IFN- « Is a Survival Factor for Human Myeloma Cells and
Reduces Dexamethasone-Induced Apoptosis
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IFN-« is used as a maintenance therapy in patients with multiple myeloma, but its benefit is a matter of controversy. In vitro
studies show that IFN-« can both stimulate and inhibit myeloma cell proliferation. We have tested the effect of IFNe on the
survival of myeloma cell lines and primary plasma cells. IFNe significantly reduced the apoptosis induced by removal of IL-6 in
four IL-6-dependent myeloma cell lines. It also reduced the level of apoptosis induced by dexamethasone in these cell lines as well
as in purified primary myeloma cells from seven patients. IFNe promoted the survival of myeloma cells, which, following removal

of IL-6, were blocked in G1 and died. However, unlike IL-6, IFN-a-treated cells remained mainly blocked in the G1 phase of the
cycle. While the effects of IL-6 are mediated through stimulation of its gp130 receptor subunit, the IFNx-induced survival of
myeloma cells was independent of gp130 transducer activation (as demonstrated using a neutralizing anti-gp130 Ab). However,
the signal transduction cascades activated by these two cytokines share at least some common elements, since stimulation with
either IFN-« or IL-6 resulted in STAT3 phosphorylation. These results indicate that IFN-«w promotes the survival, but not the
proliferation, of myeloma cells, preventing the apoptosis induced by removal of IL-6 or addition of dexamethasone. This survival
factor activity may explain the conflicting reports on the effects of IFN-w on myeloma cell proliferation. The Journal of Immu-
nology, 1998, 161: 2692—-2699.

he benefit of IFNe as a maintenance therapy in patients  Using both IL-6-dependent myeloma cell lines (11) and primary
with multiple myeloma (MM¥ is a matter of debate. As myeloma cells, we demonstrate that IleNs a survival factor for
recently reviewed by the European Myeloma Researchmalignant plasma cells. IFN-reduced the apoptosis induced by
group (1), this cytokine had a beneficial effect in three randomizedemoval of IL-6 in all four myeloma cell lines studied. It also
studies, whereas in three other protocols, it had no effect. Preliminhibited dexamethasone (DEX)-induced apoptosis of the my-
inary reports suggested that IFdNeould be of benefit as a main- eloma cell lines and of primary myeloma cells.
tenance treatment following high dose chemotherapy or in com-
bination with corticosteroids (2, 3). The controversy concerningMaterials and Methods
the in vivo use of IFNe is further emphasized by in vitro studies Patients
Shc_""’i_”g that under various .Cond_itions IFdNean either stimulate Tumor samples were obtained from seven patients (no. 1-7) with MM
or inhibit myeloma cell proliferation (4-8). IL-6 and more gen- (median age, 57 yr) after written informed consent was received. Accord-
erally the cytokines, which activate the gp130 receptor subunit, aréng to the Durie-Salmon classification, three patients were stage 1l1B, and
the main survival and growth factors of malignant plasma cells (9) four were stage IllA. Two patients had IgGI MM, one had IgGk MM, three
In particular, myeloma cell lines whose survival and growth aread Bence-Jones | MM, and one had Bence-Jones k MM.
dependent upon addition of exogenous IL-6 can be reproduciblReagents
obtained from patients with terminal disease (10, 11). As tFN-

- - Recombinant IL-6 was provided by Dr. Ytier (Ares Serono, Geneva, Swit-
shares some common transduction pathways with IL-6 (12_15)2erland). Recombinant IFN2b was provided by Shering-Plough (Leval-

we compared its effect on the survival of myeloma cells with that|pis-perret, France). DEX was purchased from Sigma (St. Louis, MO) and
of IL-6. was dissolved in ethanol at a concentration of 1M, filtered, and further
diluted in RPMI 1640. The neutralizing (Al) and nonneutralizing (G4)
mAbs to gp130 have been previously described (16). A1 has been shown
to neutralize the activity of IL-6, leukemia inhibitory factor, oncostatin M,
*Institut National de la Santet de la Recherche Micale, Unit 475,'Service des  and ciliary neurotropic factor (16). An anti-IFN-neutralizing sheep poly-

Maladies du Sang B, Centre Hospitalier Universitaire Montpellier, it for clonal Ab was the gift of Dr. G. Uze (Centre National de la Recherche
Cellular _Therapy, Centre Hospitalier Universitaire Montpellief,pifal Saint Eloi, Scientifique, Montpellier, France). Rabbit phospho-specific STAT1 and
Montpellier, France STAT3 Abs were purchased from New England Biolabs (Beverly, MA),
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jugated goat anti-mouse Abs were purchased from Bio-Rad (Hercules,
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protein. The MI15 mAb recognizes syndecan-1, which is present only on myeloma
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cells (18, 19). This procedure yielded cell populations comprised35% resuspended in 70% ethanol, and incubated at 4°C overnight. After two
viable myeloma cells. Purified myeloma cells were resuspended in RPMWvashes with PBS, cells were resuspended in pi@f PBS, 10 ul of

1640 medium supplemented with 10% FCS. RNase A (10 mg/ml; Boehringer Mannheim, Meylan, France), ang/50
) of PI (1 mg/ml; Sigma) and incubated in the dark at room temperature for
Human myeloma cell lines (HMCL) 30 min at 37°C before flow cytometric analysis on a FACScan apparatus

