA, driven by the human cytomegalovirus
(hCMV) promoter/enhancer, and a vector for expression of a neomycin-resistance
(Neo®) gene. An excess of the tTA-expression vector was used and neomycin-resistant
clones were isolated.

15 In mammalian cells, co-transfected DNA integrates adjacently at random
locations within the chromosomes, and expression depends to a large extent on the site
of integration and also on the number of copies of intact expression cassettes. A mixed
population of clones with different expression levels of the transfected genes is
generated. Yin er al., 1996, supra. Selection for neomycin resistance merely selects for

20 integration of an intact Neo® expression cassette, while the use of an excess of the tTA-
expression vector increases the probability of finding clones with good expression of
tTA. The mixed population of clones has to be screened using a functional assay for
tTA expression. Gossen and Bujard, 1992, supra; Yin et al., 1996, supra. This was
done by transfection of each clone with a second vector harboring a reporter gene, lacZ,

25 under the control of the tet-bromoter and screening for tetracycline-regulated (tet-
regulated), transient expression (i.e., one to three days after transfection) of
B3-galactosidase activity. CHO117, which showed the highest level of tet-regulated
f3-galactosidase activity among twenty screened clones, was selected for further work.

CHOU7 cells were tested for tet-regulated expression of GnT III by

30 transfecting the cells with vector pUHDIO-3-GnT IIlm and comparing the relative
levels of GnT 111 after incubation of the cells in the presence and absence of tetracycline
for 36 h. GnT III ievels were compared by western blot analysis, using a monoclonal

antibody (9E10) which recognizes the c-myc peptide epitope tag at the carboxy-
a7
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terminus of GnT II1. The tag had been introduced through a modification of the
glycosyl transferase gene using PCR amplification. Various reports have demonstrated
addition of peptide epitope tags to the carboxy-termini of glycosyl transferases, a group
of enzymes sharing the same topology, without disruption of localization or activity.

s Nilsson er al., 1993, supra; Rabouille er al., 1995, J. Cell Science 108:1617-1627.
FIGURE 2 shows that in clone CHOt17 GnT III accumulation is significantly higher in
the absence than in the presence of tetracycline. An additional clone, CHOt2, which
gave weaker activation of transcription in the b-galactosidase activity assay, was tested
in paralle] (FIGURE 2). GnT III and B-galactosidase expression levels follow the same

10 pattemn of tetracycline-regulation for both of these clones. The range of tetracycline
concentrations where GnT 11l expression can be quantitatively controlled was found to
be from 0 10 100 ng/ml (FIGURE 3). This result agrees with previous research using
different cell hines and genes (Yin ef al., 1996, supra).

To pencerate a stable cell line with tet-regulated expression of GnT 111,

15 CHOt17 cells were co-transfected with vector pUHD10-3-GnT 1lIm and vector, pPUR,
for cxpression of a puromycin resistance gene. In parallel, CHOtl7 cells were co-
transfected with pUHD10-3-GnT V and pPUR vectors to generate an analogous cell
line for this other giveosyl transferase. A highly efficient calcium phosphate
transfection method was used and the DNA was linearized at unique restriction sites

20 outside the eucaryotic expression cassettes, to decrease the probability of disrupting
these upon integration. By using a host in which the levels of tTA expressed had first
been proven to be adequate, the probability of finding clones with high expression of
the glvcosy) transferases in the absence of tetracycline is increased.

Stable integrants were selected by puromycin resistance, keeping

25 tetracycline in the medium throughout clone selection to maintain glycosyl transferase

expression at basal levels. For each glycosyl transferase, sixteen puromycin resistant
~clones were grown in the presence and absence of tetracycline, and eight of each were

analysed by western blot analysis (FIGURE 4). The majority of the clones showed

good regulation of glycosy! transferase expression. One of the GnT Ill-expressing

30 clones showed a relatively high basal level in the presence of tetracycline (FIGURE 4B,
clone 3), which suggests integration of the expression cassete close to an endogenous
CHO-cell enhancer; while two puromycin-resistant clones showed no expression of

GnT 11 in the absence of tetracycline (FIGURE 4B, clones 6 and §). Among the clones
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showing good regulation of expression, different maximal levels of glycosy] transferase
were observed. This may be due to variations in the site of integration or number of
copies integrated. Activity of the glycosy! transferases was verified by E-PHA and L-
PHA lectin binding to endogenous cellular glycoproteins derived from various clones
5 grown in the presence and absence of tetracycline (FIGURE 5). Lectins are proteins

which bind to specific oligosaccharide structures; E-PHA lectin binds to bisected
oligosaccharides, the products of GnT Ill-catalyzed reactions, and L-PHA binds to tri-
and tetra-antennary oligosaccharides produced by GnT V-catalyzed reactions (Merkle
and Cummings, 1987, Methods Enzymol. 138:232-259). For each glycosyl transferase,

10 a clone with high expression in the absence, but with undetectable expression in the
presence. of tetracycline (clone 6, FIGURE 4A, CHO-tet-GnT V, and clone 4, FIGURE
4B. CHO-tct-GnT IIm) was selected for further work.

B. Example 2: Inhibition Of Cell Growth Effected By Glycosyl
15 Transferase Overexpresseion

During screening of GnT III- and GnT V-expressing clones in the
absence of tetracycline, see, Example 1, supra, approximately half of each set of clones
showced a strong inhibition of growth. The extent of growth-inhibition varied among
clones. and comparison with expression levels estimated from western blot analysis

20 (FIGURE 4) suggested a correlation between the degree of growth-inhibition and
glycosyl transferase overexpression. This correlation was firmly established by
growing the final clones, CHO-tet-GnT Illm and CHO-tet-GnT V, in different
concentrations of letracyclin.e. A strong inhibition of growth was evident after two days
of culture at Jow levels of tetracycline (FIGURE 6). Growth-inhibited cells displayed a

25 small. rounded morphology instead of the typical extended shape of adherent CHO
cells. Ai'\cr a few days, significant cell death was apparent from the morphology of the
agrowth-inhibited cells.

Growth-inhibition due to glycosyl transferase overexpression has not
hitherto been reported in the literature, probably due to the widespread use of

30 constitutive promoters. Those clones giving constitutive expression of a glycosyl
transferase at growth-inhibiting levels, would be lost during the selection procedure.
This was avoided here by keeping tetracycline in the medium, i.e., basal expression

levels. throughout selection. Prior to selection, the frequency of clones capable of

29
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expressing glycosyl transferases to growth-inhibiting levels using traditional
mammalian vectors based on the constitutive hCMV promoter/enhancer would be
expected to be lower. This is due to the fact that, for any given gene, the pUHD10-3
vector in CHO cell lines selected for high constitutive levels of tTA, gives significantly

5 higher expression levels than constitutive hCMV promoter/enhancer-based vectors, as
observed by others. Yin et al., 1996, supra.

Inhibition of cell growth could be due to a direct effect of overexpression of
membrane-anchored, Golgi-resident glycosyl transferases independent of their in vivo
catalytic activity, e.g., via misfolding in the eﬁdop]asmic reticulum (ER) causing

10 saturation of elements which assist protein folding in the ER. This could possibly affect -
the folding and secretion of other essential cellular proteins. AltematiVe]y, inhibition of
growth could be related to increased in vivo activity of the glycosyl transferase leading
10 a change of the glycosylation pattern, in a function-disrupting fashion, of a set of
endogenous glycoproteins necessary for growth under standard in vitro culture

15 conditions.

Independent of the underlying mechanism, the growth-inhibition effect has
two consequences for engineering the glycosylation of animal cells. First, it implies
that cotransfection of constitutive glycosyl transferase expression vectors together with
vectors for the target glycoprotein product is a poor strategy. Other ways of linking

20 expression of these two classes of proteins, e.g., through the use of multiple constitutive
promoters of similar strength or use of multicistronic, constitutive expression vectors,
should also be avoided. In these cases, clones with very high, constitutive expression of
the target glycoprotein, a pre-requisite for an economical bioprocess, would also have
‘high expression of the glycosy! transferase and would be eliminated during the selection

25 process. Linked, inducible expression could also be problematic for industrial
bioprocesses, since the viability of the growth-arrested cells would be compromised by
the overexpression of the glycosyl transfgrasé. 7

The second consequence is that it imposes an upper limit on glycosyl
transferase overexpression for glycosylation engineering approaches. Clearly, the

30 conversions of many glycosyl transferase-catalyzed reactions in the cell, at the
endogenous levels of glycosyl transferases, are very high for several glycosylation sites.

