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Celll  surfac e proteoglyca n syndecan l mediate s 
hepatocyt ee growt h facto r bindin g and promote s 

METT signalin g in multipl e myelom a 
Patric kk WB Derksen* , Rober t MJ Keehnen* , Lud o M Evers 1, Marinu s HJ va n Oers 1 , 
Marce ll  Spaargaren* , an d Steve n T Pals * 

Fromm the *Department of Pathology and the ^Department of Hematology Academic Medical 
Center,, University of Amsterdam, 1105 AZ Amsterdam, The Netherlands. 

Heparann sulfat e proteoglycan s (HSPGs) play a crucia l rol e in growt h regulatio n by assemblin g 
signalin gg complexe s and presentin g growt h factor s to thei r cognat e receptors . Withi n the immun e 
system ,, expressio n of the HSPG syndecan l (CD138) is characteristi c of terminall y differentiate d B 
cells ,, ie, plasmacells , and thei r malignan t counterpart , multipl e myelom a (MM). This stud y exlore d 
thee hypothesi s that syndecan- 1 migh t promot e growt h facto r signalin g and tumo r growt h in MM. 
Forr  thi s purpose , the interactio n was studie d betwee n syndecan l and hepatocyt e growt h facto r 
(HGF),, a putativ e paracrin e and autocrin e regulato r of MM growth . This stud y demonstrate s tha t 
syndecan ll  is capabl e of bindin g HGF and that thi s growt h facto r is indee d a poten t stimulato r of 
MMM surviva l and proliferation . Importantly , the interactio n of HGF wit h hepara n sulfat e moietie s on 
syndecan ll  strongl y promote s HGF-mediate d signaling , resultin g in enhance d activatio n of MET, 
thee recepto r tyrosin e kinas e for HGF. Moreover , HGF bindin g to syndecan l promote s activatio n 
off  the phosphatidylinosito l 3-kinase/protei n kinas e B, and RAS/mitogen-activate d protei n kinas e 
pathways ,, signalin g route s that have been implicate d in the regulatio n of cel l surviva l and 
proliferation ,, respectively . These result s identif y syndecan l as a functiona l co-recepto r for HGF 
thatt  promote s HGF/MET signalin g in MM cells , thu s suggestin g a nove l functio n for syndecan l in 
MMM tumorigenesis . 

INTRODUCTION INTRODUCTION 

MMM is a clonal B cell neoplasm in which the ma-
lignantt tumor cells are localized to the bone mar-
row.. Within the bone marrow, the neoplastic cells 
liee in close proximity to stromal cells, which provide 
signalss required for their progression through dif-
ferentt disease stages (1). These signals include a 
varietyy of cytokines and growth factors, stimulating 
tumorr growth and survival. Several of these solu-
ablee mediators have the potential to bind to hepa-
rin,rin, a glycosaminoglycan (GAG) structurally related 
too heparan sulfate (HS), suggesting that HSPGs, 
expressedd on the cell surface of MM cells or in the 
extracellularr matrix (ECM) of the bone marrow, 
mightt modulate their function. 

HSPGss are proteins that are covalently linked 
too sulfated GAG chains composed of alternating 
glucuronicc acid and N-acetylglucoseamine units 
(2,3).. These molecules, which are widespread 
throughoutt mammalian tissues as ECM compo-
nentss and membrane-bound molecules, have 
beenn implicated in several important biological 
processess including cell adhesion and migration, 
tissuee morphogenesis, angiogenesis, and regula-
tionn of blood coagulation. In these processes, 

HSPGss are believed to function as scaffold struc-
tures,, designed to accommodate proteins through 
non-covalentt binding to their GAG chains. Their 
ligand-bindingg sites reside within discrete sulfated 
domainss formed by complex, cell-specific, chemi-
call modifications of the HS disaccharide repeat 
(2,4).. Binding of proteins, including growth factors/ 
cytokines,, to HS may serve a variety of functions 
rangingg from immobilization and concentration, to 
distinctt modulation of biological function. This func-
tionall importance is illustrated by fibroblast growth 
factorr 2 (FGF2), whose binding to its signal-trans-
ducingg receptors and consequent biotogical effects 
aree critically dependent on its interaction with with 
cell-surfacee HSPGs (5,6). Recently, genetic stud-
iess have provided compelling evidence for an in 
vivovivo role of cell-surface HSPGs in growth control 
andd morphogenesis in Drosophila, mice and hu-
manss (7). 

