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Multiple sclerosis is a demydinating disease, characterized by inflammation in the
brain and spinal cord, possibly due to autoimmunity. Large scale sequencing of cDNA
libraries, derived from plaques dissected from brains of patients with multiple sclerosis
[MS], indicated an abundance of transcripts for osteopontin. Microarray analysis of
spinal cords from rats paralyzed from experimental autoimmune encephalomysdlitis
[EAE], a model of MS, also revealed increased OPN transcripts. Osteopontin
deficient mice were resistant to progressve EAE and had frequent remissons, and
myelin-reactive T cellsin OPN-/- mice produced more IL-10 and less g-interferon than
in +/+ mice. Osteopontin thus appears to regulate Thl mediated demyeinating

disease, and may offer a potential target in blocking development of progressive M S.



Multiple scleross [MS] is often characterized by relgpsing episodes of neurologic
impairment followed by remissons. In about a third of MS patients this disease evolves into a
progressive course, termed secondary progressive MS (1). In aminority of patients progressve
neurologic deterioration without remisson occurs from the onset of disease, and this is caled
primary progressive MS. The pathophysiologic and genetic causes underlying primary versus

secondary progressve MSremain unclear (2, 3, 4).

Osteopontin, dso caled early T cdll activation gene-1, (5, 6), has pleiotropic functions (7,
8, 9), induding roles in inflanmation and in immunity to infectious diseeses (8). OPN
codimulates T cdl proliferation (8), and is classfied as a Thl cytokine, due to its ability to
enhance IFN-gammaand IL-12 production, and to diminish IL-10 (10). We investigated arole
foo OPN in MS and an expaimentd modd for MS, expeimentad autoimmune

encephdomydlitis [EAE].

Initidly we set out to identify gene transcripts involved in the inflammatory response that
might be increased in the centrd nervous system during active EAE, and which returned to
norma when EAE was successfully treated after the onset of pardyss. Customized
oligonucleotide microarrays were produced to monitor transcription of genes involved in
inflammatory responses (11-14). Theseinitid microarray experiments showed that osteopontin
transcripts were eevated in the brains of rats with EAE, and not in brains of rats protected from
EAE. Detalls of these experiments are available on the internet (14).

In pardld, we performed high throughput sequencing of expressed sequence tags [EST],
utilizing non-normaized cDNA brain libraries (15, 16, 17), generated from MS brain lesions
and control brain (18). Using this protocol the mRNA populations present in the brain
pecimens are accurately represented, enabling the quantitative estimation of transcripts and
comparisons between specimens (18) (Table 1 and web Table 1 [ref. 14]). Molecular mining of
two sequenced libraries and their comparison with anorma brain library, matched for size and



tissue type, and constructed with an identical protocol, reveded that OPN transcripts were
frequently detected, and exclusive to the MS mRNA population, but not that of control brain
(Table ).

We sequenced over 11,000 clones from MS libraries 1 and 2, and control libraries,
respectively (Web Fig. 1 [ref. 14]), and focused andlysis on genes present in both MS libraries,
but absent in the control library (18). This yieded 423 genes, including 26 novel genes. From
those, 54 genes showed a mean fold change of 2.5 or higher in MS libraries 1 and 2 [Table 1].
Transcripts for dpha B-crygdlin, an inducible heat shock protein, locaized in the myelin sheath,
and known to be targeted by T cdlsin MS, were the most abundant transcripts unique to MS
plagques (19) [Table 1]. The next five mogt abundant transcripts, included those for
prostaglandin D synthase, prostatic binding protein, ribosomal protein L17, and OPN.