(Becton Dickinson, San Jose, CA). Apoptotic cells were also detected us-

Four HMCL were studied : XG-1, XG-2, XG-4, and XG-6. All had cyto- ; g annexin V-fluos (Boehringer Mannheim), which has a high affinity for

plasmic Ig, expressed plasma cell Ags (CD38 and syndecan-1), and lack : : : :
the usual B cell Ags (CD19 and CD20). Their growth was completelyc osphatidylserine present in the outer membrane of apoptotic cells (20).

dependent on addition of exogenous IL-6. Detailed characteristics of thesgﬁﬂfig\rlleéﬁnvtv;z?negd;\L’;”gfa'gnzsiﬁ ::g ;fg?gﬂggigﬂlﬁnlﬁﬁggg

lines have been reported previously (11). U266 and RPMI 8226 HMCL \ter (HEPES/NaOH, pH 7.4; 140 mM NaCl; and 5 mM Cgdbr 20
were purchased from American Type Culture Collection (Manassas, VA)jin at room temperature. After two washes with HEPES buffer, the fluo-
Cell culture rescence of FL1-H (annexin V-fluos) and FL2-H (PI) was analyzed on a
FACScan flow cytometer (Becton Dickinson).

Cells were grown in RPMI 1640 medium with 10% FCS and/or cytokines.
To investigate the effects of cytokines (IF)-L-6) and DEX on apopto-
sis, cells were washed once with culture medium, incubate8l foat37°C

in culture medium alone, and then washed twice to remove rlL-6. TheyTo assay for IFNa- or IL-6-mediated signal transduction in myeloma
were then cultured at a cell concentration ot 30° cells/ml either without  cells, XG cells were washed twice and culturedq(2.0° cells/ml) without
exogenous cytokine or with IFN-(100 U/ml), IL-6 (3 ng/ml), or IFNec |L-6 for 12 h in RPMI 1640 and 1% FCS at 37°C. Cells were then stim-
(100 U/ml) and IL-6 (3 ng/ml). The same culture conditions were used inulated with IFN« (500 U/ml) or IL-6 (25 ng/ml) for 15 min at 37°C and
the presence or the absence of DEX (10). In some culture groups, immediately lysed at 4°C in 10 mM Tris-HCI (pH 7.05), 50 mM NaCl, 50
cells were cultured with 15Q.g of an anti-gp130-neutralizing (A1) or mM NaF, 30 mM sodium pyrophosphate, 1% Triton X-100, 5 mM ZnCl

Cell stimulation and Western blot analysis

nonneutralizing (G4) 1IgG1 mAb or control murine IgG1. 100 mM NaVO,, 1 mM DTT, 20 mM B-glycerophosphate, 20 mi-
. . . nitrophenolphosphate, 2.5 mg/ml aprotinin, 2.5 mg/ml leupeptin, 0.5 mM
Proliferation and growth assay of myeloma cell lines PMSF, 0.5 mM benzamidine, 5 mg/ml pepstatin, and 50 nM okadaic acid.

After centrifugation at 14,00& g, the supernatant was resolved on a 10%
r§DS-PAGE gel and transferred to a nitrocellulose membrane (Schleicher
and Schuell, Dassel, Germany). Membranes were blocket fioatroom
temperature in 138 mM NaCl, 3 mM KCI, 25 mM Tris-HCI (pH 7.4), and
0.1% Tween-20 (TBS-T) containing 5% BSA. They were then incubated
for 1 h atroom temperature with primary Ab (phospho-specific STAT1 or
STAT3 at a 1/1000 dilution), and the primary Abs were visualized with a
peroxidase-conjugated goat anti-rabbit Ab (Sigma) and enhanced chemi-
luminescence (Amersham Life Science, Arlington Heights, IL). The mem-
Assays for detection of apoptotic cells branes were stripped by two 30-min incubations in a solution containing
100 mM glycine (pH 2.2), 0.1% Nonidet P-40, and 1% SDS. They were
Apoptosis was assessed by propidium iodide (PI) or annexin V staining. Taeprobed with anti-STAT1 or anti-STAT3 Abs (at a 1/2000 dilution in 1%
detect apoptotic cells by Pl staining, cells were washed twice with PBSBSA TBS-T), and the Abs were visualized with peroxidase-conjugated

To investigate the effects of IFN-and/or IL-6 in the presence or the
absence of neutralizing or nonneutralizing anti-gp130 transducer mAb o
the proliferation of HMCL, cells were washed to remove bound rIL-6.
They were cultured fo5 h with culture medium, washed again, and incu-
bated in 96-well flat-bottom microplates for 5 days with either culture
medium alone or the different cytokines and/or mAbs. Tritiated thymidine
(0.5 uCi/mM; CEA, Saclay, France) was added for the B of culture,
and incorporation was determined on a beta scintillation counter.

No cytokine IFN-alpha IL-6 IFN-alpha + IL-6
A
Apoptosis% : 46 Apoptosis% :9 Apoptosis% : 4 Apoptosis% : 3
ik 3t G1%:60 GioL:et G1%:53
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G2M%: 3 G2M% : 14 G2M%: 18 G2M%: 18
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FIGURE 1. IFN-«a is a survival factor for = 3 E E
myeloma cells. XG-4 HMCL were cultured for ~ £g 3 ] E 3
72 h at a concentration of 8 10° cells/ml in 38 7 3 ] ]
culture medium supplemented with 10% FCS 84 3 7 -
either without exogenous cytokine or with o] E E ]
IL-6 (3 ng/ml), IFN-«« (100 U/ml), or IFN« ] ] ] 1
(100 U/ml) and IL-6 (3 ng/ml)A, Apoptotic S I AN E I A I A e e e
cells were detected by PI staining. The per- 200 48{):(12 3?0 800 1doo b 200 46&235)0 800 1000 O 200 46&23?0 800 1000 O 200 4 0" 00" 8bo" 1000
centages of apoptotic cells (DNA content less
than that in G1 cells) and of cells in different DNA Content

phases of the cell cycle were determined using
ModFitLT software B, Apoptosis was also as- B

sessed by labeling with FITC-annexin V and

PI. Early apoptotic cells were stained by FITC- Apoptosis : 58% Apoptosis : 27% Apoptosis : 11% Apoptosis : 12%
annexin V alone (FL-1 H), whereas late apo- %
ptotic cells were stained by both FITC-annexin
V and PI (FL-2 H).