Syndecan-1Syndecan-1 is a member of a family of four 
mammaliann HSPGs expressed in a cell and tis-
suee specific pattern (3). It is highly expressed on 
manyy epithelia where it contributes to cell adhe-
sionn and epithelial morphogenesis (3). Moreover, 
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byy stimulating the activity of the oncoprotein 
Wnt1,, it can promote the development of mouse 
mammaryy gland tumors (8). Within the immune 
system,, syndecanl is expressed on terminally dif-
ferentiatedd B cells, i.e., plasma cells and on their 
malignantt counterpart, multiple myeloma (MM) 
(9,10).. Furthermore, it is present on a subset of 
acquiredd immunodeficiency syndrome (AIDS) -re-
latedd non-Hodgkin's lymphomas, including primary 
effusionn lymphoma (PEL) (11). The biological func-
tionn of syndecanl in normal and neoplastic B cells 
iss as yet incompletely understood. Syndecanl in 
lymphoblastoidd B cells or MM cells was reported 
too promote cell adhesion and spreading on matrix 
moleculess like type I collagen, and to mediate 
homotypicc cell aggregation (12,13). Recently, syn-
decanll has been shown to co-localize with growth 
factorss in the uropods of MM cells 14, but so far 
theree is no direct evidence that it regulates their 
biologicall activity. Here, we have explored the role 
off syndecanl in growth factor signaling. We show 
thatt syndecanl on MM cells binds hepatocyte 
growthh factor/scatter factor (HGF), a multifunc-
tionall cytokine that regulates integrin-dependent 
adhesionn and migration of B cells and is a putative 
regulatorr of tumor growth in both MM and PEL 
(15-17).. Importantly, syndecanl strongly promotes 
HGF-inducedd signaling through MET, the receptor 
tyrosinee kinase for HGF, resulting in enhanced acti-
vationn of signaling pathways involved in the control 
off cell proliferation and survival. 

MATERIALSMATERIALS  AND METHODS 

ANTIBODIES ANTIBODIES 
Mousee monoclonal antibodies (mAbs) used were 

anti-syndecanll (CD138, clone B-B4 (lgG1) (Coulter 
Immunotech,, Marseille, France); anti-syndecan-2, 10H4 
(lgG1);; anti-syndecan-4, 8G3 (lgG1); anti-glypican-1, 
S11 (lgG1) (all kindly provided by Dr G. David, Center for 
Humann Genetics, University of Leuven, Leuven, Belgium); 
anti-HGF,, 24612.111 (lgG1) (R&D Systems, Abington, 
Unitedd Kingdom); anti-heparan sulfate, 10E4 (IgM) 
(Seikagaku,, Tokyo, Japan), anti-desaturated uronate 
fromm heparitinase treated heparan sulfate ("AHS stub"), 
3G100 (lgG2b) (Seikagaku); anti-phosphotyrosine, PY-20 
(lgG2b)) (Affiniti, Nottingham, United Kingdom). Polyclonal 
antibodiess used were; rabbit anti-MET, C-12 (IgG) (Santa 
Cruzz Biotechnology, Santa Cruz, CA); rabbit anti-phospho 
PKB/AKTT (Ser 473); rabbit anti-phospho p44/42 MAP 
kinasee (Thr 202 /Tyr 204) (both New England Biolabs, 
Hitcin,, UK); RPE-conjugated goat anti-mouse (Southern 
Biotechnology,, Birmingham, AL); HRP-conjugated rabbit 
anti-mouse;; (DAKO); and HRP-conjugated goat anti-
rabbitt (DAKO). 

CELLCELL LINES.PRIMARY MYELOMA CELLS AND TRANS-
FECTANTS FECTANTS 

MMM cell line XG1 was described elsewhere (18). 

