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Summary

Syndecan-1 is a proteoglycan concentrating hejanising factors on the surface of
multiple myeloma cells, playing likely a major ralemultiple myeloma biology. As heparan
sulphate and chondroitin sulphate are the bioacoraponents of syndecan-1, we analyzed
the signature of genes encoding 100 proteins imebin synthesis of these chains, i.e. from
precursor uptake to post-translational modificatiarsing Affymetrix microarrays.

Throughout the differentiation of memory B celida plasmablasts and normal bone
marrow plasma cells, we show that expression oyrees required for heparan sulphate and
chondroitin sulphate biosynthesis is increasing,parallel with syndecan-1 expression.
Sixteen genes were significantly different betwaermal and malignant plasma cells, nine of
these genesEXT2, CHSY3, CSGALNACT1, HS3ST2, HXST1, CHST11, CSGALNACT?2,
HPSE, SULF2- encoding for proteins involved in glycosaminogicchain synthesis or
modifications. Kaplan-Meier analysis was performedwo independent series of patients:
BAGALT7, CSGALNACT1, HXST1 were associated with a good prognosis wheE€EL
was linked to a bad prognosis.

This study provides an overall picture of the magenes encoding for proteins
involved in heparan sulphate and chondroitin sukpkgnthesis and modifications that can be

implicated in normal and malignant plasma cells.
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Introduction

Multiple myeloma (MM) is a B cell neoplasia chaextzed by accumulation of clonal
plasma cellsi.e. multiple myeloma cells (MMC), in the bone marroB/M). A hallmark of
plasma cells is the expression of syndecan-1, ee@gbycan containing attachment sites for
heparan sulphate (HS) and chondroitin sulphate (€8)ins (Rapraegeret al 1985),
(Kokenyesi and Bernfield 1994). In the BM of heglihdividuals, plasma cells are the only
cells expressing syndecan-1 (Costeisal 1999). In patients with MM, all MMC express
syndecan-1 with the exception of preapoptotic cellsch rapidly lose this proteoglycan
expression (Jourdaet al 1998). In addition, among the major cell-surfaepdran sulphate
proteoglycans (HSPG), MMC only bear syndecan-1 (iglak et al 2006). Expression of
chondroitin sulphate proteoglycans (CSPG) on MME€ mat been fully reported.

HS chains can bind to a large diversity of prateimcluding extracellular matrix
proteins, growth factors, adhesion molecules, ctkgmes, interleukins, enzymes or plasma
proteins, see (Bishopmt al 2007, Esko and Selleck 2002) for review. In additiCS chains
have been recognized as critical regulators of grdactor- and cytokine signalling (Magda
et al 1996), (Hiroseet al 2001), (Fthenouet al 2006).

HS and CS are linear glycosaminoglycans, glucosaghycans and galactosaminoglycans
respectively, composed of disaccharide units. Boéhcovalently attached to the syndecan-1
core protein through the linkage region, a comnedrasaccharidic sequence for HS and CS
(composed of one xylose unit, two galactose umts @e glucuronic acid unit). As summed

up in Figure 1, biosynthesis of these chains maiakes place in the Golgi apparatus and
involves three enzymatic steps, including formatiah the linker tetrasaccharide,

polymerization of disaccharide units and finallyeotical modifications of the sugar backbone
at various positions. This ultimate step generabesrsity in oligosaccharide sequences,
contributing to heterogeneity of binding, in pautex through sulphatation pattern, see (Prydz

and Dalen 2000) for review. In addition, HS chatas be further modified by exogenous



enzymes such as sulphatase 1 and 2 (SULF1 and SlieR®oving selectively 6-O sulphates
(Morimoto-Tomitg et al 2002), and heparanase (HPSE), cleaving HS sulghaias in small
bioactive fragments (Vlodavskgt al 1999). Moreover, the syndecan-1 ectodomain isdhapi
shed by several metalloproteinases (MMP) as MMP-MB-MMP-1 (membrane type matrix
MMP-1) (Ding, et al 2005), (Kudget al 2007). The shedding can be accelerated by adivati
of thrombin receptor, a G-protein coupled recepsmtjvation of epidermal growth factor
receptor or by others effectors as plasmin(Subrzamaet al 1997), (Fitzgeraldet al 2000).

In patients with MM, high serum levels of solubi;decan-1 are linked with a poor
prognosis, partly as an indicator of the tumout ogss (Lj et al 2001). Knockdown of
syndecan-1 gene expression in MMC injected inteeseeombined immune deficient mice
results in decreased growth (Yargg al 2007a) In addition, HPSE expression promotes
syndecan-1 shedding into its soluble form in asdmr with poor prognosis and tumour
growthin vivo (Mahtouk et al 2007a), (Yanget al 2007b).Syndecan-1 can regulate activity
of heparin-binding growth factors implicated in |iieration and survival of malignant
plasma cells by presenting them to their spec#éweptors (Zimmermann and David 1999).
This proteoglycan can thus enhance the bindingepftin-binding epidermal growth factor
like growth factor (HB-EGF) or amphiregulin, ince®ag their biological activities (Mahtouk
et al 2005), (Mahtouket al 2006). Syndecan-1 is also critical to capture twypde growth
factor (HGF) and to present it to its receptor, tNIBerksen et al 2002). Additionally,
fibroblast growth factor (FGF), which can inducee tRI-3K/AKT pathway involved in
myeloma tumour cells survival and proliferationn ¢and syndecan-1 (Klejmt al 2003). The
functional contribution of the chondroitin sulphatbains still remains to be elucidated.
Nevertheless, a report shows the implication oinchoitin synthase 1 (CHSY1), a protein of
CS synthesis pathway, in the interaction betweenQM&hd BM microenvironment (Yin
2005).

In this paper, we analysed the expression of geodsng for the major enzymes

involved in HS and CS chain synthesis and modificat We also studied the expression of
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genes coding for proteins necessary for productiod transport of the precursors: sugar
nucleotides and 3’-phosphoadenosine 5’-phosphoatdptiPAPS). These building blocks are
produced in the cytosol before being translocadeshtdoplasmic reticulum (ER) and/or Golgi
lumens. These enzymatic systems and the transtscate likely to influence availability of
substrates and therefore glycosaminoglycan chaithegis (Tomaet al 1996), (Dick et al
2008). We determined expression of genes linketh Wi and CS chains biosynthesis in
memory B cells, plasmablastic cells or normal borerow plasma cells using Affymetrix
microarrays. These profiles were compared to thafspurified MMC of a large panel of

newly-diagnosed patients.



Patients, materials and Methods

Cell samples

The 15 XG human myeloma cell lines (HMCL) were ai¢d in our laboratory
(Zhang et al 1994), (Rebouissqwet al 1998), (Tarteet al 1999). The other HMCL used -
LP1, OPM2, RPMI 8226, SKMM and U266 — were purckdaBem the ATCC (Rockuville,
MD, USA). They were maintained in RPMI1640 (Gibawvitrogen, France), 10% foetal
bovine serum (FBS, PAA laboratory GmbH, Austriajl dar the IL-6-dependant cell lines,
with 2 ng/ml of IL-6 (Abcys SA, Paris, France).

Normal bone marrow plasma cells (BMPC) were obthiftem healthy donors after
informed consent was given. Plasma cells wereipdriising an autoMACS with anti-CD138
MACS microbeads (Miltenyi-Biotec, Paris, France) iadicated (Mahtouket al 2005).
CD27° memory B cells (MBC) and polyclonal plasmablas®®C, CD38", CD20) were
obtained and generatéd vitro from purified CD19 peripheral blood B cells, as previously
described (Tartest al 2002).

MMC of a total of 171 patients with previously-usdted MM were included in this
study after written informed consent was given (p28ents were included at the University
hospital of Heidelberg (Germany) and 48 were frononipellier (France)). These 171
patients were treated with high dose therapy (HBX@) autologous stem cell transplantation
(ASCT) (Goldschmidtet al 2000) and were termed in the following Heidelbbtgntpellier
(HM) series. According to the Durie-Salmon classifion (Durie and Salmon 1975), 15
patients were of stage IA (who progressed intoagerequiring MM), 24 of stage A, 2 of
stage 1IB, 121 of stage llIA, and 9 of stage lllBccording to the International Staging
System (ISS), 76 patients were of stage |, 66adesil, 29 of stage lll. 28 patients had igA
MM, 12 IgAL MM, 64 IgGc MM, 33 IgG. MM, 1 IgDA MM, 18 Bence-Jones MM, 11

Bence-Jonea MM, and 4 non-secreting MM. We also used Affymefdiata of a cohort of



345 purified MMC from previously-untreated patieritem the Arkansas Research Group
(Little Rock). The patients were treated with tdtarapy 2 and termed in the following LR-
TT2 series (Barlogieet al 2006). These data are publicly available in théd Nbene
Expression Omnibus (GEO) [http://www.ncbi.nim.nibvfgeo/] under accession number
GSE2658.

Bone marrow stromal cells (MS@Jere obtained from the bone marrow of 5 healthy
volunteers after informed consent was given andoatdsts (OST) were obtainéa vitro
from peripheral blood mononuclear cells as indidai€orre et al 2007), (Moreauxet al
2005). Bone marrow T cells (CD3), monocytes (CDadjyl polymorphonuclear neutrophils
(PMN) were purified from 5 newly-diagnosed patieafter informed consent was given, as

indicated (Moreauxet al 2005).

Preparation of cRNA, microarray hybridization and gene expression profiling analysis
Microarray experiments were performed in the logtitof Research in Biotherapy at
the Montpellier University Hospital (France) (htfpb.chu-
montpellier.fr/fen/laboratories_microarray.html). RNvas extracted with the RNeasy Kit
(Qiagen, Valencia, CA, USA), the SV-total RNA extian kit (Promega, Mannheim,
Germany) and Trizol (Invitrogen, Karlsruhe, Germaimyaccordance to the manufacturer’s
instructions as indicated (De Voat al 2002). RNA was amplified and hybridized (small
sample labeling protocol VII, Affymetrix, Santa @aCA, USA) to the human genome HG-
U133A and HG-U133B or HG-U133 Plus 2.0 GeneChiganucleotides arrays, according to
the manufacturer’s instructions (Affymetrix). Flescence intensities were quantified and
analyzed using the GCOS (GeneChip Operating Safjwsoftware (Affymetrix). Arrays
were scaled to an average intensity of 100. A tiekbf 1 was assigned to values <1. In the
Affymetrix HG-U133 microarrays, a gene is probed Iy pairs of perfect-match/mismatch
oligonucleotides randomly spread over the chip. Sigmed rank MAS5 algorithm decides

after scanning if the corresponding gene can bisttally declared “present” (P call) or
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“absent” (A call), and delivers a weighted fluoreisce signal. Gene expression data were
analysed with our bioinformatics platform RAGE [httrage.montp.inserm.fr/] and
Amazonia [http://amazonia.montp.inserm.fr] (Asset al 2007). We also used the gene
expression profile from 79 human normal tissuesptesnavailable from Hogenesch’s group

on a public data base (S al 2004).

Real-time RT-PCR

RNA was extracted using the RNeasy Kit (Qiagen). gieeratedDNA from 100 ng
total RNA using Superscript Il reverse transcrip@svitrogen, Cergy-Pontoise, France). For
real-time reversdranscriptase—polymerase chain reaction (RT-PCR), usedAssay-on-
Demand primers and probes and the TagMan Univitaster Mix from Applied Biosystems
(Courtaboeuf, France) accordirig the manufacturer's instructions. Gene expressibn
ULF2, GPI, CHSY3 and HS3ST2 was measuredsing the ABI Prism 7000 Sequence
Detection System. For each sample, the cycle thléglCt) value for the gene of interest was
determinednd normalized to its respective Ct valueffarmicroglobulin(B2M). Then it was
compared with a cell type used as a positive co(G-11 for SULF2, GPI, CHSY3 and one
OST sample foHS3ST2 since this gene was not expressed by HMCL) usiegfalowing
formula: 100/2**“!, in which thresholdAACt = (Ctinknown — Clinknown 82 — (Chositive contro—
Ctsam positive contrg. The coefficient of correlation aned values for the correlations between
microarrays and real time RT-PCR are indicated achegraphP values were determined
with a Spearman test using SPSS Software. Stalistignificance was obtained for P vakie

0.05.

