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Interleukin-6—Induced Inhibition of Multiple Myeloma Cell Apoptosis:
Support for the Hypothesis That Protection Is Mediated
Via Inhibition of the INK/SAPK Pathway

By Feng-hao Xu, Sanjesh Sharma, Agnes Gardner, Yiping Tu, Arthur Raitano,
Charles Sawyers, and Alan Lichtenstein

The mechanism by which interleukin-6 (IL-6) protects mul-
tiple myeloma (MM) plasma cells from apoptosis induced by
anti-fas antibodies and dexamethasone was studied. Anti-
apoptotic concentrations of IL-6 had no effect on cell-cycle
distribution or activation of RAF-1 or ERK in dexamethasone-
or anti-fas-treated 8226 and UCLA #1 MM cell lines. How-
ever, IL-6-dependent protection of viability correlated with
an inhibition of dexamethasone- and anti-fas-induced activa-
tion of jun kinase (JNK) and AP-1 transactivation. To test the
hypothesis that cytokine-induced protection was mediated

through inhibition of JNK/c-jun, we also inhibited c-jun
function in 8226 cells via introduction of a mutant dominant
negative c-jun construct. Mutant c-jun-containing MM cells
were also resistant to anti-fas-induced apoptosis but were
significantly more sensitive to dexamethasone-induced apop-
tosis. These results support the notion that IL-6 protects MM
cells against anti-fas through its inhibitory effects on JNK/c-
jun but indicate protection against dexamethasone occurs
through separate, yet unknown pathways.

© 1998 by The American Society of Hematology.

NTERLEUKIN-6 (IL-6) is a well-known growth factor for
multiple myeloma (MM) plasma cells. This cytokine is

either RAF/MEK/ERK or MEKK/SEK1/INK. The relative
activation of each pathway versus the other may ultimately
capable of inhibiting plasma cell apoptdsisas well as influence the outcome of receptor triggering. For example, the
stimulating some MM cell types to proliferat¢.Some experi- balance between ERK and JNK/SAPK pathway signaling is
mental evidence indicates these two cytokine-dependent effectyitical for determining whether neuronal cells survive or
are dissociable and, thus, likely mediated by distinct mechaundergo apoptosis.
nisms? Because the predominant effect of IL-6 in nontrans- Recent work by Chauhan et?&lshowed an activation of
formed B-lineage cells is that of inducing differentiatom, ~ SAPK by antifas during apoptosis of MM plasma cells. The
process which normally results in apoptosis of the terminallyability of IL-6 to protect against antfasinduced apoptosis
differentiated plasma cell, there must be inherent differences igorrelated with its ability to inhibit antfasinduced SAPK
IL-6 signaling in malignant plasma cells which result in activation. Because experiments with neuronal Cefidicate
continued cell growth and viability. Elucidation of these signal- anti-apoptotic influences could be exerted by activation of the
ing pathways and differences may, thus, provide clues for futuréeRK pathway and/or inhibition of the JNK pathway, these latter
therapeutic manipulations that could be relatively selective forstudies with MM cells suggested that differential activation/
the malignant plasma cell clone while sparing normal B cells. inhibition signals through the two parallel MAPK cascades
We have been actively studying the potential signal transducMight regulate IL-6-induced protection of MM plasma cells
tion pathways used by IL-6 to inhibit apoptosis in MM plasma against apoptosis. However, while showing a correlation, the
cells. After receptor binding to IL-6 and homodimerization of Study of Chauhan et ®ldid not prove a causal relationship
gp 130, the signal-transducing molecule of this cytokine, ther?&tween IL-6-dependent protection and inhibition of the JNK
are two major pathways activafedl) Activation of JAK and pathway. Thus, to further investigate this issue, we also studied
TYK kinases followed by tyrosine phosphorylation of STAT 3 the effects of IL-6 on both MAPK pathways in MM cells that

and, to a lesser extent, STAT 1 transcription factors; and (2)Veére protected against apoptosis induced by dexamethasone
activation of ras by exchange factors such as SOS with and antifasantibody. In similar fashion to the work of Chauhan

. . . . . . 20 Vi 1 -
subsequent activation of kinase cascades involving mitogen€t @7 we also found that JNK activity and subsequentr

activated protein kinases (MAPKs). Of these two major path_transactivation induced during MM cell apoptosis was inhibited
ways, the latter MAPK cascades have been implicated aQy Protective concentrations of IL-6. To test whether these
important regulatory pathways in several other in vitro modelssDeC'f'C inhibitory effects of IL-6 were crucial to protection of
of apoptosig-1t MM cell viability, we introduced a dominant negativgun into
One of these MAPK pathways is mediated by sequentiaIMM cells, which resulted in inhibition ofun activity induced
activation of RAS/RAF/MEK/ and ERK2The ERKS (1 and 2)

are then capable of activating transcription factors such as From the Department of Medicine, West LA VA Medical Center, and
ELK-1/SAP-113 More recently, a second MAPK pathway has jonsson Comprehensive Cancer Center, Los Angeles; and the Depart-
been detected that involves JUN N-terminal kinase (JNK) orment of Medicine, UCLA Medical Center, Los Angeles, CA.
stress-activated protein kinase (SAPK}>Activation of JNK/ Submitted October 6, 1997; accepted February 25, 1998.

SAPK in this pathway is also dependent on prias activa- Supported by research funds from the Veteran's Administration.
tion'416 and the signaling proceeds through a kinase cascade Address reprint requests to Alan Lichtenstein, MD, Hematology-
involving MEKK and SEK1 in an analagous fashion to the Oncology, VA West LA Hospital, 691/W111H, 11301 Wilshire Blvd, Los

RAF/MEK/ERK cascad&’ Through phosphorylation, JNK Angeles, CA90073. o .
activates the transcription factorsum and ATF-21819 Dimer- The publication costs of this article were defrayed in part by page

o . . . . . charge payment. This article must therefore be hereby mdikeder-
ization of cjun with otherjun family members or with des tisement”in accordance with 18 U.S.C. section 1734 solely to indicate

leads to formation of the AP-1 transcriptional activating com- this fact.

