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Bone morphogenetic protein-4 inhibits proliferation and induces apoptosis

of multiple myeloma cells

Oyvind Hjertner, Henrik Hjorth-Hansen, Magne Bérset, Carina Seidel, Anders Waage, and Anders Sundan

Bone morphogenetic proteins (BMPs) can
be isolated from organic bone matrix and
are able to initiate de novo cartilage and
bone formation. Here it is shown that
BMP-4 inhibited DNA synthesis in a dose-
dependent manner in 3 IL-6—dependent
multiple myeloma (MM) cell lines (OH-2,
IH-1, and ANBL-6). In contrast, no effect
on DNA synthesis was observed in 3
IL-6—independent MM cell lines (JJIN-3,

U266, and RPMI 8226). BMP-4 induced
cell cycle growth arrestinthe G
in OH-2 and ANBL-6 cells but not in IH-1
cells. BMP-4 induced apoptosis in OH-2
and IH-1 cells, but not significantly in
ANBL-6 cells. Furthermore, BMP-4 in-
duced apoptosis in freshly isolated MM
cells from 4 of 13 patients. In the OH-2
and ANBL-6 cell lines and in a patient
sample, immunoblotting showed that

o/G1 phase

BMP-4 down-regulated IL-6-induced ty-
rosine phosphorylation of Stat3, suggest-
ing a mechanism for the apparent antago-
nism between IL-6 and BMP-4. BMP-4 or
analogues may be attractive therapeutic
agents in MM because of possible benefi-
cial effects on both tumor burden and
bone disease. (Blood. 2001;97:516-522)

© 2001 by The American Society of Hematology

Introduction

papeojumoq

Multiple myeloma (MM) is a B-cell malignancy characterized by grecursor cells and are involved in postnatal bone remod#litfg. 5
low-grade proliferation of plasma cells in the bone marrow. Tumdturthermore, in animal models, BMPs promote the healing of Ia@e
progression is frequently accompanied by osteolysis caused $8gmental fractures and bone defééfs.
increased bone resorption and decreased bone formation. In vitro,BMPs and their receptors are expressed in tissues other &an
myeloma cells can be responsive to several cytokines wigione, and it has been demonstrated that BMPs play multiple r@es
proliferative and anti-apoptotic effects, of which IL-6 is the mosin the regulation of growth, differentiation, and apoptosis ﬁf
importantl-2 various cell types. This may be exemplified by the essential roleof
Few cytokines with the ability to induce apoptosis or to inhibiBMP-4 in ventralization of the embry®:2¢In malignant disease,&
proliferation of myeloma cells have been identified. InterferoRMPs modulate cell proliferation, frequently in an |nh|b|torg
(IFN)-y inhibits IL-6—dependent proliferation of myeloma cellManner, and have been implicated in the osteosclerotic patterg of
lines and patient samplé4.in vitro effects of IFNe« are more prostate cancer bone metast@&i® Recently, BMPs have emerged
complex because induction of proliferation, increased survival, afid Proteins of significance in hematology. BMP-4 strictly contr(%s
inhibition of proliferation have been report&tFN-« treatment of € formation of the ventral hematopoietic islandsXenopus §
patients with MM may prolong the plateau phase, but it does ngfnbtryosf and; can;ApFI)etedhem(?topimetlcslI?);éicgve bor;]e mar@w
significantly prolong survivalf IFN-y was evaluated in one small cavity Is formed in induced ectopic bo uman hema- g
e . L o topoietic cell lines and normal bone marrow cells express mR@/—\
clinical trial and showed no beneficial effédctivin A, a member
. Lo from multiple BMPs3® Finally, BMPs modulate growth ands
of the transforming growth factor (TGH}—superfamily, induces >
) N . o ) differentiation of hematopoietic stem cells in adult m#&In this g
apoptosis and inhibits proliferation in murine plasmacytdrien
addition, Fas ligand (FasL) and TRAIL (Apo-2 ligand) may inolucreport we show that BMP-4 is able to inhibit DNA synthesis andgo
apoptosis in some myeloma celfst3

fhduce apoptosis in myeloma cells.
Bone morphogenetic proteins (BMPs) are members of the
TGF superfamily and were originally identified by their uniqu
# sup Y ginaty y 9“Materials and methods

