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Plenary paper

Myeloma cells induce imbalance in the osteoprotegerin/osteoprotegerin ligand
system in the human bone marrow environment

Nicola Giuliani, Régis Bataille, Cristina Mancini, Mirca Lazzaretti, and Sophie Barillé

Although osteolysis is a common compli-

cation in patients with multiple myeloma

(MM), the biologic mechanisms involved
in the pathogenesis of MM-induced bone
disease are poorly understood. Two fac-
tors produced by stromal-osteoblastic

cells seem critical to the regulation of
bone resorption: osteoprotegerin (OPG)
and its ligand (OPGL). OPGL stimulates
osteoclast differentiation and activity,

whereas OPG inhibits these processes.
The present study investigated whether
myeloma cells affect physiologic OPG/
OPGL balance in the bone marrow (BM)
environment. Ten human myeloma cell

lines and myeloma cells isolated from 26
consecutive patients with MM failed to
express OPGL and only rarely produced a
low amount of OPG. In a coculture sys-
tem, human myeloma cells up-regulated
OPGL expression but strongly down-
regulated OPG production in preosteo-
blastic (preOB) or stromal cells (BMSCs)
of primary human BM at the mRNA and
protein levels. This effect, which was de-
pendent on cell-to-cell contact between
myeloma cells and BMSCs or preOB, par-
tially involved the integrin VLA-4. In addi-
tion, overexpression of OPGL mRNA oc-
curred in ex vivo BM cultures obtained

from MM patients as compared with
healthy donors, and immunohistochemi-
cal staining performed on BM biopsy
specimens showed an increase of OPGL
and a reduction of OPG expression in MM
patients as compared with healthy sub-
jects. In summary, these data indicate
that myeloma cells affect the OPG/OPGL
ratio in the BM environment and tend to
confirm that the OPG/OPGL system is
involved in the pathogenesis of MM-
induced bone disease. (Blood. 2001;98:
3527-3533)

© 2001 by The American Society of Hematology

Introduction

Multiple myeloma (MM) is a plasma cell malignancy localized irinvestigated whether myeloma cells express OPG/OPGL or, alter-
the bone marrow (BM) and characterized by a high capacity foratively, affect their expression in the BM environment. We show
bone destructioh. Aimost all patients with MM have early that myeloma cells are able to induce increased OPGL expression
osteolytic lesions, which result mainly from increased bonand decreased OPG production in vitro and in vivo.

resorption related to stimulation of osteoclastic recruitment and

activity in the immediate vicinity of myeloma cef<. Although
myeloma cells are known to induce excessive osteoclastic bqﬁ%\tients, materials, and methods
resorption, the biologic mechanisms involved in the pathogenesis

of MM-induced bone disease are still unclear. Recently, 2 mdkeagents

ecules belonging to the tumor necrosis factor (TNF) receptor Iiga?—'&‘é}combinam human interleukin-6 (rhiL-6) was kindly provided by Novar-
superfamily, osteoprotegerin (OPG) and its ligand (OPGL), hayg pharma (Basle, Switzerland). Human soluble ILa6Ras purchased
been identified as critical elements in the regulation of osteocldagim R&D Systems (Minneapolis, MN), and ILBlwas from Genzyme
activity, thereby establishing a new paradigm in bone biolog{Cambridge, MA).

Extensive studies have shown that OPG and OPGL exert joint

control of bone resorptiof® OPGL, also known as TNF-related Cells and culture conditions

activatiqn-induced cytoking (TRANCE) and receptor _aCtivator ci—f|uman cell lines. Human myeloma cell lines (HMCLs) XG-1, XG-6, and
NF-kB ligand (RANKL)>*°is expressed by osteoblastic cells angypn were established in our laboratory and cultured as described
induces osteoclast differentiation and activation directly by bindingeviously!4 HMCL U266 and osteosarcoma cell line Saos-2 were obtained
to its receptor (RANK) on osteoclastic celsOPG is a naturally from the American Type Culture Collection (Rockville, MD); HMCL LP-1,
occurring soluble factor that antagonizes the effects of OPGOPM-2, and NALM-6 were purchased from DSM (Braunschweig, Ger-
thereby preserving the integrity of bone més¥he biologic Many); and JIN-3was agift from Dr Van Camp (Brussels, Belgium).
importance of this system is highlighted by the presence of SeVecr?IHuman bone marrow stromal cells (BMSCs) and osteoprogenitor