plex. Thus, subsequent to receptor triggering, activates © 1998 by The American Society of Hematology.
appears to direct signals into one or both kinase pathways, 0006-4971/98/9201-0020$3.00/0
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by antifas or dexamethasone which was comparable to theThe purity and semi-quantitation of the substrate was monitored by
inhibitory effects of IL-6. These dominant negativejuc SDS-PAGE. Cells were pretreated with IL-6 for increasing durations
containing MM cells were resistant to apoptosis induced byand then stimulated with antis or dexamethasone. They were then
antifas but not by dexamethasone. These data support th&/Sed inJEB buffer (25 mmol/L HEPES, pH 7.7, 300 mmol/L NaCl, 1.5
hypothesis that IL-6 protects MM cells from afféisthroughits ~ MMOVL MJCl, 0.1 mmoal/L EDTA, 0.1% Triton X-100, 20 mmol/L
inhibition of cjun activity but also indicate that protection B-glycerophosphate, 0.1 mmol/L. WO, 0.5 mmoliL PMSF, 10

inst d th ds al ¢ th pg/mL aprotinin, and 10 pg/mL leupeptin), the lysates were centrifuged
against dexamethasone proceeds along separate pathways. 5 14,000 rpm for 10 minutes, and the supernatants saved. Twenty-five

microliters of GSTjun-agarose was then added, followed by rocking at
4°C for 2 hours. The mixtures were washed twice in HBIB buffer (20
mmol/L HEPES, pH 7.7, 50 mmol/L NaCl, 0.1 mmol/L EDTA, 2.5
Epstein (Little Rock, AR). AF-10 MM cells were a kind gift of James mmol/L MgCl,, and 0.05% Triton X-100). Kinase buffer was then
Berenson (UCLA, Los Angeles, CA). UCLA #1 MM cells is a cell line added (25 pL of 0.5 pCj*%P-ATP, 20 umol/L ATP, 20 mmol/L MgG|
started from the peripheral blood of a patient with plasma cell leukemia20 mmol/L HEPES, pH 7.6, 20 mmol/I3-glycerophosphate, 20
It has the morphology of plasma cells, and expresses high amounts ghmol/L PNPP, 0.1 mmol/L N&/O,4, and 2 mmol/L DTT) and the
CD38 as well as the identical Ig isotype of the patient's M protein. Both mixtures were incubated at 30°C for 30 minutes. The mixtures were
lines were maintained in RPMI media, supplemented with 10% fetalthen resolved on an 8% SDS-PAGE, and the gel was dried and exposed
bovine serum, L-glutamine, nonessential amino acids, sodium pyruvategn film.
and antibiotics. In some experiments, lysates were first incubated with specific
Reagents. Human recombinant IL-6 was from R&D Labs (Minne- antibody to SAPK/INK (Santa Cruz Biotechnology) for 2 hours at 4°C
apolis, MN). Anti-MAPK and anti—-RAF-1 antibodies were purchased before adding protein A-Sepharose for 1 hour. Immune complexes were
from Santa Cruz Biotech Inc (Santa Cruz, CA). Antiphosphotyrosinethen washed with JEB buffer, followed by kinase buffer and then
antibody was obtained from UBI (Lake Placid, NY). Dexamethasoneresuspended in kinase buffer containing G&Tandy32P-ATP.
and myeline basic protein (MBP) was purchased from Sigma (St Louis, Immune complex kinase assay for RAF-1 activiffhe assay was
MO). y-32P-ATP was obtained from Amersham Labs (Arlington Heights, performed as previously describ&lBriefly, cells were lysed in 25
IL). Anti- fasantibody was obtained from Kamiya Inc (Thousand Oaks, mmol/L Tris (pH 8.0), 150 mmol/L NaCl, 0.1% SDS, 0.5% Na-
CA). All other chemicals were obtained from Sigma Labs. deoxycholate, 1% NP40, 10% glycerol, 2 mmol/L EDTA, 1 mmol/L
Induction of apoptosis. Cells were treated with anfasantibody or NagVO,4, 1 mmol/L PMSF, 20 pumol/L leupeptin, and 5 pg/mL aprotinin.
a control antibody of the same isotype. When dexamethasone was usd®hf-1 was then immunoprecipitated using protein A-Sepharose pread-
to induce apoptosis, controls contained identical concentrations oforbed with anti-RAF-1 antibody and the complex was washed twice in
alcohol (always<0.1%). 20 mmol/L Tris (pH 7.4), 150 mmol/L NaCl, 1% Triton-X-100, 10%
Immunoblotting. MM cells were stimulated with or without IL-6 or  glycerol, 2 mmol/L EDTA, 1 mmol/L NgvO,, and protease inhibitors.
with PMA for 5 to 15 minutes. Cells were then lysed in lysis buffer Afinal wash in kinase buffer (25 mmol/L HEPES (pH 7.4), 150 mmol/L
(50 mmol/L Tris pH 7.4, 150 mmol/L NaCl, 1% NP40, 1 mmol/L NaCl, 25 mmol/L glycerol phosphate, 1 mmol/L DTT, 5 mmol/L
NaVO,4, 10 mmol/L NaF, 2 mmol/L phenylmethylsulfonyl fluoride MgCl,) was performed before incubation in 30 pL of kinase buffer
[PMSF], 0.5 mmol/L EDTA, 10 pg/mL leupeptin, and 10 pg/mL containing purified recombinant MEK protein (generated from GST-
aprotinin). One milligram of protein of each sample was then precipi- MEK vector), 10 umol/L ATP, and 20 pGi2P-ATP for 30 minutes at
tated with 5 pg of antiphosphotyrosine antibody at 4°C with constantroom temperature. Samples were centrifuged at 16,6001 minute
shaking for 1 hour, followed by addition of 35 pL of protein and the supernatant containing MEK and the pellet containing RAF-1
A-Sepharose and protein G-Sepharose. After another 1-hour reactiommmune complexes were separated on SDS-PAGE. Phosphorylated
the immunocomplexes were washed once with lysis buffer, twice withMEK was detected by autoradiography in the dried gel and RAF-1 was
washing buffer (same as lysis buffer except NP40 was decreased twansferred to nitrocellulose and detected by immunoblotting.
0.1% and EDTA was removed), and the samples were boiled with 30 uL Detection of apoptosis. DNA electrophoresis was performed as
of sodium dodecyl sulfate (SDS)-sample buffer and resolved on 10%previously describedAfter extraction in PCI, 5 to 10 ug of DNA per
SDS-polyacrylamide gel electrophoresis (SDS-PAGE). The separatethne was electrophoresed in a 1% agarose gel for 2 hours at 45V and the
samples were transferred onto membranes and blotted with anti-MAPKels were visualized with ethidium bromide. Viability was determined
or antiphosphotyrosine antibodies. The bands were detected by aby dye exclusion assays using trypan blue. Briefly, cells were seeded at

MATERIALS AND METHODS

Cell lines. The myeloma cell line 8226 was a kind gift from J.

enhanced chemiluminescence (ECL) system.
In vitro kinase assay for MAP kinase activityThe assay was
performed as previously describ&dBriefly, cells were treated for 5 to

a concentration of 2 to & 10°/mL in six-well tissue culture plates and
drugs were added at the designated time points. At specified incubation
times, cell viability was determined by trypan blue staining and percent