Satistical analysis
To cluster the samples according to the similasfttheir gene expression patterns, we
performed an unsupervised principal component aiglPCA) with RAGE bioinformatics

platform [http://rage.montp.inserm.fr/]. On the pina related to PCA, the first principal
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component (pcl) is represented by the X-axis, dwo®rsd principal component (pc2) by the
Y-axis. The percentage indicated on these graples ghe information of variance for these 2
components.

SAM (significance analysis of microarrays) analyses applied to our probe sets of
interest in the different samples with 1000 permates, a fold change of 2 and a false
discovery rate of 0%.

When PCA and SAM analysis were performed with MMaiag we used data obtained from
gene expression analysis of the MMC purified frammples of the 123 patients included in
the hospital of Heidelberg.

To determine the link with prognosis for a givelpe set, patients were ranked in 4
guartiles according to probe set expression andettent-free (EFS) or overall survivals
(OAS) of patients in the lowest quartile were conegato those of patients in the highest
guartile. The survival curves were plotted using Haplan-Meier method. The statistical
significance of differences in overall survival aeslent-free survival between groups of
patients was estimated by the log-rank tesk (.05). An event was defined as death. To
avoid multiple testing correction, we retained @okets associated with prognosis in 2
independent series of previously-untreated pati¢éimésHM series of 171 patients and the LR-

TT2 series of 345 patients.
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Results

Affymetrix microarrays to investigate pathways involved in heparan sulphate and chondroitin
sulphate chain synthesis and modifications

In Figure 1, proteins involved in synthesis of HBILS chains, from precursor uptake
to post-translational modifications, are listed.e$é proteins, including their different
isoforms, are encoded by 100 genes. Out of thasesgexpression of 75 might be evaluated
in B and plasma cells using 123 probe sets witlyrA#trix U133 Plus 2:0 microarrays (see
Table Sl). 25 genes could not be studied in rea$anack of probe seQLUT7, UGP1) or to
defective probe sets having an absent call or & wdtymetrix signal (below 100) in our
samples and a panel of 79 human tissues (Hogedaszase) (St al 2004).

The first step of HS and CS synthesis correspondsytoplasmic synthesis of
nucleotide sugars and PAPS, the universal donsulphate. We evaluated expression of 16
genes coding for membrane transporters (9 geneglfmose transport and 7 genes for
sulphate anion transport), 19 genes coding for mesyleading to nucleotide sugar synthesis
and 2 genes coding for proteins required duringlsate activation in PAPS.

The second step leads to the translocation of thesmirsors within the lumen of ER
and Golgi apparatus where synthesis of HS and K3 galace: 7 genes coding for nucleotide
sugar transporters and 2 genes coding for PAPSpoaters could be studied with U133
Affymetrix data. In these organelles, a complexafegnzyme reactions encoded by 26 out of
the 75 available genes from Affymetrix chips isotsed in linkage region synthesis and in
HS and CS chain polymerization and modificationg &l60 analyzed the expression of the 3
genes coding for extracellular enzymes able to fpdde pattern of sulphatatioSWLF1 and

2) or to produce HS fragments of 10 to 20 sugarsunitg HPSE).
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Gene expression profiles associated with normal B cell and plasma cell samples

To determine whether the normal populations of nmgnBocells (MBC), plasmablasts
(PPC) and bone marrow plasma cells (BMPC) presesgeaific expression profile for HS
and CS synthesis and modifications pathways, aopamsised principal component analysis
(PCA) using the 123 probe sets was performed. P€&lg delineated three distinct clusters:
MBC, PPC and BMPC (Fig 2A). The first principal cpoment accounted for 39% of
variance and separated MBC from PPC and BMPC. Tdwonsl principal component
accounted for 24% of variance separating PPC andP@MWVe then identified the genes
separating MBC from PPC + BMPC along the first P&4s and PPC from BMPC along the
second axis. We used a supervised analysis with SAM (significance analysis of
microarrays) software (1000 permutations, 2-foldarde in expression with a 0% false
discovery rate (FDR)) in order to identify probdssknked to each type of cells. Results in
Table | underline the weak level of expressionaiag involved in each step of synthesis and
modifications of HS and CS chains in MBC comparedplasma cells. PPC and BMPC
cluster was associated with 33 overexpressed psetsinterrogating 25 genes and MBC
cluster by 8 overexpressed probe sets interrogdtiggnes only. Out of the 25 plasma cell
genes, 1 encoded for glucose transporfrCRA5), 2 for a sulphate anion transporter
(SLC26A2, SL.C26A6), 1 for an activator of sulphate in PAPBAPSSL), 1 for a PAPS
transporter (SLC35B3), 11 for nucleotide sugar lsggis enzymesGALK1, GALK2, PGM1,
PGM2, PGM3, GFPT1, GNPNAT1, UAP1, UGDH, UGP2 and GNPDAL1), 2 for a nucleotide
sugar transporterSLC35B1, S.C35A4), 2 for enzymes implicated in HS synthesis and
modification EXT1, HS2ST1) and 5 for enzymes involved in CS synthesis andification
(CHPF, CHST11, CHST12, GALNACA4S-6ST and CSGICA-T).

Regarding genes dissociating PPC and BMPC along'theCA axis, 10 genes were
increased in PPC compared to BMPC3:-C2A3, HK2, GPI, PGM2, GFPT1, GALK2,
PAPSSL, SL.C35D1, SL.C35B4, andHS2ST1 - and 12 genes were overexpressed in BMPC

compared to PPC SULF2, PAPSR, UAP1, GALK1, CHST12, CSGIcA-T, CSGALNACT],
12



HS3ST2, HS6ST1, S.C2A10, S.C35D2, and S.C26A11 (Table Il). These data emphasize an
increased expression of genes coding for protewslved in synthesis of HS and CS chains
throughout B cell differentiation, in PPC and mgim BMPC. Thus, out of the 123 probe
sets initially included, a total of 63 probe setscdminates the 3 populations (33 + 8 probe
sets discriminating B cells from plasma cells a@d+112 probe sets separating plasmablasts

from mature plasma cells).

Gene expression profiles linked with multiple myeloma cells

Unsupervised PCA clustering of MMC together withrmal MBC, PPC and BMPC
delineated two groups according to first PCA congmiraccounting for 18% of variance: a
group of MMC only (principal component 1>0) and euwp of normal cells and MMC
(principal component 1<0) (Fig 2B). Similar clustey was obtained with the limited list of
63 probe sets reported above. Running only norfasnmablasts and mature plasma cells
together with MMC yielded the same clustering. tdey to identify probe sets overexpressed
in MMC compared to normal plasma cells (PPC + BMR®@ymal PPC or normal BMPC, a
supervised analysis was realized with SAM softw@@00 permutations, fold-change?2,
FDR = 0%). Expression of 16/75 genes was signiflgatifferent between BMPC and MMC.
Results are shown in Table Ill. Twelve probe setsrrogating 11 genes were up-regulated in
MMC in comparison with BMPCHK2, GPI, GNPDA2, PAPSSL, PAPSS?, EXT2, HS2ST1,
CHST11, CHSY3, HPSE and SULF2. CHSY3 gene presented the highest variance among all
the 75 genes studie@HSY3 was only expressed by MMC, unlike normal BMPC, P&#C
MBC (Fig 3A) and had a present call in MMC of 108t @f 123 patients included in the
Heidelberg patient cohort. Two other genes are reade because the encoded proteins have
already documented functions in MM (SULF2) (Pdi al 2005) or other cancers (GPI)
(Watanabeet al 1996), (Tsutsumiet al 2003b).SULF2 gene was overexpressed 3.7 fold in
MMC in comparison with BMPC (Fig 3B)GPI, whose expression was significantly

enhanced in PPC, had a 2.08-fold change in expresgtween MMC and BMPC (Fig 3C).
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Moreover, 7 probe sets interrogating 5 genes wademuexpressed in MMC compared to
BMPC: SLC2A3, GALK1, HS3ST2, CSGALNACT2 and CSGALNACT1. A loss of HS3ST2
expression has been documented in sepithelial cancers (Tsutsupat al 2003b), and this
is also the case in 39 out of the 123 MMC purifiexn patients of the Heidelberg group (Fig
3D).

Microarray data for these four genes of inter€di{Y3, SULF2, GPI, andHS3ST2)
were validated (Fig 4) by real-time RT-PCR< 0.05) using RNA of 7 human myeloma cell
lines (HMCL) or 7 osteoclast (OST) sampl&kSBST2 probe set is not expressed in HMCL).
Supplementary information regarding genes diffeadigtexpressed between MMC and PPC

or MMC and PPC+BMPC is given in Table SII.

Gene expression profiles associated with human myeloma cell lines

Unsupervised PCA clustering of primary MMC and HM@sing the 123 probe sets
defined previously yielded to 2 well identified stars, a MMC and a HMCL cluster. The first
PCA component accounted for 24% and the secondoor@86 (data not shown). Using SAM
analysis (1000 permutations, fold charg®, FDR = 0%), 47 of the 123 probe sets were
differentially expressed between MMC and HMCL.: 3ng overexpressed in MMC and the
17 others in HMCL(Table IV). The 30 MMC probe sets interrogated 4 genes imccat
glucose transpor§LC2A1, S.C2A9, S.C2A10, SLC2A13), 1 gene involved in sulphate anion
transport §.C26A1), 1 gene coding for PAPSS2, 1 gene coding for SIB33 2 genes
implicated in sugar metabolisnGALK1, PGM3), 1 gene coding for the nucleotide sugar
transporter SLC35D2, 5 genes implicated in HS mgithand modification€EKT1, HS2ST1,
HS3ST2, HS3ST4 andNDST1), 1 gene coding for SULF2, and 5 genes involve@$ichain
polymerization and modificationSCSGALNACT1, GalNAc4S-6ST, CHST11, CHSY3 and
CHPF. This last observation underlines an increasedesspn of enzymes implicated in CS
chain polymerization in MMC. Among the 17 probessap-regulated in HMCL, 9 probe sets

are linked with genes encoding for enzymes involiregdugar metabolisnPGM2, GALE,
14



GALK2, GNPDAL1, HK2, GPI, GFPT1, GNPNAT1, and GALM. This result indicates an
enhanced sugar metabolism capacity in cell linabeOgenes encoded for the SLC35B4

nucleotide sugar transporter, for B3GATS3, for HS3BT, for SULF1 and for HPSE.

Expression of genes coding for extracellular enzymes involved in HS modifications

The function of HSPG, and thus of syndecan-1, carrdgulated by extracellular
enzymes able to modulate the structure of HS ch&in®ng these enzymes, 2 sulphatases
(SULF1 and SULF2) are known to possess endogludosadsulphatase activity. Another
enzyme, HPSE, acts as an endoglucuronidase thaleare HS chains, producing fragments
more biologically active than native chains. Givedhe major role of the BM
microenvironment in the pathogenesis of myelome,(béitsiadeset al 2006) for review, we
examined gene expression level of these 3 enzymiesne marrow T cells (CD3), monocytes
(CD14) and polymorphonuclear neutrophils (PMN) fed from 5 patients with newly
diagnosed myeloma. In addition, bone marrow strooedls (MSC) (n= 5) and OST (n=7)
were generatedn vitro from cells of 5 healthy donors and 7 patients witlyeloma,
respectively. As it can be seen in FigureS8LF1 which was not expressed by MMC (data
not shown) was exclusively expressed by MSGLF2 was expressed by all types of cells
studied, except for CD3 cells. Besides, an overesgion of this enzyme was observed in
CD14 cells (median, 1678) and PMN (median, 724)amparison with MSC (median, 267)
and OST (median, 67). MoreovédPSE was mainly expressed by OST and CD14 cells as
previously published (Mahtoulet al 2007b). Taken together, these data suggest thdth
environment could be involved in the regulatiorited structure of HS chains and thus in their

function.