ability to induce ectopic cartilage and bone formation in Vi%&?
To date, at least 15 BMPs have been charactefizéd.bone, Cell lines and cell culture conditions
osteoblasts and chondrocytes synthesize BMPs, and these prot\t?\}nsSed the human myeloma cell lines ANBL-6 (kind gift from Dr Diane
play important roles in bone formation and bone cell dlf'ferentlatlolfpellnek Mayo Clinic, Rochester, MN), JIN-3 (kind gift from Dr J. Ball,
by stimulating alkaline phosphatase activity and synthesis gglversny of Birmingham, United Kingdom), OH-3,U-266, and RPMI
proteoglycan, collagen, and osteocafi# BMPs also induce 8226 (both from ATCC, Rockville, MD). We recently established an
osteoblast differentiation of uncommitted bone marrow stromél-6—-dependent human myeloma cell line, IH-1, isolated from pleural fluid
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Table 1. Clinical characteristics of patients and cytokine responses

Patient lg Treatment IL-6 BMP-4 IL-6/BMP-4

no. Stage* class Age Debutt responset response§ response§ interaction§
1 A 1gG 75 No No + + +
2 1A IgA 74 Yes Yes - - -
3 1A IgA 79 No ND - - -
4 A gD 48 Yes Yes - - -
5 A 19G 76 No No - + +
6 A [¢[€] 60 No No - - -
7 A IgA 73 Yes Yes - - -
8 1A 1gG 84 No Yes - - -
9 A IgA 76 Yes Yes + + +
10 A IgA 70 Yes Yes - - -
11 A IgA 76 No No + + +
12 1A 51 No No - - -
13 A 1gG 76 Yes Yes - - -

*According to Durie and Salmon.°

‘tDenotes whether primary cells were harvested at the time of diagnosis or not.

FResponse to treatment with melphalan—prednisone or vincristine, doxorubicin, and dexamethasone regimens was defined as reduction of the M-component by 50% or
more.

§Purified myeloma cells were incubated for 3 days with or without IL-6 (1 ng/mL) or BMP-4 (50 ng/mL), and cellular viability was determined. A positive response was
defined as a 10% or greater absolute change in viability after BMP-4 or IL-6 stimulation compared with unstimulated cells. Interaction was defined to be present if the response
of either cytokine was counteracted by = 10% by the other. Patient 12 had nonsecretory myeloma.

ND, not determined.

from patient 11 in Table 1. Cells were grown in a medium of RPMI 164@roducts, Boston, MA) per well and were harvested 18 hours later wi
(Life Technologies, Paisley, United Kingdom) supplemented with 2 mNicromate 196 cell harvester (Packard, Meriden, CT), @mediation was
L-glutamine and 4Qug/mL gentamicin. The stocks of these cell lines weraneasured with a Matrix 96 beta counter (Packard).

maintained in this medium supplemented with 10% fetal calf serum (FCS),

except for RPMI 8226 (15% FCS), and OH-2 and IH-1 cells (10% human Apoptosis assay

Rh+ serum from the Blood Bank, Trondheim University Hospital, Trondi/iability and apoptosis were evaluated by flow cytometry using ceI|u|§r

heim, Norway). IL-6—dependent cell lines IH-1, ANBL-6, and OH-2 wereannexin V binding (APOPTEST-FITC kit; Nexins Research, Hoeves,

—

0]q/38U°suonesl|qstyse//:dny wouy papeojumoq

a

maintained in media containing 2 ng/mL IL-6. Media were replenishe ) . .