LME11 was isolated from a MM patient at the department 
off Hematology, Academic Medical Center, Amsterdam, 
Thee Netherlands. MM cell lines were cultured in Iscove's 
mediumm (Gibco BRL/Life technologies) containing 10% 
fetall calf serum (Integra, Zaandam, The Netherlands), 
1000 lU/ml penicillin, and 100 lU/ml streptomycin (Life 
Technologies,, Breda, The Netherlands), 20 ug/ml human 
recombinantt transferrin (Sigma, Bornem, Belgium), 50uM 
b-mercaptoo ethanol and 500 pg/ml IL6 (R&D systems). 
Primaryy myeloma cells (PM) were obtained from the pleu-
rall effusion of a 44 year old MM patient. Mononuclear cells 
weree harvested by standard Ficoll-Paque density gradient 
centrifugationn (Amersham Pharmacia, Uppsala, Sweden) 
andd kept on a stromal cell feeder-layer in Iscove's medium 
(Gibcoo BRL/Life technologies, Breda, The Netherlands) 
containingg 10% fetal calf serum (Integra, Zaandam, The 
Netherlands),, 100 lU/ml penicillin, and 100 lU/ml strep-
tomycinn (Life Technologies). For signaling experiments, 
primaryy tumor cells (containing >97% plasmacells) were 
serum-starvedd for 24 hours in presence of 2% fetal calf 
serum,, after which the cells were kept under serum-free 
conditionss for 3 hours.The Burkitt's lymphoma cell line 
Namalwaa was purchased from American Type Culture 
Collectionn (ATCC, Rockville, MD). The Met-transfected 
Namalwaa (NamMET) was described previously 19. Synde-
canll and glypicanl transfected Namalwa cells (NamSYN, 
NamGLYP)) were obtained by electroporation using the 
eukaryoticc expression vector pCDNA3 containing the full-
lengthh human syndecanl cDNA or glypicanl cDNA (kindly 
providedd by Dr. G. David). Transfectants were selected 
inn medium containing 1.6 mg/ml neomycin (Sigma). Syn-
decan-11 and glypican-1 positive cells were sub-cloned by 
usingg a FACStarP|us® flow cytometer (Becton Dickinson, 
Mountainn View, CA). Namalwa cells were cultured in RPMI 
16400 (Life Technologies) supplemented with 10% Fetal 
Clonee I serum (HyClone Laboratories, Logan, UT), 10% 
fetall calf serum (Integra, Zaandam, The Netherlands), 2 
mMM L-glutamine, 100 lU/ml penicillin, and 100 lU/ml strep-
tomycinn (all Life Technologies). 

ENZYMEENZYME TREATMENTS 
Forr enzymatic cleavage of HS, cells were treated with 

eitherr 10 mU/ml heparitinase (Flavobacterium heparinum, 
ECC 4.2.2.8, ICN Biomedicals, Aurora, OH) or, as control, 
500 mU/ml chondroitinase ABC (Proteus vulgaris, EC 
4.2.2.4,, Boehringer Mannheim, Almere, The Netherlands). 
Thee cleavage of HS by heparitinase was determined by 
thee loss of cell-surface expressed HS (mAb 10E4), and the 
simultaneouss gain of HS-stub expression (mAb 3G10). 

FACSFACS ANALYSIS 
FACSS analyses using a single staining technique were 

describedd previously 20. For binding of recombinant hu-
mann HGF (R&D Systems), or mutant HP1 (21), cells were 
incubatedd with saturating concentrations for 1 hour at 4 , 
priorr to the antibody incubations. Washing with FACS buffer 
followedd this step. 