However, glycosylation sites where the oligosaccharides are somewhat inaccesible or

are stabilized in unfavorable conformations for specific glycosyl tranferases also exist.
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For example, it has been observed that addition of bisecting GIcNAc is more restricted
to the oligosaccharides attached to the Fc region than to those located on the variable
regions of human IgG antibodies. Savvidou et al., 1984, Biochemistry 23:3 736-3740.
Glycosylation engineering of these restricted sites could be affected by such a limit on
5 glycosyl transferase expression. Although this would imply aiming for an "unnatural”
distribution of glycoforms, these could be of benefit for special therapeutic applications

of glycoproteins.

C. Example 3: Engineering The Glycosylation Of An Anti-Human
10 Neuroblastoma Antibody In Chinese Hamster Ovary Cells

In order to validate the concept of engineering a therapeutic antibody
by modifying its glycosvlation pattern, a chimeric anti-human neuroblastoma 1gG1
(chCE7) was chosen which has insignificant ADCC activity when produced by SP2/0
recombinant mousc m_\clnm:x cells. ChCE7 recognizes a tumor-associated 190-kDa

t5  membrane glveoprotein and reacts strongly with all neuroblastoma tumors tested to
date. It has a high affinity for its antigen (K of 10'°M') and, because of its high tumor-
specificity. it is routincly used as a diagnostic tool in clinical pathology. Amstutz ef al.,
1993, Int. J. Cancer 33:147-152. In recent studies, radiolabelled chCE7 has shown
good tumor localization in human patients. Dirr, 1993, Eur. J. Nucl. Med. 20:858. The

20 glycosylation pattern of chCE7, an anti-neuroblastoma therapeutic monoclonal antibody
(mAb) was engineered in CHO cells with tetracycline-regulated expression of GnT 111.
A set of mAb sumples differing in their glycoform distribution was produced by
controlling GnT 11l expression in a range between basal and toxic levels, and their
glycosylation profiles were analyzed by MALDI/TOF-MS of neutral oligosaccharides.

25 Measurement of the ADCC activity of these samples showed an optimal range of GnT
I1I expression for maximal chCE7 in vitro biological activity, and this activity

correlated with the level of I'c-associated bisected, complex oligosaccharides.

1. Materials And Methods
30 Construction Of chCE7 Expression Vectors. Plasmid
vectors J0CE7VH and 98CE7VL, for expression of heavy (IgG1) and light (kappa)
chains. respectively. of anti-human neuroblastoma chimeric antibody chCE7, which

contain chimeric genomic DNA including the mouse immunoglobulin

-
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promoter/enhancer, mouse antibody variable regions, and human antibody constant
regions (Amstutz et al., 1993, Int. J. Cancer 53:147-152) were used as starting materials
for the construction of the final expression vectors, pchCE7H and pchCE7L. Chimeric
heavy and light chain chCE7 genes were reassambled and subcloned into the

5 pcDNA3.1(+) vector. During reassembly, all introns were removed, the leader
sequences were replaced with synthetic ones, Reff er al., 1994, Blood 83:435-445, and
unique restriction sites joining the variable and constant region sequences were
introduced. Introns from the heavy constant region were removed by splicing with
overlap-extension-PCR. Clackson et al., 1991, General Applications of PCR to Gene

10 Cloning and Manipulation, p. 187-214, in: McPherson er al. (ed.), PCR a Practical

Approach, Oxford University Press, Oxford.
Production Of chCE?7 In CHO Cells Expressing Different Levels Of GnT

ITI. CHO-tet-GnT IlIm (see, supra) cells were co-transfected with vectors pchCE7H,
pchCE7L, and pZeoSV2 (for Zeocin r:sistgncq, Invitrogen, Groningen, The

15 Netherlands) using a calcium phosphate Irahsfection method. Zeocin resistant clones
were transferred to a 96-well cell culture plate and assayed for chimeric antibody
expression using an ELISA assay specific for human IgG constant region. Lifely er al,
19935, supra. Four chCE7 antibody samples were derived from parallel cultures of a
selected clone (CHO-tet-GnT IIIm-chCE7), grown in FMX-8 cell culture medium

20 supplemented with 10% FCS; each culture containing a different level of tetracycline
and therefore expressing GnT 111 at different levels. CHO-tet-GnT IIIm-chCE7 cells
were expanded and preadapted to a different concentration of tetracycline during 7 days.
The levels of tetracycline were 2000, 60, 30, and 15 ng/ml.

Purification Of chCE7 Antibody Samples. Antibody was purified from

25  culture medium by Protein A affinity chromatography on a 1 ml HiTrap Protein A
column (Pharmacia Biotech, Uppsala, Sweden), using linear pH gradient elution from
20 mM sodium phosphate, 20 mM sodium citrate, 500 mM sodium chloride, 0.01%
Tween 20, 1M urea, pH 7.5 (buffer A) to buffer B (buffer A without sodium phosphate,
pH 2.5). Affinity purified chCE7 samples were buffer exchanged to PBS on a 1 mi

30 ResourceS cation exchange column (Pharmacia Biotech, Uppsala, Sweden). Final
purity was judged to be higher than 95% from SDS-PAGE and Coomasie-Blue staining.
The concentration of each sample was estimated from the absorbance at 280 nm.

Binding Of Antibodies To Neuroblastoma Cells. Binding affinity to human
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neuroblastoma cells was estimated from displacement of '*’I-labeled chCE7 by the
CHO-produced samples. Amstutz et al, 1993, supra.
Oligosaccharide Analysis By MALDI/TOF-MS. CE7-2000t, -60t, -30t, and
-15t samples were treated with 4. urefaciens sialidase (Oxford Glycosciences, Oxford,
5 United Kingdom), following the manufacturer's instructions, to remove any sialic acid

.monosaccharide residues. The sialidase digests were then treated with peptide N-
~glycosidase F (PNGaseF, Oxford Glycosciences, Oxford, United Kingdom), following
:the manufacturer's instructions, to release the N-linked oligosaccharides. Protein,

detergents, and salts were removed by passing the digests through microcolumns

10 containing, from top to bottom, 20 m! of SepPak C18 reverse phase matrix (Waters,
Milford, MA), 20 ml of Dowex AG 50W X8 cation exchange matrix (BioRad.
Hercules, CA). and 20 ml of AG 4X4 anion exchange matrix (BioRad, Hercules, CA).
The microcolumns were made by packing the matrices in a Gel Loader tip (Eppendorf,
Basel, Switzerland) filled with ethanol, followed by an equilibration with water. Kiister

15 eral, 1997, Anal. Biochem. 250:82-101. Flow through liquid and a 300 ml-water wash
were pooled, filtered, evaporated to dryness at room temperature, and resuspended in 2
ml of deionized water. One microliter was applied 10 a MALDI-MS sample plate
{(Perseptive Biosystems, Farmingham, MA) and mixed with 1 ml of a 10 mg/ml
dehydrobenzoic acid (DHB, Aldrich, Milwakee, Wisconsin) solution in acetonitrile.

20 The samples were air dried and the resulting crystals were dissolved in 0.2 mi of ethanol
and allowed to recrystallize by air drying. Harvey, 1993, Rapid Mass. Specirom. 7:614-
619. The oligosaccharide samples were then analyzed by matrix-assisted laser
desorption ionization/pime-of-ﬂight-mass spectrometry (MALDI/TOF-MS) using an
Elite Voyager 400 spectrometer (Perseptive Biosystems, Farmingham, MA), equipped

25 with a delayed ion extraction MALDI-ion source, in positive ion and reflector modes,
with an accelaration voltage of 20 kV. One hundred and twenty eight scans were
averaged. Bisected biantennary complex oligosaccharide structures were assigned to
five-HexNAc-associated peaks. Non-bisected tri-antennary N-linked oligosaccharides,
the alternative five HexNAc-containing isomers, have never been found in the Fc region

30 of IgGs and their syntheses are catalyzed by glycosyltransferases discrete from GnT I1l.