Next we andlyzed al genes present in each of the three cDNA libraries, and found 330 (7
novel) genes. Based on the clone count of each sequenced gene, a table was constructed with
transcripts showing an average fold difference [AFD] equd or greater than +2.00 between MS
and control. Forty of these transcripts were divided into three levels, based on the consistency
of differential expresson across libraries (web table 1 [ref. 14]). Some of these genes (web
Table 1 [ref. 14]), included myelin basic protein [MBP)], heat shock protein 70 [HSP-70], dlid
fibrillary acidic protein [GFAP] and synagptobrevin. MBP transcripts displayed consigtent high
levels of expresson in the 3 libraries, suggesting a very high turnover rate for this protein.
Expresson of HSP70-1, which is involved in myein folding (20) was sgnificantly eevated.
Although not differentialy expressed, GFAP was among the three most abundant speciesin dl
the libraries, consgstent with a prominent glid (or astrocytic) response in the MS brains. Six
genes belonging to the KIAA group of largesize cloned mRNAS, showed differentia
expresson. The decreased transcription of  syngptobrevin might be of interest given that it
belongs to afamily of smdl integrad membrane proteins specific for syngptic vescdesin neurons.
Recent evidence indicates that axona loss is one of the mgor components of pathology in MS
(21, 22).



Given the known inflammeatory role for OPN, we examined the cellular expression pattern
of this protein in human M S plagues and in control tissue, by immunohistochemistry. To identify
cdls expressng OPN in situ we used a polyclond antibody, generated in mouse againgt
recombinant GST-OPN, to stain postmortem M S and control tissue samples (23) (Fig. 1A and
B). Within active MS plagues OPN was found on microvascular endothelid cdls and
macrophages (Fig. 1A), and in white matter adjacent to plagues. Reactive astrocytes and
microglia also expressed OPN (Fig. 1B).

The role of OPN in inflammatory demydinating disease was next examined usng two
models of EAE (1). A regpsing-remitting mode of EAE was first used to compare the cdllular
expresson of OPN at different stages of the disease. Disease was induced in SIL mice by
immunization with the peptide PLP139-151 in complete Freund's adjuvant [CFA], and the
animas were scored daily for signs of disease (24). Brain and spina cord were removed ether
during acute phase, remisson or firg rdapse (25). Histopathologic identification of OPN in
EAE was then performed. (Fig. 1C-F). OPN was expressed broadly in microglia during both
relgpse and remisson from disease, and this expresson was focused near perivascular
inflammatory lesons. In addition to OPN expresson on glia, expresson in neurons was
detectable during acute disease, and relgpse, but not during remisson. To confirm the
expresson of OPN in an acute form of EAE, arapid, monophasic demydinating disease was
induced in Lewisras (12), and OPN immunogaining was performed on brains (Fig. 1G) (29).
OPN expression in microglia and neurons was predominant in the sck rats, and was focused
close to the acute lesons, as was observed in the relgpsing/remitting  mouse modd of EAE.
Staining of OPN in bone with the same antibody MPI11B10, served as a postive control (Fig.
1H). These results strongly implicated OPN in acute, as well asin rdapsing forms of EAE, and
suggested that the degree of expresson of OPN in lesons corrdlated with the severity of

disease.

The potentia role of OPN in demyelinating disease was next tested using OPN deficient
mice [Fig. 2](30). EAE was induced using MOG 35-55 in CFA in OPN-/- mice and OPN+/+
controls (31). EAE was observed in 100% of both OPN+/+ and OPN-/- mice with MOG 35



55. Despite this, severity of disease was sngificantly reduced in dl animasin the OPN-/- group
(Fig. 2A), and these mice were totdly protected from EAE-related death (Fig. 2B). Thus, OPN
sgnificantly influenced the course of progressive EAE induced by MOG 35-55.

The rate of relgpses and remissons was next tested. During the first 26 days, OPN-/-
mice diplayed a didinct evolution of EAE, with a much higher percentage of mice having
remissions compared to the controls (Fig. 2C). OPN+/+ and OPN-/- mice were sacrificed on
days 28, 48, and 72 post-immunization for hisopathology. Although the dlinica coursesin the
two groups were quite different, there were smilar numbers and gppearances of inflammatory
foc within the central nervous system (32). Therefore, dthough OPN may not influence the
extent of the inflammatory response, this molecule might criticaly influence whether or not the

course of disease is progressive, or whether relgpses and remissions develop.