15 minutes, were washed twice, and lysed in lysis buffer (20 mmol/Lviability was determined in at least 300 cells. Triplicate wells were run

Tris, pH 7.4, 2 mmol/L MgCJ, 10 mmol/L B-glycerophosphate, 10
mmol/L p-nitrophenylphosphate, 1 mmol/L EGTA, 0.1 mmol/LN®,,
10 mmol/L NaF, 0.5% Triton X-100, and 10 pg/mL aprotinin). Five

for each group and the standard deviation of the groups was always less
than 5% of the mean viability. The percent apoptotic nuclei was
determined by 46-diamidine-2-phenylindole dihydrochloride (DAPI)

micrograms of each lysate was incubated with 5 micrograms of MBP instaining. Cells were first fixed with 3.7% formaldehyde in phosphate-
kinase buffer (20 mmol/L HEPES, pH 7.6, 20 mmol/L MgCLO0 buffered saline (PBS) at room temperature for 10 minutes and then
mmol/L B-glycerophosphate, 20 mmol/L p-nitrophosphate, 0.5 mmol/L washed with PBS. Fixed cells were then stained with 1 pg/mL DAPI in
NagVO,4, 2 mmol/L dithiothreitol [DTT], 50 pumol/L ATPO plus 20 uCi  PBS at room temperature for 15 minutes. After washing three times,
of y-32P-ATP) for 30 minutes at room temperature. SDS-sample buffercells were resuspended in glycerol:PBS (10:1) and were mounted onto
was then added and the samples boiled for 3 minutes. Samples weglass slides and covered with a coverslip. The slide was examined under
separated on SDS-PAGE. After separation, the gel was dried and00X magnification using a fluorescent microscope with a 340/380 nm
exposed on film at-70°C overnight. excitation filter and LP 430-nm barrier filter. At least 300 nuclei were

In vitro kinase for jun kinase activity. The GSTjun vector was a
kind gift of M. Karin (San Diego, CA). The GSjiin substrate was

examined per group. The diphenylamine DNA fragmentation assay was
performed by first lysing cells in 0.5 mL of buffer containing 0.5%

expressed in bacteria and then purified with glutathione (GSH)-beadsTriton X-100, 25 mmol/L Tris (pH 8.0), 10 mmol/L EGTA, and 10
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mmol/L EDTA for 15 minutes on ice. Samples were then centrifuged for A BCDETF
20 minutes at 13,0@0to separate fragmented (supernatant) from intact
chromatin (pellet). DNA content of each fraction was determined using
the diphenylamine reagent and results are expressed as percentages
DNA in each sample that resisted sedimentation at 18,000

AP-1-dependent transcription assayds previously describef,
cells were cotransfected with equal amounts of cytomegalovirus (CMV)
B gal and the reporter containing three copies of the tetradecanoy
phorbol acetate response element (TRE) present in the collagenag
promoter fused to the chloramphenicol acetyltransferase geng
(TRE-CAT). Transfection was by the DEAE-dextran method. Forty-
eight hours posttransfection, cells were treated with the appropriatg
drugs for 1 hour. Cells were then washed with Tris HCI (pH 7.5) and
incubated in fresh media for 24 hours. Cells were then obtained and th g
CAT was extracted. The colorimetrfizgalactosidase assay provided a
rough indication of transfection efficiency, from which we determined
how much cell extract to use in the CAT assay. CAT activity was
measured with ¥C)chloramphenicol as substrate. The percentage
converted to acetylated forms was quantified with a Phosphorimage!
(Molecular Dynamics, Chicago, IL).

Transduction of 8226 cells with mutant c-junThe cDNA encoding
mutantjun was originally obtained from I. Verma (Salk Institute, La
Jolla, CA). It was subcloned into the retroviral vector pSRSVtkNeo. Fig 1. IL-6 protects against anti-fas and dexamethasone. 8226
Retrovirus stocks were prepared by transient transfection of 293 T cellgjanes A through F) and UCLA #1 cells (lanes G through K) were
with the ecotropiaj-packaging plasmid. Indicator lines were generated cultured in media alone for 48 hours (lanes A and G), IL-6 alone for 48
by infection with the appropriate retrovirus stock and by selection for 2 hours (1,000 U/mL, lane B), anti-fas for 20 hours (0.5 pg/mL, lanes C
to 3 weeks in G418. Nae 293 T cells were then newly infected with and H), dexamethasone for 48 hours (10-¢ mol/L, lanes E and J) or the
viral supernatant from the indicator lines containing the empty retrovi- combination of anti-fas + IL-6 (lanes D and |) or dexamethasone + IL-6
ral vector feocontrol) or vector containing the mutantun. Forty- (lanes Fand K). In th-e.anti-fas+ I.L-6 combination, IL-6 was present for

. . . . 1 hour before addition of anti-fas. DNA was then extracted and
eight hours later, high-titer viral supernatant was CO,IIECted andused ,t%Iectrophoresed. Culture of both cell lines with a control antibody of
transdu.ce 8226 MM CeII.s. 8226 cells were plated in complete medlz’\dentical isotype to the anti-fas antibody resulted in normal, intact,
containing 5% fetal bovine serum (FBS) a6 10° cells/plate and  high-molecular-weight DNA (identical to that shown in lanes A and G
incubated at 37°C overnight. Media was aspirated and 1 mL of viral[not shown)).
supernatant containing 1 pg/uL polybrene was added to each plate. Cells
were incubated with the viral supernatant for 1 hour at 37°C, after which
10 mL of RPMI media was added and culture was continued.shows that IL-6—dependent protection against éatinduced
Forty—eight hours Iater, selection in 0.5 mg/mL G418 was initiated. apoptosis is also demonstrated by Scoring apoptotic nuclei on

Cell-cycle analysis. Cells were stained with hypotonic propidium pap|-stained cytospins and viability by dye exclusion assays
iodide (50 pg/mL in 0.1% sodium citrate and 0.1% Triton X-100) for 1 (mean percent viability shown above each bar). Pretreatment

hour at 4°C. They were kept in the dark at 4°C before anaIySIs'with IL-6 for 60 or 120 minutes is more effective than shorter

Cell-cycle distribution was then determined by analyzing 10,000 event: . .
on a FACScan flow cytometer (Becton Dickinson, San Jose, CA). Th(jreatments for subsequent survival of afag-challenged MM

DNA data were fitted to a cell-cycle distribution analysis by use of the targets (Fig 2). Dye exclusion and DAPI staining of 8226 cells