ADCC Activity Assay. Lysis of IMR-32 human neuroblastoma cells (1arget)
~ by human lymphocytes (effector), at a target:effector ratio of 1:19, duringa 16 h

incubation at 37 °C in the presence of different concentrations of chCE7 samples. was
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measured via retention of a fluorescent dye. Kolber er al, 1988, .J. Immunol. Methods
108: 255-264. IMR-32 cells were labeled with the fluorescent dye Calcein AM for 20
min (final concentration 3.3 #M). The labeled cells (80'000 cells/well) were incubated
for 1h with different concentrations of CE7 antibody. Then, monocyte depleted

5 mononuclear cells were added (1'500'000 cells/well) and the cell mixture was incubated
for 16 h at 37°C in a 5% CO0, atmosphere. The supernatant was discarded and the cells
were washed once with HBSS and lysed in Triton X-100 (0.1%). Retention of the
fluorescent dye in IMR-32 cells was measured with a fluorometer (Perkin Elmer,
Luminscence Spectrometer LS 50B, (Foster City, CA) and specific lysis was calculated

10 relative 10 atotal lysis control. resulting from exposure of the target to a detergent
instead of exposure to antibody. The signal in the absence of antibody was set to 0%

cytotoxicity. Fach antibody concentration was analyzed by triplicate, and the assay was

repeated three separate tmes.

15 2. Results And Discussion
Production Of chCE7 In CHO Cells Expressing Different
Levels Of GnAT 111. ChCE7 heavy and light chain expression vectors were constructed
incorporating the human cytomegalovirus (hCMV) promoter, the bovine growth
hormonc termination and polyadenylation sequences, and eliminating all heavy and

20 light chain introns. This vector design was based on reports of reproducible high-level
expression of reccombinant IgG genes in CHO cells. Reff et al., 1994, supra; Trill et al.,
1995, Current Opinion Biorechnol. 6:553-560. In addition, a unique restriction sites
was introduced in each chain, at the junction between the variable and constant regions.
These sites conserve the reading frame and do not change the amino acid sequence.

25 They should enable simple exchange of the mouse variable regions, for the production
of other mouse-human chimeric antibodies. Reff et al., 1994, supra. DNA sequencing
confirmed that the desired genes were appropriately assembled, and production of the
chimeric antibody in transfected CHO cells was verified with a human Fc-ELISA assay.

CHO-tet-GnT I1Im-chCE7 cells, with stable, tetracycline-regulated

30 expression of GnT Il and stable, constitutive expression of chCE7, were established
and scaled-up for production of a set of chCE7 samples. During scale-up, four parallel
cultures derived from the same CHO clone were grown, each at a different level of

tetracycline and therefore only differing in the level of expression of the GnT 111 gene.
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This procedure eliminates any clonal effects from other variables affecting N-linked
glycoform biosynthesis, permitiing a rigorous correlation to be established between
GnT III gene expression and biological activity of the glycosylated antibody. The
tetracycline concentration ranged from 2000 ng/ml, i.e., the basal level of GnT 111
5 expression, to 15 ng/ml, at which significant growth inhibition and toxicity due to
. glycosyl transferase 6vercxpression was observed (see, supra). Indeed, only a small
amount of antibody could be recovered from the latter culture. The second highest level
. of GnT Il expression, using tetracycline at a concentration of 30 ng/ml, produced only
a mild inhibition of growth. The purified antibody yield from this culture was
10 approximately 70% that from the remaining two lower levels of GnT III gene
overexpression.

The four antibody samples, CE7-2000t, -60t, -30t, and -15t, numbers
denoting the associated concentration of tetracycline, were purified by affinity
chromatography on Protein A and buffer exchanged to PBS using a cation exchange

15 column. Purity was higher than 95% as judged from SDS-PAGE with Coomassie Blue
staining. Binding assays to human neuroblastoma cells revealed high affinity to the
cells and no significant differences in antigen binding among the different samples
(estimated equilibrium dissociation constants varied between 2.0 and 2.7 x 1071 M),
This was as expected, since there are no potential N-linked glycosylation sites in the

2o CE7 variable regions.

Oligosaccharide Distributions And Levels Of Bisected Complex
Oligosaccharides Of Different chCE7 Samples. Oligosaccharide profiles were
obtained by matrix-assisted laser desorption/ionization mass spectrometry on a time-of-
flight instrument (MALDI/TOF-MS). Mixtures of neutral N-linked oligosaccharides

25 denived from cach of the four CHO-produced antibody samples and from a SP2/0
mousc mycloma-derived chCE7 (CE7-SP2/0) sample were analyzed using 2,5-
dehydrobenzoic acid (2,5-DHB) as the matrix (FIGURE 9). Under these conditions,
neutral oligosaccharides appear essentially as single [M + Na'] ions, which are
sometimes accompanied by smaller [M + K'] ions, depending on the potassium content

50 ofthe matrix. Bergweffer al., 1995, Glvcoconjugate J 12:318-330.

This type of analysis yields both the relative proportions of neutral
oligosaccharides of different mass, reflected by relative peak height, and the isobaric

monosaccharide composition of each peak. Kister er al.. 1997, supra; Naven and
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Harvey, 1996, Rapid Commun. Mass Spectrom. 10:1361-1366. Tentative structures are
assigned to peaks based on the monosaccharide composition, knowledge of the
biosynthetic pathway, and on previous structural data for oligosaccharides derived from
the same glycoprotein produced by the same host, since the protein backbone and the

5 cell type can have a strong influence on the oligosaccharide distribution. Field et al.,
1996, Anal. Biochem. 239:92-98. In the case of Fc-associated oligosaccharides, only bi-
antennary complex oligosaccharides have been detected in IgGs present in human
serum or produced by mammalian cell cultures under normal conditions. Wormald er
al., 1997. Biochemistry 36:1370-1380; Wright and Morrison, 1997, Tibtech 15:26-31.

10 The pathway leading to these compounds is illustrated in FIGURE 10, including the
mass of the [M + Na*] ion corresponding to each oligosaccharide. High mannose
oligosaccharides have also been detected on antibodies produced in the stationary and
death phases of batch cell cultures. Yu Ip e al., 1994, Arch. Biochem. Biophys.
308:387-399.

15 The two major peaks in the CE7-SP2/0 sample (FIGURE 9A) correspond to
masses of fucosylated oligosaccharides with four N-acetylhexosamines (HexNAcs)
containing either three (m/z 1486) or four (m/z 1648) hexoses. See, FIGURE 10, but
note that the summarized notation for oligosaccharides in this figure does not count the
two GlcNAcs of the core. This composition is consistent with core fucosylated, bi-

20 antennary complex oligosaccharide structures carrying zero or om-e galactose residues,
respectively, typical of Fc-associated oligosaccharides, and as previously observed'in
NMR analysis of Fc oligosaccharides derived from a chimeric IgGl expressed in SP2/0
cells. Bergweffer al., 1995, supra.

GnT Ill-catalyzed transfer of a bisecting GleNAc to these bi-antennary

25 compounds, which are the preferred GnT III acceptors, would lead to oligosaccharides
with five HexNAcs (m/z 1689 and 1851, non- and mono-galactosylated, respectively,
FIGURE 10), which are clearly absent in the CE7-SP2/0 sample. The latter peaks
appear when chCE?7 is expressed in CHO-tet-GnTIlIm cells. In the CHO-expressed
antibodies the four HexNAc-containing peaks are also mainly fucosylated, although a

30 small amount of non-fucosylated structures is evident from the peak at m/z 1339 (seé.
FIGURE 10). The level of galactosylation is also not very different between the CHO-
and SP2/0-derived material. At the basal level of GnT Ill expression (CE7-2000t

sample. FIGURE 9B), the molecules with five HexNAcs are present in a lower
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proportion than those with four HexNAcs. A higher level of GnT III expression (CE7-
60t sample, FIGURE 9C) led to a reversal of the proportions in favor of
oligosaccharides with five HexNAcs. Based on this trend, bisected, bi-antennary
complex oligosaccharide structures can be assigned to compounds with five HexNAcs
5 inthese samples. Tri-antennary N-linked oligosaccharides, the alternative five
.. HexNAc-containing isomers, have never been found in the Fc region of IgGs and their
- syntheses are catalyzed by GlcNAc-transferases discrete from GnT 111
A further increase in GnT III expression (CE7-30t sample, FIGURE 9D) did
not lead to any significant change in the levels of bisected complex oligosaccharides.