L . s (preOBs).BM mononuclear cells were isolated by Ficoll-Hypaque
osteoporosis in OPG knockout mice and the development é)znsity sedimentation from BM samples of healthy subjects, and primary

osteopetrosis in transgenic mice overexpressing OPG or in OPgfyscs were obtained after 2 to 4 weeks of culture of adherent cells in
knockout mice:1213Because OPG and OPGL are likely to play &-modified Eagle medium (MEM) supplemented with 15% fetal calf serum
pivotal role in the control of bone resorption, the present stud#CS) and 2 mM glutamine. To induce the osteoblast phenotype (preOBs),
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we incubated BM cells recovered after the attachment period (3-5 days)iMB) substrate solution for 20 to 30 minutes. The reaction was stopped
a-MEM medium with 15% FCS and 2 mM glutamine in the presence afith 1 M phosphoric acid, and absorbance was determined at 450 nm, with
ascorbic acid (50 mg/mL) and dexamethasone §{20) for 2 to 4 weeks, as correction at 540 nm, using a microplate autoreader (Bio-Tek Instruments,
described previousB? For some experiments, confluent preOBs werdlontigny, France). The sensitivity range of the ELISA was 31.2 to 2000
incubated in the presence or absence of f.¢10 ng/mL) and IL-6 (100 pg/mL, with intra-assay and interassay coefficients of variation of 0.4% and
ng/mL) plus sIL-6Rx (250 ng/mL) for 24 hours. 15%, respectively. Statistical analysis was performed using analysis of
Coculture. In coculture experiments, HMCLs or NALM-6 or freshly variance for repeated measurements, followed by a Tukey-Kramer posttest.
isolated myeloma cells (18 1P cells) were added directly to confluent P < .05 was considered significant. Results are expressed as themg&fan
BMSCs or preOBs (2 10°) or placed in a transwell insert (0.48M pore
size) (Falcon, Oxford, United Kingdom) for 24 hours in 5 mL RPMI 1640mmunoblot analysis
medium supplemented with 2% FCS. In some experiments, HMCLs were ) ) )
pretreated for 20 minutes in the presence of VLA-4 monoclonal antibo SCs/preOB cells alone or in coculture with HMCLs were detached with
(mAb clone 2B4; R&D Systems, Abingdon, United Kingdom) (@/mL) BS/EDTA, 1 mM, and resuspended in 130 lysis buffer (10 mM
or anti-immunoglobulin G (IgG) control, and these antibodies werES-HCI, pH 7.6, 150 mM NaCl, 5 mM EDTA, 2 mM phenylmethylsulfo-
maintained throughout the coculture period. In a series of experimerf/ fluoride [PMSF], 2 mg/mL aprotinin [Sigma, St Louis, MQ], and 1%
HMCLs or BMSCs/preOBs were fixed for 20 minutes in phosphatel"iton X-100). HMCLs alone were directly resuspended in 120lysis

buffered saline (PBS), 1% paraformaldehyde at 4°C, and then washe@ufer. COS-7 cells lipofected with plasmid expression vector pCEP4,
times in PBS before being used in cocultures. pCEP4-murine OPGL (Amgen, Thousand Oaks, CA), were used as a

positive control. After 40 minutes on ice, lysates were cleared by
centrifugation at 12 0a9for 30 minutes at 4°C. Proteins were separated by
sodium dodecyl sulfate polyacrylamide gel electrophoresis using 10%
Twenty-six consecutive patients with a plasma cell malignancy weg@lyacrylamide gels and transferred onto polyvinylidene difluoride mem-
studied for OPG and OPGL expression (11 women and 15 men; mean dgé@ne. After blocking, membranes were incubated overnight with poly-
64 = 10 years; plasmacytosis range, 8% to 70%), including 21 with MMlonal goat anti-RANKL antibody (N-19; Santa Cruz Biotechnology,
(15 at diagnosis and 6 at relapse) and 5 with plasma cell leukemia (PCCpmbridge, MA). After washing, membranes were incubated with an
Fifty-seven percent of the patients presented osteolytic lesions on bdmgP-conjugated anti-goat antibody at room temperature for 30 minutes.
radiography, and 23% had hypercalcemia. Blots were then developed using the Supersignal West Dura Extended
Primary myeloma cells were isolated from BM aspiration or peripher&@uration Substrate detection system (Pierce, Rockford, IL).
blood. Myeloma cells were purified on a magnetic cell sorting (MACS)
separator (Miltenyi Biotec, Bergisch Gladbach, Germany) using magnetiamunohistochemistry

microbeads coupled to CD138, as described previd@s@nly cell hi hemical staini d ) btained
populations with purity above 99.5% were used for experiments. Immunohistochemical staining was performed on BM specimens obtaine