MODFIT program for MAC V2.0. challenged with dexamethasone also showed significant protec-
Statistics. Thet-test was used to determine significance of differ- tion afforded by IL-6 (63% viability and 35% apoptosis induced
ences between groups. by dexamethasone [1®@ mol/L] v 81% and 9% when IL-6 is

present [1,000 U/mL]). Similar results were seen with UCLA#1
cells treated with 10° mol/L dexamethasone (59% viability and
32% apoptosis 79% viability and 12% apoptosis when IL-6 is
IL-6 protects MM cells from dexamethasone and anti-fas-present).
induced apoptosis. We have used the 8226 and UCLA#1 MM |L-6-induced protection is not caused by alteration of
cell lines for the following mechanistic studies because, thougtcell-cycle distribution. In M1 myeloid leukemia blasts, IL-6
expressing competent IL-6 receptors, exogenous IL-6 onlyprotects against p53-induced apoptosis and complements the
protects against apoptosis but does not stimulate proliferationantiproliferative effect of p53 resulting in cell-cycle exit with as
Thus, we can isolate cytokine-induced effects on apoptosisigh as 95% of cells in a quiescent GO sttt.is possible that
without potential obfuscating effects on proliferation. Thesethis extreme blockage of target cells in a dormant state may
two MM cell lines undergo apoptotic death within 72 hours of actually protect them from p53-induced apoptotic death. In
incubation with 10® mol/L dexamethasone and within 20 hours similar fashion, the ability of IL-6 to protect cells against tumor
of incubation in 0.5 pg/mL of anfias Co-incubation with IL-6,  necrosis factor (TNF) cytotoxicity correlates with the cytokine’s
at 1,000 U/mL, significantly inhibited both dexamethasone- andability to arrest cells in G#° Although IL-6 stimulation of
anti—fas-induced apoptosis. Figure 1 shows the ability of IL-6 tounchallenged 8226 and UCLA #1 cells neither stimulates nor
block endonucleosomal fragmentation induced by &agior inhibits in vitro growth, we considered the possibility that IL-6
dexamethasone in both 8226 and UCLA #1 target cells. Figure Zould be interacting with dexamethasone or &asifor an

RESULTS
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Fig 2. IL-6 protects against anti-fas. 8226 cells (Z) or UCLA #1 cells
(O) cultured in anti-fas (AF, 0.5 pg/mL) alone for 20 hours, or anti-fas
+ IL-6 (1,000 U/mL). As shown in the figure, the IL-6 was present for
either 15, 30, 60, or 120 minutes before addition of anti-fas. Results
are the percent apoptosis from DAPI-stained cytospins, mean + SD of
three separate experiments. 8226 cells cultured in media alone for 20
hours showed only 3.5% apoptosis in this assay. Above each bar is
shown the mean percent viability (from dye exclusion assays of the
three experiments). 8226 cells cultured in media alone for 20 hours
showed a viability of 88%. Only the presence of IL-6 for 60 or 120
minutes significantly (P < .05) decreased the % apoptosis and
increased the percent viability relative to the cells cultured in anti-fas
alone.

XU ET AL

decreased the percentage of cells in S/IG2M by approximately
50% with a concurrent increase in distribution of cells in
GO/G1. This inhibition of cell-cycle transit through S and G2M
induced by dexamethasone was not enhanced by concurrent
IL-6 treatment. Thus, a synergistic increase in cell-cycle exit is
not present and cannot, therefore, explain the ability of IL-6 to
protect against apoptosis. The results in Table 1 also show that
the inhibition of cell-cycle transit through S and G2M induced
by dexamethasone was not prevented by concurrent IL-6
exposure. Thus, the palliative effect of IL-6 in these cultures is
specific for apoptosis as the cytokine could not protect against
dexamethasone-induced cytostasis. This lack of protection
against cytostasis is similar to results we previously obtained
when viable cell recoveries were determirfeBixposure of
these cells to anfias for 20 hours did not significantly affect
cell-cycle distribution (not shown).

IL-6 protects against apoptosis in the absence of activating
effects on RAF-1 and ERKsWe first tested effects of anti-
apoptotic concentrations of IL-6 on tlmas-dependent RAF-1/
MEK/ERK pathway. RAF-1 activation was investigated by use
of an in vitro kinase assay using MEK as a substrate. We used
AF-10 MM cells as a positive control because prior stutfiés
confirmed the ability of IL-6 to activate the RAS/RAF/MEK/
ERK pathway in these cells. Activation of the ERK pathway
may mediate IL-6—dependent stimulation of proliferation in
AF-10 cells?627 AF-10 and 8226 target cells were treated with
or without IL-6 (1,000 U/mL) for 5 minutes. RAF-1 was then
immunoprecipitated from cell lysates and tested for its enzy-
matic activity against GST-MEK. As shown in Fig 3, IL-6 was
capable of activating RAF-1 in AF-10 cells but could not
activate RAF-1 activity in 8226 target cells. Coomassie blue
staining confirmed equal loading of protein in each individual
lane (Fig 3, lower band). Furthermore, in Western blot analyses

enhanced antiproliferative effect similar to the combination ofnot shown, reblotting immunoprecipitated RAF-1 with an
p53 and IL-6 or TNF and IL-6 with resulting protection against anti-RAF-1 antibody confirmed that equal amounts of RAF-1
apoptosis. However, cell-cycle analysis (Table 1) showed thatprotein were immunoprecipitated from cell extracts. In addition,
in contrast to M1 leukemia cells, IL-6 did not complement when cells were treated with phorbol myristate acetate (PMA)
dexamethasone-induced cell cycle exit in these cells. A{500 nmol/L for 5 minutes), RAF-1 activation was clearly
expected, at both 48 and 72 hours, dexamethasone alorgetected in 8226 cells (Fig 3). These latter control experiments

Table 1. Effects of IL-6 and Dexamethasone on Cell-Cycle

Distribution Cell line: AF10 RPMI8226
8226 UCLA #1 [ T ] 1
Time Stimulation Go/G1  SIG;+M GG SIG+M IL-6(10%u/ml): - + - - + -
48 h Control 54 46 65 35 . - . - -
e o I ot o PMA(500nM): . + + |
Dex 76* 24* 85* 15%
- * % * %
Dex + IL-6 71 29 81 19 GST-MEK 3
72h Control 53 47 69 31
IL-6 47 53 64 36
Dex 79% 21* 89* 11* T T
Dex + IL-6  76* 24% g2* 18% -, -, -, -~ M - ‘

Cell-cycle analysis performed by hypotonic Pl staining of 8226 or
UCLA #1 MM cells 48 or 72 hours after culture in media (control), IL-6
(1,000 U/mL), dexamethasone (Dex; 106 mol/L) or Dex + IL-6. Results
are percentage of cells in Go/G; versus S/G, + M, mean of three

Fig 3. Protective concentrations of IL-6 do not activate RAF-1.
8226 and AF-10 MM cells were cultured with or without IL-6 (1,000
U/mL) or PMA (500 nmol/L) for 5 minutes. RAF-1 was then immuno-
precipitated and tested for enzymatic activity against the substrate

separate experiments. The standard deviations were all <15% of the
mean values.
*Significantly different from corresponding control (media), P < .05.