Probe sets linked to prognosis
Out of the 123 probe sets, 4 were associated withnosis in the 2 independent series

of previously-untreated patients, the HM seried 0f patients and the LR-TT2 series of 345
15



patients treated with TT2 therapy. Overall survif@AS) and event-free survival (EFS) data
are shown in Figure 6 and are summed up in TabBAGALT7, CSGALNACT1 andHS2ST1
expressions were correlated with a good prognogi€EXT1 expression was associated with
a bad prognosis. ExpressionBMGALT7, CSGALNACTL, HS2ST1 andEXT1 was evaluated
in the 8 MM subtypes defined by Zhan et al. (TaWlg (Zhan, et al 2006). The poor
prognosis ofEXTL is related to its higher expression in the poagposis group of patients
with t(4;14) and spiked MMSET (MS). On the othemdiathe frequency of the good
prognosis genes is decreased in the Proliferat®iR) @and MMSET (MS) bad prognosis

groups.
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Discussion

In the present study, we have first analysed thangé in expression profiles of 75
genes that could be interrogated with Affymetrixcroarrays and encoding for HS and CS
chains biosynthesis and modifications pathwaysoutinout B cell to plasma cell
differentiation. These chains are the major bie@cttomponents of syndecan-1 that is a
hallmark of plasma cell differentiation. Our wottkosvs that, in the differentiation from MBC
to PPC and BMPC, gene expression of enzymes reffireHS and CS biosynthesis is
increasing, in parallel with syndecan-1 expressiothe cells. The expression of these 75
genes makes it possible to classify MBC, PPC andPBNnhto 3 distinct and homogeneous
clusters, characterized by a set of overexpressedsy Only 4/75 genes were demonstrated to
have an increased expression in MBC compared ter ¢yipes of cells. These genes encode
for proteins involved in precursor transport andtegsis, which are probably necessary for
other metabolic processes. The 22 genes definm@BC cluster indicate that these cells are,
above all, able to enhance their production of PARS8 of nucleotide sugars, and then to
promote their transport within ER and Golgi appasatGene expression profile of PPC also
indicates that these cells possess the majorithefdifferent enzymes required for linkage
region synthesis, polymerization and modification$1S and CS chains, even if syndecan-1
expression in PPC is low (data not shown). ThusC BRve the machinery to enhance their
metabolic potential, with a special effect on sugagtabolism, and are then prompt to
increasethe synthesis of syndecan-1 HS and CS chains wiffereditiating into mature
plasma cells (PC). The BMPC cluster is charactdrizg the high expression of the overall
enzymes required for HS and CS synthesis and noatldns in accordance with the high
levels of syndecan-1 HS and CS chains in theses.c@f note, mature P®ave to
continuously synthesize a lot of these chains sim&mbrane syndecan-1 has a 2-hour
turnover, being rapidly cleaved by MMP into solublsdecan-1. Among the genes that were

highly overexpressed in BMPC in comparison to PRAG3ST2 and SULF2 encode for a
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sulphotransferase and for a sulphatase, respeactivkese enzymes are involved in the late
modifications of heparan sulphate chains. Theyesponsible of their structural diversity by

modulating sulphatation, which governs interactitve$ween HSPG and a broad range of
proteins.

Regarding MMC, the unsupervised PCA analysis indxdhat MMC are closed to
BMPC, MBC and PPC being in distant clusters. Sixtgenes are however differently
expressed between MMC and BMPC with a fold chamgeying from 10.33GHSY3) to 2
fold (GNPDA2) with a 0% FDR.

Among these genes, one is involved in initial stepprecursor synthesi€&Pl. This
gene encodes for an enzyme responsibleigomerization of glucose-6-phosphate and
fructose-6-phosphate. In our study, it was assediatith OAS in Kaplan—Meier analysis
realized from data of the LR-TT2 cohort but was smnificant in HM cohort (data not
shown). In LR-TT2, upper levels of expression appedo be associated with shorter OAS,
suggesting that this parameter could be linked toad prognosis. GPI is an ubiquitous
cytosolic enzyme that plays a critical role in sugeetabolism. Interestingly, this protein can
be secreted and molecular cloning and sequenadiriest have ascribed multiple identities to
the secreted form: autocrine motility factor, néen&in and maturation factor (Watanalee
al 1996). GPlI is thus considered as being a multtfanal protein and is involved in different
malignant processes as proliferation, survival agiegenesis (Funasakat al 2001),
(Tsutsumj et al 2003b), (Tsutsumiet al 2003a). Its contribution to MM is not known but
could be of particular interest.

Of note, among the genes differently expressed dmtvwwWIMC and BMPC, 9 genes —
EXT2, CHSY3, CSGALNACT1, HS2ST1, HS3ST1, CHST11, CSGALNACTZ2, HPSE, SULF2-
encode for proteins involved in HS or CS chain Bgais or modifications.

EXT2 gene encodes for exostose multiple 2, a proteiolwed in the first step of HS chain
polymerization. Of note2XT2 is one of the three genetic loci, wiXT1 andEXT3, mutated

in hereditary multiple exostoses, an autosomal danti disease characterized by the
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formation of osteochondromas in relation with aodignization of chondrocytes, leading to
random ossificatior{Zak, et al 2002). The protein EXT2 combines with EXT1 to foan
hetero-oligomeric complex that catalyzes the HSrckbongation (Bussest al 2007). These
enzymes do not appear to play a redundant role&Sipélymerization (Zaket al 2002). In our
study, we observed th&XT1 expression in MMC is associated with an adversgrmusis in
the 2 independent patient series. This result isimoaccordance with previous reports
suggesting thaEXT1 functions as a tumour suppressor gene in patieitts hereditary
multiple exostoses (Hecldt al 1995, Piapet al 1997). In multiple myeloma, apart from its
role in HS chain polymerization, another functidrite protein EXT1 should be investigated.
HS chains bind to a plethora of proteins, includofifferent growth factors involved in
myeloma biology. Sulphatation pattern of glycosasgigcan chains is a critical element
responsible for diversity in oligosaccharide seaesn and, as a consequence, for
heterogeneity of bindinddS2ST1 encodes for a 2-O sulphotransferase (heparanatel2hO-
sulphotransferase 1). This enzyme transfers sudpioathe C-2 position of the iduronic acid
residues of HS chains. In our study, we observedwamexpression of this gene in MMC.
Besides, the gene encoding for this enzyme wagleted to a good prognosis. Additionally,
HS3ST2, an other enzyme implicated in HS chain fieadions, is of interest. This protein
exhibits heparan sulphate glucosaminyl 3-O-sul@mstierase activity and is thus able to
modulate sulphatation pattern in C-3 position & flugar backbone. Interestingly, a loss of
HS3ST2 expression has been documented in sepithelial cancers (Tsutsunat al 2003b)
and a similar result was obtained in our study wtmmparing BMPC and MMC, a decreased
expression being obtained in this last categoryedls. These observations are consistent with
a major role of HS sulphatation in myeloma biologygst likely through the modulation of
growth factor binding.

Notably, our study is the first one to focus onesal genes involved in CS chain synthesis
and modification in myelomaCSGALNACT], also known as chondroitin sulphate N-

acetylgalactosaminyltransferase 1, is involvechm initiation of CS chain synthesis (Sa¢b
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al 2003). Our results show that overexpression of tigne is associated with a good
prognosis in HM and LR-TT2 group£HSY3 gene encodes for a glycosyltransferase
implicated in CS synthesis (Yada al 2003). Our data show th@HSY3 is not expressed by
normal BMPC but by MMC with a high level of express Moreover,CHSY3 correlated
with a good prognosis in Kaplan-Meier analysisizeal from EFS data of the HM cohort and
from OAS data of the LR-TT2 cohort (data not shawRgcently, it was shown that co-
expression of CHSY3 with CHPFCHPF gene is expressed by MMC, data not shown)
confers a CS polymerization activity (Izumikaweh al 2007). Another enzyme involved in
CS sulphatation, CHST11, was overexpressed in MBI YWe can speculate that these
enzymes could extend and modify CS chains in MM@f@wing on them more controlled
growth rate and better prognosis. They could beolired in MM biology and clinical
response through various proteoglycans. This resnao be elucidated. To examine
expression of proteoglycans with CS chains in ann@es, a supervised analysis was realized
with SAM software as described previously (see @&ablll, Table SIV and Table SV). We
first compared MBC samples to the group of PPC+BMHGe MBC population was
characterized by an overexpressiorSBOCK2 (a gene encoding for testican 2) whereas the
genesAPLP2 and SRGN (a gene encoding for serglycin) were overexpressdtie cluster
PPC+BMPC. Of note, the secretion of serglycin by GiIMand MMC has already been
described (Theocharigt al 2006). When we compared BMPC and MMC, we found tha
VCAN and COL9A2 genes were overexpressed in normal plasma cekseab none of the
genes encoding for CSPG was overexpressed in MMC.

Two MMC genes encode for enzymes involved in HSircimaodifications: SULF2
and HPSE. SULF2 gene is already overexpressed in BMPC comparedP@ Bnd its
expression increases in MMC. Recent data have shiostrSULF2, and the first member of
the corresponding endosulphatase family SULFlasadtrong inhibitors of myeloma tumour
growthin vivo (Dali, et al 2005). In our studySULF1 was not expressed by normal plasma

cells or MMC but by MSC, which further underlinefet role of the myeloma
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microenvironment. Of noteSULF1 is expressed by some HMCL emphasizing that these
HMCL can express environment genes, making it pissio escape from environment
dependence. This is the case for IL-6 (JernberghWd et al 1992), HB-EGF (De Vast al
2001), (Wanget al 2002) or for heparanase (Mahtoekal 2007a). This last enzyme cleaves
HS chain into bioactive 10-20 saccharide fragmentansduction oHPSE gene in HMCL
confers a growth advantagevivo (Yang et al 2005). One mechanism is that heparanase can
control syndecan-1 gene expression and syndecaeddmg into a soluble form that also
confers MMC growth advantage (Yarejal 2007Db).

Among the genes whose expression is associatetgogsis in our studyB4GALT7
encodes for a glycosyltransferase (beta 1,4-gawgittansferase 1) involved in HS chain
polymerization in thdrans-Golgi apparatus. In addition, this enzyme can dmated at the
cell membrane and functions as a receptor for esfitdar glycoside ligands by binding
terminal N-acetylglucosamine residues (Rodeheffet Shur 2002). Mutations of this gene
resulting in absent or defective enzyme activityehdeen associated with Ehlers-Danlos
syndrome (progeroid variant) (Furukawa and Okaji082). Additionally, several studies
have suggested a contribution of B4GALT7 to candewelopment and metastasis.
Expression of this enzyme was increased in astotg$ in comparison with normal brain
tissue (Xy et al 2001). An overexpression of this enzyme has bé&served in hepatoma in
comparison with normal liver tissues, the g846ALT7 being under the control of the viral
regulatory protein Hbx. Besides, in this modelugaregulation oB4GALT7 was associated
with hepatoma cell growtin vivo andin vitro (Wei, et al 2008). In other studies, the surface
activity of the enzyme was a determining factor iforasive behaviour of murine melanoma
cell lines whereas activity of the Golgi enzyme agmed unchanged in cells with different
metastatic and invasive capacities (Johnson and 80, Passaniti and Hart 1990). The
same observation was made for metastatic lung camds, an up-regulation @d4GALT7
being under the control of the transcription fadktAF (Zhy et al 2005). In the current

study, the result related ®4GALT7 challenges these data, this gene being linkedotml g
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prognosis. BAGALT7 is involved in the initial steg linkage region synthesis in Golgi
apparatus. As this step is shared by HS and CSichadsynthesis, one hypothesis is that
BAGALTY7 overexpression promotes production of proteoglygaather than syndecan-1 and is
able to control myeloma growth. The cellular looatof BAGALT7 has not been described in
myeloma cells and could be studied to understaedrttte of this enzyme in myeloma

biology.

