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NEOPLASIA

Heterogeneity in therapeutic response of genetically altered myeloma cell lines t

interleukin 6, dexamethasone, doxorubicin, and melphalan

Matt Rowley, Pocheng Liu, and Brian Van Ness

Because there is no known genetic abnor-
mality common to all patients with my-
eloma, it is important to understand how
genetic heterogeneity may lead to differ-
ences in signal transduction, cell cycle,
and response to therapy. Model cell lines
have been used to study the effect that
mutations in  p53 and ras can have on
growth properties and responses of my-
eloma cells. The U266 cell line has a
single mutant p53 allele. Stable expres-
sion of wild-type (wt) p53 in U266 cells
results in a significant suppression of
interleukin (IL)-6 gene expression and in

the concomitant suppression of cell
growth that could be restored by the
addition of exogenous IL-6. Expression of
wt p53 also leads to cell cycle arrest and
protection from doxorubicin (Dox)- and
melphalan (Mel)-induced apoptosis. The
addition of IL-6 resulted in cell cycle
progression and blocked p53-mediated
protection from apoptosis. ANBL6 is an
IL-6—dependent cell line that is sensitive

to dexamethasone (Dex), Dox, and Mel.

IL-6 is able to protect ANBL6 cells from
Dex- and Mel- but not Dox-induced apo-
ptosis. To study the effect of an activating

mutation in ras, the ANBLG6 cell line trans-
fected with either a constitutively acti-
vated N- or K-ras gene was used. Both
N-ras12 and K-rasl2 genes were able to
protect ANBL6 cells from apoptosis in-
duced by Dex, Dox, and Mel. These data
show that changes in ras or p53 can alter
the myeloma cell response to IL-6 and
demonstrate that the genetic background
can alter therapeutic responses. (Blood.
2000;96:3175-3180)

© 2000 by The American Society of Hematology

Introduction

Multiple myeloma is a B-cell cancer characterized by the accuml-ras are found in multiple myeloma with a frequency of 30% to
lation of clonal plasma cells in the bone marrbwumerous 50%814-16]t has been shown that activating mutations in either N-
studie§ have demonstrated that interleukin-6 (IL-6) is a majoor K-ras can provide a proliferation signal independent of any additional
growth factor for myeloma cells. Typically, IL-6 is produced by thdlL-6 in the ANBL6 myeloma cell liné”18It was also shown that N-ras,
bone marrow stromal celfsln addition, the production of IL-6 by but not K-ras, was able to provide protection from apoptosis induced by
normal B cells and a number of myeloma cell lines also suggestslars withdrawal or treatment with dexamethasdh&his demonstrates
autocrine source of IL-6 in some patients with myelohidhere that mutations in theas gene may have significant effects on myeloma
are no known genetic abnormalities common to every case a#ll growth and response to therapy.
myeloma. Indeed, significant genetic heterogeneity among patientGiven the fact that there is considerable genetic heterogeneity in
tumor cells should be associated with differences in diseasuiltiple myeloma, it is important to understand how the genetic
progression and therapeutic response. background can affect signal transduction, cell cycle, and response

Mutations in thgp53gene have been reported in 10% to 20% oo therapy. We used model cell lines to study the effe@&gand
tumor samples from patients with myelofa.Moreover, p53 ras mutations on the response of myeloma cells to IL-6 and
inactivation is often associated with advanced stages of theemotherapeutic agents. The autocrine IL-6—producing U266 cell
diseasé. Transient expression of a wild-type (Wbp3 gene has line carries a single allele of thp53 gene with a inactivating
been shown to suppress IL-6 promoter activity in HeLa déllfhe  mutation at exon 819This cell line provided an excellent model to
functional target for transcription repression by p53 was mappeddgamine the effect of wt p53 on IL-6 expression. We were also able
the multiple cytokine and second-messenger response elentenise this cell line to study the effectpb3mutations on myeloma
(MRE, —173 to —145) within the IL-6 promotel®!1 Mutation at growth and response to therapy. The ANBL6 cell line is an
the C/EBPB (NFIL-6)-binding site within the MRE blocks the IL-6—dependent line that contains aras gene. To study the effect
ability of p53 mutants to stimulate IL-6 promoter activiy. of an activatingras mutation on response to therapy, we used
Therefore, dysfunctional p53 may contribute to the deregulation ANBL6 cells that were previously transfected with either a
IL-6 production in myeloma cells. constitutively activatedN-ras12 or K-rasl2 genel® Our data