GST-MEK in an in vitro kinase assay. Similar results, ie, a lack of
IL-6-dependent activation of RAF-1 in UCLA #1 cells was also shown
(not shown). Bottom panel shows Coomassie blue staining of the gel.
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show that 8226 cells contain RAF-1 that is capable of beingcells because anti-apoptotic concentrations of the cytokine
activated by appropriate stimuli but is not susceptible tofailed to activate RAF-1 or ERK above baseline levels in these
activation by IL-6 when used in concentrations that protectcells, although these signaling proteins were sensitive to
these same MM cells from apoptosis. Repeated in vitro kinasactivation by PMA and IL-6 was successful in activating them
assays testing longer exposures of cells to IL-6 (10 or 15nAF-10 cells.
minutes, not shown) consistently showed no IL-6—dependent Effects on jun kinase activation.Initial experiments used in
RAF-1 activation in 8226 cells, although positive activation vitro kinase assays with jci as substrate. As shown in Fig 6A,
was seen in AF-10 cells. antifas antibody and dexamethasone clearly activate JNK
Activation of ERKs was tested in two ways. First, the three activity in 8226 cells. By densitometric analysis, dexametha-
MM cell lines (8226, UCLA #1, or AF-10) were treated with or sone induced a 5-fold and arféisinduced a 3.5-fold activation
without IL-6 (1,000 U/mL for 15 minutes), and tyrosine in JNK activity. In a time-course experiment not shown, 10
phosphorylated proteins were immunoprecipitated from ex-minutes was the optimal incubation duration with das-or
tracts with an antiphosphotyrosine antibody. We then immunobdexamethasone for JNK activation. When cells are co-
lotted with anti-MAPK1 (ERK 1; p44) and anti-MAPK2 (ERK incubated with IL-6, the anfias and dexamethasone-induced
2; p42) antibodies. As shown in Fig 4, both ERK 1 and ERK 2 enhancement of JNK activity is inhibited. Pretreatment with
were constitutively tyrosine phosphorylated in 8226, UCLA#1, IL-6 for 30 or 60 minutes was more effective than only 10
and AF-10 target cells. However, no further stimulation of ERK minutes on subsequent arfisinduced JNK activity. Figure
activation was demonstrated upon stimulation of 8226 or UCLA6B shows equal loading of protein in individual lanes by
#1 cells with IL-6. In contrast, IL-6 efficiently activated ERK 2 Coomassie blue staining of the gel. Figure 7A, top band, shows
(p42) in AF-10 target cells. Immunoblotting with antiphospho- a similar activation of JNK activity in UCLA #1 cells when
tyrosine antibodies (Fig 4) confirmed equal amounts of phosphoexposed to antfas (3.3-fold increase in activity by densitom-
tyrosine proteins were applied to the lanes. This assay wastry) or dexamethasone (2.8-fold increase in activity) and a
repeated twice with similar results. similar inhibition of activity by IL-6 when IL-6 was present 60
The second method used for testing ERK activity was by inminutes before addition of anfiass or dexamethasone. Because
vitro kinase assays using MBP as a substrate (Fig 5). The resul{s38 MAPK can also phosphorylatgun, we also performed the
obtained (panel A) were consistent with the immunoblotin vitro kinase assay on UCLA#1 cells using anti-JNK antibody
analyses described above. As shown, constitutive ERK activityto specifically precipitate cellular INK. The bottom portion of
was detected in UCLA #1, 8226, and AF 10 cells. However, Fig 7A showsjun phosphorylation induced by immunoprecipi-
only in AF 10 cells was an IL-6—dependent increase in ERKtated JNK in cells either treated with dexamethasone (lane B,
activity demonstrated. Also shown in Fig 5 (panel B) is the 10-6 mol/L, for 10 minutes) or antfas (lane C, 0.5 pug/mL for
finding that PMA is capable of significantly stimulating ERK 10 minutes). Figure 7B shows the Coomassie blue—stained gel
activity above the constitutively expressed level in 8226 cells.confirming equal protein loading of Fig 7As (top panel)
Thus, these experiments collectively argue against the RAFé&xperiment.
MEK/ERK pathway as playing any role in mediating IL-6—  We next tested whether arfis and dexamethasone also
induced protection against apoptosis in 8226 and UCLA #lactivate cjun transcriptional activity downstream of JNK

IP: oPTY

I 1
Cell line: RPMI8226 UCLA #1 AF10

1 1 ! 1 1 L
IL-6: - + -+ - +

[y L —pd4
e ﬂm o €—p42

Blot: oMAPK

Fig 4. Protective concentrations of IL-6 do not

induce tyrosine phosphorylation of ERK-1 or ERK-2. " - o P
8226, UCLA #1, and AF-10 cells were treated with or ¢ ' i |
without IL-6 (1,000 U/mL) for 15 minutes and ex-

tracts were immunoprecipitated with an antiphos-

photyrosine antibody (IP:aPTY). Immunoprecipi-

tates were then blotted with anti-ERK antibodies i 1
(anti-MAPK, upper blot) and with an antiphosphoty-

rosine antibody («PTY, lower blot). Blot: oPTY
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Fig 6. (A) Anti-fas and dexamethasone activate and IL-6 inhibits
PMA (500 nM): = =+ - -+ junkinase in 8226 cells. 8226 MM cells incubated in media (control) or

- dexamethasone alone (10-¢ mol/L), IL-6 (1,000 U/mL) alone, dexa-
methasone + IL-6 (IL-6 present for 60 minutes followed by dexametha-
sone for 10 minutes, anti-fas alone (0.5 pg/mL for 10 minutes), or
anti-fas + IL-6 where IL-6 is present for 10, 30, or 60 minutes before
addition of anti-fas. Whole-cell lysates were then tested for enzy-
matic activity against GST-jun in an in vitro kinase assay. (B) Coo-
massie blue staining of gel shown in (A) to confirm equal protein
loading.