In conclusion, this study shows an increased esmrf enzymes required for HS
and CS biosynthesis in parallel with syndecan-lresgion through B cell differentiation
from MBC to BMPC. Of interest, some of these gewesrelate with prognosis, which
suggests their important function in MM biology. digonally, this study underlines enzymes
implicated in CS synthesis and modification. Theiplication in MM could be linked to CS

proteoglycans expressed by plasma cells.
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List of abbreviations

Acetyl-CoA: acetyl-Coenzyme A; ADP: adenosine depphate; ASCT: autologous stem cell
transplantation; ATP: adenosine tri-phosphate; BBRIEmicroglobulin; BM: bone marrow;
BMPC: bone marrow plasma cell; CD14 : monocyte; COfne marrow T cell; CHSY1:
chondroitin synthase 1; CS: chondroitin sulphat8PG: chondroitin sulphate proteoglycan;
Ct: cycle threshold; EFS: event-free survival, E€&doplasmic reticulum; FDR: false
discovery rate; FGF : fibroblast growth factor uFfructose; Gal: galactose; GalNAc: N-
acetyl galactosamine; GEP: gene expression pro@N: glucosamine; GIcNAc: N-
acetylglucosamine; GCOS: GeneChip Operating Soé&wAffymetrix); Glc: glucose; HB-
EGF: heparin-binding epidermal growth factor likewgth factor; HDC: high dose therapy;
HGF: hepatocyte growth factor; HM: Heidelberg-Maeltier series of patients; HS: heparan
sulphate; HSPG: heparan-sulphate proteoglycan; TR-TLittle Rock series of patients
treated with total therapy 2; MBC: memory B celMVimultiple myeloma; MMC: multiple
myeloma cell; MMP: metalloproteinase; MS : MMSET ultiple myeloma SET domain);
MSC: bone marrow stromal cell; NAD: nicotinamideeathe dinucleotide; OAS: overall
survival; OST: osteoclast; PAPS: 3'-phosphoademSirphosphosulphate; PC: plasma cell;
pcl: first principal component; pc2: second priatipomponent; PCA: principal component
analysis; PI3K: phosphatidylinositol 3-kinase; PMpblymorphonuclear neutrophil; PPC:
plasmablast; PPi. inorganic phosphate; PR: pralifen; SAM: significance analysis of

microarrays; UDP: uridine di-phosphate; UTP: uretn-phosphate; Xyl: xylose.
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Figure titles and legends

Fig 1. Pathwaysfor HS and CS chains biosynthesis: from precursor up-taketo

extracellular modifications

The first step corresponds to monosaccharide amghate uptake through specialized
transport systems (GLUT, SLC26 and SLC13 familidd)ese precursors are activated in
UDP-sugars and PAPS in the cytosw@ a set of enzymes (GALM, GALK, GALT, GALE,
PGM1, PGM2, UGP2, UGDH, UXS1, GFPT, GNPDA, GNPNAPGM3 and UAP1 for
nucleotide sugars synthesis and PAPSS1 and 2 fphate activation). UDP-sugars and
PAPS are actively transported into the Golgi lunaad/or RE (SLC35 family). Thereatfter,
glycosaminoglycan synthesis is initiated. A linkagegion is produced: a xylose, two
galactose and one glucuronic acid residues are dadste an attachment site of the
proteoglycan core (XYLT, B4GALT7, B3GALT6 and B3GA) Then, the
glycosaminoglycan lineage depends on the additiaheofifth nucleotide sugar. Addition of
a glucosaminyl residue by EXTL2 generates glycomagiycans (HS chains), whereas a
galactosaminyl residue added by CSGALNACT1 cregtdactosaminoglycans (CS chains).
For these two types of chains, enzymes catalyseyatmn and polymerization (EXT1/EXT2
for HS chains, CSGIcA-T, CSGALNACT2, CHSY1, CHSYBdaCHPF for CS chains). As
the chains grow, they are modified at various pmsst deacetylation/N-sulphatation of
glucosamine by NDST, epimerisation of glucuroniadao iduronic acid by GLCE and O-
sulphatation in various positions by HS2ST, HS68HS83ST in HS chains and sulphatation
by CHST11, 12, 13, CHST3, GalNac4S-6ST and USTaimous sites in CS chains. Finally,
proteoglycans bearing HS and CS chains can be poaesl to plasma membrane.
Extracellular enzymes, as SULF1 and 2 which exhsbifphatase activity on HS chains
removing sulphate from the 6-position of glucosaamamd HPSE able to cleave HS in little

fragments of 10 to 20 saccharidic units, are resids of the latest modifications.
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When gene expression is associated to prognosmirirdata,

proteins are colour-coded

green for good genes and in red for bad genes.
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Fig 2. A global view of variation of gene expression in MBC, PPC, BMPC and MMC
using PCA

Unsupervised PCA using the list of 75 genes inwdlireHS and CS biosynthesis pathway
was performed to obtain a global view of the vasiain gene expression among MBC, PPC,
BPMC and MMC.

(A). MBC, PPC and BMPC were separated in 3 distohesters by a PCA. The first principal
component is represented by the X-axis (pcl, veeaB9%), the second principal component
by the Y-axis (pc2, variance: 24%). According td pePC and BMPC clustered together on
the left side and MBC clustered separately on itjiet side. The second component makes it
possible to separate BMPC from PPC.

(B) PCA clustering of MMC together with normal MBEPC and BMPC delineated two
groups according to first PCA component (pcl, varéa 18%): a group of MMC only with a

pcl value> 0 and a group of normal cells and MMC with a pelue < O.

Groups of samples
(MB and PPC plus BMPC)
separated along
the 1t PCA component

BMPC BN o
BMB¥PCBMPC

Groups of samples >
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Figure 2A
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Fig 3. Expression data of CHSY3, SULF2, GPI and HS3ST2 in MBC, PPC, BMPC,
MMC and HMCL
Histograms show the probe set signal correspondinGHSY3 (3A), SULF2 (3B), GPI (3C)
and HS3ST2 (3D) gene expressiomn the Y-axis as arbitrary units determined by the
Affymetrix software from 6 MBC, 7 PPC, 7 BMPC, MM& 123 patients of the Heidelberg
series and 20 HMCL. Filled histograms indicate ee§ent” Affymetrix call and white ones

n “absent” call in the sample. When several predie were available for a same gene, we

used the probe set with the highest variance.
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Fig 4. Validation of Affymetrix microarray data of CHSY3, GPI, SULF2 and HS3ST2
genes

Gene expression @HSY3 (4A), SULF2 (4B) andGPI (4C) were assayed with real-time RT-
PCR in 7 HMCL samples and normalized waBM. XG-11 was used as a positive control.
Gene expression #1S3ST2 (4D) was studied in 7 OST and normalized vB2M. One OST
sample was used as a positive control. Phealues of the correlation between microarrays

and real time RT-PCR data were determined with @B8pan test and are indicated in the

figure.
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Fig 5. Expression of extracellular enzymes implicated in modifications of HS chains in

BM environment

The histograms show the Affymetrix signals of 3 hjgosets interrogatin@ULF1 (5A),
SULF2 (5B) andHPSE (5C) expression in 5 cell populations of the BMiemnment: MSC,
OST, CD14, PMN and CD3 cells. Filled histograndicate a “present” Affymetrix call and
white ones an “absent” call in the sample. Wheres®\probe sets were available for a same

gene, we used the probe set with the highest vagian
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Fig 6. Overall survival and event-free survival related to 4 genes in 2 independent
patient series

Data are Kaplan-Meier survival curves and/or e¥ssg-survival curves of patients with the
highest or lowest expression (quartile)BAHGALT7 (6A), CSGALNACTL1 (6B), HXST1 (6C)
andEXT1 (6D). The HM series comprises 171 patients and. R T2 series 345 patientB.

values are indicated in each panel.

N N

' HM series, EFS, P=0.0007 - LR-TT2 series, EFS, P=0.0088
b g7
g, 2 ol T
S o 5 © \
> 7} \ .
(LS S © B4GALT?7 high
8 o 40-5, © 1_|:\_ u-'“
=] © Y |—|
33 B4GALT7 high ER i, -
2o E o b AT

=] ey B

8 N —i O o ——

e L °© B4GALT7 'ow

B4GALT7 'ow
o o
0 400 800 1200 1600 2000 2400 2800 0 400 800 1200 1600 2000 2400 2800
Days Days
N
-

LR-TT2 series, OS, P=0.0028

e .
e *‘ll-i“ IIB4GALT7 high

o, M
s VTN

U,

0.8

1

B4GALT7 low

Cumulated survival
04 0.6

0.2

0 400 800 1200 1600 2000 2400 2800
Days

Figure 6A

39



2
12

HM series, EFS, P=0.0208 LR-TT2 series, EFS, P=0.0023

- — B
E R
se B |
2 2 CSGALNACT?1 high
- <L ) -
g e CSGALNACT1 high g °
g e S <
g s o, g3 T
S L 1o =
G « ey O b

e CSGALNACTL low e CSGALNACT1 'ow

o o

0 400 800 1200 1600 2000 2400 2800 0 400 800 1200 1600 2000 2400 2800
Days Days

2
2

. —
HM series, OS, P=0.0340 LR-TT2 series, OS, P=0.0016
high . )
- - :L'*_‘,_L TR CSGALNACT1 - - = CSGALNACT1 high
T T
E @ T % @ Rt
2 ° R T IR, 2 ° e .
38 CSGALNACT1 low B9 m
kS kS|
§ 3 2 3 CSGALNACTL low
3
O o O o
o o
o o
0 400 800 1200 1600 2000 2400 2800 0 400 800 1200 1600 2000 2400 2800
Days Days
Figure 6B
o ot
— . N
HM series, EFS, P=0.0365 | LR-TT2 series, EFS, P=0.0305
— - & _alng
g 57 | e
S 2 . L
50 o Ty
® 1 HS2ST1 high @ i
B o g 2 q. HS2ST1 high
= L L e .,
_ L © 5 |
g g " ER H"w"—'i;h.g;_:_'_._
S —y E° |—_h[
O o it 3 i
3 U St HS2ST1 'ow
HS2ST1 low
o o
0 400 800 1200 1600 2000 2400 2800 0 400 800 1200 1600 2000 2400 2800
Days Days
Figure6C

40



12

HM series, OS, P=0.0094
e e S S

- Logg i g EXT1'ow
g
=
>
(2]
- 9
@ o )
2 EXT1 hion
=R
e o
>
O «

o

o

0 400 800 1200 1600 2000 2400 2800
Days

Figure 6D

Cumulated survival

12

0.8

04 0.6

0.2

LR-TT2 series, OS, P=0.0323

. low
_H‘—’ll.ll-l-%ml—El;)(l-l-l- L

1

EXT1 high

400 800 1200 1600 2000 2400 2800
Days

41



Tablel: SAM-defined overexpressed genesin MBC and in PPC plusBMPC
Gene name Function Probe set Fold-change  Medianin MBC  Medianin PPC  Median in BMPC
S.C2A3 Glucose transport 202499_s_pt 7.24 2738 474 146
Sis-_%zz’f’l’! Glucose transport | 222088_s_ht 5.46 567 154 50
S.C2A3 Glucose transport 202497 _x_at 5.29 863 357 28
SA"’;;‘;Z”E" 9.C2A3 Glucose transport 236571 _at 4.40 304 63 82
over eﬂ’g‘?‘s" Nl gc3sp2 N“Ct'fa"r:isde SUgAT | 213082_s_at 3.80 132 6 50
port
%_%22_\31/4{/ Glucose transport 216236_s_pat 2.86 536.5 182 175
usT CS chain modificationl 205139_s_at 2.78 74.5 20 33
S.C2A1 Glucose transport 201250_s_pt 2.42 482 212 191
PGM3 Sugar metabolism 210041_s_pt 28.25 8.5 231 191
CHST12 CS chain modificationy 218927_s_at 17.17 33.5 405 2510
CHST11 CS chain modificatior 226372_at 15.25 12.5 350 207
S.C35B3 PAPS transport 222691_at 11.16 325 737 823
GALK2 Sugar metabolism 205219_s_pt 6.48 8.5 162 53
HS2ST1 HS chain modificationf 203284_s_at 6.26 60 487 374
UGDH Sugar metabolism 203343_a 4.96 715 592 413
UAP1 Sugar metabolism 209340_al 4.94 270.5 797 1855
GNPDA1 Sugar metabolism 202382_s_pt 4.69 215 133 182
PGM3 Sugar metabolism 221788_a 4.49 345 106 206
GALNACA4S-6ST | CS chain modificatior] 203066_at 4.31 292.5 1329 9149
Comparison MBC GNPNAT1 Sugar metabolism 225853_a; 4.27 78.5 480 261
ver SJBS’\;’EE plus SLC2A5 Glucose transport 204430_s_pt 4.11 68 373 202
SL.C26A2 Sulphate anion transp¢rt 224959 _at 4.08 65 266 357
CSGIcA-T CS chain polymerizatign 55093_at 3.98 775 214 539
SAM -defined S.C3581 N“Ct'fa"r:isdp%rstugar 202433_at 3.84 195.5 944 773
over eSS?:sed i GFPTL Sugar metabolism | 202722 s_ht 3.82 199 811 634
PPC plusBMPC SLC26A6  |Sulphate anion transprt221572_s_at 3.69 25 80 114
SL.C3A4 N“Ct'fa"r:isdp%rstugar 224626_at 3.35 77 259 265
S .C26A2 Sulphate anion transpgrt 205097_at 3.23 435 97 185
HS2ST1 HS chain modificationf 203283_s_at 3.16 54.5 236 110
GALK1 Sugar metabolism 229458_s_pt 3.06 26.5 35 158
CHPF CS chain modification 202175_at 3.02 69.5 136 265
CSGIcA-T CS chain polymerizatign 221799_at 291 79.5 214 273
UGP2 Sugar metabolism 205480_s_pt 2.86 444.5 1506 1426
PGM2 Sugar metabolism 225366_a 2.71 48.5 154 100
GFPT1 Sugar metabolism 202721_s_pt 2.69 94.5 381 118
PAPSSL PAPS synthesis 209043_a; 2.56 316 1321 470
HS2ST1 HS chain modificationf 203285_s_at 2.49 72 206 153
PGM1 Sugar metabolism 201968_s_pt 2.46 260 687 652
EXT1 HS chain polymerizatiqn 201995_at 2.20 82 152 217
PGM2 Sugar metabolism 223738_s_pt 2.17 84 199 127
CHST12 CS chain modification 222786_at| 2.00 113 203 248
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A supervised analysis was performed with the SAMwsre (1000 permutations) in order to
compare the gene expression profile of the MBC fadjmin and of the group PPC plus
BMPC (these two populations were grouped accortinBCA result shown in Figure 2A).
This analysis identified probe sets related to dgpk of cells. Only probe sets with a 2-fold
change in expression at least and a 0% false disgoate were retained. Genes were ranked

according to the fold-change.
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Tablell: SAM-defined over expressed genesin PPC and BMPC