IL-6 signals through a variety of downstream signaling pattsuggest that changes in thB3or ras gene can alter the myeloma
ways, including the Ras family of guanosine triphosphate—bindiragll response to IL-6. They also demonstrate that myeloma cells
proteins!® Point mutations at codons 12, 13, or 61 lead to may respond differently to chemotherapeutic agents depending on
constitutively active Ras protein. Activating mutations in N- othe genetic background of the cell.
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IL-6. IL-6.5": 5’-AAC TCC TTC TCC ACA AGC G-3'. IL-6.3":

Materials and methods 5'-TGG ACT GCA GGAACT CCT T-3'
Porphobilinogen deaminasePBGD5': 3-TGT CTG GTAACG GCA
Cell culture ATG CG-3'. PBGD3": 5TCAATG TTG CCACCACAC TG-3'.

The autocrine IL-6—producing U266 myeloma cell line was purchased from

American Tissue Culture Collection (Rockville, MD), and the ANBL6 cell[®H] Thymidine incorporation assay

lines were as previously describEdAll cell lines were maintained in . .

RPMI 1640 supplemented with 10% fetal calf serum, 50 U/mL each df'e assay was performed as previously descridtiefly, cells were
penicillin and streptomycin, 2 mmol/L-glutamine (BRL, Gaithersburg, diluted to 2x 10° cells/mL, and 20QuL of each culture was seeded to
MD), and 0.5 ng/mL IL-6 (R&D Systems, Minneapolis, MN) except aP6-well plates in the presence of various concentrations of IL-6 as
indicated. All cultures were incubated in the absence of IL-6 for 3 days tBdicated. The 96-well plates were incubated for 2 days befopeClL
eliminate the IL-6 effect on the cells and were then centrifuged oifH] thymidine (5 Ci/mmol; Amersham, Arlington Heights, IL) was
Ficoll-Histopaque to eliminate dead cells before each experiment. added to each well. The cells were further incubated for at least 12
hours, but no more than 18 hours, and then harvested onto glass filter
paper (Skatron, Sterling, VA).3i] Thymidine incorporation was
measured by liquid scintillation counting (Beckman, Arlington
The p53 cDNA was a generous gift from Dr Robert Kratzke (VA HospitalHeights, IL).

Minneapolis, MN). The Tet-regulated expression system was purchased

from Stratagene (La Jolla, CA). The pTet. TAK.Neo vector was generated

by cloning the neomycin gene to pTet. TAK vector at Ml site. The p53 Apoptosis and cell cycle analysis

expression vector (pTet.Splice.p53.Hyg) was constructed by cloning p%ﬁe assay was performed as previously descriBegtiefly, cells were

cDNA to theEcoRI site of pTet.Splice, and the hygromycin gene was then . - f .
cloned to theNotl site of pTZt SpIiEe e yeng washed and diluted to & 10° cells/mL with RPMI 1640 with or without

dexamethasone (Dex), doxorubicin (Dox), melphalan (Mel), or IL-6 as
indicated. Cells were harvested and pelleted at the indicated time points.
Cell pellets were suspended with 0.5 mL hypotonic lysis solution (50
U266 cells (1x 107) were collected by centrifugation and resuspended/mL propidium iodide (Sigma, St. Louis, MO) in 0.1% sodium citrate
with 400 p.L of complete RPMI 1640 containing 10% fetal calf serum ané@nd 0.1% triton X-100) and incubated at 4°C for at least 3 hours in the dark.
50 U/mL each of penicillin and streptomycin and 2 mmol/L L-glutaminéNuclear staining was analyzed on a FACSCalibur flow cytometer (Becton
(BRL). Linearized pTet. TAK.Neo and p53 expression vectors were mixddickinson, San Jose, CA).