For ex vivo experiments, all mononuclear cells obtained after Ficolffom patients with MM (n= 15), 10 of them with bone lesions (osteolysis

Hypaque sedimentation from myeloma BM samples (without myeloma cé’Wd/ or oste(iporqsis), ar:jd nolrm‘aldczntrolsm(l‘j) ) Aclil sant;plde; \/(\j/gre fixed_
depletion) were maintained in conditions similar to those for BM sampldd BS-formalin mixture, decalcified by EDTA, and embedded in paraffin.

from healthy subjects. Medium and nonadherent cells were then Wasr%%{ial sec_tions (?pm thick) were processed for immunohistoclzhemigal
out, and adherent stromal cells were detached with PBS/EDTA féfa'r?mg with antl—hOPG MAD (clone 69127.11, R&D Systems; working
RNA extraction. dilution 1:100) or anti-hRANKL mAb (clone 70525.11, R&D Systems;

working dilution 1:20) using the immunoperoxidase technique (Dako
LSAB2 System; HRP, Dako, Carpinteria, CA). Briefly, endogenous peroxi-
dase activity was blocked with 3%,8; in distilled water for 8 minutes.

Slides were incubated with primary mAbs for 60 and 30 minutes,

For semiquantitative polymerase chain reaction (PCR) analysis, tof§FPectively, followed by biotinylated anti-mouse IgG and streptavidin-
cellular RNA was extracted from cells using Trizol reagent (Life TechnolddRP for 10 minutes. Finally, the peroxidase reaction was developed with
gies, Cergy-Pontoise, France). All RNAs were randomly reverse tra’ﬁfkg-dlamlnoben2|d|ne and counterstained with hemgtoxyl_m. All incuba-
scribed with 400 U Moloney murine leukemia virus reverse transcriptal@ns were performed at room temperature. An antivimentin mAb and an
(RT; Life Technologies) according to the manufacturer’s protocol. coNa@ntifibronectin mAb (Dako; working dilutions 1:50 and 1:2000, respec-
were amplified by PCR with the following specific primer pairs: OPGLF'VE'Y) were used to identify stromal cells. As a negative control, primary
sense 5AGCACATCAGAGCAGAGAAAGC-3 and antisense'SCAG-  antibodies were omitted or replaced with an isotype control-matched mAb
TAAGGAGGGGTTGGAGACC-3; OPG, sense’SCTTGCCCTGACCAC- with irrelevant specificity. Statistical analysis was performed using Student
TACT-3' and antisense 'STTGCCGTTTTATCCTCTC-3 and B-actin, t test. P < .05 was considered significant. Results are expressed as the
sense 5ATCTGGCACCACACCTTCTACAATGAGCTGCG-3and anti-  Mean< SE.

sense 5CGTCATACTCCTGCTTGCTGATCCACATCTGC-3PCR reac-

tions were performed in a thermal cycler (PCR Express; Hybaid, Ashford,

United Kingdom) for 30 cycles. PCR products were subjected to electrRaglts

phoresis on 1% agarose gel, followed by staining with ethidium bromide.