) Fold- Median in Median in Median in
Gene name Function Probe set change MBC PPC BMPC
SLC2A3 Glucose transport 202497_x_at 11.79 863 357 28
SLC35B4 Nucleotide sugar | 35415 o 10.67 3 30 3
transport -
HK2 Sugar metabolism 202934_a 8.73 335.5 716 66
PGM2 Sugar metabolism 225367_a 3.73 350.5 1293 311
SLC2A3 Glucose transport 202498 s_pt 3.47 147.5 106 34
GPI Sugar metabolism 208308_s_pat 3.31 393 1131 314
SAM-defined GFPT1 Sugar metabolism 202721_s_gt 3.19 945 381 119
genes SLC2A3 /i
overexpressed S C2AL4 Glucose transport 222088_s_pt 3.00 567 154 50
in PPC PAPSSL PAPS synthesis 209043_at 2.68 316 1321 4708
SLC35B4 Nucleotide sugar | 555551 4 2.65 137 376 142
transport
SLC2A3 Glucose transport 202499 s_pt 2.58 2738, 474 144
SL.C35D1 Nucleotide sugar | 59711 4 2.50 184 277 132
transport
comparison GALK2 Sugar metabolism 205219 _s_pat 2.47 8.5 162 53
PPC versus HS2ST1 HS chain modification| 203283 s_at 2.02 54.5 236 110
BMPC SULF2 HS chain modification|  224724_af 37.00 81 6 383
SLC2A10 Glucose transport 221024 _s_pt 22.15 3 3 89
PAPS2 PAPS synthesis 203060_s_at 7.03 225 18 94
SULF2 HS chain modification| 233555_s_at 6.34 22.5 18 94
Sulphate anion
S.C26A11 transport 226679_at 4.32 2115 61 252
SAM -defined HS3ST2 HS ch?;g ?ho;:|cat|on 219697_at| 4.19 100 54 188
genes CSGALNACT1 olymerization 219049_at 3.50 727 418 1469
overexpressed poly .
in BMPC GALK1 Sugar metabolism 229458_s_pat 3.43 26.5 35 158
Nucleotide sugar
S.C35D2 transport 213083_at 3.21 3215 71 227
HS6ST1 HS chain modification 225263_at| 2.74 146 101 275
CHST12 CS chain modification| 218927_s_at 2.34 33.5 405 5102
CSGICA-T CS chain 55093_at 229 775 214 539
polymerization
UAP1 Sugar metabolism 209340_a 2.22 270.5 797 185

A supervised analysis was performed with the SAMvsae in order to compare the gene

expression profile of PPC and BMPC as indicatetahle | legend.
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Tablelll: SAM-defined over expressed genesin BMPC and in MMC

Gene name Function Probe set Fold-change Medianin PCC Mgi/'l?ancm Median in MMC
CHSY3 CS chain 242100_at 10.33 5 26 218
polymerization
SULF2 HS chain modificatior] 224724 at 3.67 6 383 1042
SULF2 HS chain modificatior] 233555_s_at 3.17 5 69 207
HK2 Sugar metabolism 202934 _at] 2.84 716 66 174
CHST11 CS chain modificatior] 226368_at 2.62 189 121 273
SAM -defined genes PAPS? PAPS synthesis 203058_s_at 2.32 s 3 s 51 . 87
overexpressed in i ificati
MpMC HS2ST1 HS chain modificatior] 230465_at 2.32 (range : 8-64)| (range : 31-58) | (range : 1-596)
PAPSSL PAPS synthesis 209043_at 2.16 1321 470 1006
GPI Sugar metabolism 208308_s_at 2.08 1131 314 633
. I 57 40 57
Comparison HPSE HS chain modificatior] 219403_s_at 2.07 (range: 11— 85) (range: 12 —81)| (range: 1 — 895
MMC versus EXT2 HS chain 202012_s_at 2.06 188 193 374
BMPC polymerization
GNPDA2 Sugar metabolism 227022_af] 2.01 103 72 125
GALK1 Sugar metabolism 229458 s_at 4.23 35 158 26
SLC2A3 Glucose transport 202499 s_at 3.54 474 146 36
SL.C2A3/11
. S CoA14 Glucose transport 216236_s_at 2.93 182 175 50
SAM-defined genes | pasT2 HS chain modificatio] 219697_at 2.43 54 188 74
overexpressed in CS chain
BMPC CSGALNACT2 g 218871_x_at 2.39 753 963 374
polymerization
CSGALNACT2 CS chain 222235 s_at 2.38 410 558 228
polymerization
CSGALNACT1 CS chain 219049 _at 2.25 418 1469 530
polymerization

A supervised analysis was performed with the SAMvsre in order to compare the gene

expression profile of the BMPC and MMC populati@msl to underline probe sets related to

each type of cells as indicated in Table I.
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TableV: SAM-defined overexpressed genesin MM C and HM CL

Gene

Fold-

Function Probe set Median in MMC Median in HMCL
name change
SULF1 HS chain modification 212353 at 15.10 8 18 (rarigei303)
HS3ST3B1 HS chain modification 227361_at 8.46 156
SULF1 HS chain modification 212354 at 6.18 14 15 (rardge:693)
SLC35B4 Nucleotide sugar 238418 _at 5.88 7 92
transport
HK2 Sugar metabolism 202934 _a 4.68 174 827.5
HPSE HS chain modification 222881 at 3.89 13 25.5 (radge 445)
GNPDA1 Sugar metabolism 202382_s_at 3.22 169 475
SAM-defined GALK2 Sugar metabolism 205219 s at 2.81 84 211
genes GALE Sugar metabolism 202528_at 2.78 54 129.5
O‘(HEXEJS_SG" GALM Sugar metabolism 235256 _s_at 2.70 65 206.5
n HPSE HS chain modification | 219403 s_4t 255 57 1275
GNPNAT1 Sugar metabolism 225853 _a 2.48 242 577
GFPT1 Sugar metabolism 202721_s_at 2.42 167 399.5
SLC35B4 Nucleotide sugar 225881 _at 2.42 219 581.5
transport
B3GAT3 Sy”therzgigr‘: linkkage | 503450 at 2.18 88 1725
GPI Sugar metabolism 208308_s_at 2.12 633 1465
PGM2 Sugar metabolism 225367_at 2.07 482 1140
SLC35D2 Nucleotide sugar 213083 _at 27.43 176.5 3
transport -
SL.C35D2 Nucleotide sugar | 15485 ¢ 5 21.87 | 535 (range: 2 - 693) 3
transport
CSGALNACT1 | CS chain polymerizatio 219049_a 11.73 531 30
GALK1 Sugar metabolism 229458 _s_at 6.44 26.5 (rangé81) 3
comparison CHSY3 CS chain polymerizatio 242100_a 6.37 2145 25
MMC versus SULF2 HS chain modification | 233555_s_at 6.07 205.5 30
HMCL SLC2A10 Glucose transport 221024 _s_at 5.95 45.5 (rang686) 3
SULF2 HS chain modification 224724 at 5.88 1034 146
HS3ST2 HS chain modification 219697_at 490 74.5 17
SLC2A9 Glucose transport 219991 at 4.61 101 23
EXT1 HS chain polymerizatio 215206_a 4.54 69.5 15
CHST11 CS chain modification 226368 _at] 3.93 270 86
HS3ST4 HS chain modification 228206_at 3.87 79.5 19
. EXT1 HS chain polymerizatiol 239227 _a 3.60 63.5 16
SAI\/Igécrl]ined NDST1 HS chain modification 202607_at 3.52 49.5 (range262) 18
over expr essed PAPS2 PAPS synthesis 203060_s_at 3.36 105.5 14
inMMC EXT1 HS chain polymerizatiol 237310_a 3.35 46.5 (rage222) 15
H2ST1 HS chain modification 230465 _at 3.25 64.5 25
PAPS2 PAPS synthesis 203058_s_at 3.21 89 12
EXT1 HS chain polymerizatio 232174 _a 3.13 110 35
PAPS2 PAPS synthesis 203059_s_at 2.92 63.5 19
S.C35D2 Nucleotide sugar |~ 537437 ot 255 | 415 (range: 4 - 121) 15
transport
S .C26A1 Sulphate anion transpoft 205058 3t 2.36 35 (rahgd04) 15
CHST11 CS chain modification 219634 _at] 2.33 163 84
SLC2A1 Glucose transport 201250_s_at 2.33 189 83
P Glucose transport 227176 _a 2.29 1025 54
PGM3 Sugar metabolism 221788_a 2.18 182.5 60
CHPF CS chain polymerizatio 202175_a 2.10 181.5 102
S.C35B3 PAPS transport 231003_at] 2.05 70 32
GALNACAS6ST | CS chain modification 244874 af] 2.01 68 30

A supervised analysis was performed with the SAMvsare in order to compare the gene

expression profile of the MMC and the HMCL and ttetmine probe sets linked to each

type of cell as indicated in Table I.
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TableV: Correation of BAGALT7, CSGALNACT1, HS2ST1 and EXT1 gene expression with

prognosisin HM and LR-TT2 series of patients.