in a 1:1 molar ratio. pTet.TAK.Neo was linearized witkpall (NEB,

Beverly, MA). pTet.Splice.p53.Hyg was linearized wiBstXl (NEB). )

DNA was added to the cell suspension and transferred to a 0.4-Qfclear extract preparation

gap-width electrocuvette. Cells were electroporated at 300 V an@g.B60 Nuclear extracts were prepared as previously descAbBdefly, 1CF cells

a Gene Pulser (Bio-Rad, Hercules, CA). Cells were then allowed to reCoYflre washed in ice-cold phosphate-buffered saline, and the cell pellet was

for 20 minutes at room temperature and were transferred to 10 mL compl;}g .
. . ed in 5 packed cell volumes Buffer A (10 mmol/L HEPES, pH 7.9, 1.5
- ° 0,
RPMI 1640 with 0.1 ng/mL IL-6 and incubated for 48 hours at 37°C and 7% ol/L. MgCl,, 10 mmol/L KCI, 0.5 mmol/L dithiothreitol, 0.1% NP-40)

CO, before selection in Geneticin (400 mg/mL; BRL) or Hygromycin (20({” - ) . R
wg/mL; CalBiochem). Fresh selective medium was added every 4 hours or 2 minutes on ice. Nuclei were pelleted at 9000 rpm for 30 seconds at 4°C

or .
12 days, and then the antibiotic-resistant transfectants were expande&rfﬁl resuspended in 0.5 packed cell volumes Buffer B (20 mmol/L HEPES,
complete RPMI 1640 with 0.1 ng/mL IL-6. P

H 7.9, 25% glycerol, 0.42 NaCl, 1.5 mmol/L MgCD.2 mmol/L EDTA,

0.5 mmol/L phenylmethylsulfonyl fluoride (PMSF), 0.5 mmol/L DTT).
Tubes were rocked for 30 minutes at 4°C and then centrifuged for 20
minutes to pellet insoluble material. Protein concentration was determined
by using the Bio-Rad Protein Assay Kit.

Total RNA was prepared by extraction with TriZol (BRL) according to the
manufacturer’s instructions. The RNA was quantitated by spectrophotoE
etry, and 1ug RNA was reversed transcribed with SuperScript Il reverse
transcriptase (RT) (BRL) at 42°C for 50 minutes with 3@ oligo(dT)  For NF-kB, AP-1, or NFIL-6 mobility shifts, 1Q.g nuclear extract was
(Pharmacia, Piscataway, NJ) in a 20-pL reaction mixture according f@cubated with radiolabeled probe (10 000 cpm) in a binding buffer that
manufacturer’s instructions. Five microliters of the reaction mixture fromontained 5% glycerol, 50 mmol/L NaCl, 10 mmol/L Tris (pH 7.5), 1
reverse transcription was amplified in a 100-p.L reaction with 20 pmol qf,mol/L DTT, 1 mmol/L EDTA, and 0.5.g poly dI-dC for 30 minutes at
each primer, 2.5 U Taq polymerase (Amplitaq; PerkinElmer-Cetus, NQf5om temperature. The samples were electrophoresed on a 4.5%
walk, CT), 200 mmol/L dNTP (Pharmacia LKB Biotechnology, Uppsalazsxcrylamide gel containing 50 mmol/L Tris (pH 7.8), 0.38 mol/L glycine,

Sweden), 50 mmol/L KCl, 10 mmol/L Tris-HCI (pH 8.3), and 1.5 mmol/L nd 2 mmol/L EDTA. For the STAT gel shift, 10g nuclear extract was

MgCl. The reactions were denatured at 95°C for 3 minutes and SUbJeCtE(%gubated with radiolabeled probe (10 000 cpm) in a binding buffer that