The intensity of bands (464 bp for OPGL, 521 bp for OPG, and 802 bp f@PG and OPGL expression in HMCLs and highly purified

B-actin) was analyzed by density and normalized \githctin. myeloma cells

Patients

RNA isolation and reverse transcriptase—polymerase chain
reaction amplification

Determination of OPG levels The expression of OPG and OPGL mRNA in HMCLs and freshly
) . ) ) isolated myeloma cells was evaluated initially by RT-PCR with the
I:fe:mn?;mngf cibpg]t'g C(;ndé.t;'ing) ?:gg::j.gggrm;ﬂ?iﬁy neon?;?egéos_z osteoblastic cell line as positive control. No OPGL mRNA
i immunos ssay i -well immunop - - . _ B
(Nunc, Taastrup, Denmark) using a standard procedure. Briefly, wellsngpreSSIon was detected in the 10 HMCLS tested: XG-1, XG-6,

i
coated overnight with 10QL anti-hOPG mAb (clone 69127.11; R&D %%66’ MDN, LP-1, OPM-2, JIN-3, NCI-H929, BCN, and ANBL-6

Systems) at 2.g/mL, then blocked and incubated with samples for 2 hour§r€sults for the first 7 HMCLs are shown In .Flgure 1). OPGL
After 3 washes, the plates were incubated with biotinylated anti-hOFBRNA was also undetectable in freshly purified myeloma cells
mAb (R&D Systems) at 200 ng/mL for 2 hours and then with streptavidirdbtained from 26 consecutive MM patients (Table 1). In addition,
horseradish peroxidase (HRP) conjugate (1:200) and tetramethylbenzidihe 10 HMCLs tested were negative for OPG mRNA, and OPG
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Figure 1. HMCLs express neither OPGL nor OPG mRNA.  Analysis of the OoPG m OPG =
expression of OPGL, OPG, and B-actin mRNA by RT-PCR in HMCLs. The

osteosarcoma cell line Saos-2 was used as positive control.
protein levels were undetectable in 24-hour conditioned mediuﬁpure 2. OPG and OPGL mRNAs are expressed in the BM environment and are
regulated by IL-1 B. (A) OPGL, OPG, and B-actin mRNA were analyzed by

However, OPG mRNA was detected ir_] 3 of 26 patients, and OPs iquantitative RT-PCR in BMSCs and in preOBs at 2 to 4 weeks of culture. (B)
was produced by fresh myeloma cells isolated from 2 of 2 patiertsect of IL-1p (10 ng/mL) or IL-6 (100 ng/mL) plus sIL-6R« (250 ng/mL) on OPGL
positive for OPG RT-PCR (0.28 and 0.52 ng/mL respectiveI)?}‘d OPG mRNA expression by preOBs. The figures are representative of 3

. ’ Jpdependent RT-PCR reactions. Cont indicates control.
(Table 1). No correlation was found between these results and té
presence or absence of osteolytic lesions and/or hypercalcemia.

Semiquantitative RT-PCR was used to evaluate the effect ofIL-1

OPG and OPGL mRNA expression in BMSCs and preOB cells: (10 ng/mL) and IL-6 (100 ng/mL) plus soluble IL-6R(250
cytokine effect ng/mL) on OPG and OPGL mRNA expression in preOBs. f.-1

increased OPGL expression in preOBs, whereas IL-6 associated

The expression of O.PG and OPGL mRNA was studied in PHMAtYi its soluble receptor had no effect (Figure 2B). These cytokines
human BMSCs obtained from healthy donors. In basal condltlon% -
showed no significant effects on OPG mRNA.

OPG mRNA was expressed, but litle or no OPGL mRNA was
found. PreOB cellg expregsed both OPGL anq OPG mRNA, agﬂect of HMCLSs on OPGL expression in coculture

the OPGL/OPG ratio was time dependent. Maximal OPGL expres-

sion occurred after 2 weeks, decreased at 3 weeks, and wasAmmculture system with BMSCs or preOB cells was used in further
longer detectable after 4 weeks of culture (Figure 2A). Thesevestigations to determine whether myeloma cells affected OPGL
results were in relation to the osteoblast phenotype assessedekgression. When XG-6 or XG-1 was added to confluent preOBs or
PTH receptor and alkaline phosphatase expression, and by BMSCs, an up-regulation of OPGL mRNAwas observed, as shown
formation of bone mineral nodules (stained by alizarin red) afterfér one representative experiment (Figure 3A-C). Conversely, the
weeks whenp-glycerophosphate (10 mM) was added to there—B-cell line NALM-6 had no effect on OPGL mRNA expres-
medium during the last 48 hours of culture (data not showrgion by BMSCs (Figure 3D) or preOBs (data not shown). Similar

Table 1. OPG/OPGL in highly purified myeloma cells

Patient Age,y Sex Type PC% Status Osteolysis HyperCa OPGL mRNA OPG mRNA OPG ng/mL
1 51 F Gk 35 S-PCL + ? - - ND
2 56 F Gk 58 D + + - - ?
3 64 M Gk 70 P-PCL - - - - ND
4 68 M Ak 55 D - - - - ND
5 49 M Gk 35 P-PCL + + - + ?
6 67 F G\ 8 R + - - - ND
7 75 M G\ 14 D - - - - ?
8 63 F Ax 20 D + - - - ND
9 78 M G\ 12 D + - - - ND

10 58 F Ak 45 D + + - - ?