Gene BAGALT7 CSGALNACT1 HS2ST1 EXT1
Probe set 53076_at 219049_at 203285_s at 239227 _at
Good/bad gene good good good bad
EFS(P) 0.00070 0.02080 0.03650 NS
Heidelberg-Montpellier series (n=171)
OAS (P) NS 0.03400 NS 0.00940
EFS(P) 0.00888 0.00230 0.03050 NS
Little Rock series
(n=345)

OAS (P) 0.00280 0.00160 NS 0.03230

Data are thdé® values of the 4 probe set84GALT7, CSGALNACTL, HS2ST1 and EXT1 -

having a significant EFS and/or OAS in both HM aRRtTT2 series. When different probe

sets interrogating the same gemere associated to progngsibie probe set with the highest

variance was selected. “NS” (not significant”) icalies that Kaplan-Meier analysis is not

significant.
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Table VI: BAGALT7, CSGALNACT1, HS2ST1 and EXT1 expression in MM C according to the

molecular classification of multiple myeloma

Patients subgroup

5%

All PR LB MS HY cD1 CD2 ME MY
patients
Probe set 100% 8.4% 9.0%  12.1%  18.8%  6.3% 11.9% 6.0% 27
frequency of
53076_at patientswith 250 | 34% | 9795 | 71% | 3530, | 455% | 3660, | 150% | 31.6%
BAGAL 779" (P=109 (P=5.10% (P=2109
frequency of
duency. 34% | 452% 455% | 65.9%
219049 at | _paiiemswith 25% | S| o2Fe | 19.0% | 123% | SO5% | S99 | 30.0% | 12.6%
frequency of
quency. 3.4% 7.1% 780% | 0.0%
203085 s at | - patienswith 25% | A% | 323% | U | 27.7% | 318% | J80% | DO%, | 158%
frequency of 45,204
239227 at | patientswith 25% | 27.6% | 22.6%| 492% | 15490 | 27.3% | 22.0%| 150% | 23.2%
EXT1high (P=2107)

For each probe set, patients were classified inaftides according to probe set signal and we

examined the frequency of patients belonging to hitghest quartile in the 8 molecular

subgroups defined by Zhan et al(Zhahal 2006): PR: proliferation, LB: low bone disease,

MS: MMSET, HY: hyperdiploid, CD1 and CD2: CCND1/CON, MF: MAF/MAFB and

MY: myeloid group. Data are shown in bold and @¢alihen the percentage of patients with

BAGALT7"" CSGALNACT1 " HS2ST1 " or EXT1 " MMC in a given group was

significantly different from that in all patientstw a Chisquare test @0.05).
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Supporting information

TableSl. Geneslinked to HS and CS synthesisand modification

Gene name Gene description Probe set References
solute carrier family 2 (facilitated glucose traogpr);
SLC2A1 member 1 (GLUT1) 201250_s_at (Wood and Trayhurn 2003)
SLC2A2 solute carrier family 2 (facilitated glucose traospr); absent or weak Affymetri
member 2 (GLUT2) signal
202499_s_at "
202497 _x_at
solute carrier family 2 (facilitated glucose traospr); 216236_s_at
SLC2A3 member 3 (GLUT3
( ) 222088_s_at "
236571 _at "
202498_s_at
SC2Ad solute carrier family 2 (facilitated glucose traogpr); absent or weak Affymetri N
member 4 (GLUT4) signal
9.Co85 solute carrier family 2 (facilitated glucose/frusto 204430_s_at "
Glucose transporter); member 5 (GLUT5) 204429 s at "
transporters =
solute carrier family 2 (facilitated glucose/fruséo N
SLC2A6 transporter); member 6 (GLUT6) 220091_at
solute carrier family 2 (facilitated glucose/fruséo . N
SLe2a transporter); member 7 (GLUT7) no probe set available
solute carrier family 2 (facilitated glucose/fruséo
S.C2A8 transporter); member 8 (GLUT8) 218895 _at
solute carrier family 2 (facilitated glucose traospr);
S.C2A9 member 9 (GLUTO) 219991 at
solute carrier family 2 (facilitated glucose traospr);
SLC2A10 member 10 (GLUT10) 221024_s_at
solute carrier family 2 (facilitated glucose traogpr); N
S.C2A1L member 11 (GLUT11) 232167_at
SLC2A12 solute carrier family 2 (facilitated glucose traogpr); absent or weak Affymetri N
member 12 (GLUT12) signal
9.CoA13 solute carrier family 2 (facilitated glucose traospr); 227176_at N

member 13 (H(+)-myo-inositol symporter, HMIT)
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Gene name Gene description Probe set References
HK1 hexokinase 1 200697_at (Wilson 2003)
HK2 hexokinase 2 202934 _at "
HK3 hexokinase 3 absent or vyeak Affymetri N
signal
PGM1 phosphoglucomutase 1 201968_s_at (Drago, et al 1991)
225367_at "
PGM2 phosphoglucomutase 2 223738_s_at
225366_at
221788_at "
PGM3 phosphoglucomutase 3
210041_s_at "
PGM5 phosphoglucomutase 5 absent Orsﬁ;erill(l Affymetri (Edwards, et al 1995)
UGP1 UDP-glucose pyrophosphorylase 1 no probe set dlaila | (Bulter and Elling 1999)
UGP2 UDP-glucose pyrophosphorylase 2 205480_s_at "
UGDH UDP-glucose dehydrogenase 203343_at "
225583_at
UXSL UDP-glucuronate decarboxylase 1
Sugar 219675_s_at "
metabolism, . (Novelli and Reichardt
nudectide sugar GALE UDP-galactose-4-epimerase 202528_at 2000)
synthesis GALK1 galactokinase 1 220458 s_at "
GALK2 galactokinase 2 205219_s_at
. 203179_at "
GALT galactose-1-phosphate uridylyltransferase
232708_at "
. 235256_s_at (Timson and Reece 2003)
GALM galactose mutarotase (aldose 1-epimerase)
234974 _at
UAP1 UDP-N-acetylglucosamine pyrophosphorylase 1 209340_ (Szumilo, et al 1996)
GPI glucose phosphate isomerase 208308_s_at (Achari, et al 1981)
(Ghosh, et al 1960),
202722_s_at ]
GFPT1 glutamine-fructose-6-phosphate transaminase 1 - (Whitmore, et al 1995)
202721_s_at "
GFPT2 glutamine-fructose-6-phosphate transaminase 2 absent or v_veak Affymetrix (Ghosh, et al 1960), (Oki, et
signal al 1999)
GNPDA1 glucosamine-6-phosphate deaminase 1 202382_s_at (Shevchenko, et al 1998)
) ) 227022_at
GNPDA2 glucosamine-6-phosphate deaminase 2
230149_at "
GNPNAT1 glucosamine-phosphate N-acetyltransferase 1 228853 (Davidson, et al 1957)
Gene name Gene description Probe set References
qLcasay | Solute carrier family 35 (UDP-galactose transpgrteember 209326_at (Ishida and Kawakita 2004)
A2
207439 _s_at
9.C35A3 solute carrier family 35 (UDP-N-acetylglucosamitD(P- 226894_at
GIcNAc) transporter); member A3 206770_s_at "
9.C35D1 solute carrier family 35 (UDP-glucuronic acid/UDR-N 209711_at
acetylgalactosamine dual transporter); member D1 209712_at
Nuclectide S.C35M solute carrier family 35; member A4 (UDP-galactose 224626 at
sugars transporter) -
transporters 225881 _at "
solute carrier family 35; member B4 (UDP-Xylose/N-
S.C3584 acetylglucosamine transporter) 225882 _at
238418_at
S.C35B1 solute carrier family 35; member B1 (UDP-galactose 202433 at
transporter related) -
213083_at "
solute carrier family 35; member D2 (UDP-N-
S.C35D2 acetylglucosamine transporter) 231437_at
213082_s_at "
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Gene name Gene description Probe set References
SLC13A1 solute carrier family 13 (sodium/sulphate sympgrter | absent or weak Affymetri (Markovich and Murer
member 1 (NaSi-1) signal 2004)
i i i 224758_at "
S.C13M solute carrier faﬁgﬁtir(io(dslt?ﬁglphate sympgrter _
238273 _at
SLC26A1 solute carrier family Z?S(ZL'll'lT)ate transporter)nther 1 205058_at (Markovich 2001)
224959_at "
9.C26A2 solute carrier family 2?D(1§g"832?te transporter)mher 2 205097 at N
224963_at
S.C26A3 solute carrier family 26; member 3 (DRA/CLD) absent orsviveri; Affymetri "
Sulphate anion 9 -
transporters S.C26A4 solute carrier family 26; member 4 (PENDRIN) absent orsvivge:gi Affymetri
SL.C26A5 solute carrier family 26; member 5 (PRESTIN) 238020 "
S .C26A6 solute carrier family 26; member 6 (PAT-1) 221572ts
S .C26A7 solute carrier family 26; member 7 238214 _at
9.C26A8 solute carrier family 26; member 8 absent orsvivge:gi Affymetri
9.C26A9 solute carrier family 26; member 9 absent orsvivge:gi Affymetri
9. .C26A10 solute carrier family 26; member 10 absent Orsvi\g;eri(l Affymetri
SL.C26A11 solute carrier family 26; member 11 226679_at "
Gene name Gene description Probe set References
PAPSSL 3'-phosphoadenosine 5'-phosphosulphate synthase 1 209043_at (Xu, et al 2000)
Sulphate 203058_s_at "
activation in
PAPS PAPS2 3'-phosphoadenosine 5'-phosphosulphate synthase 1 203059_s_at "
203060_s_at "
Gene name Gene description Probe set References
S.C35B2 solute carrier family 35; member B2 (PAPST1) 224746 (Kamiyama, et al 2003)
PAPS !
222691_at (Kamiyama, et al 2006)
transporters 9.C35B3 solute carrier family 35; member B3 (PAPST2)
231003_at "
Gene name Gene description Probe set References
XYLT1 xylosyltransferase | absent Orsﬁ;erill(l Affymetri (Kamiyama, et al 2006)
(Gotting et al 2000),
XYLT2 xylosyltransferase Il 231550_at (Cuellar et al 2007)
(Furukawa and Okajima
. xylosylprotein beta 1;4-galactosyltransferase; peptide 7 53076_at 2002)
Synthesis of B4GALT7
. ) (galactosyltransferase 1)
linkage region 222191 _s_at "
B3GALT6 UDP-Gal:betaGal peta 1;3-galactosyltransferasepegide 225733_at (Bai, et al 2001)
6 (putative galactosyltransferase II)
35179 at (Pedersen, et al 2000)
B3GAT3 beta-1;3-glucuronyltransferase 3 (glucuronosyltienase 1)
203452_at
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Gene name Gene description Probe set References
EXTL2 exostoses (multiple)-like 2 209537_at (Kitagawa, et al 1999)
EXTL1 exostoses (multiple)-like 1 absent orsvivge:gi Affymetri (Kim, et al 2001)
EXTL3 exostoses (multiple)-like 3 absent or vyeak Affymetri "
signal
201995_at (Zak, et al 2002)
215206_at "
HSchain 232174 _at .
polymerization —
EXT1 exostoses (multiple) 1 234634 _at
237310_at
239227_at "
242126_at
202012_s_at
EXT2 exostoses (multiple) 2 —
202013_s_at
Gene name Gene description Probe set References
(Sato, et al 2003),
CSGALNACT1 chondroitin betal;4 N-acetylgalactosaminyltransfera 219049_at (Prabhakar and
Sasisekharan 2006)
55093_at Gotoh, et al 2002
CSGIcA-T chondroitin sulphate glucuronyltransferase = ¢ )
221799_at "
CSchain 3 218871 _x_at (Sato, et al 2003)
polymerization | CSGALNACT2 chondroitin sulphate GalNACT-2
222235 _s_at
CHSY1 carbohydrate (chondroitin) synthase 1 203044 _at (Kitagawa, et al 2001)
CHPF chondroitin polymerizing factor 202175_at (Kitagawa, et al 2003)
CHSY3 chondroitin sulphate synthase 3 242100_at (Yada, et al 2003),

(chondroitin synthase-2)

(Izumikawa, et al 2007)
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Gene name Gene description Probe set References
NDST1 N-deacetylase/N-sulphotransferase (heparan gludoghr 202607_at (Aikawa, et al 2001)
NDST2 N-deacetylase/N-sulphotransferase (heparan gludoghra 203916_at
NDST3 N-deacetylase/N-sulphotransferase (heparan gludoghra absent Orsvi\g;eri(l Affymetri
NDST4 N-deacetylase/N-sulphotransferase (heparan gludoggm absent Orsﬁ;erill(l Affymetri "

GLCE glucuronyl C5-epimerase 213552_at (Crawford, et al 2001)
203285_s_at (Xu, et al 2007)
203283_s_at "

HS2ST1 heparan sulphate 2-O-sulphotransferase 1 —
203284 _s_at
230465_at "
-O- (Habuchi, et al 1998),
HS6ST1 heparan sulphate 6-O-sulphotransferase 1 225263_at (Esko and Selleck 2002)
HS6ST2 heparan sulphate 6-O-sulphotransferase 2 absent orsvivge:gi Affymetri
HSchain HSBST3 heparan sulphate 6-O-sulphotransferase 3 232276 _at

modifications bsent KA i
HS3ST1 heparan sulphate (glucosamine) 3-O-sulphotrangfetras apsen orsvi\:;;l ffymetri (Esko and Selleck 2002)
HS3ST2 heparan sulphate (glucosamine) 3-O-sulphotrangfe&tas 219697_at "

HS3ST3A1 heparan sulphate (glucosamine) 3-O-sulphotrangfe3as absent orsvivge:gi Affymetri

HS3ST3B1 | heparan sulphate (glucosamine) 3-O-sulphotrang&B84& 227361_at "
HS3ST4 heparan sulphate (glucosamine) 3-O-sulphotrangfetas 228206_at
HS3ST5 heparan sulphate (glucosamine) 3-O-sulphotransfetas absent orsvi\:ge:akl Affymetri (Chen et al 2003)

212353 at (Morimoto-Tomita, et al

SULF1 sulphatase 1 — 2002)

212354 _at
224724 _at

SULF2 sulphatase 2 —
233555_s_at
219403_s_at (Vlodavsky, et al 1999)

HPSE Heparanase

222881 _at "
Gene name Gene description Probe set References
226368_at (Hiraoka, et al 2000)
CHST11 carbohydrate (chondroitin 4) sulphotransferase 11 219634 _at "
226372_at "
218927_s_at "
CHST12 carbohydrate (chondroitin 4) sulphotransferase 12 -
CSchain 222786_at
modifications i
CHST13 carbohydrate (chondroitin 4) sulphotransferase 13 absent Orsvivgerilx(l Affymetri (Kang, et al 2002)
CHST3 carbohydrate (chondroitin 6) sulphotransferase 3 absent orsvivge:gi Affymetri (Fukuta, et al 1998)
203066_at Ohtake, et al 2001,
GallngATMS B cell RAG associated protein = ¢ )
244874 _at
ust uronyl-2-sulphotransferase (20ST) 205139_s_at (Ohtake, et al 2005)

modification.