30 cycoles of amopllflcatlon with denaturation at 94_ Cforl m:nute, anneglm ntained 20 mmol/L HEPES, 0.1 mmol/L EDTA, 1 mmol/L DTT, 0.1
at 55°C to 60°C for 30 seconds, and extension at 72°C for 1 minute :
. ) o . . mmol/L PMSF, 1.5% glycerol, and 045g poly dI-dC for 30 minutes at
followed by final extension at 72°C for 15 minutes using a DNA .
Thermocycler (PerkinElmer-Cetus, Emeryville, CA) room temperature. Samples were electrophoresed on a 4.5% acrylamide
' ' ' gel with 5% glycerol and 0.5 TBE. For competition assays, 100
molar excess of a specific or a nonspecific probe was incubated with the
samples for 5 minutes before the addition of labeled probes. The
All oligonucleotide primers used in this study were synthesized on ttf@duence of the oligonucleotides used were (upper strand shown):
Milligen Bioresearch DNA synthesizer (model 8750; Novato, CA). Th&NF-kB, TCT CAA CAG AGG GGA CTT TCC GAG AGG CCATCT

Plasmid constructs and transfection

Stable transfection of cells

RNA preparation and reverse transcriptase—polymerase
chain reaction

Iéctrophoretic mobility shift assay

Oligonucleotide primers

sequences of the oligonucleotide are listed below: GG; AP-1, CTA GAT CCT CTA GAA CTG ACT CAT CGG ATC TAC;
p53. CMV: 5’-CGC CAT CCACGC TGTTTT GAC CTC CATAG-3'. NFIL-6, TCG ACT GCA GAT TGC GCAATC TGC ATC TAC; STAT,
INIT p53: 5'-GTCACAGAC TTG GCT GTC CCA-3’ AGC TTCATT TCC CGT AAT CCC TAAAGCT.
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Figure 1. Wt p53 suppresses autocrine IL-6 expres- A

sion and suppresses cell cycle in U266 cells. (A) Wt

p53 suppresses autocrine IL-6 expression. Total RNA

was isolated from the U266.TAK and the U266.TAK.p53

cell lines. Expression of p53 and IL-6 was detected by

RT-PCR. Expression of PBGD was used as a loading

control.22 (B) Wt p53 suppresses cell growth. Cells were

incubated with or without varying concentrations of IL-6

and then pulsed with [3H] thymidine. [®H] Thymidine

incorporation was measured by liquid scintillation count- p5 3 —»
ing. Values represent the mean of duplicate samples +

SEM. Data shown are representative of at least 3 IL-6 —»
independent experiments. (C) Wt p53 reduces the num-

ber of cells in the S and G2/M stage of the cell cycle. Cells PBGD —
were treated with or without IL-6 and were harvested for
cell cycle analysis. Percentages of cells in each phase of
the cell cycle were determined by flow cytometry. The
number in the left corner represents the apoptotic frac-
tion, and the number in the right corner represents the
combined S and G2/M stages of the cell cycle. (D)
Expression of wt p53 alters transcription factor activation.
Nuclear extracts were prepared, and binding activities
were measured by electrophoretic mobility shift assay.
ANBL6 extracts were included as a reference for STAT1
and STAT3 dimers.23 SC, 100 X specific competitor;
NSC, 100 X nonspecific competitor.
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significantly suppressed in U266 cells by the ectopic expression of

[3H] THYMIDINE INCORPORATION [

Results wt p53 (Figure 1A). Longer exposure shows some residual

expression of IL-6 in the U266.TAK.p53 cell line (data not shown).
Ectopic expression of wt  p53 suppresses autocrine IL-6 Additionally, the level of secreted IL-6 measured by enzyme-linked
expression and suppresses cell cycle in U266 cells immunosorbent assay is 42.6 pg/mL in U266.TAK-conditioned