To examine whether different immune responses were involved in OPN-/- and OPN+/+
animds, we tested the profile of cytokine expresson in these mice. Snce EAE isa T cdl
mediated disease, we first andyzed the T cdl proliferative response to the auto-antigen MOG
35-55 in the OPN-/- mice. T cellsin OPN-/- mice showed a reduced proliferative response to
MOG 35-55, compared with OPN+/+ T cdlls (Fig. 3A). In addition, IL-10 production was
increased in T cells reactive to MOG 35-55 in OPN-/- mice that had developed EAE,
compared with T cellsin OPN+/+ mice (Fig. 3B). At the same time, IFN-gamma and IL-12
production was diminished in the cultures of spleen cdls stimulated with MOG (Fig. 3C-D).

Since IFN-g and IL-12 are important pro-inflammatory cytokines in MS (1, 33), the
finding that in OPN-/- mice there is reduced production of these cytokines, is consstent with the
hypothesis that OPN may play a critical role in the modulation of Thl immune responsesin MS
and EAE. Further, IL-10 has been associated with remisson from EAE (34). In this context,
the enhancement of myelin specific IL-10 production in OPN-/- mice, may account for the
tendency of these mice to go into remisson. Sustained expression of IL-10 may thus be an
important factor in the reversa of rlapsing MS, and its absence may dlow the development of

secondary progressive MS.



In concluson our data support the idea that OPN may have pleotropic functions in the
pathogenesis of demyelinating disease. OPN production by glid cells may lead to the attraction
of Th1 T cdls, and its presence in glid and ependyma cdls may dlow inflanmatory T cdlsto
penetrate the brain. Findly, our data suggest that neurons may aso secrete this proinflammeatory
molecule and participate in the autoimmune process. Potentiadly, neurona OPN secretion could
modulate inflammation and demyeination, and influence the dlinicd severity of the diseese.
Consgent with thisidea, arole for neurons in the pathophysiology of MS and EAE has recently
been described (21,22), and neurons are known to be capable of cytokine production (35,36).
OPN inhibits cdl lyss (6), and thus neurond OPN might even protect the axon from
degeneration during autoimmune demydination.

CD44 isaknown ligand of OPN, mediating a decrease of IL-10 production (10). As
shown here, OPN-/- mice produced eevated 1L-10 during the course of EAE. We recently
demondtrated that anti-CD44 antibodies prevented EAE (37), suggeding tha the
proinflammatory effect of OPN in MS and EAE might be mediated by CD44. The binding of
OPN to its integrin fibronectin receptor a b; through the arginine-glycine-aspartate tripeptide
motif may aso perpetuate Thl inflammation (10). In active MS lesions, the ay subunit of this
receptor is overexpressed in macrophages and endothelid cdls, and the b subunit is expressed
on endothdlid cdl lumind surfaces (23). Viaits tripeptide binding moatif, OPN inhibits inducible
nitric oxide synthetase (INOs) (38), which is known to participate in autoimmune demyeination
(2). Thusin concluson, OPN is Stuated at a number of checkpoints that would adlow diverse
activitiesin the course of autoimmune mediated demydination.
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Table 1: M S-Specific Gene Transcripts.

12

Only genes with a mean fold change of >2.5 are listed. N/A, mapping position is not known. *,
genomic regions that reached nomind criteria of linkage in genome-wide screenings.

Accession Gene descrintion MS1 MS2 Averaae Cellular function Genomic
# abundance abundance _clone count location