The

These tables list the 100 genes linked to HS ands@8hesis and
expression of 75 of these 100 genes might be efealua B and plasma cells using 123 probe

sets of Affymetrix U133 Plus 2:0 microarrays. 2ings could not be studied owing to a lack
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of probe set (2 genes) or to a defective probelsatacterized by low (< 100) or absent signal

in our samples and on a large panel of human ss&iget al 2004).

Table SII: SAM-defined overexpressed genes in PPC and in PPC plus BMPC versus

MMC

Gene name Function Probe set Fold-change Median in PCC Median in BMPC Median in MMC
SULF2 HS chain modificatior 224724 _at 135.83 6 383 1042
PAPSS2 PAPS synthesis 203058_s_a 35.86 3 51 87
SLC2A10 Glucose transport 221024_s_a 25.37 3 89 43 (rahgi86)
CHSY3 CS chain 242100_at 20.19 5 26 218
polymerization -
SULF2 HS chain modificatiory 233555_s_at; 20.09 5 69 207
PAPSS2 PAPS synthesis 203060_s_ai 12.48 18 94 105
SAM-defined genes S.C35D2 Nuct'f:rf's‘:)%ft“gar 213082_s_at 5.01 6 50 54 (range : 2-643)
overexpressed in sul .
phate anion 199
MMC SLC26A11 transport 226679_at 3.82 61 252 (range : 40-887)
PAPS2 PAPS synthesis 203059 _s_a 2.83 24 72 63 (rangg9p
UAP1 Sugar metabolism 209340_at 2.76 797 1855 2184
Comparison HS3ST4 HS chain modificatior 228206_at 2.65 28 69 79
PPC versus f
MMC EXTL2 HS chain 209537_at 2.45 144 181 298
polymerization
EXT2 HS chain 202012_s_at 2.32 188 193 374
polymerization — =
S.C2A3 Glucose transport 202497 _x_af 11.31 357 28 14
SLC2A3 Glucose transport 202499_s_a 9.13 474 146 36
SLC2A3 Glucose transport 202498_s_a 6.43 106 34 15
SAM -defined genes S.C2A3/// LC2A14 Glucose transport 222088_s_ai 5.96 154 50 28
overexpressed in PPC SLC2A6 Glucose transport 220091_at 3.65 106 27 19
S.C2A3/// LC2A14 Glucose transport 216236_s_al 3.09 182 175 50
HK2 Sugar metabolism 202934 _at 3.07 716 66 174
PGM2 Sugar metabolism 225367_at 2.41 1293 311 482
CHSY3 CS chain 242100_at 13.67 5 26 218
polymerization
SULF2 HS chain modificatior) 224724 _at 7.15 6 383 1042
SULF2 HS chain modificatior) 233555_s_at; 5.47 5 69 207
PAPSS2 PAPS synthesis 203058_s_ai 4.36 3 51 87
SAM-defined genes PAPS® PAPS synthesis 203060_s_a 3.11 18 94 105
overexpressed in i
s S.C35D2 Nucleotide sugar 51305 ¢ ot 2.85 6 50 54 (range : 2-643)
transport
Comparison . I
PPC plus HS2ST1 HS chain modification 230465_at 2.34 53 39 68 (ean-596)
BM "\DACM"gS“S SLC2AL0 Glucose transport 221024 s _a 2.19 3 89 43 (rafeR86)
EXT2 HS chain 202012_s_at 2.18 188 193 374
polymerization
EXTL2 HS chain 209537_at 2.08 144 181 298
polymerization
SLC2A3 Glucose transport 202497 _x_af 6.14 357 28 14
SAM -defined genes S.C2A3 Glucose transport 202498 s_a 4.14 106 34 15
overexpressed in PPC
plusBMPC SL.C2A3//] SLC2A14 Glucose transport 216236_s_ai 3.01 182 175 50
GALK1 Sugar metabolism 229458_s_ai 2.73 35 158 26

A supervised analysis was performed with the SAtwarre (1000 permutations) in order to

compare the gene expression profile of the PPClatpa and of the group PPC plus BMPC
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versus MMC. This analysis identified probe setatesl to each type of cells. Only probe sets
with a 2-fold change in expression at least anéoddse discovery rate were retained. Genes

were ranked according to the fold-change.
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Table SlII. Genes encoding for

corresponding probe sets

Gene name

Gene description

chondroitin

sulphate proteoglycans

Probe set

and ther

AGC1

aggrecan 1

205679_x_at
207692_s_at
217161_x_at

AGRN

agrin

212283 at
212285 s at
217419 x_at

APLP2

amyloid precursor like protein 2

208248 _x_at
208702_x_at
208703_s_at
208704_x_at
211404_s_at
228520_s_at

APP

amyloid beta (A4) precursor protein

200602_at
211277 x_at
214953 s_at

BCAN

brevican

219107_at

221623_at
223632_s_at
223633_s_at

91920_at

BGN

biglycan

201261_x_at
201262_s_at
213905_x_at

CD44

CD44 antigen

204489_s_at
204490_s_at
209835_x_at
210916_s_at
212014 _x_at
212063_at
216056_at
216062_at
217523_at
229221 _at
234411 _x_at

COL12A1

collagen Xl

Weak Affymetrix signal (always below 100 in our gales

and in Hogenesh data base)

COL14A1

collagen XIV

Weak Affymetrix signal (always below 100 in our gales

and in Hogenesh data base)

COL15A1

collagen XV

203477_at

COL9AL

collagen IX alpha 1

Weak Affymetrix signal (always below 100 in our gales

and in Hogenesh data base)

COL9A2

collagen IX alpha 2

213622_at

COL9A3

collagen IX alpha 3

204724 _s_at

VCAN

versican

204619_s_at
204620_s_at
211571_s_at
215646_s_at
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221731_x_at

205143_at
CSPG3 neurocan
205143_at
csPGa chondroitin sulphate proteoglycan 4 (melanofna 204736_s_at
associated) 214297 at
205344 _at
CSPG5 neuroglycan C
39966_at
209257_s_at
CSPG6 bamacan 209258_s_at
209259_s_at
201893_x_at
209335_at
DCN decorin
211813 x_at
211896_s_at
ESM1 endothelial cell-specific molecule 1 Weak Affymetrix 5|gnal (always below 100 in our qzles
and in Hogenesh data base)
201654_s_at
HSPG2 perlecan
201655_s_at
LOCB84664 - . Weak Affymetrix signal (always below 100 in our gales
1l CSPGALY chondroitin sulphate proteoglycan 4 like and in Hogenesh data base)
LUM lumican 201744 _s_at
201858_s_at
SRGN proteoglycan 1 secretory granule
201859_at
PTPRZ1 protein tyrosine phosphatase; receptor-type|Z 204469_at
polypeptide 1
SPOCK testican 202363_at
202523_s_at
SPOCK2 testican 2
202524 _s_at
SPOCK3 testican 3 235342_at
204731 _at
TGFBR3 betaglycan 226625_at
242145_at
203887_s_at
THBD thrombomodulin 203888_at
237252_at
TNR tenascin R 206990_at

This table lists the genes encoding for chondraitilphate proteoglycans (CSPG) (Oohata

al 2000), (Wegrowski and Maquart 2006), (Probstmeaieal 2000) examined in this study
and their corresponding probe sets in Affymetrix381Plus 2:0 microarrays. As previously
indicated, we did not consider data related to @rebts characterized by low (< 100) or
absent signal in our samples and on a large pdrlroan tissues (Hogenesh data base) (Su

et al 2004).
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Table SIV. SAM-defined overexpressed CSPG genesin MBC and in PPC plusBMPC

Gene name Probe set Fold-change Median in MBC Median in PPC Median in BMPC
SAM-defined genes SPOCK?2 202524 _at 9.73 972 59 129
overexpressed in SPOCK2 202523_s_at 3.52 177 59 43
Comparison MBC CSPG6 209258_s_at 3.36 143 24 40
Mo versus APLP2 208702 2.68 177 328 612
x_at .
PBP'\CA Elgs SAM -defined genes -
overexpressed in PPC APLP2 211404_s_at 2.20 168 237 534
plusBMPC
SRGN 201858_s_at 2.11 452 875 1210

A supervised analysis was performed with the SAlwsre using the list of genes encoding
for CSPG indicated in Table Slll. The aim was ¢épare the gene expression profile of the
MBC samples and the PPC plus BMPC samples andtésndi@e probe sets linked to each
type of cell. Only probe sets with a 2-fold charnigeexpression at least and a 0% false

discovery rate with 1000 permutations were retain@enes were ranked according to the

fold-change.

Table SV. SAM-defined overexpressed CSPG genesin BMPC and MMC

Gene name Probe set Fold-change = Medianin BMPC  Median in MMC
VCAN 204619_s_at 4.63 141 25
SAM -defined genes VCAN 221731_x_at 3.17 281 60
overexpressed in VCAN 204620_s_at 2.47 271 74
Comparison BMPC coLoa2 213622_at 2.26 239 82
BMPC versus APP 211277_x_at 2.05 118 66
MMC
SAM-defined genes
overexpressed in None
MMC

A supervised analysis was performed with the SAMware, as indicated in Table SIV.

58




References linked to additional data

Achari, A., Marshall, S.E., Muirhead, H., Palmid®iH. & Noltmann, E.A. (1981) Glucose-6-
phosphate isomeragehilosophical Transactions of the Royal Society of London.
Series B: Biological Sciences, 293, 145-157.

Aikawa, J., Grobe, K., Tsujimoto, M. & Esko, J.2001) Multiple isozymes of heparan
sulphate/heparin GIcNAc N-deacetylase/GIcN N-suffiosferase. Structure and
activity of the fourth member, NDSTZhe Journal of Biological Chemistry, 276,
5876-5882.

Bai, X., Zhou, D., Brown, J.R., Crawford, B.E., hhen, T. & Esko, J.D. (2001) Biosynthesis
of the linkage region of glycosaminoglycans: cl@hand activity of
galactosyltransferase I, the sixth member of thia li,3-galactosyltransferase family
(beta 3GalT6)The Journal of Biological Chemistry, 276, 48189-48195.

Bulter, T. & Elling, L. (1999) Enzymatic synthegiEnucleotide sugar$lycoconjugate
Journal, 16, 147-159.

Chen, J., Duncan, M.B., Carrick, K., Pope, R.M. i&,LJ. (2003) Biosynthesis of 3-O-
sulphated heparan sulphate: unique substrate mtgadf heparan sulphate 3-O-
sulfotransferase isoform &lycobiology, 13, 785-794.

Crawford, B.E., Olson, S.K., Esko, J.D. & Pinhal, AM(2001) Cloning, Golgi localization,
and enzyme activity of the full-length heparin/heasulphate-glucuronic acid C5-
epimeraseThe Journal of Biological Chemistry, 276, 21538-21543.

Cuellar, K., Chuong, H., Hubbell, S.M. & HinsdaM,E. (2007) Biosynthesis of chondroitin
and heparan sulphate in chinese hamster ovarydsgisnds on xylosyltransferase |II.
The Journal of Biological Chemistry, 282, 5195-5200.

Davidson, E.A., Blumenthal, H.J. & Roseman, S. {95lucosamine metabolism. Il. Studies
on glucosamine 6-phosphate N-acetyld$e.Journal of Biological Chemistry, 226,
125-133.