Annexin



2694 IFN-a IN HUMAN MULTIPLE MYELOMA

Table I. IFN-« is a survival factof 60

§ M xG-1
Apoptosis (%) 50 TL
Expt. No cytokine IFNe IL-6 IFN-a + IL-6 _T_ﬁ B xa-2
~ 40+ — .
1 31 14 7 8 B — XG-4
2 34 17 6 7 2 ]
3 36 8 8 7 g 30 Y XG-6
4 25 12 4 6 3 —
5 46 9 4 3 < 50| =
2 XG-4 HMCL were extensively washed to remove exogenous IL-6. They were —
then cultured in medium supplemented with 10% FCS without exogenous cytokine or ¢ _| — T T
in the presence of IL-6 (3 ng/ml), IF-(100 U/ml), or IFN« (100 U/ml) and IL-6 = =
(3 ng/ml). The percentage of apoptotic cells was determined after 72 h of culture by — —
analysis of Pl-stained cells on a FACScan apparatus. Results of five separate exper- ¢ ‘ : . ] ‘
iments are shown. Percent apoptosis in each group was compared using & tesired No cytokine IFN-alpha IL-6 IFN-alpha + IL-6
No cytokine/IFNe, p = 0.007; no cytokine/IL-6p = 0.022; IL-6/IFN« + IL-6, not
significant. FIGURE 3. Effect of IFN-« on survival of IL-6-dependent myeloma

cells lines XG-1, XG-2, XG-4, and XG-6. HMCL were extensively washed
to remove exogenous IL-6. They were cultured in medium supplemented
with 10% FCS either without exogenous cytokine or with IL-6 (3 ng/ml),
goat anti-mouse Abs followed by enhanced chemiluminescence. In sepaEN-« (100 U/ml), or IFN« (100 U/ml) and IL-6 (3 ng/ml). The percent
;ate gxperimerllts, otlr:jerhm(;em?ljarar?es \;]vetre gr%bzd with Abs(&?f.g,i’) ?ﬁ'apoptosis was determined for the four HMCL after 72 h of culture. Apo-
., Bax, or glyceraldehyde-3-phosphate dehydrogenase : ; . ;
i s & 11000 Gon 120 Mt 1 561 (51 7., 150 T B 1,1 eI by FACEcan nalss ster g s .
aCl, and 0.1% Tween-20/5% milk. Peroxidase-conjugated secondary Abs . ) A
were then used at a 1/1000 dilution, and reactivity was revealed by er‘[esults of each of the five experiments are shown in Table | for the XG-4

hanced chemiluminescence and was quantified using the Intelligent Quat’flMCL-
tifier (Bio Image, Ann Arbor, MI).

Statistical analysis

For a given cell line, each experiment was repeated five times to compare
IL-6 No cytokine apoptosis in different culture groups, and significance was assessed by
pairedt test.

Apoptosis : 7% Apoptosis : 31%

Results

IFN-« is a survival factor for cytokine-dependent myeloma cell
lines
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3 To investigate the effect of IFN-on myeloma cell survival, we
used cell lines whose survival and proliferation are dependent on
addition of exogenous IL-6. As cells necrotized by day 4 after IL-6
34 removal, apoptosis was studied on day 3 in the following experi-
ol ments. Apoptosis was evaluated by Pl staining of DNA content
200 'ibc’;'L'Z;e\bd "78b0 1000 T s oo and additionally by combined annexin V and Pl staining (gkee
FL2-A terials and Methods The two methodologies yielded similar re-
IFN-alpha IFN-alpha + sults, although apoptotic cells were detected earlier with annexin
Anti-IFN-alpha V, as illustrated in Figure 1 for XG-4 HMCL. Upon removal of
IL-6, approximately 50% of the myeloma cells died by apoptosis
within 3 days, and IFNx significantly reduced the percentage of
apoptosis in five separate experiments (Fig. 1 and Table I). This
effect was specific to IFN, as it was inhibited by neutralizing
Abs to IFN-« (Fig. 2). Similar results were found for all four IL-6

Counts
Counts
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0

Apoptosis : 14% Apoptosis : 29%

120 150
|

90
aaa lanes Jyaay
90

2 £ dependent cell lines in five separate experiments as illustrated in
32 834 Figure 3. The survival effect of IFN-was maximal at a concen-
o] - tration of 100 U/ml and did not change with 1,000 or 10,000 U/ml.