IMMUNOPRECIPITATIONANDIMMUNOPRECIPITATIONAND WESTERN BLOT ANALYSIS 
Immunoprecipitationn and western blotting was per-

formedd as described (20). For analysis of phosphorylation 
off PKB/AKT and the MAP kinases ERK1 and -2, after 
thee indicated treatments, 3-105 cells were directly lysed 
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inn sample buffer separated by 10% SDS-polyacrylamid 
gell electrophoresis, and blotted. Equal loading was con-
firmedd by Ponceau S staining of the blot. The part of the 
blott above 130 kDa was stained with anti-MET (C12) the 
middlee part (50-130 kDa) was stained with anti-phospho 
PKB/AKTT and the bottom part (below 50 kDa) was stained 
withh anti-phospho MAP kinase antiserum (both New 
Englandd Biolabs). Primary antibodies were detected by 
HRP-conjugatedd goat anti-rabbit or HRP-conjugated rabbit 
anti-mouse. . 

CELLCELL PROLIFERATION ASSAY 
Cellss were plated in 96 well flatbottom tissue culture 

platess (Costar, Cambridge, MA) at a density of approxi-
matelyy 100,000 cells/ml (200 ml per well) in the absence 
off IL6 and serum, in supplemented Iscove's as described 
above.. HGF was added, and cells were cultured for 7 
days.. Cell numbers and viability were determined by 
addingg propidium iodide and analysis on a FACScalibur 
(Bectonn Dickenson). For proliferation, the cultures were 
pulsedd with 0.5 nCi (methyl-3H) thymidine (87 Ci/mmol, 
Amershamm Life Science, Little Chalfont, UK) during the 

lastt 4 hours. Results are expressed as counts per minute 
(cpm).. Error bars represent the standard deviation values 
off triplicate measurements. 

RESULTS RESULTS 

Expressio nn of hepara n sulfat e moietie s and proteo -
glyca nn cor e protein s on mm cells . 

Expressionn of the HSPG syndecanl as well as 
MET,, the receptor tyrosine kinase for the heparin-
bindingg growth factor HGF, is common on MMs 
(10,22).. This suggests that HGF might not only 
interactt with MET but also with syndecanl result-
ingg in a ternary interaction between MET, HGF, and 
syndecanll at the MM cell surface. This "ménage 
aa trois" might promote tumorigenesis. To explore 
thiss hypothesis, we employed two MM cell lines, 
i.e.,, XG1 (18), LME1, as well as primary tumor 
cellss from a MM patient (PM). FACS analysis 
demonstratedd that these cells express high levels 
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Figuree 1. Expression of HSPGs and Syndecanl on MM cells. A) Expression of heparan sulfate on the MM cells. Cell 
liness XG1 and LME1, and primary myeloma cells (PM), were stained with a mouse anti-heparan sulfate antibody (10E4) 
(solidd line), or isotype control (dashed line), followed by RPE conjugated goat anti-mouse and analyzed by FACS. B) 
Expressionn of the HSPG core protein syndecanl by XG1 and LME1, and PM cells. Cells were stained with a mouse 
anti-syndecanll antibody (B-B4) (solid line), or isotype control (dashed line), and expression was analyzed by FACS. 
Thee syndecanl stably transfected cell line Namalwa (NamSYN) was used as a positive control. C) XG1, LME1, and PM 
cellss express a single HSPG of approximately 90 kDa which represents syndecan-1. Left panel: HSPG expression was 
detectedd with mAb 3G10 against desaturated uronate (AHS stubs) of heparan sulfate. To allow detection of the AHS 
stubs,, the cells were treated with heparitinase prior to immuno blotting. Namalwa cell lines, either wild-type (Nam), or 
stablyy transfected with syndecanl (NamSYN) or glypicanl (NamGLYP), were used as negative and positive controls for 
HSPGG and syndecanl expression. Right panel: After stripping, the same blot was restained with mAb B-B4 against 
syndecanl. . 
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off both HS and syndecanl (Fig. 1) but lack expres-
sionn of other proteoglycan core proteins, including 
otherr syndecans, glypicanl, and CD44v3 (data 
nott shown). In accordance with these FACS data, 
aa single HSPG of approximately 90 kDa was de-
tectedd by immunoblotting in the cell lysates of XG1, 
LME1,, and PM (Fig. 1C, left panel). A HSPG of 
similarr size was also present in the lysates of syn-
decan-11 transfected Namalwa Burkitt's lymphoma 
cellss (NamSYN), but not in that of untransfected 
(Nam)) or glypicanl (NamGLYP) transfected cells 
(Fig.. 1C, left panel). Stripping and restaining the 
blott with an anti-syndecanl mAb confirmed that 
thiss 90 kDa HSPG represents syndecanl (Fig. 
1C,, right panel), indicating that syndecan-1 is the 
major,, and presumably only HSPG expressed by 
XG1,, LME1, and by the primary myeloma cells 
studied. . 