S45630 Alpha B-crystallin 7 12 95 cell structure/motility 11g22.3-923.1
M61901 Prostaglandin D synthase 8 7 75 cell signalling/ cell communication 9934.2-34.3
X75252 Prostatic binding protein 6 7 6.5 cell signalling/ cell communication 12924.1 *
X53777 Ribosomal protein L17 10 2 6 gene/protein expression 18q
X13694 Osteopontin 8 3 55 cell structure/motility/signaling 4q21-9q25
AB037797 KIAA1376 6 3 45 unclassified 5
719554 Vimentin 4 5 45 cell structure/motility 10p13
X52947 Cardiac gap junction protein 5 3 4 cell signalling/ cell communication 6021-g23.2 *
D17554 DNA-binding protein 4 4 4 gene/protein expression 12g23-24.1*
AF181862 G protein-coupled receptor 2 6 4 cell signalling/ cell communication 16p12
AB018321 ATPase, Na/K transporting, alpha 2 (KIAA0778) 2 6 4 cell signalling/ cell communication 1021-q23
AF100620 MORF-related gene X 1 7 4 gene/protein expression Xqg22 *
AB002363 KIAA0365 1 7 4 unclassified 19p12
AF072902 Gp130 associated protein GAM 6 1 35 unclassified 19p13.3
M11233 Cathepsin D 6 1 35 cell/organism defense 11p15.5
D78014 Dihydropyrimidinase related protein-3 6 1 35 metabolism 5q32
X53305 Stathmin 4 3 35 cell division 1p36.1-p35 *
AF026844 Ribosomal protein L41 4 3 35 unclassified 22q12
u48437 Human amyloid precursor-like protein 1 4 3 35 unclassified N/A
U51678 Small acidic protein 3 4 35 unclassified N/A
u67171 Selenoprotein W 3 4 35 metabolism 19913.3 *
S80794 Tyrosine and tryptophan hydroxylase activator 2 5 35 cell signalling/ cell communication 229123
AB011089 KIAAQ0517 (brain) 4 2 unclassified 4028
AAD32952  PHRI isoform 4 [Mus musculus] 3 3 unclassified N/A
J04173 Phosphoglycerate mutase, brain 2 4 metabolism 10g25.3
M22382 Heat shock 60kD protein 1 (chaperonin) 2 4 cell/organism defense 2
M34671 HUMCD59A Human lymphocytic antigen CD59/MEM42 2 4 unclassified 11p13
M64786 Similar to Myc 2 4 unclassified N/A
AJ132695 Racl gene 2 4 cell signalling/ cell communication Xq26.2-27.2
799716 Septin 3 1 5 cell division 22q13.1
U49436 Human translation initiation factor 5 1 5 gene/protein expression 14qg32*
CAAB3354  Cysteine string protein [Bos taurus] 2 3 unclassified N/A
U90915 Cytochrome c oxidase subunit IV 4 1 metabolism 16024.1
J02611 Apolipoprotein D 4 1 metabolism 3026.2-qgter
X05607 Cystatin C (cysteine proteinase inhibitor precursor) 4 1 metabolism 20p11.2
U45976 Clathrin assembly protein lymphoid myeloid leukemia 4 1 unclassified 11q14
J00272 Metallothionein-Il pseudogene 4 1 unclassified 4p11-g21
S69965 Beta-synuclein 3 2 unclassified 5q35
Y00711 Lactate dehydrogenase B 3 2 metabolism 12p12.2-p12.1
L37033 FK-506 binding protein homologue (FKBP38) 3 2 cell signalling/ cell communication 19p12

3 2

3 2

3 2

3 2

3 2

2 3

2 3

2 3

2 3

2 3

2 3

2 3

2 3

O RN NN NN NNNDNDNDNNNNNNNDNNDNDNDN
b v oo oo oo oo a®PPPERLLLL

AF044956 NADH:ubiquinone oxidoreductase B22 subunit metabolism 8q13.3
AB011154 KIAA0582 (brain) unclassified 2p12

X55039 Centromere autoantigen B unclassified 20p13
X64364 Basigin cell signalling/ cell communication 19p13.3
u82761 S-adenosyl homocysteine hydrolase-like 1 metabolism 1

D13627 Chaperonin containing TCP1, subunit 8 (theta) gene/protein expression 21g22.11
747087 Transcriotion elonaation factor B (SIII). bolvoentide 1-lik gene/protein expression 5q31

X75861 Testis enhaced gene transcript cell division 12q12-g13
M16447 Quinoid dihydropteridine reductase metabolism 4p15.31
M22918 Non-muscle myosin alkali light chain unclassified 12

M55270 Matrix Gla protein unclassified 12p13.1-p12.3
AF151807 CGl-49 protein unclassified 1
AAD45960  Human FST HO8032 1 (NID:g872854) unclassified 7011.23-021.1

12
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Figurel

CNS expression of osteopontin in demyelinating disease

A,B. MS. OPN in macrophagesin the center of an actively demydinaing MS plague (A) and
in white matter astrocytes adjacent to an active MS plague (B). OPN staining was performed

with a polyclond anti-OPN antibody on paraffin-embedded sections.