Results for the XG-1 HMCL are shown in Figure 4. IL-6 induced
o o] maximal survival at a concentration of 1 ng/ml. For the same XG
HMCL, the survival activity of IFNe was generally weaker than
that of IL-6 (Table | and Fig. 3), but in some experiments, 1&N-
DNA Content was as potent as IL-6 (Table | and Figh)4 In addition, the sur-
vival activities of IFN« and IL-6 were additive when suboptimal
concentrations of IL-6 were used (FigB§

FIGURE 2. IFN-a-induced survival is inhibited by an anti-IFd-anti-
body. XG-4 HMCL were cultured for 72 h at a concentration ok 3L0°

cells/mlin medium supplemented with 10% FCS either without exogenougFN-« reduces DEX-induced apoptosis in myeloma cell lines
cytokine or with IL-6 (3 ng/ml), IFNe (100 U/ml), or IFN« (100 U/ml) .
and an anti-IFNa Ab. IFN-a was preincubated with 1@g/ml of the anti- The effect of IFNe on myeloma cell survival led us to assess

IFN-a Ab for 2 h before addition to the culture. Apoptotic cells were WhEther this cytokine could reduc_e _apODtOSiS induced by DEX.
detected by FACScan after staining with P and were analyzed with Mod-DEX increased the level of apoptosis in myeloma cells cultured for
FitLT software. 24 or 48 h without cytokines (Figs. 5 and 6). Both IL-6 and I&N-
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A fect. For six of the seven patients, IRiNalso significantly reduced

507 DEX-induced apoptosis (Fig. 7 and Table II).

40 -6 IFN-« is a gp130-independent myeloma cell survival factor

o In a previous report, we showed that a weak proliferation of the

30 XG-1 myeloma cell line in the presence of IRNwas due to
autocrine production of IL-6 (6). As IL-6 and other cytokines that
20 - activate signaling cascades through gp130 are the major survival
factors for myeloma cells (9, 22, 23), we investigated whether the
anti-apoptotic effect of IFNx was mediated through the autocrine
production of gp130 cytokine in the XG-1 and XG-6 cell lines. A
high concentration (15@.g/ml) of a neutralizing (A1) anti-gp130
0 0001 001 01 1 10 100 1000 10000 mAb was used to block gp130 activation, and a nonneutralizing
) ' ) anti-gp130 mAb (G4) was used as a control. The anti-apoptotic
IFN-o. (U / ml) or IL-6 (ng / ml) effect of IL-6 was completely inhibited by the neutralizing A1
anti-gp130 mAb, but was unaffected by the nonneutralizing G4
mAb (Figs. 8,A and B). In contrast, the anti-apoptotic effect of
IFN-«a was not affected by the anti-gp130-neutralizing mAb (Fig.
50 8, A and B). These data indicate that the myeloma cell survival
activity of IFN-a was independent of gp130 transducer activation.
40 The neutralizing anti-gp130 mAb inhibited the weak proliferation
—®— L6 (0,04 ng/ml) obtained in the presence of IFM-by approximately 50%, sug-
—&— L6 (1 ng/m) gesting that it was mediated through an autocrine gp130 cytokine
30 (Fig. 8, A andB). To further study the effect of IFN-on prolif-
eration, we took advantage of a property of the XG-2 HMCL to
20 accumulate in the G1 phase of the cell cycle upon removal of IL-6
(Fig. 9). In the other myeloma cell lines, although removal of IL-6
induced apoptosis, only a partial blockage of the cell cycle was
observed (Fig. 1). IFNe was a survival factor for XG-2 cells, but
unlike IL-6, IFN-a-treated cells were mainly blocked in G1 (Fig.
T T T 9). This blockage was reversible, since addition of IL-6 together
0.1 10 100 . . . .
IFN-oc (U / mi) with IFN-« rgsulted_ in their entry into the cell cy_cle.
To better investigate some signal transduction cascades that
FIGURE 4. Dose effect of IFNe on myeloma cell survival. XG-1 cells were activated by IFNe in these myeloma cells, we assessed
were extensively washed to remove exogenous IL-6. They were cultured avhether the transcriptional activators, STAT1 and STAT3, were
3 X 10° cells/ml in medium supplemented with 10% FCS either without stimulated following treatment with this cytokine. It has been pre-
exogenous cytokine or with various concentrations of Belir IL-6 (A)or  viously shown that stimulation of gp130 results in phosphorylation
with IFN-« (100 U/ml) and variou_s concentrations qf IL-B)(Apoptotic and activation of both STAT1 and STAT3 (24). Additionally,
cells were detected by analysis of FITC-@nnexm-stamed cells on 4FEN-« has been found to activate STAT1 and STAT3 in myeloma
FACScan apparatus. Data are representative of one of three separate . .
experiments. ceélls (7). After cultur.e.under condl.tlons where cells were qleprlved
of IL-6 for 16 h, addition of IFNe induced a phosphorylation of
the STAT1 and STATS3 activators in the XG-2 HMCL, but only
N . . STAT3 activation was detected in the XG-1 HMCL (Fig. 10). IL-6
s!gnlflcantly reduced the level of DEX-induced apoptosis, esPe <o induced phosphorylation of STATL and STAT3 in XG-2
C|a_1ll_y for XG-2 and X_G-G HMCL, but IL-6 was gen_erally more vl and of STAT3 in XG-1 HMCL (Fig. 10).
efficient than IFNe (Figs. 5 and 6). Although IFNe induced a
survival activity on IL-6-dependent HMCL, this phenomenon was __. .
not observed in autonomously growing HMCL, such as U266 orPISCUSSION
RPMI 8226. It was not possible to assess the effect of &b In this study, we demonstrate that IFdNis a survival factor for
DEX-induced apoptosis in the IL-6-independent lines, since, iniL-6-dependent myeloma cell lines that are induced to apoptosis
contrast to a previous report (21), we did not find that DEX in- upon removal of IL-6. IFNa also blocked the apoptosis induced
duced apoptosis in either U266 or in RPMI 8226 (results nothy DEX in these cell lines and in primary cells from myeloma
shown). patients. For the different cell lines, we found that a maximal sur-
vival activity was obtained with 100 U/ml of IFN-and did not
change at concentrations up to 10,000 U/ml.