10 Another peak (m/z. 1543) containing five HexNAcs appears at Jow, but relati vely
constant levels in the CHO-GnTIII samples and corresponds in mass to 2 non-
fucosylated, bisected-complex oligosaccharide mass (FIGURE 10). The smaller peaks
atm/z 1705 and 1867, also correspond to five HexNAc-containing bi-antennary
complex oligosaccharides. They can be assigned either to potassium adducts of the

15 peaks at m/z 1689 and 1851 (mass difference of 16 Da with respect to sodium adducts)
(Kuster ef al., 1997, supra) or to mono- and bi-galactosylated, bisected complex
oligosaccharides without fucose (FIGURE 10). Together, the bisected complex

. oligosaccharides amount to approximately 25% of the total in sample CE7-2000t and
reach approximately 45 to 50% in samples CE7-60t and CE7-30t.

20 Additional information From The Oligosaccharide Profiles Of chCE7
Samples. Although the levels of bisected complex oligosaccharides were not higher in
sample CE730t, increased overexpression of GnT III did continue to reduce, albeit to a
small extent, the proportions of substrate bi-antennary complex oligosaccharide
substrates. This was accompanied by moderate increases in two different, four

25 HexNAc-containing peaks (m/z 1664 and 1810). The latter two peaks can correspond
either to galactosylated bi-antennary complex oligosaccharides or to bisected hybrid
compounds (FIGURE 11). A combination of both classes of structures is also possible.
The relative increase in these peaks is consistent with the accumulation of bisected
hybrid by-products of GnT 1II overexpression. Indeed, the sample produced at the

30 highest level of GnT 111 overexpression, CE7-15t, showed a large increase in the peak at
m/z 1664, a reduction in the peak at m/z 1810 and a concomitant reduction of complex
bisected oligosaccharides 10 a level of approximately 25%. See, peaks with m/z 1689

and 1851 in FIGURE 9E and the corresponding structures in FIGURE 11. Higher
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accumulation of non-fucosylated (m/z 1664) bisected hybrid by-products, instead of
fucosylated ones (m/z 1810), would agree with the fact that oligosaccharides which are
first modified by GnT III can no longer be biosynthetic substrates for core a1,6-
fucosyltransferase. Schachter, 1986, Biochem. Cel! Biol. 64:163-181.

5 The peak at m/z 1257 is present at a level of 10 -15% of the total in the
CHO-derived samples and at a lower level in CE7-SP2/0 (FIGURE 9). It corresponds
to five hexoses pius two HexNAcs. The only known N-linked oligosaccharide structure -
with this composition is a five mannose-containing compound of the high-mannose
type. Another high mannose oligosaccharide, a six mannose one (m/z 1420), is also

10 present at much lower levels. As mentioned above, such oligosaccharides have been
detected in the Fe of IgGs expressed in the late phase of batch cell cultures. Yu lp er al,,
1994, supra.

Antibody Dependent Cellular Cytotoxicity Of chCE7 Samples. ChCE7

shows some ADCC activity, measured as irn vitro lysis of neuroblastoma cells by human

15 lvmphoceyvtes. when expressed in CHO-tet-GnTIIIm cells with the minimum level of
GnT TH overexpression (FIGURE 12, sample CE7-2000t). Raising the level of GnT III
produced a large increase in ADCC activity (FIGURE 12, sample CE7-60t). Further
overexpression of GnT 11T was not accompanied by an additional increase in activity
(FIGURE 12, sample CE7-30t), and the highest level of expression actually led to

20 reduced ADCC (FIGURE 12, sample CE7-15t). Besides exhibiting the highest ADCC
activities. both CE7-60t and CE7-30t samples show significant levels of cytotoxicity at
very low antibody concentrations. These results show that there is an optimal range of
GnT 1T overexpression in CHO cells for ADCC activity, and comparison with
oligosaccharide profiles shows that activity correlates with the level of Fc-associated,

25 bisected complex oligosaccharides.

Giiven the importance of bisected complex oligosaccharides for ADCC
activity. it would be useful to engineer the pathway to further increase the proportion of
these compounds. Overexpression of GnT I1I to levels approaching that used for
sample CL7-30t is within the biotechnologically practical range where no significant

30 toxicity and growth inhibiton are observed. At this level of expression, the non-
galactosylated, non-bisected, bi-antennary complex oligosaccharides. i.e., the preferred,
potentiai GnT III substrates, are reduced to less than 10% of the total. See, m/z 1486

peak. FIGURE 9D. However, only 50% are converted to the desired bisected
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biantennary complex structures. The rest are either diverted to bisected, hybrid
oligosaccharide byproducts or consumed by the competing enzyme $1,4-
galactosyltransferase, GalT (FIGURE 11).
Resolution of the bisected hybrid and the non-bisected, galactosylated
5 complex oligosaccharide peaks by complementary structural analyses would determine
+ how much each potential, undesired route is consuming. The growth of the m/z 1664
- and 1810 peaks at high GnT III overexpression levels suggests that at least a fraction of
: these peaks corresponds to bisected hybrid oligosaccharides (FIGURE 11). In theory, a
flux going to bisected hybrid compounds can be reduced by co-overexpression of

10 enzymes earlier in the pathway such as mannosidase 11 together with GnT III. On the
other hand, competition between GnT III and GalT for bisected complex
oligosaccharide substrates could potentially be biased towards GnT IlI-cataly zed
reactions, by increasing the intra-Golgi concentration of UDP-GlcNAc while
overexpressing GnT III. GnT III transfers a GlcNAc from the co-substrate UDP-

15 GlcNAc to the different oligosaccharides. Should the intra-Golgi concentration of
UDP-GlcNAc co-substrate be sub-saturating for GnT II1, then increasing it, either by
manipulation of the culture medium composition or by genetic manipulation of sugar-

" nucleotide transport into the Golgi, could favor GnT 11l in a competition for
oligosaccharides with GalT.

20 It remains to be determined whether the increase in ADCC activity results

- from the increase in both the galactosylated and non-galactosylated, bisected complex
oligosaccharides, or only from one of these forms. See, peaks at m/z 1689 and 1851 in
FIGURE 9. If it is found that galactosylated, bisected complex bi-antennary
oligosaccharides are the optimal structures for increased ADCC activity, then

25" maximizing the fraction of these compounds on the Fc region would require
overexpression of both GnT III and GalT. Given the competitive scenario discussed
previously, the expression levels of both genes would have to be carefully regulated. In
addition, it would be valuable to try to re-distribute overexpressed GalT as much as
possible towards the TGN instead of the trans-Golgi cisterna. The latter strategy may

30 be realized by exchanging the transmembrane region-encoding sequences of GalT with

those of «2.6-sialyltransferase (Chege and Pfeffer, 1990, J. Cell. Biol. 111:893-899).
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D. Example 4: Engineering The Glycosylation Of The Anti-CD20
Monoclonal Antibody C2BS§

C2B8 1s an anti-human CD20 chimeric antibody, Reff, M.E. er al,

1994, supra. It recieved FDA approval in 1997 and is currently being used, under the
5 comercial name of RituxanTM, for the treatment of Non-Hodgkin's lymphoma in the

United States. It is derived from CHO cell culture and therefore should not carry

bisected oligosaccharides. See, supra. In order to produce an improved version of this

antibody, the method demonstrated previously for the chCE7 anti-neuroblastoma

antibody was applied. See, supra. C2B§ antibody modified according to the disclosed
10 method had a higher ADCC activity than the standard, unmodified C2B8 antibody

produced under identical cell culture and purification conditions.