Fig 5. Protective concentrations of IL-6 do not activate ERK . . .
function. 8226, AF-10, and UCLA #1 MM cells cultured with and JNK activity. We reasoned that if IL-6—dependent protection

without IL-6 (1,000 U/mL, upper panel) or with and without PMA (500 against apoptosis was mediated via inhibition of JNK activity
nqu/L, Ip\{ver papel). Whole-cell Iysates'were. th(;:*n te§ted for enzy- with subsequent prevention ofjga phosphorylation and jin
matic activity against the substrate MBP in an in vitro kinase assay. transactivation. then disruption ijUFl function by use of the

activation and whether IL-6 prevents such activation. After A A B CDEF
phosphorylation by JNKjun/fosheterodimers bind to DNA at el o Rl
TRE, the binding site in thin promoter® Thus, we exploited

a reporter gene assay which uses a promoter containing three
TRE sites fused to the CAT gene (TRE-CAT). As shown in Fig
8, antifas and dexamethasone treatment activated TRE-CAT A B C

7.5-and 5.5-fold in 8226 and 5- and 3.5-fold, respectively, in _ _GST.JUN
UCLA#1 cells. Thus, these apoptosis-inducing drugs lead to an

increase in AP-1 activity in the same cells that demonstrateB

activated JNK activity. Concurrent exposure to IL-6 signifi-

cantly inhibited this activation of AP-1 activity induced by both

agents in both cell types (Fig 8).

A dommam negative muitant thf?lt inhibits C-,Jun pre‘,’e”ts Fig 7. (A) Dexamethasone and anti-fas activate and IL-6 inhibits
anti-fas-induced MM cell apoptosis.Several prior studies j,p kinase activity in UCLA #1 cells. Top band: UCLA #1 cells were
have provided evidence that JNK activation and subsequentcubated in dexamethasone alone (lane A, 106 mol/L, for 10
c-jun activity play a role in induction of apoptosis. Thus, we minutes), anti-fas alone (lane B, 0.5 pg/mL for 10 minutess), media
considered the possibility that IL-6—dependent protection of2!on€ (control, lane C), dexamethasone (10°¢ mol/L) + IL-6 (lane D,

. L IL-6 at 1,000 U/mL present for 60 minutes before addition of dexa-
MM cells was mediated through the cytokine’s inhibitory methasone), anti-fas + IL-6 (lane E, IL-6 present for 10 minutes before
effects on antfas and dexamethasone-induced stimulation of anti-fas), or anti-fas + IL-6 (lane F, IL-6 present for 60 minutes before
JNK and cjun. To further test this hypothesis, we examined the anti-fas). In vitro kinase assay performed for jun kinase activity as
effect of a weII-characterizequn mutant, Jun 1n2823 on shown in Fig 6. Bottom band: UCLA #1 cells incybated in media (lane
apoptosis: Jun In282 is a DNA binding mutant caused by ar@;’fgf’i%”;fi;huis‘ezniﬁok_;;‘;'{(he f’:;ri)u:; anti-fas (0.5 pg/m, lane
. . . R . . . . precipitated from protein
insertion in the basic region and acts as a dominant nega“v@/sates and tested against GST-jun in in vitro kinase assay. (B)
construct by competing with endogenougin-as a substrate for  Coomassie blue staining of gel shown in upper band of (A).

—GST-JUN
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Fig 8. Dexamethasone and anti-fas induce and IL-6 inhibits TRE-
CAT activity. 8226 cells () or UCLA #1 cells ({J) were transfected with
the AP-1-dependent transcriptional reporter 3x TRE-CAT and treated
with anti-fas (0.5 pg/mL), dexamethasone (10-6 mol/L), IL-6 alone
(1,000 U/mL), or the combinations of dexamethasone + IL-6 or
anti-fas + IL-6. Treatments were for 60 minutes and cells were lysed
after 24 hours; CAT activity was measured with (**C) chloramphenicol
as substrate. Data represent means * SE of three independent
trasnfections and are expressed as fold increase in activity compared
with control cells that received the TRE-CAT vector but no drug
treatment.
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Table 2. Effect of Anti-fas and Dexamethasone on Mutant
c-jun-Containing MM Cells

% DNA

Cell Line Drug % Viability Fragmentation
neo control None-control 8l1+5 6.4+1
AF, 0.1 pg/mL 67 + 4% 16.4 + 2*
AF, 0.25 pg/mL 60 * 4* 22 = 3*
AF, 0.5 pg/mL 35 + 2* 29.7 = 3*
dom neg None-control 83+5 31+1
AF, 0.1 pg/mL 82+5 44+ 1
AF, 0.25 pg/mL 803 35+1
AF, 0.5 pg/mL 81+ 4 42+1
neo control Non-control 92+ 4 39+1
Dex, 10-¢ mol/L 73+ 3 21+3
Dex, 2 X 10-% mol/L 61*5 29+3
dom neg None-control 90 + 6 41+1
Dex, 10-¢ mol/L 54 + 5t 33.8 = 3t
Dex, 2 X 10~ mol/L 38 * 4t 44.2 *+ 4t

Neo control or c-jun dominant negative-containing 8226 cells
cultured with anti-fas (AF) for 20 hours or dexamethasone (Dex) for 48
hours and viability and DNA fragmentation (diphenylamine assay)
was evaluated. Data are means = SD of three separate experiments.

*Significantly different (P < .05) from corresponding control (cul-

dominant negative construct should also protect against apoptdure Without drug).

sis. Thus, 8226 cells were transduced to expresgithmutant

or neoalone by retroviral infection. After selection in G418, the
two polyclonal cell populations were tested for the ability of

tSignificantly different (P < .05) from corresponding values in
neo-control cells.

antifas or dexamethasone to stimulate the activation of TRE-fact, significantly increased (Table 2 and Fig 10). We also
CAT. As shown in Fig 9, the jun dominant negative line was cloned the mutant gun-containing MM cells by limiting
prohibited in TRE-CAT activation by both apoptosis-inducing dilution and generated four clones. After confirming an inhibi-

agents. The dominant negativéunt had no significant effect on

fas expression or viability of the continuously cultured MM

cells (not shown). However, whenjga mutant-containing MM

cells were exposed to arfis they were protected against

tion of TRE-CAT activation by dexamethasone and &asiin
these clones, we tested them for sensitivity to apoptosis. The
results were comparable to the transduced polyclonal popula-
tion of cells. Althoughneo control cells exposed to arfas

apoptosis. This was confirmed by testing viability with dye (0.5 ug/mL) for 20 hours or dexamethasone (1®ol/L) for 48
exclusion assays (Table 2), testing DNA fragmentation by thehours resulted in a significant loss of viability (from 87% to
diphenylamine assay (Table 2), and by electrophoresis 0f9% for dexamethasone and 83% to 47% for &)j-and

extracted DNA (Fig 10). In contrast, the apoptotic response ofincrease in DNA fragmentation (from 4% to 26% for afats
mutant cjun—containing MM cells to dexamethasone was, in and 3% to 23% for dexamethasone), the clones were relatively

8—
i
.