It was important to elucidate whether the survival factor activity
We next investigated the effect of IFdon the survival and DEX-  of IFN-a was dependent upon a low production of IL-6 or another
induced apoptosis of primary plasma cells purified from seven mygp130-activating cytokine. Indeed, IL-6 or the gp130 transducer-
eloma patients. Following purification, 95% of the cell populationsactivating cytokines are the main survival factors for myeloma
were viable myeloma cells. Detailed results obtained with my-cells (25). In addition, we have previously shown that a weak
eloma cells from one patient are shown in Figure 7 and summarieproliferation of the XG-1 myeloma cell line in the presence of
of the results with myeloma cells from the seven patients are prel-N-a was due to an autocrine production of IL-6 (6). In the pres-
sented in Table Il. DEX induced a strong apoptosis in purifiedence of a high concentration of an anti-gp130 mAb that completely
primary myeloma cells, while IL-6 significantly inhibited this ef- inhibited the biologic activities of IL-6 and other gp130 activating

Apoptosis (%)

10

—O—— IL-6 (0 ng/ml)

Apoptosis (%)

o -

IFN-« reduces DEX-induced apoptosis in primary myeloma
cells
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FIGURE 5. DEX-induced apoptosis in the XG-6 HMCL is inhibited by IFN-XG-6 cells were cultured at a concentration o310° cells/ml in
medium supplemented with 10% FCS and DEX {1®1) in the absence or the presence of IeN100 U/ml) or IL-6 (3 ng/ml). Cells were recovered after
24, 48, 72, and 96 h of culture. Apoptotic cells were detected by analysis of FITC-annexin-stained cells on a FACScan apparatus.

cytokines (16, 22), IFNx-induced survival was not affected. In 1 :[D)E;((HFN-alpha
contrast, this neutralizing anti-gp130 mAb inhibited the weak pro- 90 1 T
liferation obtained in the presence of IFNby approximately a0 | _
50%. It also completely inhibited the survival and growth factor 3
activity of IL-6. These data strongly suggest that the observed  7° ] -
IFN-a-induced survival is independent of gp130 transducer acti- 5 6o
vation and that IFNx is not a myeloma cell proliferation factor. ‘g’
This is further supported by data obtained with the XG-2 HMCL. é %0
In the presence of IL-6, XG-2 myeloma cells survived and highly 5 40 1
proliferated. Upon removal of IL-6, XG-2 cells were blocked in 20 |
the G1 phase and then died. IkNeould promote the survival of
these cells, but they remained mainly blocked in the G1 phase of 20 1
the cell cycle. These data are in agreement with a recent report 44 |
showing that IFNe blocked Fas-induced apoptosis in autono-

0 t t

mously growing lymphoblastoid and myeloma cell lines (26). The
mechanism regulating this process in myeloma cells has not yet
been determined, and we failed to find reproducible changes in the!lGURE 6. DEX-induced apoptosis is inhibited by IFN-n IL-6-de-
levels of the Bcl-2 or Bcl-X antiapoptotic or Bax proapoptotic Pendent myeloma cell lines. XG-1, XG-2, XG-4, and XG-6 HMCL were
proteins following addition of IFNx (results not shown). cultured at a concentration of 8 10° cells/ml in culture medium supple-

; . . ) mented with 10% FCS and DEX (10 M) in the absence or the presence
We have now identified two cytokines, IFand IL-6, that are f IFN-a (100 U/ml). XG-1, XG-4, and XG-6 cells were cultured for 2

myeloma cell survival fac_‘”?- The transduction pathways |ndu§e(§ays’ while XG-2 were cultured for 3 days, conditions that resulted in a
by gp130 transducer activation have become better characterizeghayimum increase in apoptosis with DEX. Apoptotic cells were detected
Dimerization of gp130 by IL-6 induces phosphorylation of ty- on a FACScan apparatus after staining with FITC-annexin. Results are the
rosine residues on JAK kinases that are preassociated with gp13flean+ SD of five experiments values (a) determined by pairédests

(13, 24). This allows the recruitment of STAT1 and STAT3, and are shown.

XG-1 XG-2 XG-4 XG-6
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FIGURE 7. Effect of IFN-« on DEX-induced apoptosis in primary
plasma cells. Myeloma cells from patient 1 were purified using the anti-FIGURE 8. The anti-gp130 transducer-neutralizing Ab inhibits the ef-
syndecan-1 MI15 mAb as describedMuaterials and MethodsAfter pu- fects of IFN-« on myeloma cell proliferation, but not survival. XG-A (
rification, cells were extensively washed to remove exogenous IL-6 anchnd C) and XG-6 B and D) cells were extensively washed to remove
were cultured in medium supplemented with 10% FCS in the absence agxogenous IL-6. They were then cultured for 3 days in culture medium
the presence of DEX (10 M), IL-6 (3 ng/ml), and IFNe (100 U/ml). supplemented with 10% FCS in the absence or the presence of the G4
Apoptotic cells were detected after 72 h of culture on a FACScan apparatugonneutralizing) or Al (neutralizing) anti-gp130 or control murine IgG1
by staining with PI. mAbs (150ug/ml) with IL-6 (3 ng/ml), IFN« (100 U/ml), or no cytokine.
Apoptotic cells were assessed on a FACScan apparatus by staining with
FITC-annexin V. The stimulation indexes were the ratios between the