C-F. Redapsng-remitting EAE in mice. EAE was induced in nine SIL mice (The Jackson
Laboratory, Bar Harbor, ME) with PLP 139-151, as previoudy described (24). Four mice
injected with PBS served as controls.  Immunogtaining was performed with the anti-OPN
antibody MPI11B10; (Deveopmentd Studies Hybridoma bank, lowa City, 1A) (25) and dides
were examined by a blinded observer. (C) OPN was broadly expressed in CNS microglia,
especidly near inflammatory lesons, but not in adjacent peripherd nerves (arrow). (D)
Expression in neurons (arrows) was detectable during the acute phase (N=4) and relapse
(N=2), but not during remisson (N=1) or in mice with inflammatory lesons which never
developed paralysis (N=2). (E) OPN expression in astrocytes (arrows) and choroid plexus
cdls (F) was dso more frequent and more pronounced in immunized mice (100%) than in
controls (25%).

G. Acute EAE in rat. EAE was induced in 19 Lewis rats (The Jackson Laboratory) as
described in (13) but with 400 ng GPSCH. Four rats injected with CFA aone served as
controls. Brains were processed and stained with MPITIB10; (29). Microglid expresson of
OPN around inflammatory lesions (G) corrdated with the clinical disease severity. OPN was

a0 expressed in neurons (arrows), mostly in the animas with severe clinica sgns.

13
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H. Pogtive control. OPN staining in the bony growth plate of a mouse femur with MPIITB10,.

All photos are immunoperoxidase stained with diaminobenzidine chromogen and hematoxylin
counterstain. Magnifications: A-D, F, H = 370X; EG = 494X.

Figure2

Clinical attenuation of EAE in OPN-/- mice

EAE was induced in OPN+/+ (N=18) [closed circles] and OPN-/- (N=17) [open circles] mice
(30) with MOG 35-55, as described in (31). EAE was scored as followed: O: normd -
1:monoparesis - 2: pargparesis — 3: paraplegia— 4: Tetraparesis — 5. moribund or dead. For
each anima aremission was defined by a decrease of the score of a least one point for at least
two consecutive days. EAE was consdered remitting when at leest one remission occurred
within the 26 first days, and progressive when no remission occurred.

(A): OPN-/-[open circles] mice have milder disease than OPN+/+ controls [closed circles).
The error bars represent the standard error for each point. EAE was observed in 100% of both
OPN+/+ and OPN-/- mice with MOG 35-55, [N=18 for OPN+/+ and N=17 for OPN-/-].
Although EAE could be induced with a 100% incidence in OPN-/- mice, a Sgnificantly reduced
severity of disease developed in the OPN-/- group, with a decrease of the mean EAE score (at
day 30, mean EAE score 2.5 in OPN+/+, compared to 1.2 in OPN-/-, Mann-Whitney Rank
Sum test p=0.0373) and a decrease of the mean maximum severity score (mean severity 3.7 in
OPN+/+, compared to 2.8 in OPN-/-, Mann-Whitney Rank Sum test p=0.0422) . There was
no significant delay of the day of onset of disease (mean 11.7 days in OPN+/+, compared to

12.5 days in OPN-/-, Mann-Whitney Rank Sum test p=0.322). (B): OPN-/- mice (open

14
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circles) are protected from EAE related death, zero dead out of 17, cmpared to 7 dead out of
18 in the OPN+/+ mice at day 70 (p=0.0076 by Fisher's exact test). C): OPN promotes
progressve EAE. The bars represent the percentage of mice having a remitting (black) or
progressive (white) disease in each group. OPN-/- mice showed a distinct evolution of EAE,
with a much higher percentage of mice having remissons compared to the controls. (10 out of
18 had remissions in the OPN+/+ group (55.5% ), compared to 16 out of 17 in the OPN-/-
group (94.1%), p = 0.0178 by Fisher's exact test).