5 =
4 =

3 =
2 -

ol e

VECTOR AF  DEX  VEGTOR AF  DEX
NEO CONTROL DOMINANT NEGATIVE

TRE-CAT
(FOLD INCREASE)

Fig 9. Mutant c-jun—-containing 8226 cells have a blunted TRE-CAT
response to anti-fas and dexamethasone. Neo control or dominant
negative c-jun-transduced 8226 cells were transfected with TRE-CAT
and treated without or with anti-fas (0.5 pg/mL) or dexamethasone
(10-% mol/L) for 10 minutes. TRE-CAT activity is mean = SE of three
separate experiments.

resistant to antfas (viability, 73% to 89%v control of 87%;
DNA fragmentation, 2% to 5% control of 4%) and showed a
modest increase in sensitivity to dexamethasone (viability, 49%
to 60%vV control of 90%; DNA fragmentation, 30% to 37%
control of 4.7%). Thus, these data provide supportive evidence
that IL-6 protects MM cells against antas-induced apoptosis
via its inhibitory effects orjun kinase activity and subsequent
c-jun function but also indicate that protection against dexa-
methasone proceeds along different pathways.

DISCUSSION

The results of this study indicate that IL-6—dependent protec-
tion against antifas and dexamethasone-induced apoptosis of
malignant plasma cells is not mediated via alterations in
cell-cycle distribution or the RAF-1/MEK/ERK pathway. How-
ever, IL-6 prevented anfas and dexamethasone-induced acti-
vation ofjun kinase in these cells. Our experiments with mutant
c-jun—containing MM cells provide support that these inhibitory
effects onjun kinase mediate IL-6—induced protection against
death at least for MM cells challenged with af#s Protection
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Fig 10. Mutant c-jun-containing 8226 cells are
protected from anti-fas-induced DNA laddering but
not from dexamethasone. Neo control (lanes A
through D and | through K) and mutant c-jun-
transduced 8226 cells (lanes E through H and L
through N) were cultured in media for 20 hours
(lanes A and E) or 48 hours (lanes | and L) or with
increasing concentrations of anti-fas (0.1, 0.25, 0.5
rg/mL, lanes B through D and F through H) or with
dexamethasone (10-% mol/L and 2 x 10-% mol/L,
lanes J and K and M and N, respectively). DNA was
then extracted and electrophoresed.

against dexamethasone-induced MM cell death appears to bdeprivation. However, a critical role for JNK activation and
mediated by other pathways. c-jun function implies that gene transactivation would be
These results confirm and extend the work of Chauhan?t al. required for MM cell apoptosis and most models of cellular
These investigators also detected a correlation between IL-6apoptosis do not require protein syntheé€i¥We have not been
dependent protection against afeis-induced apoptosis and the able to test the requirements for protein synthesis in MM cell
cytokine’s ability to inhibit antifasstimulated JNK activity.  apoptosis because all our MM cell lines are exquisitely sensitive
Furthermore, IL-6 inhibited the downstream events of JNKto the apoptotic effects of cycloheximde, emetine, and actinomy-
activation, namely ¢un transactivation of the reporter TRE- cin-D when used alone (not shown). It is also possible that the
CAT. Although these latter data and the study of Chauharf®t al protection conferred by mutantjan is mediated through yet
suggested a similar mechanism whereby IL-6 protects againsinknown pathways that do not involve its well-known role as a
apoptosis and prevents JNK activation, they did not prove aranscription factor.
causal relationship. It was certainly possible that JNjKifc- It is not clear whether all activators of INKjian will induce
activation were either epiphenomena or even occurred downMM cell apoptosis. For example, CD40 triggering induce
stream of the apoptosis machinery, which has been suggestedarked JNK activation in other cell types, although previous
for TNF?° and antifasinduced apoptosis of Jurkat cels. studied4®4! did not detect apoptosis in CD40-stimulated MM
Thus, we hypothesized that, if IL-6—induced protection wascells. However, these latter cells may also be stimulated to
mediated through inhibition of JNK activation and subsequentsecrete IL-6'% 41 which might protect them from a CDA40-
c-jun activity, a comparable inhibition of jn function, initiated apoptosis program. In fact, in MM cells that are not
achieved by different means, should also protect against apoptariggered for IL-6 secretion by CD40, we have detected an
sis. The resistance of dominant negativi@ie—containing MM induction of apoptosis. Nevertheless, our own data suggest that,
cells to antifasinduced apoptosis thus provides support for though activation of JNK/gun is critical, it may not be
this hypothesis. We did not test the effects of IL-6 on p38MAPK sufficient for apoptosis. Thus, although dexamethasone acti-
in this study because the previous work of Chauhan #t al vates JNK in these cells, this activation does not mediate
clearly showed that anti-apoptotic concentrations of IL-6 had noapoptosis as shown by experiments with th@ure-mutant.
effect on the activation of p38MAPK induced by afds Another possible example of this may be 1B;Wwhich induces
The role of the MEKK/SEK1/INK pathway in the regulation marked JNK activation, but is not known to be an apoptotic
of apoptosis is controversial. The best evidence that JNKstimulus, and, in fact, may even activate MM cells. Itis possible
activation can initiate or sustain apoptosis comes from experithat the cellular context within which JNK andjea become
ments like ours where selective disruption of the pathway byactivated is important for determining outcome. For example,
introduction of mutant genés-3* or by use of antisense the duration of JNK activatidd or the presence of other
oligonucleotide®:3¢ inhibited the apoptotic response induced activated pathways working in concert with the JNK cascade,
by TNF3! ceramide®l-35 growth factor withdrawal;?¢ or anti-  may be critical in determining whether target cells undergo
fas32 Specifically for myeloma cells and IL-6, two other activation or apoptosis.
previous studies support a role for INK activation and AP-1 Chauhan et &% who also studied 8226 MM cells, were
activity in apoptosis. Orféshowed that cAMP-stimulated AP-1 unable to detect activation of ERK-1 or -2 by IL-6 in plasma
activity might be involved in inhibiting MM cell growth, and a cells protected against apoptosis. In similar fashion, we also
second® showed that anti-sense oligonucleotides directed towere unable to detect IL-6—dependent activation of the RAF/
cjun prevented apoptosis of MM cells induced by IL-6 MEK/ERK cascade in protected 8226 as well as UCLA#1 MM
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cells, although PMA successfully activated both proteins. Inagainst dexamethasone-induced apoptosis by IL-6, at least in
contrast, IL-6 successfully activated both RAF-1 and ERK in 8226 cells, is not accompanied by protection against dexametha-
AF-10 plasma cells. This differential effect on RAF/MEK/ERK sone-induced cytostasis. This shows that IL-6—induced protec-
in these different MM targets may reflect the finding that IL-6 tion against dexamethasone-induced apoptosis is not likely due
can stimulate proliferation in AF-10 cells but only has anti- to inhibition of very proximal events such as dexamethasone
apoptotic function in 8226 and UCLA #1 cells without effects receptor expression or binding of dexamethasone to its receptor,
on proliferation. This is consistent with previous w&k’that ~ but is selective for dexamethasone-induced downstream events
suggested IL-6 signaling through RAF/MEK/ERK was crucial that are more specific for apoptosis. However, cell-cycle
for stimulation of MM cell proliferation. Recent work by Ogata analysis also showed that, unlike the interaction between IL-6
et af¥indicates that lack of SOS phosphorylation and activationand activated p53 in M1 celf,IL-6 was not protecting MM