phosphorylation of STAT results in further activation of genes bymean PH|TdR incorporations obtained with an optimal concentration of
STAT homodimers or heterodimers. Activation of gpl130 alsoIFN-« (100 U/ml) or IL-6 (3 ng/ml) in the presence or the absence of the
stimulates the Ras/MAP kinase pathway through binding of SHP-2nAbs. The mean®H]TdR incorporations obtained with the control me-
or shc to gp130 phosphotyrosines (8). In BAF-BO3 murine cellsdium (culture medium with 10% FCS) were 1500 and 800 cpm for XG-1
transfected with various truncated cDNAs of the human gp13@nd XG-6 HMCL.
transducer, IL-6-induced survival was shown to be dependent on
STATS3 activation, whereas proliferation required both the activa-
tion of STAT3 and the Ras/MAP kinase pathway (27). The in-liferation is further suggested by the inhibition of myeloma cell
volvement of the Ras/MAP kinase pathway in myeloma cell pro-proliferation by MAP kinase antisense (28). As we now find that
STAT3 was also phosphorylated by IFNin myeloma cells, this
suggests that activation of STAT3 by either IL-6 or IleNnay be
involved in inhibiting apoptosis in myeloma cells.

This survival activity of IFNe might help to explain the con-
flicting results concerning the effects of IFN on myeloma cell pro-
liferation. Several reports have shown that IENsan both stim-

Table II. IFN-« inhibited DEX-induced apoptosis in primary plasma
cells from seven patients with myelofna

Apoptosis (%)

DEX + DEX + ulate and inhibit the proliferation of primary myeloma cells (4, 29,

Patient  IL-6  IFN-a Nocytokine  DEX  IL-6 IFN-a 30) or cell lines (6, 31). In a recent study, Jelinek failed to find
1 9 4 25 83 59 31 differences in the levels of STAT or IFN response factor (IRF)
2 0.5 0.5 5 21 6 2 transcription factors in myeloma cell lines stimulated or inhibited
3 3 5 5 23 15 6 by IFN-« (7). For U266 myeloma cells, the partial inhibitory effect
g g 12 12 gg 23 gg of IFN on the proliferation was associated with a partial blockage
6 5 5 11 24 17 5 of IL-6-induced gp130-linked SHP-2 activation and further MAP
7 4 15 16 20 9 7 kinase activation (8). In our IL-6-dependent myeloma cell lines,

2 Purified myeloma cells from seven patients were cultured for 3 days at a conwe have previously shown by RT-PCR that there may be a weak

centration of 3x 10° cells/ml with either no cytokine, 3 ng/ml of IL-6, or 100 U/ml  production of the autocrine gp130 cytokines, IL-6 and/or oncosta-

of IFN-« in the absence or presence of DEX. Apoptotic cells were detected on gjn M (17), and IFN« increases IL-6 gene expression in XG-1

FACScan after staining with PI. Percent apoptosis in each group was compared usin . . .
& paired test, No cytokinelDEXp  0.021. DEXIDEX + 1L-6, p - 0.004: bEx/ . Cells (6). These autocrine gp130 cytokines may be suficient to

DEX + IFN-a, p = 0.009. trigger the proliferation of myeloma cells but not their survival,
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since in most cell lines, removal of exogenous cytokine did not These results might be relevant for clinical studies, as dFis-
block entry of cells into the cycle even though the cells progres-used in the treatment of patients with multiple myeloma. The ini-
sively died. Moreover, gp130 cytokines did not significantly con- tial study by Mandelliet al. showed that the use of this cytokine as
tribute to the IFNe-induced survival, as this activity is not inhib- a maintenance treatment increased the plateau phase and overall
ited by anti-gp130 Ab. IFNx might partially inhibit the  survival of myeloma patients (32). However, further studies dem-
proliferation that could be induced by autocrine gp130 cytokinespnstrate that the effects of IFN-are controversial (1, 33). IFN-

since we have found that it can reduce the proliferation induced bys also commonly used after high dose chemotherapy and autolo-
exogenous IL-6 by approximately 50%. These results add to ougous hemopoietic stem cell transplantation for multiple myeloma,
understanding of the mechanism of action of IeMind emphasize but its efficacy, as assessed by randomized trials, has not been
that the survival of myeloma cells may be triggered by factors thaestablished (34). As IFN-probably has pleiotropic effects in vivo

are not members of gp130 cytokine family. (35), it might activate an anti-tumoral response in some patients.
FIGURE 10. STAT phosphorylation induced by XG-1 XG-2

IFN-a or IL-6 in myeloma cell lines. XG-1 and

XG-2 cells were washed twice and starved for 16 h L6 = " 5 i _ £ _ ;

in RPMI 1640 with 1% FCS at 37°C. Cells were IFN-u - - + + _ _ + +

then either left unstimulated or were stimulated

with IFN-a (500 U/ml), IL-6 (25 ng/ml), IFNe u-P-STAT1 . S 88
(500 U/ml), and IL-6 (25 ng/ml) added for 15 min -

at 37°C. Lysates of unstimulated or stimulated cells  ;,-sTAT1 — = P ——

(1 X 10° cells) were subjected to SDS-PAGE elec-

trophoresis and immunoblotted with phospho-spe-

cific STAT1 or STAT3 Abs &-P-STAT1 andx-P- —98
STAT3). Blots were then stripped and reprobed *P-STAT3 — —— —— -—

with anti-STAT1 or anti-STAT3 Abs ¢-STAT1

and «-STAT3) to ensure that equivalent levels of ~ @-STAT3 | G s am— —— — .

proteins were present in each lane.
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However, as our data demonstrate that I&Nan prevent apopto- 18.

sis of myeloma cells in vitro, it may also be a myeloma cell sur-

vival factor in some patients. Such adverse effects might help tqg

explain why IFN« therapy was found to be associated with the
development of plasma cell leukemia in two patients (36, 37).