Stimulatio nn of MM cell s wit h HGF leads to ac-
tivatio nn of the PI3K/PKB and RAS/MAP kinas e 
pathway ss as wel l as to cel l proliferation . 

Inn addition to expressing syndecanl, XG1, 
LME11 and PM cells express MET (Fig. 2) and po-
sesss a functional MET signaling pathway. Stimula-

AA B 

tionn of XG1 and LME1 with HGF resulted in a rapid 
tyrosinee phosphorylation of MET (Fig. 2A) as well 
ass of PKB/AKT and the MAP kinases ERK1 and 
-22 (Fig. 2B). In the primary myeloma cells (PM) 
wee also observed a strong HGF-induced serine 
phosphorylationn of PKB/AKT, whereas the tyrosine 
phosphorylationn of MAP kinases ERK1 and - 2 
increasedd approximately two-fold (Fig. 2B). Hence, 
signalingg via MET in these MM cells leads to ac-
tivationn of the PI3K/PKB as well as the RAS/MAP 
kinasee pathways, signaling routes which have 
beenn implicated in the regulation of cell survival 
andd proliferation, respectively (23-25). Interestingly, 

wee indeed observed that XG1 cells deprived of IL6, 
aa cytokine required for their propagation in vitro 
(18),, survive and respond to HGF stimulation with a 
strongg dose dependent DNA synthesis (Fig. 3). 

Syndecan ll  bind s HGF via its HS moietie s and 
promote ss signalin g throug h MET. 

Wee subsequently investigated the ability of 
syndecanll to interact with HGF. The MM cell lines 
XG11 and LME1, the PM cells, as well as synde-
canl-transfectedd Namalwa (NamSYN ) cells were 
foundd to bind high levels of HGF (Fig. 4), whereas 
wild-typee Namalwa cells bound virtually no HGF. 
Importantly,, this HGF binding was largely depen-
dentt on HS-moieties decorating syndecanl: Hepa-
ritinase,, but not chondroitinase ABC pre-treatment 
off the cells resulted in a strongly reduced HGF 
bindingg (Fig. 4). Moreover, HP1, a mutant form of 
HGFF with a more than 50-fold decreased affinity 
forr HS (21), showed only a weak binding to the MM 
cellss and NamSYN (Fig. 4). 

Too explore the functional consequence of the 
HGF-- syndecanl interaction, we studied HGF/MET 
signalingg in XG1 and PM cells from which the HS-
moietiess had been removed by heparitinase treat-

ment.. As is shown in Fig. 5A, removal of HS from 
XG11 resulted in a strongly reduced tyrosine phos-
phorylationn of MET in response to HGF. Apart from 
thee autophosphorylation of MET, the HGF-induced 
activationn of downstream effector molecules of the 
HGF/METT signaling pathway, indicative for the 
anti-apoptoticc and proliferative effects of HGF, i.e., 
thee kinase PKB/AKT, and the MAP kinases ERK1 
andd -2, was greatly inhibited by the removal of HS 
fromm in both XG1 (Fig. 5B). In PM cells, the HGF-
inducedd activation of the kinase PKB/AKT was also 
completelyy inhibited as a results of the removal of 
HSS (Fig. 5C). Due to the high baseline HGF-inde-