in 8226 cells exposed to IL-6 explains the absence of RAF/MEK/cells by complementing the antiproliferative effect of dexametha-
ERK activation and loss of proliferative responsiveness in thesesone and blocking cells in a dormant state. We have also been
cells. However, we detected an IL-6—-independent constitutivainable to correlate IL-6—induced protection against dexametha-
activation of ERK in 8226 and UCLA #1 cells as determined by sone-induced MM cell death with any alteration in expression
in vitro kinase assays (Fig 5) and by immunoblotting with of BCL-2 or BAX proteins? In a previous stud$ we detected
antiphosphotyrosine antibodies (Fig 4). Such constitutive activaan IL-6—dependent upregulation of BCL-¥ UCLA #1 cells,

tion may be due to the presence of an activating mutatisa®f which is similar to previous findings in other MM liné%53

in these tumor cells. Activatingas mutations are relatively However, repeated studies with 8226 targets exposed to IL-6
common in MM* and would allow downstream activation of have failed to demonstrate any alteration of BCL-&pres-
ERKs in the absence of SOS phosphorylation. sion5! We have also assessed the ability of IL-6 to phosphory-

Our results that argue againsts-dependent MAPK signal- late BAD protein in protected MM cells because recent Work
ing events being important in IL-6—induced protection againstsuggests BAD phosphorylation is crucial for mediating IL-3—
MM cell apoptosis appear inconsistent with results of Billadeauinduced protection against apoptosis. However, we detected
et al#® These latter investigators showed that activating muta-very little BAD protein in these human MM cells and IL-6 was
tions of ras suppress apoptosis in MM cells when they are incapable of phosphorylating BAD. Thus, although there are
deprived of IL-6. The most obvious difference between Bil- many more members of the BCL protein family that have not
ladeau’s model and ours is that he studied an IL-6—dependeriteen examined, work to date has not detected consistent
MM line and we studied MM cell lines that are not IL-6 alterations of this family of proteins that could conceivably
dependent. Antibodies to IL-6 have no effect on the in vitro account for IL-6—induced protection.
growth of our 8226 and UCLA #1 cell linésand, furthermore, In summary, this study indicates that inhibition ofjurt
exogenous IL-6 does not stimulate any proliferation of thesefunction protects MM cells against apoptosis induced by
two cell lines. The inconsistency between the studies ofantifas The results support the hypothesis that IL-6—induced
Billadeau et al and our own could be reconciled by the presencerotection against anfasis mediated through its inhibition of
of two separate IL-6—dependent anti-apoptotic pathways in MMthe JNK/cjun pathway. Furthermore, it indicates that the ability
cells, only one of which (that studied by Billadeau éPdbeing  of IL-6 to protect MM cells against dexamethasone must be
intimately integrated into IL-6—dependent signals that result inmediated by yet unknown mechanisms.
proliferation as well.

Although our results provide some insight into the mecha-
nism by which IL-6 protects MM cells against afidis the
pathways involved in protection against dexamethasone remain 1. Hardin J, MacLeod S, Grigorieva I, Chang R, Barlogie B, Xiao H,
unclear. Although we demonstrated a dexamethasone-inducdePstein J: Interleukin-6 prevents dexamethasone-induced myeloma cell

ot death. Blood 84:3063, 1994
activation of INK/SAPK and TRE-CAT reporter gene expres- > Lich inA TuY Fady C. Vescio R. B J: Interleukin-6
sion, mutant gun did not protect against dexamethasone and,. . ichtenstein A, Tu Y, Fady C, Vescio R, Berenson J: ntereu.ln
. L L - 'inhibits apoptosis of malignant plasma cells. Cell Immunol 162:248,
in fact, significantly sensitized MM cells to enhanced apoptosis; 995
induced by dexamethasone. This suggests that JNK activation 3 anderson K, Jones RM, Morimoto C, Leavitt P, Barut BA:
during dexamethasone exposure is a protective response fsponse patterns of purified myeloma cells to hematopoietic growth
dexamethasone and that enhanced AP-1 transactivation inducggtors. Blood 73:1915, 1989
expression of protective proteins. This is consistent with a 4. Barut BA, Zon LI, Cochran MK, Paul SR, Chauhan D, Mohr-
recent studf where the immunosuppressant drug rapamycinbacher A, Fingeroth J, Anderson K: Role of interleukin 6 in the growth
was found to inhibifun kinase activity and markedly potentiate of myeloma-derived cell lines. Leukemia Res 16:951, 1992
dexamethasone-induced apoptosis of lymphoblastoid cells. It 5- MuraguchiA, Hirano T, Tang B, Matsuda T, Horii Y, Nakajima K,
should be mentioned that other investigators could not deteclfishi.moto. T: Thg essential role of B cell stimulating factor 2 for the
SAPK/JINK activation in 8226 cells challenged with dexametha-t€rminal differentian of B cells. J Exp Med 167:332, 1988 .
sone?” The reason for this discrepancy is not readily obvious to 6. Kishimoto T, Akira S, Narazaki M, Taga T: Interleukin-6 family of

It Id b d by th df timulat | | cytokines and gp 130. Blood 86:1243, 1995
us. it cou € caused Dy the need tor costimulatory moIecuies” 7 - i, Z, Dickens M, Raingeaud J, Davis RJ, Greenberg ME:

selectively present in our culture media. Other investigatorsyysing effects of ERK and JNK-p38 MAP kinases on apoptosis.

have documented the ability of dexamethasone to induce JNKgjence 270:1326, 1995

activation in different cell modeK§:50 8. Graves JD, Draves KE, Craxton A, Saklatvala J, Krebs EG, Clark
The results of our cell-cycle analysis confirm that protectionEA: Involvement of stress activated protein kinase and p38 mitogen-
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