20.

Acknowledgments

We thank Drs Naomi Taylor and Nadir Mechti (Montpellier, France) for
their critical reading of the manuscript.

22.

References

1. Peest, D., J. BlddeJ. L. Harousseau, B. Klein, A. sPerborg, and
J. F. San Miguel. 1996. Cytokine therapy in multiple myelo®a.J. Haematol.

94:425. 23.

2. Attal, M., F. Huguet, D. Schlaifer, C. Payen, M. Laroche, B. Fournie,
B. Mazieres, J. Pris, and G. Laurent. 1992. Intensive combined therapy for pre-
viously untreated aggressive myelongdood 79:1130.

3. Wahlin, A., and J. Holm. 1989. Rapid response to recombinant interte@ 24.

and high-dose prednisone in multiple drug-resistant multiple myeldfoa.
J. Haematol. 43:352.
4. Brenning, G., A. Ahre, and K. Nilsson. 1985. Correlation between in vitro and in

vivo sensitivity to human leucocyte interferon in patients with multiple myeloma. 5

Scand. J. Haematol. 35:543.

5. Palumbo, A., S. Battaglio, P. Napoli, P. Omede, A. Fusaro, B. Bruno,
M. Boccadoro, and A. Pileri. 1994. Recombinant interfesonhibits the in vitro 27
proliferation of human myeloma cell8r. J. Haematol. 86:726.

6. Jourdan, M., X. G. Zhang, M. Portier, J. M. Boiron, R. Bataille, and B. Klein.
1991. IFN« induced autocrine production of IL-6 in myeloma cell lindsIm-
munol. 147:4402.

7. Jelinek, D. F., K. M. Aagaard-Tillery, B. K. Arendt, T. Arora, R. C. Tschumper,
and J. J. Westendorf. 1997. Differential human multiple myeloma cell line re-
sponsiveness to interferan-analysis of transcription factor activation and in-
terleukin 6 receptor expressiod. Clin. Invest. 99:447.

8. Berger, L. C., and R. G. Hawley. 1997. Interfer@rinterrupts interleukin-6-
dependent signaling events in myeloma cefilood 89:261.

9. Klein, B., X. G. Zhang, Z. Y. Lu, and R. Bataille. 1995. Interleukin-6 in human
multiple myeIomaBIood 85:863.

10. Jelinek, D. F., G. J. Ahmann, P. R. Greipp, S. M. Jalal, J. J. Westendorf3l'

J. A. Katzmann, R. A. Kyle, and J. A. Lust. 1993. Coexistence of aneuploid
subclones within a myeloma cell line that exhibits clonal immunoglobulin gene
rearrangement: clinical implication€ancer Res. 53:5320.

11. Zhang, X. G., J. P. Galllard, N. Robillard, Z. Y. Lu, Z. J. Gu, M. Jourdan,
J. M. Boiron, R. Bataille, and B. Klein. 1994. Reproducible obtaining of human
myeloma cell lines as a model for tumor stem cell study in human multiple
myeloma.Blood 83:3654.

12. Stahl, N., T. J. Farruggella, T. G. Boulton, Z. Zhong, J. E. Darnell, and
G.D. Yancopoulos 1995. Choice of Stats and other substrates specified by mod-
ular tyrosine-based motifs in cytokine receptdsience 267:1349.

13. Kishimoto, T., S. Akira, M. Narazaki, and T. Taga. 1995. Interleukin-6 family of
cytokines and gp13@lood 86:1243.

14. David, M., G. Zhou, R. Pine, J. E. Dixon, and A. C. Larner. 1996. The SH2
domain-containing tyrosine phosphatase PTP1D is required for intertgf®n
induced gene expressiod. Biol. Chem. 271:15862.

15. David, M., E. Petricoin, C. Benjamin, R. Pine, M. J. Weber, and A. C. Larner.
1995. Requirement for MAP kinase (ERK2) activity in interferenand inter-

feron B-stimulated gene expression through STAT proteSwence 269:1721. 35.

16. Liautard, J., R. X. Sun, N. Cotte, J. P. Gaillard, J. C. Mani, B. Klein, and

J. Brochier. 1997. Specific inhibition of IL-6 signalling with monoclonal anti- 36.

bodies against the gp130 receptBytokine 9:233.
17. Gu, Z. J., V. Costes, Z. Y. Lu, X. G. Zhang, V. Pitard, J. F. Moreau, R. Bataille,

J. Wijdenes, J. F. Rossi, and B. Klein. 1996. Interleukin-10 is a growth factor for 37.

human myeloma cells by induction of an oncostatin M autocrine |&pod
88:3972.

29.

30.

2699

Wijdenes, J., W. C. Vooijs, C. Clement, J. Post, F. Morard, N. Vita, P. Laurent,
R. X. Sun, B. Klein, and J. M. Dore. 1996. A plasmocyte selective monoclonal
antibody (B-B4) recognizes syndecanBr. J. Haematol. 94:318.