To study the effect op53 mutations on myeloma cell growth andmedia compared with only 1.9 pg/mL in U266.TAK.p53-

response to therapeutic agents, U266 cells were stably transfecﬁgﬂd'tgoneg me_d_la. . ) ine th
with a wt p53 expression construct under the control of a A [PH] thymidine incorporation assay was used to examine the

minus-tetracycline (Tet)-inducible promoter. Reverse transcriptiofeiect of wt p53 on the proliferation of U266 cells in the presence of
polymerase chain reaction (RT-PCR) shows that thp3@gene is  VaTYing poncentrathng 01_‘ IL-6 (Flggre.lB). The control cell line
expressed in the U266.TAK.p53 stably transfected cell line, but nIpows f_ll_gh{H] thymldlne incorporation in the absence of IL-6 and
in the parental cell line transfected with the empty vector alorf? additional stimulation in response to IL-6. In contrast, the
(Figure 1A). To amplify only the RNA from the transfected gend/266.TAK.p53 cell line shows very lovif] thymidine incorpora

and not the endogenous gene carrying the mutation, the primbf$ in the absence of IL-6, which increases in response to IL-6 in a
were designed with one recognizing a vector sequence and MG-dependent manner. Consistent with this, the U266TAKp53
other recognizing a sequence in th&3 gene. In our hands, the cell line in the absence of IL-6 shows a loss of cells in the S and
expression of wp53is constitutive in the bulk-selected populationG2/M stages of the cell cycle (Figure 1C). The addition of IL-6
and not suppressed in the presence of Tet. We chose to exaniflts in an increase in the number of cells in cycle from 29% to
bulk-transfected populations rather than individual subclones 44%. There is no evidence of increased apoptosis inp%&
minimize potential artifacts of integration from limited numbers ofransfected cells in the absence of IL-6 (Figure 1C). This may be
subclones. Previous studi®$? have indicated that wt p53 candue to a small amount of residual IL-6 expression in the
suppress IL-6 promoter activity and that some mutations in p53 ci266.TAK.p53 cell line, serum components that maintain viability,
up-regulate IL-6 expression. RT-PCR shows that IL-6 expressionasother factors that we have not examined.

Day 2 Day 4
U266.TAK U266.p53 U266.p53 U266.TAK  U266.p53 U266.p53

. . +IL-6 . . : +1L-6 Figure 2. Expression of p53 protects U266 cells from

8 5% 39% # 4% 29% 3% 44% 2 3% 33% = 4% 28% 1 4% 35% Dox- and Mel-induced apoptosis.  Cells were incubated
Untreated : Y JH— bt S PR i._i — i,_1 f— n_.)i: in the absence of IL-6 for 3 days before each treatment.

BN W W W S W B T S : | L At | T\ Aewi|  Cells were treated with IL-6, Dox, or Mel as indicated and

. ‘ B 4 were harvested on days 2 and 4 for cell cycle and

0% 3% +[6%  51% s16%  76% 85%  25% u26%  47% 3%  34%  gpoptosis analyses. Percentages of cells in each stage of
250 nmol/L Dox :»—1 j i :»—4 B b : — | i»—j ¥ Al—j the cell cycle were determined by PI staining of nuclei

. -3 sethmseenth ? and then by flow cytometry analysis. The number in the

Loy IR T e s mo

left corner represents the apoptotic fraction, and the
number in the right corner represents the combined S
and G2/M stages of the cell cycle. Data shown are
representative of at least 3 independent experiments.
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o umuw
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Day 2 Day 4 apoptosis (reviewed in Gotz and Monterf@yhRecent studiésalso
ANBLOPLXSN ANBLGPLXSN ANBLEPLXSN ANBLSpLXSN _demonstrate that cells expre_ssmg wt p53 show reduced CytOtOXIF:I'[y
+IL6 +IL6 in response to DNA damaging agents, such as Dox or alkylating
TN M sf2a% 2D a1% agents such as Mel. Because Dox and Mel are used in the treatment
Untreated il | — Q‘H of myeloma?27 we wanted to determine whether either would
T P R T ‘ have different effects on apoptosis in U266 cells with mutant or wt
D) 4| o12% 3% o se% % 542% 16% p53. U266.TAK or U266.TAK.p53 cells were treated with 0.25
Tumoll Dex &l Ht:‘ d— wmol/L Dox or 10mol/L Mel for 4 days to examine the effect of
. . N