- ) - . etherlands). 10cells were incubated in 24-well culture plates witk
twice weekly. The IL-6—dependent cell lines were washed 4 times in Hanks ki indi d. cell hed in phosphate-buffSed
balanced salt solution to deplete cells of IL-6 before assays. For expecﬁ/-t.0 ines as in |cate_ - ©Elis were washed once in phosp ate-bu e:a“e
: : o ) Saline, resuspended in 2% binding buffer, and incubated in the dark®
ments, all cells were grown in medium containing 10% FCS supplemente ; S . LG

ith ki indicated With 0.25 pL annexin V—fluorescein isothiocyanate (FITC) and propidiugy
with cytokines as indicated. iodide (PI) to 2pg/mL for 10 minutes, according to instructions by thg
manufacturer. Cells were classified as PI- or annexin V—positive r
-negative using a FACScan flow cytometer (Becton Dickinson, San J@e,
Myeloma cells from 13 patients admitted to the Section of HematologA)- All PI-positive cells were considered dead (upper 2 quadrants of got
University Hospital of Trondheim were used in this study. Clinicaplots), Pl-negative and annexin V—positive cells were considered apoptgtlc
characteristics of the patients are shown in Table 1. (lower right quadrant), and remaining cells (lower left quadrant) wese

Plasma cells from bone marrow aspirates or pleural fluid were purifi@@nsidered viable.

by positive immunomagnetic separation using the monoclonal antibo

d .
B-B4 (Serotec, Oxford, United Kingdom), which recognizes syndec%in-l.cye” cycle analysis

To release cells from beads, cells were treated with 0.25% (wt/vol) tryPSiR concentrations as indicated x210° cells were washed and incubate@
(Life Technologies) at 37°C for 5 minutes and vigorously pipettedyith |-, with or without BMP-4. Cells were washed and resuspended for
Thereafter, beads were collected on the magnet, and cells were retrie¥gdyinytes in ice-cold permeabilization buffer containing 1 mM Tris HC,
after centrifugation. This method yields a population of more than 98%_' 8.0, 0.1% Triton-X, 3.4 mM sodium citrate, 0.1 mM ethylenediaminetet-
myeloma cells. Because the separation method may interfere with gz -atic acid, and 20g/mL PI (all reagents from Sigma, St Louis, MO).
sponses to cytokines, we have compared responses to IL-6 and BMP-4 1 reafter, cellular DNA content was analyzed by flow cytometry, and

immunomagnetically selected and unselected OH-2 cells. ReSponse%iLQograms were analyzed with ModFit LT software (Verity Software
both cytokines were similar under both experimental conditions. House, Topsham, ME).

Isolation of myeloma cells from patients

nf g0 Uo 18

Cytokines Surface IL-6 receptor

BMP-4 was a kind gift from Genetics Institute (Cambridge, MA). We alsqhe expression of the IL-6 receptar chain (gp80) in OH-2 cells was
used BMP-4 from R&D Systems (Abingdon, United Kingdom). IL-6 was &letermined by flow cytometry. Cells were incubated with @ mouse
gift from Sandoz (Basel, Switzerland). All cytokines used were ofnonoclonal antibody (clone BR-6; Biosource, Camarillo, CA) or irrelevant
recombinant human type; 1 ng/mL is equivalent to 40 pM IL-6 angsotype-matched IgGmonoclonal antibody (DAKO, Glostrup, Denmark)

approximately 30 pM BMP-4. as a control. As a secondary antibody, FITC-conjugated goat anti-mouse
) immunoglobulin (Becton Dickinson) was used. The cells were simulta-
DNA synthesis neously incubated with Pl to exclude dead cells.

Cells were seeded in 96-well plastic culture plates (Corning Cost
Corning, NY) at a density of 1 to % 10* cells per well in 20QuL medium
supplemented with 10% FCS and cytokines as indicated. After 54 houts5 X 10° cells were incubated with or without cytokines. Cells were
cells were pulsed with L.Ci methyl-PH]-thymidine (NEN Life Science washed once in cold phosphate-buffered saline and centrifuged, and the