Figure3

Attenuated T cell activation by MOG35-55 in OPN-/- mice

(A): Inhibition of T cel proliferation in OPN-/- mice. A proliferation assay was performed
on draining lymph nodes [LN] from OPN+/+ (closed circles) and OPN-/- (open circles) mice
(30), 14 days after induction of EAE. EAE was induced with MOG 35-55, as described in
(31). Draining LN were removed 14 days after immunization, and LN cdlls were stimulated in
96-well flat bottom plates (2.5 10°/ml, 200m/well) with serid dilutions of HPLC purified MOG
35-55 (0-50nmM), as described (39). The medium contained 2% serum from the type of mouse
tested, in order to avoid introducing OPN into the in vitro assays on OPN-/- cells; OPN+/+
norma mouse serum was used for the assays on OPN+/+ cdlls, while OPN-/- norma mouse
serum was used for the assays on OPN-/- cdls. Concanvdin A (2ng/ml), a non-specific
mitogen for T cdlls, was used as a non specific positive control. PH] thymidine was added to
the triplicates [mean + dtandard deviation grephed], after 72h of antigen simulation and its
incorporaion by the proliferating cdls (in cpm) was measured 24h later. B): OPN -/- cdlls

produce more IL-10 than OPN+/+ cells. OPN+/+ (black bars) and OPN-/- (white bars)

15
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LN cels were stimulated in the same way as for the proliferation assay (Fig. 3A), but in 24-well
flat bottom plates (2ml/well). MOG 35-55 was used at a concentration of 12.5nM. I1L-10 was
measured by ELISA on the 48h supernatants (dilution 1/2), in duplicate [mean + standard

deviation graphed)], according to the manufacturer’ s ingructions.

Fig 3C: OPN-/- cdlls produce less | FN-gamma than OPN+/+ cells. OPN+/+ (filled bars)
and OPN-/- (open bars) spleen cells were removed 14 days after induction of EAE with MOG
35-55 and stimulated as described for Fig. 3B, but with 4.5 10° cells/well. IFN-gamma was
measured by ELISA on the 48h supernatants (dilution 1/5), in triplicate!, according to the
manufacturer’s ingructions. O©): OPN-/- cells produce less IL-12 than OPN+/+ cdlls.
OPN+/+ (black bars) and OPN-/- (white bars) spleen cells were removed as described for
Fig. 3C. IL-12 p70 was measured by ELISA on the 24h supernatants (dilution 1/1), in
duplicate [mean + standard deviation graphed], according to the manufacturer’s ingtructions

(OPTEIA kit, PharMingen, San Diego, CA).
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Supplementary Materid
Web Table 1, Available on the Internet. Genes differentially expressed in MS and
normal libraries®

20

~ Only genes corresponding to transcripts with an average fold difference of 3 2 are listed. The
fird section of the table lists genes whose expresson was datidicaly sgnificant in both MS
libraries when compared to the CTRL library (Fisher’s exact test, p<0.05). The second section
contains genes with ggnificant difference in expresson in only one of the MS libraries and the
CTRL. The last section includes genes with non-significant differences but AFD 3 £3.00. N/A,
mapping position is not known. *, genomic regions that reached nomind criteria of linkage in
genome-wide screenings.