HGF:: - + - + - + HGF: 
IP:: aMET iPKB B 
IB:: uPY20 

*grr ÊÊt IP:: aMET 

IB:: aMET 

MET T 

XG11 LME1 Nam MET T 

XG11 LME1 PM Nam 
Figur ee 2. HGF/MET signalin g in MM. A) HGF stimulation induces MET activation in XG1 and LME1. Cells were 
incubatedd for two minutes in the absence or presence of HGF. MET activation was assessed by immunoprecipitation 
andd subsequent immuno blotting with anti-phosphotyrosine antibodies. B) HGF stimulation induces activation of both 
PKB/AKTT and MAP kinase. Activation of PKB/AKT and MAP kinases was determined in total cell lysates of XG1, LME1, 
andd primary myeloma cells (PM), immuno blotted with anti-phospho PKB/AKT (top) and anti-phospho ERK1 and -2 (a 
p-MAPK)) (middle), respectively. The MET-expressing Burkitt cell line NamMET was used as a positive control. Stainings 
withh anti-human MET represent loading controls (A and B bottom panels). 
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Figuree 3. HGF-induced proliferation of MM cells. A) HGF mediates increased survival in XG1. Cells were grown in 
thee absence of IL6 and serum, and HGF was added at a concentration of 200 ng/ml.Viability was measured by FACS 
analysiss on day 0, 3, 5 and 7, using propidium iodide incorporation. On day 0, relative viability was set at 100%. B) HGF 
iss a potent growth factor for XG1. Culture conditions were as in (A), HGF was added in the concentration shown, and 
thee number of viable cells was quantified using propidium iodide incorporation and FACS analysis at day 0, 3, 5, and 7. 
C)C) HGF induces proliferation in XG1. Cells were cultured as in (A), and HGF was added in the concentrations shown. 3H 
thymidinee incorporation was measured on day three and four. Error bars represent the standard deviation of a triplicate 
measurement. . 

Figuree 4. Syndecanl binds 
HGFF via its heparan sulfate 
sidee chains. 
MMM cell lines XG1 andl_ME1, 
Primaryy myeloma cells (PM), 
Namm and NamSYN were 
analyzedd by FACS for their 
capacityy to bind HGF or the 
HGFF mutant HP1. To deter-
minee the involvement of HS 
inn HGF binding, cells were 
treatedd with either heparitin-
asee or chondroitinase ABC, 
priorr to incubation with HGF. 
Bindingg of HGF or HP1 is 
shownn as the mean fluores-
cencee intensity (MFI) of cells 
incubatedd with HGF or HP1, 
washed,, and stained with a 
HGFF specific mAb, minus 
thee MFI of identical cells not 
incubatedd with HGF. 

HGF F 
HP1 1 

heparitinase e 
chondroitinasee ABC 

pendentt activity of the MAP kinases ERK1- and 
22 in PM cells, removal of the HS moieties hardly 
reducedd the tyrosine phosphorylation of the MAP 
kinasess ERK1- and 2 was detected after (Fig. 5C). 
Importantly,, the reduction in PKB/AKT and/or MAP 
kinasee activation in XG1 and PM cells did not result 
fromm non-specific effects of the heparitinase treat-
ment,, as their activation by insulin, which does not 
bindd to HS, was unaffected (Fig. 5B and C). 

DISCUSSION DISCUSSION 

Recently,, biochemical, cell biological, and ge-
neticc studies have converged to reveal that integral 
membranee HSPGs are critical regulators of growth 
andd differentiation of epithelial- and connective tis-
sues.. By immobilizing and oligomerizing cytokines 