&tat3 Western blot analysis
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resultant cell pellets were frozen-a70°C. The cell pellets were solubilized 75=
in 100 L sodium dodecyl sulfate (SDS) sample buffer (100 mM Tris/HCI,
pH 6.8, 10% SDS, 40% glycerol, and 0.005% bromophenol blue). DNA [
was sheared by repeated pipetting, samples were boiled, and aliquots of 25
uL were loaded on 10% SDS polyacrylamide gels. Proteins in the gels were 3R 50&)— =o= ANBL-6
transferred to nitrocellulose filters (Bio-Rad, Hercules, CA). Filters were 2
blocked in 5% skimmed milk in 0.05% Tween 20-Tris-buffered saline, pH =
7.4, before probing with antibodies against Stat3 or against Stat3 containing ﬁ
phosphotyrosine at amino acid residue 705 (catalog numbers 9132 and %5 [
9131, respectively; New England Biolabs, Beverly, MA). Bound antibodies 25+
were visualized by enhanced chemiluminescence using horseradish peroxi-
dase-conjugated goat antirabbit immunoglobulin, as described by the =C=0H-2
manufacturer (Amersham Pharmacia Biotech, Uppsala, Sweden). == |H-1
e o I T T 1
0 01 1 10 100
Results BMP4 (ng/mL)
Figure 2. BMP-4 reduces viability of OH-2 and IH-1 cells but not in ANBL-6 cells.
BMP-4 inhibits DNA synthesis and induces apoptosis in Annexin V-FITC and PI binding were measured by flow cytometry in myeloma cell
IL-6—dependent myeloma cell lines lines incubated for 72 hours with BMP-4 in concentrations as indicated and 1 ng/mL

IL-6 (ANBL-6) or 0.1 ng/mL IL-6 (IH-1 and OH-2). Percentage of viable cells, located
Measured by %] thymidine incorporation, BMP-4 dose depen in the lower left quadrant of dot plots, as exemplified in Figure 7, was recorded.
dently reduced DNA synthesis in 3 available IL-6—dependent cell
lines, IH-1, OH-2, and ANBL-6 (Figure 1). In the IL-6- Effect of BMP-4 on cell cycle distribution in ANBL-6,
independent cell lines JIN-3, RPMI 8226, and U266, there Was1 and OH-2 cells
little or no effect of BMP-4 (not shown).

To determine whether the effect of BMP-4 on DNA synthesi$0 characterize further the effect of BMP-4 on DNA synthes
was caused by apoptosis, cells were labeled with annexin V—FIoalysis of cell cycle distribution was performed. ANBL-6, IH-B
and Pl and analyzed by flow cytometry. In Figure 2 we show thad OH-2 cells were cultured with IL-6, with or without BMP-4g
BMP-4 dose dependently induced apoptosis in OH-2 and IHAS shown in Figure 5, BMP-4 induced growth arrest in th¢Gs
cells. In ANBL-6 cells, we observed a decrease in viability of 8% dthase in both OH-2 and ANBL-6 cells. In contrast, no effect on cgll
the highest BMP-4 concentration (100 ng/mL). A high fraction oycle distribution was observed in IH-1 cells (data not shown).
dead cells was regularly observed in IH-1 cells after cell washin
and pipetting, and only 30% of cells were viable in cultures witl
IL-6 but without BMP-4. The kinetics of BMP-4—induced loss of "
of observation, the BMP-4 effect on viability did not wane. Thenediated by tyrosine phosphorylation of the Stat3 protein; thege-
relation between IL-6 and BMP-4 effects on viability (OH-2) andore, we investigated whether this was affected by BMP tre&t-
DNA synthesis (ANBL-6) is shown in Figure 4. In these celment3® A Western blot showing tyrosine 705 phosphorylation &f
lines, the effects of BMP-4 could only partially be overridderstat3 in OH-2 and ANBL-6 after 4 hours of incubation wittlgr
by increasing concentrations of IL-6. Furthermore, BMP-4 desytokines is displayed in Figure 6. IL-6 dose dependently up-
creased cellular viability to lower levels than IL-6 starvation aloneegulated Stat3 phosphorylation in both cell lines (lanes 1-3). The
in OH-2 cells. constitutive phosphorylation of tyrosine 705 in unstimulated OH§2

cells (lane 1) was abrogated by BMP-4 (lanes 4 and 5). BMB-4
counteracted IL-6—-dependent Stat3 phosphorylation in a ddge-

NERlIandyse//:dny woyy papeojumoq

00|q,

P-4 reduces Stat3 tyrosine phosphorylation
myeloma cell lines
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Figure 1. BMP-4 inhibits DNA synthesis in IL-6—dependent myeloma cell lines. Hours