11 46 M Gk 50 D + - - - ND
12 72 M Ak 30 D - - - - ND
13 60 M K 46 P-PCL + + - - ND
14 81 F Gk 30 D + + - - ND
15 63 M Ak 45 P-PCL - - - - ND
16 71 M K 30 R + - - - ND
17 65 F Gk 40 R - - - - ND
18 43 F N 27 D - - - - ND
19 76 F K 20 D - - - - ND
20 64 M Gk 20 R + - - + 0.28
21 60 M G\ 17 R + + - - ND
22 63 M A 13 R - - - - ND
23 77 F Gk 45 D - - - - ND
24 81 M Ak 30 D + - - - ND
25 65 M G\ 10 D - - - + 0.52
26 52 F Gk 50 D + - - - ND

PC% indicates plasma cell percentage; OPGL, osteoprotegerin ligand; OPG, osteoprotegerin; F, female; S-PCL, secondary plasma cell leukemia; +, present; ?, not
determined; —, absent; ND, not detectable; D, multiple myeloma at the diagnosis; M, male; P-PCL, primary plasma cell leukemia; and R, multiple myeloma relapse.
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Figure 4. The induction of OPGL mRNA expression in coculture involves
cell-to-cell contact mediated in part by the integrin VLA-4. Semiquantitative
RT-PCR analysis of OPGL and B-actin mRNA in a coculture system with fixed preOBs
F (? or fixed XG-6 (A), in the presence of a transwell insert (B), and in the presence of

& VLA-4 mAb (10 pg/mL) compared with an IgG control (C). The figures are
> representative of 3 independent RT-PCR reactions of repeated experiments.

Cony ,
Cony
ﬂrpo 5
-loi‘eoe
Gg

44kd — (B = respectively), and XG-6 cells induced a significant reduction of
Figure 3. HMCLs up-regulate OPGL expression in coculture. Semiquantitative OPG levels in coculture: 63% 1.8% at 12 hours (4'69: 0.7
RT-PCR analysis of OPGL and B-actin mRNA in the following coculture systems: ~ Versus 12.75- 2.4 ng/mL;P = .003) and 54%*- 3.9% at 24 hours
XG-6 with preOBs (A) or with BMSCs (B), XG-1 with preOBs (C), pre-B-cell line  (12.45+ 3.62 versus 22.33 3.2 ng/mL;P = .01) (Figure 5A).
gaLshéf::i;':eiMsiié)(tg} :;r:’lc‘;r'r':;gsz;’tet'sg‘; SZ:SJSSQQSJZE %gg;'i?g;‘g': Similarly, a significant reduction of OPG levels was found when
normalized to the Ob of B-actin (= OD ratio) of representative experiments. BMSCS/preOBS were incubated with XG-1 cells: 3694..6% at
(F) Immunoblot analysis of OPGL in the following cellular lysates: COS-7 transfected 24 hours and 48%: 2.3% at 48 hours (Figure 5B). A reduction of
with OPGL-pCEP4 = cont+ (lane 1), COS-7 transfected with empty pCEP4 = cont— OPG production was also observed, to alesser extent, at 24 hoursin
gﬁ:ﬁgg?eﬁ (lane 3), preOBs and XG-6 after 36 hours of coculture (lane 4), and 11 yres with freshly isolated myeloma cells from 2 patients