7 . > il p53 on apoptosis. Treatment of U266.TAK cells with Dox or Mel

T S L S causes an increase in the G2/M stage of the cell cycle by day 2
ik : — when compared to untreated cells (Figure 2). Thirty-nine percent of

TR m AR T, T the cells are in the S/G2/M stages compared to 73% and 60% for

e o] Jpo% T eoR] o0k FE] aeme 20% Dox and Mel, respectively3H] Thymidine incorporation assays
10 umol/L Mel £ & ® s .
Hmott e : L e o i show that the increase results from G2/M arrest rather than from

””””””” increased cell cycle because there is little or fid] [thymidine
Figure 3. IL-6 protects ANBL6 cells from Dex- and Mel- but not Dox-induced incorporation in the presence of Dox or Mel (data not ShOWI’]). The
apoptosis. Cells were incubated in the absence of IL-6 for 3 days before each . . L . .
treatment. Cells were treated with IL-6, Dex, Dox, or Mel as indicated and were G2/M block in cell CyCIe is followed by a Slgnlflcant Increase In
harvested on days 2 and 4 for cell cycle and apoptosis analyses. Percentages of cells ~ apoptosis by day 4. Expression of wt p53 results in a loss of
|f:1 each stage of theI cell cy(;le werebdetermir?erf l;ty PI staining of nucleihand then by accumulation in the S/G2/M stages of the cell cycle and signifi-
ow cytometry analysis. The number in the left corner represents the apoptotic
fraction, and the number in the right corner represents the combined S and G2/M Cantly suppresses Dox- (26% compared to 55%) or Mel- (340/0
stages of the cell cycle. Data shown are representative of at least 3 independent  compared to 70%) induced apoptosis. Notably, the addition of IL-6

experiments. stimulates cell cycle progression resulting in an increase in

To determine the effect of wt p53 expression on variou%pOptOSIs (Figure 2).
IL-6-related transcription factors, electrophoretic mobility shift
assays were performed in the presence and absence of IL-6 (Figure protects ANBL6 cells from Dex- and Mel- but not
1D). NF-xkB DNA binding activity remains constant in all thepox-induced apoptosis
conditions tested and can serve as a control for the integrity of the
nuclear extracts. Both AP-1 and STAT1/3 are involved in the IL-60 compare the U266.TAK.pS3 cell line with another IL-6—
signal transduction pathway, and their DNA binding activity islependent cell line, we used ANBLS cells. One difference between
down-regulated in the U266.TAK.p53 cell line in the absence d¢he 2 cell lines is that ANBL6 expresses a mut@®3 (P.L.,
IL-6. Addition of IL-6 restores the binding activity of both AP-1 unpublished observations). The addition of IL-6 to ANBL6 cells
and STAT1/3. It has been shown that the up-regulation of IL-6 kstimulates the cell cycle and provides protection from Dex-induced
mutant p53 requires an intact NFIL-6 binding site in the IL-G&poptosis®We confirm the IL-6 protection and show that ANBL6
promotet? and that p53 can be directly involved in repressingells treated with Dex in the absence of IL-6 arrest in the GO/G1
NFIL-6—-dependent gene transcriptirConsistent with this, there stage of the cell cycle before undergoing apoptosis (Figure 3).
is a suppression of NFIL-6 binding in the U266.TAK.p53 cell lineTreatment of the ANBLS cell line with Dox or Mel in the presence
when compared to the control. Addition of IL-6 did not signifi-of |L-6 results in an arrest in the S or G2/M stage of the cell cycle,
cantly restore NFIL-6 binding. This suggests that wt p53 mayimilar to the arrest in the U266.TAK.p53 cell line treated with IL-6
suppress IL-6, in part, by down-regulating NFIL-6 activity. (Figure 3). Unlike the U266.TAK.p53 cell line, however, ANBL6
cells are sensitive to Dox-induced apoptosis, even in the absence of
IL-6. Moreover, IL-6 is able to provide some protection from
Mel-induced apoptosis in ANBL6 cells. This suggests that differ-
p53 has been shown to play an important role in transducingeaces in the genetic makeup of cells, such as p53 mutations, can
signal from damaged DNA to genes that control cell cycle araffect the response to chemotherapeutic agents.