Cell lines were stimulated with 0.1 ng/mL IL-6 (IH-1 and OH-2) or 1 ng/mL IL-6 Figure 3. The effect of BMP-4 in OH-2 cells does not wane with time. Cellular
(ANBL-6), with or without BMP-4, in concentrations as indicated for 72 hours. DNA  viability in OH-2 cells was measured daily by annexin V-FITC and PI flow cytometry
synthesis was measured by [*H]-thymidine incorporation. Counts were normalized;  after incubation without cytokines or with 10 ng/mL BMP-4 or 1 ng/mL IL-6, as
100% represents the count obtained with IL-6 alone (absolute counts were 1500 indicated. Data are expressed as the percentage of viable cells—that is, the
counts per minute (cpm) for IH-1, 2400 cpm for ANBL-6, and 900 cpm for OH-2). percentage of cells in the lower left quadrant of dot plots, as exemplified in Figure 7.
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Figure 4. Combined effects of BMP-4 and IL-6 in OH-2 c 6000
and ANBL-6 cells. Cells were incubated with cytokines 70 g ANBL-6
as indicated for 72 hours. Effects on cellular viability 60 © T
measured by annexin V-FITC and PI flow cytometry in g_ T
OH-2 cells. Effects on DNA synthesis measured by _ 50 s 40004
[3H]-thymidine incorporation in ANBL-6 cells. = 5] —E~ E
240 £ 13
- we e8|
s 30 ngimL T 2000 “;'GL
> £ . ng/m
20 —t—10
—— 0.1 _E‘ U =0=1
10 —tr=—0.01 -
, . . 0o o oo
0+ y g 1 04 0
0 0.5 5 50 0 01 1 10 100
BMP-4 ng/mL BMP-4 (ng/mL)

and lanes 3, 8, and 9 for 1 ng/mL IL-6) in both cell lines. Thén 3 of these patients (patients 1, 9, and 11), we also observed
decrease in Stat3 phosphorylation was present as early ase#@cts of IL-6. In addition, when cells were stimulated with
minutes after the addition of BMP-4 in OH-2 cells (data not shownMP-4 and IL-6 in combination, BMP-4 modified the effect of
IL-6 in accordance with our definition in these 3 patients. THs
Surface IL-6R (gp80) on OH-2 cells is down-regulated late interaction is exemplified in Figure 7 (patient 1). Next, we shaiv
in the apoptotic process that primary cells from patient 5 responded to BMP-4 but it gave ﬁo

The surface expression of ap80 was measured by flow ¢ tome(:Iear response to IL-6 alone (Figure 7). However, the effect of
P gp y Y VIP-4 was partly counteracted by IL-6, suggesting an interactén

After 48 hours, we found that BMP-4 reduced the mean fluorege, o phvip-a and 1L-6 signaling also in these cells. In patien§5

i i 0 0/- 0 i
cence intensity by 34% (range, 10%-52%, 5 experiments, data r\/'\Pet determined cellular viability at 2 time points, at 3 and 5 days,
shown). However, when samples were stimulated for 20 hours . S !
: . and found that the effect of BMP-4 increased with time &
only, no reduction of gp80 expression was found. Consequentlytg . ith findi : i d h =
mparison with our findings in cell lines (data not shown). 2

ggggz\a,\r,zsthaz#;:tiﬁ?ﬁigtlj)rtécsp))rocess began before the expression 9h Figure 8 we show Stat3 phosphorylation of cells from patie@t

' 11, with a pattern similar to that shown previously for OH-2 argij
ANBL-6 cells. Of note, these primary purified myelomg
cells derive from the same sample as cells used for the estabﬁsh-
Purified MM cells from 13 patients were incubated withoutment of the IH-1 cell line. Apparently, there was no constituti\%
cytokines, with BMP-4 and IL-6 alone or in combination, anghosphorylation of Stat3, but IL-6 induced phosphorylati(i@
assayed by annexin and PI flow cytometry as shown in Tableifi.a dose-dependent manner. Again, BMP-4 was able to countegact