1. Material And Methods
Synthesis Of The Variable Light And Variable Heavy Chain
15 Regions Of Chimeric Anti-CD20 Monoclonal Antibody (C2B8). The VH and VL
genes of the C2B8§ antibody were assembled synthetically using a set of overlapping
single-stranded oligonucleotides (primers) in a one-step process using PCR, Kobayashi
et al, 1997, Biotechniques 23: 500-503. The sequence data coding for mouse
immunoglobulin light and heavy chain variable regions (VL and VH respectively) of
20 the anti-CD20 antibody were obtained from a published international patent application
(International Publication Number: WO 94/11026). The assembled DNA fragments
were subcloned into pBluescriptlIKS(+) and sequenced by DNA cycle sequencing to
verify that no mutations had been introduced.
Contruction Of Vectors For Expression Of Chimeric Anti-CD20
25  Monoclonal Antibody (C2B8). VH and VL coding regions of the C2B8 monoclonal
antibody were subcloned in pchCE7H and pchCE7L respectively. In the subcloning, the
sequences coding for the variable heavy and light chains of the anti-neuroblastoma CE7
(see, supra) were exchanged with the synthetically assembled variable heavy and
variable light chain regions of C2BS.
30 Generation Of CHO-tet-GnTIIIm Cells Expressing C238 Antibody. The
method for the generation of a CHO-tet-GntllIm cell line expressing C2B8§ antibody
was exactly the same as for CHO-tet-GnTIlIm-CE7. See. supra. The clone chosen for

further work was named CHO-tet-GnT1IIm-C2BS8.
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Generation Of CHO-tTA Expressing C2B8 Antibody. CHO-tTA is the
parental cell line of CHO-tet-GnTIlIm. See, supra. The method for the generation of a
CHO-tTA cell line expressing C2B8$ antibody without GnT 111 expression was exactly
the same as for CHO-tet-GnTIlIm-C2B8 and CHO-tet-GnTIlim-chCE7. See, supra.

5 The clone chosen for further work was named CHO-1TA-C2BS.
Production Of C2B8 Antibody Samples. Two C2B8 antibody samples were
" derived from parallel CHO-tet-GnTIIIm-C2B8§ cultures; eac-h':cﬁlture containing

different levels of tétracycline and therefore expected to express GnTIII at different
levels. The levels of tetracycline were 2000, 50, and 25ng/ml. The C2B§ antibody

10 samples derived from these cultures were designated as C2B8-2000t, C2B 8-501, and
C2B8-25t, respectively. In parallel, one antibody sample (C2B8-nt) was made from a
CHO-1TA-C2B8 culture, this cell line does not express GnT III. CHO-tTA-C2BS cells
were cultured without tetracycline.

Analysis Of GnT 111 Expression. For Western blot analysis of GnT 111, cell

15 lysates of each of the production cultures were resolved by SDS-PAGE and
electroblotted to polyvinylidene difluoride membranes. Anti-c-myc monoclonal
antibody 9E10 and anti-mouse 1gG-horseradish peroxidase (Amersham, Arlington, L)

" were used as primary and secondary antibodies respectively. Bound antibody was
detected using an enhanced chemiluminiscence kit (Amersham, Arlington, IL).

20 Purification Of C2B8 Antibody Samples. Antibody samples were purified
using the same procedure as for the chCE7 antibody samples. See, supra. The
concentration was measured using a fluorescence based kit from Molecular Probes
(Leiden, The Netherlands).

Verification Of Specific C2B8 Antigen Binding . The specificity of antigen

25 binding of the C2B8 anti-CD20 monoclonal antibody was verified using an indirect
immunofluorescence assay with cells in suspension. For this study, CD20 positive cells
(SB cells; ATCC deposit no.ATCC CCL120) and CD20 negative cells (HSB cells;
ATCC deposit no. ATCC CCL120.1) wererutilized. Cells of each type were incubated
with C2B8 antibody produced at 25ng/m! tetracycline, as a primary antibody. Negative

30 controls included HBSSB instead of primary antibody. An anti-human IgG Fc specific,
polyclonal, FITC conjugated antibody was used for all samples as a secondary antibody
(SIGMA, St. Louis, MO). Ceils were examined using a Leica (Bensheim, Germany)

fluorescence microscope.
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ADCC Activity Assay. Lysis of SB cells (CD20+ target cells; ATCC
deposit no. ATCC CCL120) by human monocyte depleted peripheral blood
mononuclear cells (effector cells) in the presence of different concentrations of C2B8
samples was performed basically following the same procedure described in Brunner er

5 al, 1968, Immunology 14:181-189. The ratio of effector cells to target cells was 100:1.

2. Results And Discussion
GnT 111 Is Expressed At Different Levels In Different Cell
Lines And Cultures. The cells of the parallel CHO-tet-GnTIIIm-C2B8 cultures, each
10 culture containing different levels of tetracycline (2000, 50, and 25ng/ml) and therefore
expected to express GnTIII at different levels, were lysed and the cell lysates were
resolved by SDS-PAGE and detected by Western blotting. The lysates of the culture
grown at 25ng/ml tetracycline showed an intense band at the corresponding molecular
weight of GnT III whereas cultures grown at 50 and at 2000ng/ml had much less
15  expression of GnT 1II as shown in FIGURE 13.
Verification Of Specific C2B8 Antigen Binding. C2B8 samples produced
from parallel cultures of cells expressing different levels of GnT II1 were purified from
the culture supernatants by affinity chromatography and buffer exchanged to PBS on a
cation exchange column. Purity was estimated to be higher than 95% from Coomassie
20 Blue staining of an SDS-PAGE under reducing conditions. These antibody samples
were derived from expression of antibody genes whose variable regions were
synthesized by a PCR assembly method. Sequencing of the synthetic cDNA fragments
revealed no differences to the original C2B8 variable region sequences previously
published in an international patent application (International Publication Number WO
25 94/11026). Specific binding of the samples to human CD20, the target antigen of
C2B8, was demonstrated by indirect immunofluorescence using a human
lymphoblastoid cell line SB expressing CD20 on its surface and an HSB
lymphoblastoid cell line lacking this antigen. Antibody sample C2B8-25t gave positive
staining of SB cells (FIGURE 14A), but not of HSB cells under identical experimental
30 conditions (see FIGURE 14B). An additional negative control consisted of SB cells
incubated with PBS buffer instead of C2B8-25t antibody. It showed no staining at all.
In Vitro ADCC Acrivity Of C2B8 Samples. The antibody sample C2B8-nt

expressed in CHO-tTA-C2B8 cells that do not have Gnt I1] expression (see. supra)
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showed 31% cytotoxic activity (at 1pg/ml antibody concentration), measured as in viiro
lysis of SB cells (CD20+) by human lymphocytes (FIGURE 15, sample C2B8-nt).
C2B8-2000t antibody derived from a CHO-tet-GnTIII culture grown at 2000ng/ml of
tetracycline (i.e., at the basal level of cloned GnT 11l expression) showed at 1 pg/ml
5 antibody concentration a 33% increase in ADCC activity with respect to the C2B8-nt

sample at the same antibody concentration. Reducing the concentration of tetracycline
to 25ng/ml (sample C2B8-25t), which significantly increased GnTIII expression,
‘produced a large increase of almost 80% in the maximal ADCC activity (at 1 pg/m]
antibody concentration) with respect to the C2B8-nt antibody sample at the same

10 antibody concentration (FIGURE 15, sample C2B8-25t).

Besides exhibiting the highest ADCC activity, C2B8-25t showed significant
levels of cytotoxicity at very low antibody concentrations. The C2B8-25t sample at
0.06pg/ml showed an ADCC activity similar to the maximal ADCC activity of C2B8-nt
at 1pug/ml. This result showed that sample C2B8-25t, at a 16- fold lower anti body

15 concentration, reached the same ADCC activity as C2B8-nt. This result indicates that
the chimeric anti-CD20 antibody C2B8 produced in a cell line actively expressing GnT
111 was significantly more active than the same antibody produced in a cel] line that did
not express GnT III.
One advantage of this antibody using the methods of the invention is that (1)
20 lower doses of antibody have to be injected to reach the same therapeutic effect, having
a benefical impact in the economics of antibody production, or (2) that using the same

dose of antibody a better therapeutic effect is obtained.

E. Example 5: Establishment Of CHO Cell Lines With Co nstitutive
25 Expression Of Glycosyltransferase Genes At Optxmal Levels
Leading To Maximal ADCC Activity

In some applications of the method for enhancing the ADCC it may
be desirable 1o use constitutive rather than regulated expression of GnT I on its own or
together with other cloned glycosyltransferases and/or glycosidases. However, the

30 inventors have demonstrated that ADCC activity of the modified antibody depends on
the expression level of GnT II1. See, supra. Therefore, it is important to select a clone
with constitutive expression of GnT III alone or together with other glycosyliransferase

and/or glycosidase genes at optimal or near optimal levels. The optimal levels of
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expression of GnT I1I, either alone or together with other glycosyl transferases such as
B(1,4)-galactosyl transferase (GalT), are first determined using cell lines with regulated
expression of the glycosy! transferases. Stable clones with constitutive expression of
GnT 111 and any other cloned glycosyltransferase are then screened for expression levels

5 near the optimum.