100 nmol/L Dox

@ %0 12 w0

p53-mediated cell cycle arrest protects U266 cells from Dox-
and Mel-induced apoptosis

Day 2 Day 4
ANBL-6 ANBL-6 ANBL-6 ANBL-6 ANBL-6 ANBL-6
pLXSN Nrast2 Kras12 pLXSN Nras12 Kras12
1% [ 5% (1% 257 0% 2% Shaw ] sw|il 5% 204 3 6% 7%
s & g 2 & #
Untreated : : s £ : S —
. TR E mmmmmmm TR EO LA a w &  Figure 4. Activated N-ras or K-ras can protect ANBL6
B2% 7| 4% | 17%)| a%| 4% i[86%  8%| 4% | 9%| {i9%; 8% | cells from apoptosis induced by Dex, Dox, or Mel,
1umol/L Dex | | ] — : —_ 3| — Cells were treated with IL-6, Dex, Dox, or Mel as
N ! | S N e ¢ A N M indicated and were harvested on days 2 and 4 for cell
0 en0  1ono. 20 ®o i 0 a0 1000 E2IC Tt oz w0 W W M0 60 W o . .
s s - s s S h . cycle and apoptosis analyses. Percentages of cells in
100 nmol/L Dox 212% 16% : 5% 4% §1”’ 44% ‘ % 5% E 9% 46% 23“‘ 26%  each stage of the cell cycle were determined by PI
:F‘* = :’—* = : — : L>—' e | — staining of nuclei and then by flow cytometry analysis.
I ! . .
T S T T~ By < Sorerrer gl R - The number in the left corner represents the apoptotic
g 3% AT 2% 541% 8% 150% 5% 526% 3% 7% 18%) fraction, e_lnd the number in the right corner represents
10 umol/LMel  : 3 H B E s the combined S and G2/M stages of the cell cycle. Data
. L . . . ; i : shown are representative of at least 3 independent
T Gm R I O ae e e we Mo o W R ogar gt poe e =7 e experiments.
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* |L-6 Independent
* Dox, Mel sensitive

* |L-6 Dependent
* Dex, Dox, Mel sensitive

* |L-6 suppresses Dex, Dox,
Mel apoptosis

MutN-ras

MutK-ras \
nutpS3

Wt p53

¢ |L-6 Independent
» Dex, Dox, Mel resistant

* N-ras protects better
than K-ras

* |L-6 Dependent
* Dox, Mel resistant - IL-6
sensitive + IL-6

Figure 5. Genetically engineered cell lines can be used to study the effect of a
single-gene mutation on cell cycle, apoptosis, and response to therapy.

Activated N-ras or K-ras can protect ANBL6 cells from
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IL-6 promoter activity. Additionally, some mutants of p53 may
actually increase IL-6 expressiéh.These results suggest that
mutations in p53 may play a role in the aberrant expression of IL-6
in myeloma. Consistent with this, we show that the expression of
wt p53 can suppress IL-6 expression in U266 cells. One conse-
quence of IL-6 suppression is the loss of AP-1 and STAT1/3
binding activities, both of which are part of the IL-6 signal
transduction pathway. It was recently sugge¥tadat myeloma
cells have elevated levels of constitutive STAT activation. Our data
suggest that this may be the result of IL-6 produced either by the
myeloma cell or from the environment, because loss of IL-6
expression resulted in a loss of STAT1/3 binding activity.

p53 has been shown to be involved in DNA repair by blocking
cells in the GO/G1 stage of the cell cycle, therefore allowing DNA
repair before the initiation of DNA synthesisIn support of this, it
has been demonstratéd’that wt p53 can reduce the cytotoxicity
of Dox in ovarian cancer and breast cancer cells. Othéthave
found, however, that a loss of wt p53 gene is associated with
resistance to Dox. Our study demonstrates that the expression of wt
p53 decreased the cytotoxic effects of Dox and Mel in U266 cells.