andd by presenting them to their high affinity recep-
tors,, HSPGs create niches in the microenviron-
mentt and regulate cytokine responses. Since a 
vastt number of cytokines/growth factors involved 
inn the growth and differentiation of normal and 
neoplasticc lymphocytes contain potential heparan-
sulfatee binding sites, HSPGs presumably also play 
importantt roles the immune response and in the 
developmentt and progression of lymphoid tumors. 
However,, the expression and function of HSPGs 
onn the cell surface of normal and neoplastic lym-
phocytess has thusfar remained largely unexplored. 
Inn the present study, we investigated the expres-
sionn and function of HSPGs on MM cell lines and 
primaryy MM tumor cells. We demonstrate that 
thee HSPG syndecanl on MM cells is capable of 
bindingg HGF. This interaction promotes signaling 
throughh MET, the receptor tyrosine kinase for HGF, 
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Figur ee 5. Syndecan l promote s HGF-induce d activatio n of MET, PKB/AKT , and MAP kinase . 
Too assess the contribution of syndecanl to HGF-induced signaling, MM cell line XG1 and primary myeloma cells (PM) 
weree treated with heparitinase (HT) prior to stimulation with HGF. A) Activation of MET. MET activation was assessed by 
immunoprecipitationn and subsequent immuno blotting with anti-phosphotyrosine antibodies. B) Activation of PKB/AKT 
andd MAP kinase. Activation of PKB/AKT and the MAP kinases ERK1 and -2 was determined in total cell lysates of XG1 
immunoo blotted with anti-phospho PKB/AKT (top) and anti-phospho ERK1 and -2 (a p-MAPK) (middle), respectively. C) 
Activationn of PKB/AKT and MAP kinase. Activation of PKB/AKT and the MAP kinases ERK-1 and -2 was determined 
inn total cell lysates of primary myeloma cells (PM), immuno blotted with anti-phospho PKB/AKT (top) and anti-phospho 
ERK11 and -2 (a p-MAPK) (middle), respectively. Staining with anti-MET was employed to verify equal loading (A, B and 
CC bottom panels). Activation of PKB/AKT and MAP kinase by insulin, which does not bind to HS, was not affected by HT 
treatmentt (B and C). 

andd regulates the activity of signaling pathways 
thatt control cell proliferation and survival. 

Ourr findings present the first direct evidence 
thatt syndecanl regulates growth factor signaling 
inn MM. Cell surface expressed syndecanl presum-
ablyy acts by increasing the effective concentration 
off HGF on the plasma membrane, an effect that 
mayy be modulated by soluble syndecanl shed 
fromm the MM cell surface (26), whereas the bind-
ingg of several HGF molecules to syndecanl may 
promotee di-/oligomerization of MET, leading to 
enhancedd receptor activation (Fig. 6). Alternatively, 
byy inducing a conformational change, syndecanl 
mightt influence the affinity of HGF for MET, as has 
beenn demonstrated for HSPG-binding of the NK1 
splicee variant of HGF (27). 

Furthermore,, the polarized distribution of syn-
d e c a n l ,, as observed on myeloma cells (14), may 
imposee a constraint on the spatial distribution of 
HGF,, resulting in the clustering of activated MET 
andd Met-associated signaling molecules (Fig. 6). 
Inn this scenario, the potentiation of MET signaling 
mayy be partially explained by HGF-mediated co-lo-
calizationn of syndecanl and MET, which may bring 
relevantt intracellular signaling molecules in the 
proximityy of each other. Indeed, several syndecan-
familyy members have been reported to associate 
withh signaling molecules by means of their cyto-
plasmicc tails. Syndecan4, for example, can interact 
withh (and activate) PKCy, PIP2, and Syndesmos, 
whichh are all implicated in Syndecan4-controlled 
integrin-mediatedd focal adhesion formation and 
celll spreading (28). Furthermore, all syndecans 
containn a motive through which they can interact 
withh the guanylate kinase CASK/LIN2 (28), af-
fectingg its nuclear translocation and transcription 
regulatoryy activity (29). 

Interestingly,, our data establish a functional link 
betweenn syndecanl and the HGF/MET pathway, 
aa signaling route that induces complex biological 