1. Determination Of Near-optimal Expression Levels
Construction Of A Vector For Regulated GnT II1
Expression linked To GFP Expression. Each glycosyl transferase gene is linked, via
10 an IRES sequence, to a reporter gene encoding a protein retained in the cell, e.g., green
fluorescent protein (GFP) or a plasma membrane protein tagged with a peptide that can
be recognized by available antibodies. If more than one glycosyl transferase is being
tested. a different marker is associated with each glycosyl transferase, e.g., GnT Il may
be associated to GFP and GalT may be associated to blue fluorescent protein (BFP). An
15 eucaryotic expression cassette consisting of the GnT III cDNA upstream of an IRES
element upstream of the GFP ¢cDNA is first assembled by standard subcloning and/or
PCR steps. This cassette is then subcloned in the tetracycline regulated expression
vector pUHD10-3 (see, supra), downstream of the tet-promoter and upstream of the
termination and polyadenylation sequences resulting in vector pUHD10-3-GnTIII-GFP.
20 Establishment Of CHO Cells With Regulated GnTIIl Expression Linked
To GFP Expression And Constitutive chCE7 Antibody Expression. CHO-tTA cells
(see, supra) expressing the tetracycline-responsive transactivator, are co-transfected
with vector pUHD10-3-GnTIII-GFP and vector pPur for expression of a puromycin-
resistance gene. See, supra. Puromycin resistant clones are selected in the presence of
25 tetracycline. Individual clones are cultured by duplicate in the presence (2ug/ml) or
absence of tetracycline. Six clones that show inhibition of growth in the absence of
tetracycline, due to glycosyltransferase overexpression (see, supra), are selected and
analyzed by fluorescence-activated cell sorting (FACS) for detection of the GFP-
associated signal. A clone giving the highest induction ratio, defined as the ratio of
30 fluorescence in the absence of tetracycline to fluorescence in the presence of
tetracycline is chosen for further work and designated as CHO-tet-GnTIII-GFP. CHO-
tet-GnTIII-GFP are transfected with expression vectors for antibody chCE7 and a clone

with high constitutive expression of this antibody 1s selected CHO-tet-GnTI1I-GFP-
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chCE7. See, supra.
Production Of chCE7 Samples, Measurement Of ADCC Activity And
Determination Of Optimal GnTIII Expression Levels. Parallel cultures of CHO-tet-
GnTII-GFP-chCE7 are grown at different levels of tetracycline, and therefore
5 expressing GnTIIl together with GFP at different levels. chCE7 antibody samples are
purified from the culture supernatants by affinity chromatography. In parallel, the cells
- from each culture are analyzed by FACS to determine the mean level of GFP-associated
fluorescence, which is correlated to the expression level of GnT III, of each culture.
The in vitro ADCC activity of each chCE7 antibody sample is determined (see, supra)
10 and the maximal i virro ADCC activity of each sample is plotted against the mean

fluorcscence of the cells used to produce it.

2 FEstablishment Of A CHO Cell Line With Constitutive
(;nTI1II expression At Near-optimal Levels

15 The GnTIII-IRES-GFP cassette (see, supra) is subcloned in a
constitutive expression vector. CHO cells are stably co-transfected with this vector and
a vector for puromyain resistance. Puromycin resistant cells are selected. This
population of stably transfected cells is then sorted via FACS, and clones are selected
which express the levels of reporter GFP gene near the within the range where optimal

20 or near-optimal ADCC activity is achieved. See, supra. This final transfection step
may be done cither on CHO cells already stably expressing a therapeutic antibody or on
empty CHO cells. ¢.g.. DUKX or DG44 dhfr- CHO cells. In the latter case, the clones
obtained from the procedure described above will be transfected with therapeutic

antibody-expression vectors in order to generate the final antibody-producing cell lines.

F. Examplc 6: Cell Surface Expression Of A Human 1gG Fc
Chimera With Optimized Glycosylation

Encapsulated cell therapy is currently being tested for a number of
diseases. An encapsulated cell implant is designed to be surgically placed into the body
30 todeliver a desired therapeutic substance directly where it is needed. However, if once
implanted the encapsulated device has a mechanical failure, cells can escape and
become undesirable. One way to destroy escaped, undesirable cells in the body is via

an Fc-mediated cellular cytoxicity mechanism. For this purpose, the cells to be
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encapsulated can be previously engineered to express a plasma membrane-anchored
fusion protein made of a type Il transmembrane domain that localizes to the plasma
membrane fused to the N-terminus of an Fc region. Stabila, P.F., 1998, supra. Cells
inside the capsule are protected against Fc-mediated cellular cytoxicity by the capsule,

5 while escaped cells are accesible for destruction by lymphocytes which reco gnize the
surface-displayed Fc regions, i.e., via an Fc-mediated cellular cytoxicity mechanism.
This example illustrates how this Fc-mediated cellular cytoxicity activity is enhanced by

glycosylation engineering of the displayed Fc regions.

10 1. Establishment Of Cells Expressing The Fc Chimera On
: Their Surface And Expressing GnTIII

Cells to be implanted for a particular therapy, for example
baby hamster kidney (BHK) cells, which already produce the surface-displayed Fc
chimera and a secreted, therapeutic protein, are first stably transfected with a vector for

15 constitutive expression of GnTIII linked via an IRES element to expression of GFP.
See, supra. Stable transfectants are selected by means of a marker incorporated in the
vector, e.g., by means of a drug resistance marker and selected for survival in the

presence of the drug.

20 2. Screening Of Cells Expressing Diffent Levels Of GnTIII
And Measurement

Stable transfectants are analyzed by fluorescence-activated
cell sorting (FACS) and a series of clones with different mean fluorescence levels are
selected for further studies. Each selected clone is grown and reanalyzed by FACS to

25 ensure stability of GFP, and therefore associated GnT III, expression.

3. Verification Of Different Levels Of Bisected Co mplex
Oligosaccharides On The Displayed Fc Regions

Fc regions from three clones with different levels of GFP-
30 associated fluorescence and from the original BHK cells not transfected with the
GnTII-IRES-GFP vector are solubilized from the membrane by means of a detergent
and then purified by affinity chromatography. The oligosaccharides are then removed,
purified and analyzed by MALDI-TOF/MS. See, supra. The resulting MAL DI-

TOF/MS profiles show that the Fc-regions of the modified, fluorescent clones carry
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different proportions of bisected complex oligosaccharides. The MALDI profile from
the unmodified cells does not show any peak associated to bisected oligosaccharides.
The clone with carrying the highest Jevels of bisected complex oligosaccharides on the

displayed Fc regions is chosen for further work.

4. In vitro Fc-mediated Cellular Cytoxicity Activity Assay

Two Fc-mediated cellular cytoxicity activity assays are then
conducted n parallel. In one assay the target cells are derived from the clone selected
above. In the parallel assay the target cells are the original cells to be encapsulated and

10 which have not been modified to express GnTIIl. The assay is conducted using the

procedure described previously (see, supra) but in the absence of any additional
antibody. since the target cells already display Fc regions. This experiment
demonstrates that the Fe-mediated cellular cytoxicity activity against the cells
expressing GnT 111 is higher than that against cells not expressing this

15 glveosyliransferase.

All references cited within the body of the instant specification are hereby

incorporated by reference in their entirety.
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CLAIMS
What is claimed is:

5 1. A host cell engineered to express at least one nucleic acid encoding a

glycoprotein-modifying glycosyl transferase at a regulated level.

2. The host cell of Claim 1, wherein a nucleic acid molecule comprising
at least one gene encoding a glycoprotein-modifying glycosyl transferase has been
10 introduced in said host cell.
3. The host cell of Claim 1, wherein said host cell has been engineered

such that an endogenous glycoprotein-modifying glycosy! transferase is activated.

15 4. The host cell of Claim 2 or 3, wherein said host cell is a CHO cell, a
BHK cell, a NSO cell,’a SP2/0 cell, or a hybridoma cell.