Drago, G.A., Hopkinson, D.A., Westwood, S.A. & Watibuse, D.B. (1991) Antigenic
analysis of the major human phosphoglucomutasgisez: PGM1, PGM2, PGM3
and PGM4 Annals of Human Genetics, 55, 263-271.

Edwards, Y.H., Putt, W., Fox, M. & Ives, J.H. (19%5novel human phosphoglucomutase
(PGM5) maps to the centromeric region of chromosengenomics, 30, 350-353.

Esko, J.D. & Selleck, S.B. (2002) Order out of chassembly of ligand binding sites in
heparan sulphaté&nnual Review of Biochemistry, 71, 435-471.

Fukuta, M., Kobayashi, Y., Uchimura, K., Kimata, &Habuchi, O. (1998) Molecular
cloning and expression of human chondroitin 6-gtdftsferaseBiochimica et
Biophysica Acta, 1399, 57-61.

Furukawa, K. & Okajima, T. (2002) Galactosyltramage | is a gene responsible for
progeroid variant of Ehlers-Danlos syndrome: madi@caloning and identification of
mutations Biochimica et Biophysica Acta, 1573, 377-381.

Ghosh, S., Blumenthal, H.J., Davidson, E. & Roser&arf1960) Glucosamine metabolism.
V. Enzymatic synthesis of glucosamine 6-phosphite Journal of Biological
Chemistry, 235, 1265-1273.

Gotoh, M., Yada, T., Sato, T., Akashima, T., lwaskk, Mochizuki, H., Inaba, N.,
Togayachi, A., Kudo, T., Watanabe, H., Kimata, KN&rimatsu, H. (2002)
Molecular cloning and characterization of a novedredroitin sulphate
glucuronyltransferase that transfers glucuronid &ziN-acetylgalactosamin@éhe
Journal of Biological Chemistry, 277, 38179-38188.

Gotting, C., Kuhn, J., Zahn, R., Brinkmann, T. &lkkiek, K. (2000) Molecular cloning and
expression of human UDP-d-Xylose:proteoglycan gootein beta-d-
xylosyltransferase and its first isoform XT-Jburnal of Molecular Biology, 304, 517-
528.

59



Habuchi, H., Kobayashi, M. & Kimata, K. (1998) Moldar characterization and expression
of heparan-sulphate 6-sulfotransferase. CompleiAcEloning in human and partial
cloning in Chinese hamster ovary cellie Journal of Biological Chemistry, 273,
9208-9213.

Hiraoka, N., Nakagawa, H., Ong, E., Akama, T.Oku€la, M.N. & Fukuda, M. (2000)
Molecular cloning and expression of two distinctrfain chondroitin 4-O-
sulfotransferases that belong to the HNK-1 sulfegfarase gene familyhe Journal
of Biological Chemistry, 275, 20188-20196.

Ishida, N. & Kawakita, M. (2004) Molecular physighpand pathology of the nucleotide
sugar transporter family (SLC3%flugers Archiv. European Journal of Physiology,
447, 768-775.

lzumikawa, T., Uyama, T., Okuura, Y., Sugahara&Kitagawa, H. (2007) Involvement of
chondroitin sulphate synthase-3 (chondroitin sysgh2) in chondroitin
polymerization through its interaction with chondirosynthase-1 or chondroitin-
polymerizing factorThe Biochemical Journal, 403, 545-552.

Kamiyama, S., Sasaki, N., Goda, E., Ui-Tei, K. gbakK., Narimatsu, H., Jigami, Y.,
Kannagi, R., Irimura, T. & Nishihara, S. (2006) Moular cloning and
characterization of a novel 3'-phosphoadenosimpdhésphosulphate transporter,
PAPST2.The Journal of Biological Chemistry, 281, 10945-10953.

Kamiyama, S., Suda, T., Ueda, R., Suzuki, M., OkihoKikuchi, N., Chiba, Y., Goto, S.,
Toyoda, H., Saigo, K., Watanabe, M., Narimatsu,Jifyami, Y. & Nishihara, S.
(2003) Molecular cloning and identification of 3igsphoadenosine 5'-
phosphosulphate transport&he Journal of Biological Chemistry, 278, 25958-25963.

Kang, H.G., Evers, M.R., Xia, G., Baenziger, J.US8hachner, M. (2002) Molecular cloning
and characterization of chondroitin-4-O-sulfotramase-3. A novel member of the
HNK-1 family of sulfotransferase$he Journal of Biological Chemistry, 277, 34766-
34772.

Kim, B.T., Kitagawa, H., Tamura, J., Saito, T., Khs-Gullberg, M., Lindahl, U. &
Sugahara, K. (2001) Human tumor suppressor EXT tndy members EXTL1 and
EXTL3 encode alpha 1,4- N-acetylglucosaminyltraresfes that likely are involved in
heparan sulphate/ heparin biosyntheRisceeding of the National Academy of
Sciences of the United States of America, 98, 7176-7181.

Kitagawa, H., lzumikawa, T., Uyama, T. & Sugah#a(2003) Molecular cloning of a
chondroitin polymerizing factor that cooperateswihondroitin synthase for
chondroitin polymerizationThe Journal of Biological Chemistry, 278, 23666-23671.

Kitagawa, H., Shimakawa, H. & Sugahara, K. (1998¢ Tumor suppressor EXT-like gene
EXTL2 encodes an alphal, 4-N-acetylhexosaminylfeaase that transfers N-
acetylgalactosamine and N-acetylglucosamine t@dinemon glycosaminoglycan-
protein linkage region. The key enzyme for the ghaitiation of heparan sulphate.
The Journal of Biological Chemistry, 274, 13933-13937.

Kitagawa, H., Uyama, T. & Sugahara, K. (2001) Maleac cloning and expression of a
human chondroitin synthasghe Journal of Biological Chemistry, 276, 38721-38726.

Markovich, D. (2001) Physiological roles and regioia of mammalian sulphate transporters.
Physiological Reviews, 81, 1499-1533.

Markovich, D. & Murer, H. (2004) The SLC13 gene fbnof sodium sulphate/carboxylate
cotransporterd2flugers Archiv. European Journal of Physiology, 447, 594-602.

Morimoto-Tomita, M., Uchimura, K., Werb, Z., Hemnddr, S. & Rosen, S.D. (2002)
Cloning and characterization of two extracellulaparin-degrading endosulfatases in
mice and humandhe Journal of Biological Chemistry, 277, 49175-49185.

Novelli, G. & Reichardt, J.K. (2000) Molecular basif disorders of human galactose
metabolism: past, present, and futivielecular Genetics and Metabolism, 71, 62-65.

Ohtake, S., Ito, Y., Fukuta, M. & Habuchi, O. (20®¢Human N-acetylgalactosamine 4-
sulphate 6-O-sulfotransferase cDNA is related tm&m B cell recombination

60



activating gene-associated gefibe Journal of Biological Chemistry, 276, 43894-
43900.

Ohtake, S., Kimata, K. & Habuchi, O. (2005) Rectigni of sulfation pattern of chondroitin
sulphate by uronosyl 2-O-sulfotransferaBee Journal of Biological Chemistry, 280,
39115-39123.

Oki, T., Yamazaki, K., Kuromitsu, J., Okada, M. &faka, I. (1999) cDNA cloning and
mapping of a novel subtype of glutamine:fructoseh®sphate amidotransferase
(GFAT2) in human and mous@éenomics, 57, 227-234.

Oohira, A., Matsui, F., Tokita, Y., Yamauchi, SA®no, S. (2000) Molecular interactions of
neural chondroitin sulphate proteoglycans in trerbdevelopmentrchives of
Biochemistry and Biophysics, 374, 24-34.

Pedersen, L.C., Tsuchida, K., Kitagawa, H., Sugah&r, Darden, T.A. & Negishi, M. (2000)
Heparan/chondroitin sulphate biosynthesis. Strecamd mechanism of human
glucuronyltransferase The Journal of Biological Chemistry, 275, 34580-34585.

Prabhakar, V. & Sasisekharan, R. (2006) The bit®gis and catabolism of
galactosaminoglycangdvances in Pharmacology, 53, 69-115.

Probstmeier, R., Braunewell, K. & Pesheva, P. (20@@lvement of chondroitin sulphates
on brain-derived tenascin-R in carbohydrate-depehnidéeractions with fibronectin
and tenascin-(rain Research, 863, 42-51.

Sato, T., Gotoh, M., Kiyohara, K., Akashima, T.alaki, H., Kameyama, A., Mochizuki, H.,
Yada, T., Inaba, N., Togayachi, A., Kudo, T., Asada Watanabe, H., Imamura, T.,
Kimata, K. & Narimatsu, H. (2003) Differential ral®f two N-
acetylgalactosaminyltransferases, CSGalNAcT-1,aandvel enzyme,
CSGALNACT?2. Initiation and elongation in synthesftschondroitin sulphatéelhe
Journal of Biological Chemistry, 278, 3063-3071.

Shevchenko, V., Hogben, M., Ekong, R., Parringfor& Lai, F.A. (1998) The human
glucosamine-6-phosphate deaminase gene: cDNA garid expression, genomic
organization and chromosomal localizati@ene, 216, 31-38.

Su, A.l., Wiltshire, T., Batalov, S., Lapp, H., @gi K.A., Block, D., Zhang, J., Soden, R.,
Hayakawa, M., Kreiman, G., Cooke, M.P., Walker,. &RHogenesch, J.B. (2004) A
gene atlas of the mouse and human protein-encodingcriptomesProceeding of
the National Academy of Sciences of the United States of America, 101, 6062-6067.

Szumilo, T., Zeng, Y., Pastuszak, I., Drake, RyrBio, H. & Elbein, A.D. (1996)
Purification to homogeneity and properties of UDERMNAC (GalNACc)
pyrophosphorylas@he Journal of Biological Chemistry, 271, 13147-13154.

Timson, D.J. & Reece, R.J. (2003) Identification @haracterisation of human aldose 1-
epimerasel-EBS Letter, 543, 21-24.

Vlodavsky, I., Friedmann, Y., Elkin, M., Aingorn,.HAtzmon, R., Ishai-Michaeli, R., Bitan,
M., Pappo, O., Peretz, T., Michal, I., Spector&lPecker, I. (1999) Mammalian
heparanase: gene cloning, expression and funetiomor progression and
metastasidNature Medicine, 5, 793-802.

Wegrowski, Y. & Maquart, F.X. (2006) Chondroitinlghate proteoglycans in tumor
progressionAdvances in Pharmacology, 53, 297-321.

Whitmore, T.E., Mudri, S.L. & McKnight, G.L. (199%)hysical mapping of the human
glutamine:fructose-6-phosphate amidotransferase RPT) to chromosome 2p13.
Genomics, 26, 422-423.

Wilson, J.E. (2003) Isozymes of mammalian hexolenatructure, subcellular localization
and metabolic functiordournal of Experimental Biology, 206, 2049-2057.

Wood, I.S. & Trayhurn, P. (2003) Glucose transpsr{&LUT and SGLT): expanded
families of sugar transport proteir.itish Journal of Nutrition, 89, 3-9.

Xu, D., Song, D., Pedersen, L.C. & Liu, J. (200d)t&tional study of heparan sulphate 2-O-
sulfotransferase and chondroitin sulphate 2-O-tnafisferaserhe Journal of
Biological Chemistry, 282, 8356-8367.

61



Xu, Z.H., Otterness, D.M., Freimuth, R.R., Carlii,J., Wood, T.C., Mitchell, S., Moon, E.,
Kim, U.J., Xu, J.P., Siciliano, M.J. & WeinshilbouiR.M. (2000) Human 3'-
phosphoadenosine 5'-phosphosulphate synthetag®P5@1) and PAPSS2: gene
cloning, characterization and chromosomal locabraBiochemical and Biophysical
Research Communications, 268, 437-444.

Yada, T., Sato, T., Kaseyama, H., Gotoh, M., Iwgddk Kikuchi, N., Kwon, Y.D.,
Togayachi, A., Kudo, T., Watanabe, H., Narimatsu&HKimata, K. (2003)
Chondroitin sulphate synthase-3. Molecular clorang characterizatiohe Journal
of Biological Chemistry, 278, 39711-39725.

Zak, B.M., Crawford, B.E. & Esko, J.D. (2002) Heitady multiple exostoses and heparan
sulphate polymerizatiom8iochimica et Biophysica Acta, 1573, 346-355.

62