responsess in target cells, including motility, growth 
andd morphogenesis. In mice, MET or Hgf deficien-
cyy results in embryonic death with severe defects 
inn the development of the placenta, liver and limbs 
muscles,, whereas uncontrolled activation of MET, 
inn both mice and humans, has been implicated in 
tumorr growth, invasion, and metastasis (Reviewed 
inn Van der Voort et al (15). Noteworthy, studies in 
hereditaryy papillary renal carcinoma (HPRC) estab-
lishedd a causative role for M E T mutations in human 
cancerr (30). These mutations result in enhanced 
kinasee activity upon stimulation with HGF and were 
shownn to mediate transformation, invasive growth 
andd protection from apoptosis (31). More recently, 
thee HGF/MET pathway has also been implicated in 
BB cell development and neoplasia (15,16,19). Dur-
ingg normal B cell differentiation, MET is expressed 
att the GC- and plasma cell stage, whereas HGF 
iss produced by follicular dendritic cells (FDC) (19) 
andd by bone marrow stromal cells (32). HGF stimu-
lationn of B lymphocytes leads to enhanced integrin 
activity,, promoting cell adhesion to VCAM1 -a major 
integrinn ligand on FDC- as well as B cell migration 
(19,33).. Interestingly, in GC cells, presentation of 
HGFF by the HSPG CD44v3 promotes MET sig-
nalingg (15). In B cell malignancies, the HGF/MET 
pathwayy may promote tumorigenesis through 
bothh autocrine and paracrine mechanisms. In PEL 
(17)) as well as MM, MET and HGF are often co-
expressedd suggesting autocrine stimulation (16). 
Sincee bone marrow stromal cells have been re-
portedd to produce HGF (32), paracrine stimulation 
off MM cells may also take place within the bone 
marroww microenvironment. Consistent with a role 
forr the HGF/MET in MM progression, high serum 
levelss of HGF were reported to be associated with 
unfavorablee prognosis in MM patients (34). 

Thee biological processes controlled by the 
HGF/METT pathway in MM cells are as yet incom-
pletelyy defined. Our current study demonstrates 
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thatt HGF can promote tumor growth (Fig. 3), a 
functionn presumably involving transcription regula-
toryy signals delivered through the activated RAS/ 
MAPP kinase pathway (Fig. 2B). In addition, HGF 
stimulationn might also affect tumor dissemination 
and/orr tumor cell survival. A role in MM dissemina-
tionn is suggested by the fact that HGF has been 
shownn to regulate integrin activity on GC B cells 
andd promotes adhesion and migration of Burkitt's 
lymphomaa cell lines (19,33,35). Key regulatory 
moleculess implicated in inside-out signaling to in-

PI3K/PKBB RAS/MAP kinase 

SURVIVALL PROLIFERATION 
Figuree 6 Model for the "ménage a trois" between 
syndecanl,, MET, and HGF in MM. 
Syndecanll may promote MET signaling by several mech-
anisms.. Firstly, binding of auto- or paracrine (BM stroma) 
producedd HGF by the heparan sulfate (HS) side chains 
off syndecanl may result in di- or oligomerization of HGF, 
therebythereby promoting MET cross-linking and tyrosine kinase 
activityy (1). Secondly, HGF-syndecan-1 interaction might 
inducee a conformational change of HGF, leading to en-
hancedd signal transduction (2). Thirdly, HGF may mediate 
co-localizationn of syndecanl and MET Ternary-complex 
formationn between HGF, MET, and syndecanl may bring 
relevantt intracellular signaling molecules together, which 
mayy facilitate their activation by MET (3). See discussion 
forr further detail. 

tegrinss are PI3-K and different RAS-like GTPases, 
thee activity of which can be controlled by HGF/MET 
(36).. In MM cell survival, the HGF/MET pathway 
mayy also play a critical part. Studies in several 
celll types, including liver cell precursors and car-
cinomaa cells, have indicated that the HGF/MET 
pathwayy can generate potent survival signals (37). 
Anti-apoptoticc signals in MM might be transduced 
throughh the PI3-K/PKB pathway, which was acti-
vatedd by HGF in our MM cell lines and primary 
tumorr cells (Fig. 2B). PKB/AKT is able to phos-
phorylatee BAD, a BCL2 antagonist expressed in B 

cells,, and may thereby suppress the pro-apoptotic 
effectss of BAD (23). 

Inn conclusion, our present findings demonstrate 
thatt syndecanl strongly promotes HGF/MET sig-
naling,, resulting in enhanced activation of signaling 
pathwayss involved in the control of cell prolifera-
tionn and survival. Clearly, this regulatory role of 
syndecanll may not be limited to the HGF/MET 
pathwayy but may extend to other pathways driven 
byy heparin-binding growth factors like heparin-
bindingg epidermal growth factor (HB-EGF) and 
FGF2,, outlining an important role for syndecanl in 
thee pathogenesis of MM. 
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