5. The host cell of Claim 3, wherein said endogenous glycoprotein-
modifying glycosyl transferase has been activated by insertion of a regulated promoter

20 element into the host cell chromosome.

6. The host cell of Claim 2 or 3, wherein said glycoprotein-modifying
glycosy! transferase is GnT III, GnT V, Man 11, or Gal T.

25+ 7. The host cell of Claim 2 or 3, wherein said host cell is engineered to
express at least two different glycoprotein-modifying glycosyl transferases selected

from the group consisting of GnT 111, GnT V, Man 11, and Gal T.

8. The host cell of Claim 7, wherein at Jeast one gene encoding a
30 glycoprotein-modifying glycosyl transferase is operably linked to a constitutive

promoter element.

9. The host cel] of Claim 2, wherein at least one gene encoding a
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glycoprotein-modifying glycosyl transferase is operably linked to a regulated promoter

element.

10.  The host cell of Claim 5 or 9, wherein the regulated promoter
5 element is a tetracycline-regulated promoter system, an ecdysone-inducible promoter
. system. a lac-switch promoter system, a glucocorticoid-inducible promoter system, a
temperature-inducible promoter system, or a metallothionein metal-inducible promoter

system.

10 11. A host cell engineered to express at least one nucleic acid molecule
encoding a glycoprotein-modifying glycosyl transferase, wherein said host cell is

capable of producing a protein having enhanced Fc-mediated cellular cytotoxicity.

12, The host cell of Claim 11, wherein said protein is a whole antibody
15 molecule. an antibody fragment, or a fusion protein that includes a region equivalent to

the Fc region of an immunogiobulin.

13.  The host cell of Claim 12, wherein a nucleic acid molecule
comprising at least one gene encoding a glycoprotein-modifying glycosyl transferase

20  has been introduced into said host cell chromosome.

14. The host cell of Claim 12, wherein said host cell has been selected to
carry a mutation triggering expression of an endogenous glycoprotein-modifying

glycosy| transferase.

25
15. The host cell of Claim 14, wherein said host cell is the mutant lec10.
16.  The host cell of Claim 12, wherein said host cell has been engineered
such that an endogenous glycoprotein-modifying glycosyl transferase is activated.
30

17. The host cell of Claim 16, wherein said endogenous glycoprotein-
modifying glycosyl transferase has been activated by insertion of a regulated promoter

element into the host cell chromosome.

49

Aragen/Transposagen Ex. 1035 - Part B

BNSDOCID: <WO, 995434241 _1_>




WO 99/54342 PCT/US99/08711

18.  The host cell of Claim 16, wherein said endogenous glycoprotein-
modifying glycosyl transferase has been activated by insertion of a constitutive

promoter ciement, a transposon, or a retroviral element into the host cell chromosome.

19. The host cell of Claim 11 or 13, further comprising at least one

W

transfected nucleic acid encoding an antibody molecule, an antibody fragment, or a

fusion protein that includes a region equivalent to the Fc region of an immunoglobulin.

20.  The host cell of Claim 13, wherein at least one gene encoding a
10 glycoprotein-modifying glycosyl transferase is operably linked to a constitutive

promoter element.

21, The host cell of Claim 13, wherein at least one gene encoding a
glvecoprowein-modifying glycosy! transferase is operably linked to a regulated promoter

15 element.

22, The host cell of Claim 21, wherein the regulated promoter element is
a tetracy cline-regulated promoter system, an ecdysone-inducible promoter system, a
lac-switch promoter system, a glucocorticoid-inducible promoter system, a temperature-

20 inducible promoter system, or a metallothionein metal-inducible promoter system.

1o

5. The host cell of Claim 11, wherein said host cell is a hybridoma cell.

24 The host cell of Claim 11, wherein said engineered host cell is an

25 engineered CHO cell, an engineered BHK cell, an engineered NSO cell, or an
engincered SP2/0 cell.
25, The host cell of Claim 11, wherein said host cell comprises at least
one transfected nucleic acid encoding a chimeric anti-CD20 monocional antibody
30 (C2BS§).

26. The host cell of Claim 11, wherein said host cell comprises at least

- one transfected nucleic acid encoding a chimeric anti-human neuroblastoma monoclonal
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antibody (chCE?7).

27.  The host cell of Claim 11, wherein said host cell comprises at least
one transfected nucleic acid encoding a chimeric anti-human renal cell carcinoma
5 monoclonal antibody (ch-G250), a humanized anti-HER2 monoclonal antibody. a
-chimeric anti-human colon, lung, and breast carcinoma monoclonal antibody (ING-1), a
‘humanized anti-human 17-1A antigen monoclonal antibody (3622W94), a humanized
anti-human colorectal tumor antibody (A33), an anti-human melanoma antibody (R24)
directed against GD3 ganglioside, or a chimeric anti-human squamous-cell carcinoma

10 monoclonal antibody (SF-25).

28. The host cell of Claim 11, wherein at least one nucleic acid molecule

encodes f3(1,4)-N-acetylglucosaminyltransferase II1 (GnT 1I1).

15 29.  The host cell of Claim 28, further comprising at least one nucleic

acid encoding a f}(1,4)-galactosy] transferase (GalT).

30.  The host cell of Claim 28, further comprising at least one nucleic

acid encoding a mannosidase 11 (Man II).

31.  The host cell of Claim 28, further comprising at least one nucleic
acid encoding a (1,4)-galactosy] transferase (GalT) and at least one nucleic acid

encoding a mannosidase II (Man II).

25 32. A method for producing a protein compound having enhanced
Fc-mediated cellular cytotoxicity in a host cell, comprising:
(a) providing a host cell engineered to express a glycoprotein-
modifying glycosyl transferase at a regulated level, chosen to improve glycosylation of
a protein compound of interest, wherein said host cell expresses at least one nucleic acid
30 encoding an antibody, an antibody fragment, or a fusion protein that includes a region
equivalent to the Fc region of an immunoglobulin;
(b) culturing said host cell under conditions which permit the

production of said protein compound having enhanced Fc-mediated dependent cellular
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cytotoxicity; and
(c) 1solating said protein compound having enhanced

Fc-mediated cellular cytotoxicity.

5 33. The method of Claim 32, wherein in step (a), said host cell comprises

at least one nucleic acid encoding a whole antibody.

34. The method of Claim 32, wherein in step (a), said host cell comprises

at least one nucleic acid encoding an antibody fragment.

10
35. The method of Claim 32, wherein in step (a), said host cell comprises
at least one nucleic acid encoding a fusion protein comprising a region resembling a
glycosylated Fc region of an immunoglobulin.
15 36. The method of Claim 32, wherein said host cell coxﬁprises at least

one transfected nucleic acid encoding a chimeric anti-CD20 monoclonal antibody

(C2BS).

37. The method of Claim 32, wherein said host cell comprises at least
20 one transfected nucleic acid encoding a chimeric anti-human neuroblastoma monoclonal

antibody (chCE7).

38. The method of Claim 32, wherein said host cell comprises at least
one transfected nucleic acid encoding a chimeric anti-human renal cell carcinoma
25 monoclonal antibody (ch-G250), a humanized anti-HER2 monoclonal antibody, a
chimeric anti-human colon, lung, and breast carcinoma monoclonal antibody (ING-1), a
humanized anti-human 17-1A antigen monoclonal antibody (3622W94), a humanized
anti-human colorectal tumor antibody (A33), an anti-human meianoma antibody (R24)
directed against GD3 ganglioside, or a chimeric anti-human squamous-cell carcinoma

30 monoclonal antibody (SF-25).

39. The method of Claim 32, wherein with at least one gene encoding a

glycoprotein-modifying glycosy! transferase has been introduced into said host cell.
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40. The host cell of Claim 32, wherein said host cell has been selected 10
carry 2 mutation triggering expression of an endogenous glycoprotein-modifying

glycosyl transferase.
5 . 41. The host cell of Claim 40, wherein said host cell is the mutant lec10.

42, The host cell of Claim 32, wherein said host cell has been engineered

-such that an endogenous glycoprotein-modifying glycosyl transferase is activated.

10 43. The method of Claim 32, wherein said glycosyl transferase is a

B(1,4)-N-acetylglucosaminyltransferase III (GnT III).

44, The method-of Claim 43, wherein said GnT III is expressed using a

constitutive promoter system.