' (MMa and MMb, 20%: 3% and 15%* 4%, respectively).
) . ) . ) However, when XG-6 cells were placed in a transwell insert and
induction of OPGL mRNA was obtained using freshly isolated mys e 1o BMSCs/preOBs, OPG levels in the supernatant were not
eloma cells from 2 patients (Figure 3E). The effect on OPGL at trnguced compared with those in coculture with cell contact
protein level was also evaluated by immunoblot analysis. OP! k7 9+ 0.7 versus 16.7& 3.8 ng/mL) (Figure 6A). Although
expression by preOB cells was not detectable in basal conditions, bu GL expression was affected by the addition of anti—~VLA-4 (10
positive control (COS-7 transfected with OPGL cDNA) confirmed th"’,‘lg /mL) to the coculture, this mAb had no effect on OPG
a band of about 44 kd in the coculture corresponded to OPGL (Figlﬂfoduction (11.39+ 3 versus 9.06 3.7 ng/mL) (Figure 6B).
3F). Aseries of coculture experiments with fixed cells indicated in which
cells the regulation of OPGL expression occurred. When fixed BMSCs/ "
preOBs were used with nonfixed XG-6, RT-PCR showed no effects ol 9 B
OPGL expression. However, OPGL was up-regulated in cocultures wit § %95 & § &
nonfixed BMSCs/preOBs and fixed XG-6, which suggests that the T § X 4 ~
effect occurred in BMSCs/preOBs and not in myeloma cells (Figure OPG il orG ™3l

4A). To evaluate the role of cell-to-cell contact, we placed XG-6 cells in - =
- - S ® e B
a transwell insert before adding them to preOBs/BMSCs. In thes P2¢tin B . Pt

conditions, no effect on OPGL mRNA was observed, as shown in on
representative experiment (Figure 4B). Moreover, 48-hour conditione
media of XG-6 had no effect on OPGL expression in BMSCs/preOBs
(data not shown). Because VLA-4 is essential to interactions betweeE 5
myeloma cells and the BM environment, its potential role in myeloma-;
induced OPGL overexpression was studied. The induction of OPGIg b
MRNA expression by XG-6 was strongly inhibited when a VLA-4 mAb

(10 pg/mL) was added to the coculture, whereas no inhibitory effect Joi
was observed when an IgG control was added (Figure 4C). q
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Figure 5. HMCLs decrease the OPG mRNA expression and OPG secretion in

-]
2
g
The effect of HMCLs on OPG mRNA and OPG protein levels Wag)culture. Effect of HMCLs XG-6 (A) and XG-1 (B) on OPG mRNA expression by
RT-PCR and OPG protein in a coculture system at different times of culture. Aliquots

also evaluated in the cc_>cu|ture system. XG'G_ and XG-1 dOWGf’conditioned media were assessed for OPG levels by ELISA. Graphics represent
regulated OPG mRNA in BMSCs/preOBs (Figure 5A and 5Bhe mean levels = SE of 6 repeated experiments. *P = .01; **P = .001.