The protection appears to be dependent on cell cycle arrest at the
GO0/G1 stage of the cell cycle, and could be a result of a

It has been showf that activating mutations in N- or K-ras canP53-dependent block of the cell cycle, a consequence of loss of
stimulate proliferation and protect ANBL6 cells from apoptosié--6 expression, or both. The ANBL6 cell line also expresses a
induced by IL-6 withdrawal. Based on this and on the resulf§utant p53 gene. In the absence of IL-6, these cells are arrested in
obtained with the U266 cell line, we expected ANBL6 celldhe GO/G1 stage of the cell cycle but are sensitive to apoptosis
transfected with either an activatdiras12or K-ras12gene to be induced by Dox or Mel. This suggests that the protection seen in
more sensitive than the parental cell line to Dox and Mel becaue U266.TAK.p33 cell line may be due to DNA repair facilitated
these genes would stimulate cell cycle and DNA synthesis. Similgy the presence of wt p53 rather than just a suppressed cell cycle. In
to the effect of IL-6, mutations in eithéd-rasor K-rasare able to the presence of IL-6 there may be a competition between a
stimulate the cell cycle and resultin S or G2/M phase arrest in ceR§3-induced block in the cell cycle and IL-6 driving the cell cycle.
treated with Dox or Mel (Figure 4). Surprisingly, expression of aftimulating the cell cycle with IL-6 may not allow for sufficient
activating mutation in eitheN-ras or K-ras is able to provide DNArepair, resulting in the intermediate levels of apoptosis seenin
significant protection from apoptosis induced by Dex, Dox, or Methe U266.TAK.p53 cell line in the presence of IL-6 (Figure 2).
This protection appears to be better in Meas12—transfected cell ~ Activating mutations in N- or K-ras have previously been
line than theK-ras12—transfected cell line. shown to stimulate proliferation of ANBL6 cell§.Based on this
and on the apoptosis data from the U266 cells, we expected that the
N-ras12— andK-ras12-transfected ANBL6 cells would be more
sensitive than the parental ANBL6 line to Dox- or Mel-induced
apoptosis. Surprisingly, expression of either an activated N- or
In this study, model cell lines were used to examine the effect Kfras is able to provide protection from apoptosis. This protection
specific genetic mutations on cell cycle and apoptosis in myeloragpears to be more complete than the protection provided by
cells. Although the data presented were limited to cell lines and nét6. One possible explanation for this may be differences in
to fresh patient samples, we feel this approach has some adwgignal kinetics. IL-6 may provide a transient signal through ras that
tages. By making only a single genetic change in a cell line, we dge quickly down-regulated. The cells with the ras mutation,
able to examine the specific effects of a change in one particutzmwever, will have a constitutive signal downstream of ras, with a
gene in 2 cell populations that are otherwise genetically identigaisultant constitutive protection. The mechanism for this is at
(Figure 5). We used 2 myeloma cell lines that have distinct IL-present unclear.
characteristics and introduced a specific genetic change in eachPrevious reports have suggested IL-6 is an antiapoptotic factor.
line. Awt p53gene was introduced in the autocrine IL-6—producinglowever, as we have shown, IL-6 induction of the cell cycle can
U266 cell line to study the effect that changes in p53 have on ILf&ave an apoptotic-enhancing effect on DNA-damaging agents.
expression and response to therapy. We also used the IL-6—depenblreover, we have shown that genetic heterogeneity can have an
cell line ANBLS, transfected with either an activating mutation in thaffect on how myeloma cells respond to IL-6 and chemotherapeutic
N-ras or the K-ras gene, to examine the effect ais mutations on agents. As new screening methods are applied to determine
apoptosis induced by various chemotherapeutic agents. therapeutic response, genetic reclassification of tumors should
Previous studié8 have demonstrated that wt p53 can suppregsovide more improvements in treating patients.

apoptosis induced by Dex, Dox, or Mel

Discussion
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