Horvathova, M., J. P. Gaillard, J. Liautard, C. Duperray, T. Lavabre-Bertrand,
P. Bourguard, J. F. Rossi, B. Klein, and J. Brochier. 198éntification of Novel

and Specific Antigens of Human Plasma Cells by n@tord University Press,
London, p. 713.

Vermes, |., C. Haanen, H. Steffens Nakken, and C. Reutelingsperger. 1995. A
novel assay for apoptosis: flow cytometric detection of phosphatidylserine ex-
pression on early apoptotic cells using fluorescein labelled annexin vhmu-

nol. Methods 184:39.

21. Lichtenstein, A., Y. P. Tu, C. Fady, R. Vescio, and J. Berenson. 1995. Interleu-

kin-6 inhibits apoptosis of malignant plasma cef{Bell Immunol. 162:248.

Zhang, X. G., Z. J. Gu, Z. Y. Lu, K. Yasukawa, G. D. Yancopoulos, K. Turner,
M. Shoyab, T. Taga, T. Kishimoto, R. Bataille, and B. Klein. 1994. Ciliary
neurotropic factor, interleukin 11, leukemia inhibitory factor, and oncostatin M
are growth factors for human myeloma cell lines using the interleukin 6 signal
transducer gp13Ql. Exp. Med. 179:1337.

Juge-Morineau, N., S. Francois, D. Puthier, A. Godard, R. Bataille, and
M. Amiot. 1995. The gp 130 family cytokines IL-6, LIF and OSM but not IL-11
can reverse the anti-proliferative effect of dexamethasone on human myeloma
cells. Br. J. Haematol. 90:707.

Taga, T., and T. Kishimoto. 1997. Gp130 and the interleukin-6 family of cyto-
kines.Annu. Rev. Immunol. 15:797.

25. Hallek, M., P. Leif Bergsagel, and K. C. Anderson. 1998. Multiple myeloma:

increasing evidence for a multistep transformation prodgksd 91:3.

Egle, A, A. Villunger, M. Kos, G. Bock, J. Gruber, B. Auer, and R. Greil. 1996.
Modulation of Apo-1/Fas (CD95)-induced programmed cell death in myeloma
cells by interferona2. Eur. J. Immunol. 26:3119.

. Fukada, T., M. Hibi, Y. Yamanaka, M. Takahashi-Tezuka, Y. Fujitani,

T. Yamaguchi, K. Nakajima, and T. Hirano. 1996. Two signals are necessary for
cell proliferation induced by a cytokine receptor gp130: involvement of STAT3
in anti-apoptosisimmunity 5:449.

28. Ogata, A., D. Chauhan, G. Teoh, S. P. Treon, M. Urashima, R. L. Schlossman,

and K. C. Anderson. 1997. IL-6 triggers cell growth via the Ras-dependent mi-
togen-activated protein kinase cascadlelmmunol. 159:2212.

Brenning, G. 1985. The in vitro effect of leucocyténterferon on human my-
eloma cells in a semisolid agar culture syst&Snand. J. Haematol. 35:178.
Einhorn, S., J. O. Fernberg, D. Grander, and R. Lewensohn. 1988. Interferon
exerts a cytotoxic effect on primary human myeloma célst. J. Cancer Clin.
Oncol. 24:1505.

Schwabe, M., A. T. Brini, M. C. Bosco, F. Rubboli, M. Egawa, J. Zhao,
G. L. Princler, and H. F. Kung. 1994. Disruption by interferemf an autocrine
interleukin-6 growth loop in IL-6-dependent U266 myeloma cells by homologous
and heterologous down-regulation of the IL-6 receptoand g-chains.J. Clin.
Invest. 94:2317.

32. Mandelli, F., G. Awvisati, S. Amadori, M. Boccadoro, A. Gernone, V. M. Lauta,

F. Marmont, M. T. Petrucci, M. Tribalto, M. L. Vegna, F. Dammaco, and
A. Pileri. 1990. Maintenance treatment with recombinant interfereé2b in pa-
tients with multiple myeloma responding to conventional induction chemother-
apy.N. Engl. J. Med. 322:1430.

33. Harousseau, J. L. 1997. [Clinical value of interferom the treatment of ma-

lignant hematologic diseaseBresse Med. 26:857.

34. Harousseau, J. L., M. Attal, M. Divine, G. Marit, V. Leblond, A. M. Stoppa,

J. H. Bourhis, D. Caillot, M. Boasson, J. F. Abgrall, T. Facon, C. Linassier,
J. Y. Cahn, T. Lamy, X. Troussard, N. Gratecos, B. Pignon, G. Auzanneau, and
R. Bataille. 1995. Autologous stem cell transplantation after first remission in-
duction treatment in multiple myeloma: a report of the french registry on autol-
ogous transplantation in multiple myelon®lood 85:3077.

Gutterman, J. U. 1994. Cytokine therapeutics: lessons from interéerBroc.

Natl. Acad. Sci. USA 91:1198.

Blade J., A. Lopez-Guillermo, D. Tassies, E. Montserrat, and C. Rozman. 1991.
Development of aggressive plasma cell leukaemia under intertertrerapy.

Br. J. Haematol. 79:523.

Sawamura, M., K. Murayama, G. Ui, T. Matsushima, J. Tamura, H. Murakami,
T. Naruse, and J. Tsuchiya. 1992. Plasma cell leukaemiaawittierferon ther-

apy in myelomaBr. J. Haematol. 82:631.