Effects of BMP-4 in primary myeloma cells

Response to cytokine was defined as a more than 10% absothie effect. 3
change in viability compared with unstimulated cells. Using this §
definition, we observed effects of BMP-4 alone in 4 of 13 samples: 3
Discussion ‘%
o The results from this study provide evidence that a member ofég\e
A 62% BMP family can inhibit proliferation or induce apoptosis of humazn
E myeloma cells. This was found in 3 IL-6—dependent, but not ir§3
8 IL-6-independent, cell lines. The relevance to MM is strengtherfed
ot by the observation that the pro-apoptotic effect of BMP-4 was 1%t
° EN
5 TR
Rt IL-6 - 01 1 - - 01 01 1 1
BMP-4 - - - 5 5 5 5 5 50
§ 32% 48%
ANBL-6 ANBL-6
: —-— e
% [} EREIE" & L) o Bk +
1L-6 IL-6+BMP-4 ®-pY705 o it s S i —
= T > OH-2
Propidium iodide SETATS |H0g et et i g s i o G
Figure 5. BMP-4 induces cell cycle arrest in OH-2 and ANBL-6 cells. OH-2 cells l 2 3 4 5 6 7 8 9

were incubated with 0.1 ng/mL IL-6, with or without 20 ng/mL BMP-4 (upper

histograms). ANBL-6 cells were incubated with 1 ng/mL IL-6, with or without 100 Figure 6. BMP-4 inhibits IL-6-induced Stat3 phosphorylation in IL-6—dependent
ng/mL of BMP-4 (lower histograms). After cytokine stimulation for 18 hours, cells  myeloma cell lines. Cells were incubated for 4 hours with cytokines in concentra-
were washed, permeabilized, and stained with PI. Cellular DNA content was tions (ng/mL) as indicated. Cellular lysates were analyzed by Western blot. The lower
measured by flow cytometry. The percentage of cells in the Go/G; phase of the cell panels show the total Stat3 protein staining, and the upper panels show specific
cycle is indicated in each histogram. tyrosine phosphorylation of Stat3 amino acid residue 705.
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Patient #1 Patient #5 Figure 7. BMP-4 induces apoptosis in samples of puri-

% % z fied primary myeloma cells.  Primary myeloma cells from
) j patients 1 and 5 were stimulated with 50 ng/mL BMP-4 1
ng/mL IL-6, or both, as indicated, and annexin V-FITC and
PI binding were measured by flow cytometry. Numbers
represent the percentage of cells in the respective quad-
rants. Cells in the lower left quadrant were considered viable,
in the lower right quadrant apoptotic, and in the upper
quadrants dead.
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merely a cell line phenomenon but was also found in 4 of 13 freshly Although BMP-4 clearly inhibited DNA synthesis in all 3‘1:
isolated primary samples. IL-6—dependent cell lines, a heterogeneous effect on apoptosisgand
Given the role of IL-6 as a main myeloma cell growth factor ircell cycle arrest was observed. In IH-1 cells, we were unableto
vivo and in vitro, it is important to identify factors that maydetect effects on cell cycle distribution. Furthermore, the BMP-‘@—
counteract IL-6, particularly because few substances have béeduced effects on DNA synthesis and cell cycle distribution &n
described that inhibit myeloma cell growth or survival. Effects oANBL-6 cells did not correspond with any significant increasegﬂ
BMP-4 on DNA synthesis and apoptosis were found in IL-6apoptosis. This finding may reflect differences in the expressiorg_of
dependent myeloma cell lines only. Furthermore, in 4 primafactors involved in the apoptotic process. For instance, overexpges-
samples with effects of BMP-4 on viability, 3 were responsive tgjon of anti-apoptotic members of the Bcl-2 family, such as BclZ2
IL-6 alone. Myeloma cells from the fourth patient (patient 5 irand Bcl-X , may lead to a high resistance to apoptd&ts. g
Table 1) that responded to BMP-4 were not clearly affected by the Although the effect of BMP-4 on DNA synthesis and viabilitg
addition of IL-6 alone. However, the effect of BMP-4 on viabilityin myeloma cells correlated with effects on Stat3 phosphorylatign,
was partly counteracted by IL-6, also suggesting that in these cgjlrious other mechanisms mediating the effect of BMP-4 may afso
there was an interaction between BMP-4 signaling and IL4e present. In other cell types, the effects of BMPs are mediated
signaling. IL-6 binds to its specifie-receptor subunit (gp80), and through signaling pathways that induce growth arrest and apoptésis
this complex in turn recruits gp130, the common receptor SUbUmHependen“y of IL-B14247-49 For instance, BMP-2 has beerg
for members of the IL-6 cytokine family. Receptor signaling i$eported to induce apoptosis in an IL-6-independent hybridoga
mediated by gp130 and involves 2 downstream pathways—tRgj jine 47 Furthermore, in B9 hybridoma cells, which are depef}