@ =
£ g
1

Effect of HMCLs on OPG expression in coculture b
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A B cells could be related to the apoptotic process; it has been
demonstrated recently that OPG blocks TRAIL-induced apoptosis
in Jurkat T cell§” and that TRAIL (TNF-related apoptosis inducing
factor) is a potent inducer of apoptosis in myeloma célBurther
investigations should clarify this issue.
A coculture with primary BMSCs/preOB cells and HMCLs or
primary myeloma cells was established to determine whether
myeloma cells have an effect on the OPG/OPGL system through
interactions with the bone environment. This experiment showed
that myeloma cells induce the expression of OPGL, the final
effector of osteoclastogenesis, and decrease that of the bone-
protective protein OPG. These effects could be related to the
_ o o ) peculiar capacity of myeloma cells within B-cell malignancies to
Figure 6. The inhibitory effect of XG-6 on OPG secretion in coculture involves . . .
cell-to-cell contact. Effect of XG-6 on OPG production in coculture system in the stimulate bone resorptlon. In fact, no effects were detected in a
presence of a tissue insert in a transwell system (A) or in the presence of VLA-4mAb  COCulture system involving the human pre—B-cell line NALM-6.
compared with an 1gG control (B). Aliqgots of conditioned media were assessed for  Moreover, the presence of a tissue insert in the coculture com-
?eifa{é%"ifgéﬂ?ﬁn'iﬂﬂi'?5\1'; ﬁf”:h';zlrlepresem the mean levels = SE of 6 jataly blunted the effect of myeloma cells on the OPG/OPGL
system, indicating that this effect was mediated by cell-to-cell
contact between myeloma cells and BMSCs/preOBs rather than by
OPG/OPGL imbalance in patients with MM direct release of a soluble factor (no effect was observed using the
conditioned medium of myeloma cells).
OPGL expression was determined in ex vivo BM adherent cells Among the substances involved in myeloma cell adhesion to
obtained from specimens of MM patients with osteolytic lesions &gromal cells, VLA-4 was investigated for its potential effect on
compared with those of healthy subjects. Overexpression of OP@pG/OPGL imbalance. This integrin, which is responsible for the
mMRNA was observed in BM adherent cells from MM patientgghesion of myeloma cells to fibronectin and to vascular cell
(MM1, MM2, and MM3), but no OPGL expression was detected igghesion molecule-1 expressed by stromal cells, is involved in IL-6
normal specimens (Figure 7). Moreover, immunochistochemicg@lqyyction in BMSC<9-2°Our in vitro system showed that addition
staining of BM tissue sections confirmed that OPGL proteigf v A-4 mAb to cocultures blunted OPGL induction and
(Figure 8A) and OPG (Figure 8E) were not expressed by myelorggamatically reduced myeloma cell adhesion to stromal cells (data
cells. OPG was detectable on osteoblastic and osteoclastic cgils; shown). Thus, the involvement of VLA-4 in OPGL induction
and OPGL on stromal cells. An increase of OPGL-positive stromﬁ{ay be due to the reduction of myeloma cell adhesion to BMSCs,
cells (Figure 8B,C) and a reduction of OPG expression ig,t other mechanisms could also account for the lack of effect on
trabecular osteoblasts (Figure 8E) were observed in MM paﬁe’Héll-contact—dependent reduction of OPG. The importance of
with bone lesions as compared with patients without bone lesiogsj|-to-cell contact and the role of VLA-4 in MM-associated bone
or control subjects (Figure 8D for OPGL; Figure 8F for OPGjesjons were demonstrated recently in experiments in which
(OPGL-positive/mr = SE: 2.1+ 0.03 versus 0.9% 0.08 and peytralizing VLA-4 mAb prevented enhanced production of os-
0.93+ 0.18, respectivelyP < .05; OPG-positive cell percent- teoclast-stimulating activity and bone destruction in a murine
age* SE: 3.2+ 0.7 versus 6.5 1.6 and 6.7+ 1.2, respectively, mqgdel of MM-induced bone diseadeThus, this effect could be
P < .05). Moreover, the nodular distribution of myeloma cell$nediated at least in part by myeloma cell blockage of OPGL
seemed to be correlated with a higher number of OPGL-positiygy,ction in the bone environment.
stromal cells, with a histologically increased bone resorption, and The involvement of cell contact in our system contrasts with the
with the occurrence of osteolytic lesions rather than diffuSgechanisms described in a murine model, in which breast cancer
myeloma cell invasion. cells induced an alteration of the OPG/OPGL ratio in murine
In addition, an ELISA performed for MM patients (A 30) as  stromal cells through direct release of soluble factor PT#rp.
compared with a panel of 24 sex-matched healthy subjects (Megfine reports have suggested that myeloma cells produce several
age, 62+ 9 years) showed that OPG serum levels were reducggne-resorbing factors (ILgL IL-6, or TNF) directly, but most
(mean+ SD: 18.5+ 6.0 ng/mL versus 26.6 4.8;P = .009). studies on freshly isolated myeloma cells showed inconclusive
results because of the presence of other contaminating cell
types?324 More recently, it has been shown that myeloma cells
induce the release of osteoclastogenic cytokines (especially IL-6)

24

18
12-

OPG ng/mL

Discussion

Our investigations of the effect of human myeloma cells on the s _-‘;" § N

OPG/OPGL system indicate that these cells are able to induce an S § S =z <

imbalance in the OPG/OPGL ratio in the BM environment. OPGLm— 464 bp
Neither HMCLs nor fresh myeloma cells obtained from patients

with MM or PCL produced OPGL directly, and the production of B-actin : !_ 802 bp

OPG by myeloma cells seems to be an uncommon event (cells of

only 3 of 26 patients tested expressed OPG mRNA and produceg|fre 7. Ex vivo BM specimens obtained from patients with MM overexpress

small amount of this protein). No correlation was found betweepPGL mRNA in comparison with those from healthy donors.  All BM mono-