Accession #

Gene description

Clone count

MS1

Average

MS2_CTRL _Fold-difference

Cellular function

Genomic location

M17885 Acidic ribosomal phosphoprotein PO 9 13 2 5.2 gene/protein expression 12q24 *
X16869 Elongation factor 1-alpha 32 33 15 2.07 gene/protein expression 6q14
M54927 Myelin proteolipid protein 41 16 64 -3 cell structure/motility Xq22 *
U66623 Small GTPase 1 1 7 -7.35 cell signaling/cell communication  2g21.2
M26252 Piruvate kinase, muscle 2 1 10 -8.04 Energy metabolism 15922
M59828 Heat shock protein 70-1 2 14 1 7.29 cell/organism defense 6p21.3 *
AF068846 Scaffold attachement factor A 6 1 1 2.49 Cell division N/A
AF035283 Clone 23916 10 15 5 2.36 unclassified N/A
U46571 Tetratricopeptide repeat protein 2 10 4 3 2.29 unclassified 17q11.2
AF131756 clone 24912 2 10 10 -3.02 unclassified N/A
X92845 N-myc downstream regulated 1 7 7 -4 unclassified 8g24.1
M97168 X (inactive)-specific transcript 1 13 10 -4.33 unclassified Xql13.2
AB023167 Neural membrane protein 35 (KIAA0950) 1 3 7 -4.74 unclassified 12913
AB002391 HERC2 (KIAA0393) 2 1 7 -5.63 unclassified 15q13
AF055026 RaP2 interacting protein 8 1 1 6 -6.3 Unclassified 17
U89330 Microtubule-associated protein 2 1 1 6 -6.3 cell structure/motility 2034-935
M20020 Ribosomal protein S6 5 6 1 5.23 gene/protein expression 9p21 *
X03747 Na/K-ATPase beta subunit 5 5 1 4.78 Energy metabolism 1022-925
V00572 Phosphoglycerate kinase 5 4 1 4.33 metabolism Xql3
M59488 S100 protein beta-subunit 5 4 1 4.33 cell signaling/cell communication ~ 21¢22.3
AB018271 KIAAQ728 (Brain) 4 4 1 3.83 Unclassified 6pl11-11.2
AB020718 KIAA0911 4 3 1 3.38 unclassified 1p36 *
AAD02202 CaM-KlI inhibitory protein [Rattus norvegicus] 2 5 1 3.26 unclassified N/A
D67025 Proteasome 26S subunit (non-ATPase, 3) 1 1 3 -3.15 cell/organism defense 17qg21.1
D63424 Glycogen synthase kinase 3 alpha 1 1 3 -3.15 metabolism 19g13.3-13 *
AF051976 Unconventional myosin XV 1 1 3 -3.15 cell structure/motility 17pl11.2
X13916 LDL-receptor related protein 1 1 3 -3.15 metabolism 12q13.914
AB028981 KIAA1058 1 1 3 -3.15 unclassified 13
AF102846 N-ethylmaleimide-sensitive factor 3 1 5 -3.61 metabolism 17921
L10284 Calnexin 3 1 5 -3.61 cell/organism defense 5q35
D88435 Cyclin G associated kinase 1 2 5 -3.85 cell division 4p16
AF054987 aldolase C 2 1 5 -4.02 metabolism 17cen-q12
CABO01750 similar to Mitochondrial carrier proteins [Caenorhabditis elegans] 1 1 4 -4.2 Unclassified N/A
AL137406 Clone DKFZp434M162 1 1 4 -4.2 Unclassified N/A
AB032436 Brain specific Na+-dependent inorganic phosphate cotransporter 1 1 4 -4.2 metabolism 1913 *
L10911 Splicing factor (CC1.3) 1 1 4 -4.2 gene/protein expression 20
L77864 Amyloid beta (A4) precursor protein-binding, family B, member 1 (Fe65) 1 4 7 -4.42 unclassified 11p15
U64520 Synaptobrevin-3 1 1 5 -5.25 unclassified 1p35-p36
D87465 KIAA0275 (brain) 1 1 5 -5.25 unclassified 10
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Web Figure 1 [Supplementary Data]:

Web Fig 1A. Frequency distribution of Libraries. The libraries were made in collaboration
with Incyte Genomics. Libraries were congructed using 1.5 mg of polyA RNA from each
sample. cDNA synthesis was initiated using a Notl-anchored oligo(dT) primer. Double-
stranded cDNA was blunted, ligated to EcoRI adaptors, digested with Notl, size-selected, and
cloned into the Notl and EcoRl stes of the pINCY vector (Incyte, Pao Alto, CA).
Approximately 4,000 clones from each library were sequenced in ABI automatic DNA
Sequencer (Applied Biosciences, Foster City, CA). Annotated data was extracted from the
Incyte database LifeSeq Gold® and incorporated into MS Access 2000® and MS Excel
2000® for further andyss. All queries were designed and performed in MS Access, while
charts and tables were generated with MS Excdl. Cdlular roles were assigned after consulting
the Expressed Gene Anatomy Database (EGAD, The Inditute for Genomic Research,
www.tigr.org/egad). Genomic location was included according to NCBI's MapView and
Genemagp'98. (Nationd Inditute for Biotechnology Information, www.ncbi.nim.nih.gov)
Comparisons of gene frequencies between each M S library and the CTRL were performed and
the average fold change calculated. Differences in gene expresson were subjected to Fisher's
exact test and a P-value of 0.05 or lower, was sdlected as criteria for incluson in each

comparison.