45. The method of Claim 43, wherein said GnT IIl is expressed using a

regulated promoter system.

46. The method of Claim 45, wherein said regulated promoter system is
20  atetracycline-regulated promoter system, an ecdysone-inducible promoter system, a
lac-switch promoter system, a glucocorticoid-inducible promoter system, a temperature-

inducible promoter system, or a metallothionein metal-inducible promoter system.

47 The method of Claim 32, wherein said glycosy! transferase is a

25 f(1,4)-galactosyl transferase (GalT).

48.  The method of Claim 47, wherein said GalT is expressed using a

constitutive promoter system.

30 49. The method of Claim 47, wherein said GalT is expressed using a

regulated promoter system.

50. The method of Claim 49. wherein said regulated promoter system is
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a tetracycline-regulated promoter system, an ecdysone-inducible promoter system, a
lac-switch promoter system, a glucocorticoid-inducible promoter system, a temperature-

inducible promoter system, or a metallothionein metal-inducible promoter system.

5 51.  The method of Claim 32, wherein said host cell is engineered to
express a plurality of nucleic acids encoding a glycosyl transferase at a regulated level,
chosen to improve glycosylation of a protein compound of interest, wherein at least one
nucleic acid encodes GnT III and at least one nucleic acid encodes a f(1,4)-galactosyl

transferase (GalT).

10
52. The host cell of Claim 51, wherein a nucleic acid molecule
comprising at least one gene encoding a glycoprotein-modifying glycosyl transferase
has been introduced into said host cell.
15 53. The host cell of Claim 51, wherein said host cell has been selected to

carry a mutation triggering expression of at least one endogenous glycoprotein-

modifying glycosyl transferase.

54. The host cell of Claim 51, 52, or 53, wherein said host cell has been
20 engineered such that an endogenous glycoprotein-modifying glycosyl transferase is

activated.

55.  The method of Claim 32, wherein said host cell comprises a plurality
of nucleic acids encoding a glycoprotein-modifying glycosy! transferase at a regulated
25 level, chosen to improve glycosylation of a protein compound of interest, wherein at
least one nucleic acid encodes GnT 11l and at least one nucleic acid encodes a

mannosidase 11 (Man I1).

56. The host cell of Claim 55, wherein a nucleic acid molecule
30 comprising at least one gene encoding a glycoprotein-modifying glycosyl transferase

has been introduced into said host cell.

57. The host cell of Claim 55, wherein said host cell has been selected 10
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carry a mutation triggering expression of at least one endogenous glycoprotein-

maodifying glycosyl transferase.

58. The host cell of Claim 55, 56, or 57, wherein said host cell has been

engineered such that an endogenous glycoprotein-modifying glycosy! transferase is

()

_.activated.

59.  The method of Claim 32, wherein said host cell comprises a plurality
of nucleic acids encoding a glycoprotein-modifying glycosyl transferase at a regulated
10 level, chosen to improve glycosylation of a protein of interest, wherein at least one
nucleic acid encodes GnT 111, at least one nucleic acid encodes B(1,4)-galactosyl

transferase (GalT), and at least one nucleic acid encodes mannosidase I1 (Man II).

60. The host cell of Claim 59, wherein a nucleic acid molecule
15 comprising at least one gene encoding a glycoprotein-modifying glycosyl transferase

has been introduced into said host cell.

61. The host cell of Claim 59, wherein said host cell has been selected to
carry a mutation triggering expression of at least one endogenous glycoprotein-

20 modifying glycosyl transferase.

62. The host cell of Claim 59, 60, or 61, wherein said host cell has been
engineered such that an endogenous glycoprotein-modifying glycosyl transferase is

activated.

63.  The method of Claim 32, wherein the expression level of at least one
glycoprotein-modifying glycosyl transferase has been selected to produce an antibody
molecule, an antibody fragment, or a fusion protein that includes a region equivalent to
the Fc region of an immunoglobulin having enhanced Fc-mediated cellular cytotoxicity

30 at a higher leve] than the Fc-mediated cellular cytotoxicity obtained from a di fferent

expression Jevel of the same glycosyl transferase gene.

64.  The method of Claim 63, wherein said expression levels are
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determined by Western blot analysis using a glycosy! transferase-specific antibody.

65.  The method of Claim 63, wherein said expression levels are

determined by Northern blot analysis using a glycosyl transferase-specific probe.

. 66.  The method of Claim 63, wherein said expression levels are

determined by measuring the enzymatic activity of glycosyl transferase.

67.  The method of Claim 63, wherein said expression levels are
10 determined using a lectin which binds to biosynthetic products of glycoprotein-

modifying glycosyl transferase.
68. The method of Claim 67, wherein the lectin is E;-PHA lectin.

15 69.  The method of Claim 63, wherein said nucleic acid encoding said
glycoprotein-modifying glycosyl transferase is operatively linked to a reporter gene, and
wherein said expression levels of said glycosyl transferase are determined by measuring

a signal correlated with the expression level of said reporter gene.

20 70.  The method of Claim 69, wherein said reporter gene is transcribed
together with at Jeast one nucleic acid encoding said glycoprotein-modifying glycosyl
transferase as a single RNA molecule and their respective coding sequences are linked

either by an internal ribosome entry site (IRES) or by a cap-independent translation

enhancer (CITE).
25
71.  The method of Claim 69, wherein said reporter gene is translated
together with at least one nucleic acid encoding said glycoprotein-modifying glycosy!
transferase such that a single polypeptide chain is formed.
30 72. The method of Claim 63, wherein said nucleic acid encoding said

glycoprotein-modifying glycosyl transferase is operatively linked to a reporter gene
under the control of a single promoter, wherein said nucleic acid encoding said

glycoprotein-modifying glycosyl transferase and said reporter gene are transcribed into
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an RNA molecule which is altematively spliced into two separate messenger RNA
(mRNA) molecules, wherein one of the resulting mRNAS is translated into said reporter
protein. and the other is translated into said glycoprotein-modifying glycosyl

transferase.

73.  The method of Claim 32, wherein said host cell further comprises a

-nucleic acid encoding a glycosidase.

74. An antibody having enhanced antibody dependent cellular

10 cytotoxicity (ADCC) produced by the host cells of Claim 11.

75. A chimeric anti-CD20 monoclonal antibody (C2B8) having enhanced

antibody dependent cellular eytotoxicity (ADCC) produced by the host cells of Claim

25.
15
70. A chimeric anti-human neuroblastoma monoclonal antibody (¢chCE7)
having enhanced untibody dependent cellular cytotoxicity (ADCC) produced using the
host cells of Claim 20.
20 77. A chimeric anti-human renal cell carcinoma monoclonal antibody

(ch-G250) having enhanced antibody dependent cellular cytotoxicity (ADCC) produced

using the host cells of Claim 27.

78. A humanized anti-HER2 monoclonal antibody having enhanced
25 antibody dependent cellular cyvtotoxicity (ADCC) produced using the host cells of

Claim 27.

79. A chimeric anti-human colon, lung, and breast carcinoma
monocional antibody (ING-1) having enhanced antibody dependent cellular cytotoxicity

30 (ADCC) produced using the host cells of Claim 27.

80. A humanized anti-human 17-1A antigen monoclonal antibody

(3622W94) having enhanced antibody dependent cellular cytotoxicity (ADCC)
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produced using the host cells of Claim 27.

81. A chimeric anti-human squamous-cell carcinoma monoclonal
antibody (SF-25) having enhanced antibody dependent cellular cytotoxicity (ADCC)

5 produced using the host cells of Claim 27.

82. A humanized anti-human colorectal tumor antibody (A33), having
enhanced antibody dependent cellular cytotoxicity (ADCC) produced using the host

cells of Claim 27.

10
83.  Ananti-human melanoma antibody (R24) directed against GD3
ganglioside, having enhanced antibody dependent cellular cytotoxicity (ADCC)
produced using the host cells of Claim 27.
15 84.  Anantibody fragment that includes a region equivalent to the Fc

region of an immunoglobulin, having enhanced Fc-mediated cellular cytotoxicity

produced using the host cells of Claim 11.

85. A fusion protein that includes a region equivalent to the Fc region of
20 an immunoglobulin, having enhanced Fc-mediated cellular cytotoxicity produced using

the host cells of Claim 11.
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