Ras-dependent mitogen-activated protein kinase pathway and & on 1L-6 for cell growth, we found no effect on Statg

Janus kinases/signal transducer and activator of transcripti&’?osphorylation, in spite of readily detectable apoptosis ahd
(JAK/STAT) cascadé?3%40|n the OH-2 and ANBL-6 cell lines ¥

! A i : q(:;rowth arrest induced by BMP-4 (our unpublished data). Thepe-
and in the primary sample from which IH-1 cells were derive ore, BMP-4 may affect proliferation and apoptosis in myelonsa

the effects of BMP-_4 correlat_ed with de.phosphorylation of Stat3y s by interference with the JAK/STAT pathway but possibly al§o
The exact mechanism for this modulation of Stat3 phosphorylfh-Irough other pathways. 5

L . . 2
tlon_ IS unknO\_/vn. BMPS bln_d_to tra_nsmembrane receptgrs with Various compounds induce apoptosis in myeloma cells, inclg-
serine—threonine kinase activity, which subsequently activate ti?% FasL, retinoic acid, IFNg, IFN-, and chemotherapeutic™

. . 2 i .
Smad signaling pathway:*In OH-2 cells, dephosphorylation qua;gents. However, the effects of these compounds on growth and

/POO|

Stat3 was evident as early as 30 minutes after the addition apoptosis of myeloma cells are variable in different cell lines and

BMP-4. ltis, therefore, possible t_hat BM.P 4 directly actlvate_s Metween individual patients, similar to our findings with BMP-4. In
or more proteins, such as a protein tyrosine phosphatase, to intefact .
. . . . many instances, however, IL-6 counteracts these effects, frequently
with Stat3 or proteins directly upstream of Stat3 in the IL-6- . . B 38 44 45.50-5T> c
. . 3 by regulating proteins of the Bcl-2 famify:38.44.4550-5Resistance
signaling pathway? : - g . .
to the induction of apoptosis is common in myeloma. For instance,
JIN-3 cells are extremely sensitive whereas OH-2 cells are
IL-6 - 01 1 = = 1 101 o1 relatively resistant to the induction of apoptosis by F&This is
BMP-4 - - - 5 5 5 5 S50 5 .
the reverse of the responses to BMP-4 reported here, and it

demonstrates that in both cell lines, the apoptotic machinery is

a-pYT705 S — - ~— . . . . .
Pat #11 present and inducible, but with different agents. This suggests that
GSTATS M S — - —— - — Success_fuIFreatmentwnh apop_t05|s_-|ndu0|ng agents should include
= a combination of approaches; in this context, BMP-4 represents a
Figure 8. BMP-4 inhibits IL-6-induced Stat3 phosphorylation in primary my- novel strategy.
eloma cells. Cells from patient 11 were incubated for 4 hours with cytokines, as The role of BMPs has been addressed in several malignancies in

indicated. Cellular lysates were analyzed by Western blot. Lower panels show total . . . .
Stat3 protein, and upper panels show specific tyrosine phosphorylation of Stat3 which BMPs frequently decrease the prollferatlon of tumor cells in

amino acid residue 705. comparison with our findings in myelon3&?7:58.59Induction of
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apoptosis by BMPs has to our knowledge not been demonstratedden and ameliorate bone disease, and it represents a new target

before in human tumor cells.
In conclusion, we have found that BMP-4 inhibits proliferation
and induces apoptosis in myeloma cells. Although difficulties
concerning the mode of administration and the safety of BMP-4 agcknowledgments
unresolved, our data suggest that treatment with BMP-4 or its
analogues should be tried in animal models and possibly in patieke thank Berit F. Stalal and Hanne Hella for excellent techni-
with MM. The activation of BMP receptors may reduce tumocal work.
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