OPG production and the presence or absence of bone lesions inrwe?ar cells were cultured for 2 weeks, and the expression of MRNA was assessed
. . in adherent cells by semiquantitative RT-PCR analysis in BM samples obtained from

patients, althoth a Iarger cohort of SUbJECtS would be necessary,,p;p patients with osteolytic lesions (MM1, MM2, MM3) in comparison with BM

confirm this observation. However, OPG production by myelom&amples from healthy donors (N1 and N2).
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Figure 8. In vivo OPG/OPGL imbalance in MM patients’ BM sections compared with healthy donors. OPGL immunostaining of (A) infiltrating myeloma cells in the BM of
MM patients (original magnification X 100; 12 um); (B,C) stromal cells in a biopsy specimen from MM patient with osteolytic lesions (original magnification X 20; 50 um [B] and

X 40; 25 um [C]); and (D) BM biopsy of a healthy subject (original magnification X 20; 50 um). (E,F) OPG immunostaining in a representative trabecula of an MM patient with
osteolytic lesions (E) and a healthy subject (F) (original magnification X 30; 35 pm).

into the microenvironment by an unidentified cell-to-cell contagireOBs (data not shown). These results seem to exclude the
mechanisn?%.23.25.266However, the OPGL overexpression observethvolvement of such cytokines in the regulation of the OPG/OPGL

in our model seems unrelated to the high level of IL-6 induced bytio by myeloma cells in BM.

myeloma cells in the bone environment. In fact, no effect of IL-6 OPG/OPGL expression was evaluated in MM patients to
and its soluble receptor was observed on OPGL mRNA expressiorovide a clinical perspective for our in vitro findings. Short-term

in human BMSCs, which is consistent with the recent findings @ultures of BM mononuclear cells obtained from MM patients
Hofbauer et af’ Moreover, the addition of blocking antibodiesshowed an overexpression of OPGL mRNA in BM adherent cells
against IL-6, IL-B, or TNF-« (10 pg/mL) in cocultures did not as compared with those from healthy donors. Enhanced OPGL
prevent OPGL up-regulation or OPG down-regulation in BMSC&xpression has also been observed in patients with Paget disease; thus,
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this system may be involved when physiopathologic conditions aa@ imbalance of the OPG/OPGL system is involved in myeloma-
characterized by enhanced osteoclastogefébereover, OPGL associated bone destruction. Other investigations in our laboratory
protein was overexpressed in stromal cells and OPG was reducelawve shown that human myeloma cells are able to increase in vitro
trabecular osteoblasts in BM sections obtained from myelonosteoclastogenesis by CD34ells in the presence of BMSCs and
patients with osteolytic lesions as compared with those frothat OPG could prevent myeloma-induced osteoclastogenesis (un-
patients without bone lesions or from healthy subjects. Thepeblished data, October 2000). Our findings are consistent with
findings provide direct evidence that MM is associated witthose of studies showing that the blockage of OPGL by its natural
imbalance of the OPG/OPGL system in vivo. The immunohist@ntagonist OPG could prevent the occurrence of bone disease in a
chemical observations seem to indicate that the nodular infiltratiomurine model of MM3® OPG has been shown recently to reduce
of myeloma cells was correlated with a higher number of OPGlbone turnover considerably in postmenopausal wdéiemd
positive stromal cells, an increased bone resorption, and thgpercalcemia in a murine model of colon can@and to inhibit
occurrence of osteolytic lesions rather than diffuse myeloma cskeletal destruction in murine models of induced osteosar&oma
infiltration. In addition, the presence of bone lesions is associatadd bone metastasi.In this context, our data suggest that
with an increased number of OPGL-positive stromal cells. The§€#PG could be used effectively in the management of MM-induced
results might be confirmed in a larger group of patients. bone disease.
Furthermore, OPG serum levels were reduced in MM patients
as compared with healthy subjects, which corroborates the findings
of Ali et al.?® The levels of OPG detected in our panel of sera weracknowledgment
higher than those obtained by others, possibly because of the use of
different antibodies to perform the ELISA. We thank Dr Domenico Corradi for his assistance in the immuno-
In conclusion, our data provide support for the hypothesis thhistochemical procedures.
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