We sequenced 3678, 4174, and 3740 clones from MS1, MS2, and control libraries,

respectively . Each of the libraries had a subgstantid number of clones with no maich to the
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Genbank database, and were thus consdered nove. Clones in library MSL1 could be assgned
to 2387 different cDNA species from which 331 corresponded to novel genes. MS2 and
CTRL vyidded 2727 (546 novel) and 2352 (511 novel) species respectively. Analyss of
frequency digtribution reveded a smilar pattern for al three libraries, with the most abundant
transcripts being represented by few gpecies including two myein genes, myelin basic protein,
[MBP], and proteolipid protein, [PLP], and the astrocyte-specific transcript, glid fibrillary
acidic protein, [GFAP]. Smilarly, there was an exponentially decreasing frequency observed for
less frequent cDNA species in dl three libraries. Taken together the data reved that the
composition and complexity of the three libraries were smilar, and that there were no obvious

biases, therefore enabling comparative andyss.

Clones with a count higher than 6 were organized in decreasing order according to ther
frequency. Arrows indicate the three most common ESTSs in each library. MBP was the most
highly expressed gene in al three libraries GFAP and PLP were the next most abundant
gpecies in the MS libraries, but their frequency order was reversed in the control library.
Unidentified ESTs are shown in lighter color than known, annotated clones.

Supplementary Fig 1B. Category distribution. Clones were distributed into one of the
following categories: RN, redundant novel; RK, redundant known; HA, high abundance; SN,
solitary novel; and SK, solitary known. The relative contribution to each category is shown in a
pie chart for dl libraries.

Supplementary Fig 1C. Intersectional queries. All possble comparisons were performed

among the three libraries. Clones were counted and distributed into their corresponding
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intersection on the Venn diagrams.  The totad number of sequenced clones is shown for each
library. The number of different mMRNA species for each library is dso shown dong with the
number of unknown genes in parentheses. The number of RNA species that were specific for

each library or intersection of libraries is digolayed underlined, dong with the number of

unknown genesin parentheses.
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0.04%
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Further supplementary material, Methods and Experimental Details:

Details of immunohistochemical staining: After perfuson with 200ml of 10% formdin,
brains were removed at seven different time points between day 11 and day 28 post
immunization. OPN was detected with the anti-OPN antibody MPI11B10;, dilution 1/50. We
used the secondary biotinylated rat adsorbed Anti-Mouse 1gG (H + L) antibody from Vector
Laboratories (cat# BA 2001). The staining was eva uated by a blind observer according to a

semiquantitative scae (3 grades).

Details of Induction of EAE: We induced EAE with MOG 35-55 in CFA in 129/C57BI/6
OPN-/- mice, and 129/C57BI/6 OPN+/+ controls. Here we dightly modified the protocol: we
injected 100ng of MOG 35-55 emulsion subcutaneoudy in the flanks of each femade at day 0O,
and 400 ng of Pertussis Toxin a day 0 and day 2.

Seven OPN+/+ and 6 OPN-/- mice were examined on days 28,48 and 72 post immunization
for histopathology. Data are unpublished showing smilar numbers and gppearances of
inflammatory foci within the central nervous system in the two groups.

Details of the transcriptional profiling with custom microarrays: Spind cord was
homogenized in TRIzol reagent (Gibco BRL) using a Polytron (Kinematica AG, Switzerland)
and total RNA prepared according to the recommended protocol. mMRNA was purified by two
rounds of selection using oligo(dT) resin (Oligotex, Qiagen). 2 ng of mMRNA was used to
prepare double stranded cDNA (Superscript, Gibco BRL). The primer for cODNA synthesis

contained a T7 RNA polymerase promoter ste. 1 ng of cDNA was used for an in-vitro
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transcription  reaction (Ambion T7 Megascript) with biotinylated CTP and UTP (Enzo

Diagnogtics, Inc). The labeling procedure amplifies the mRNA population ~60-fold.

Microarray chips (GeneChipa System, Affymetrix) were hybridized for 16 hours in a 45°C

incubator with constant rotation a 60 rpm. Chips were washed and stained on afluidics station,

and scanned using a laser confoca microscope. Affymetrix provided the procedures for sample
preparation, fluidics gtation, scanner, and computer workstation. Chips were andysed with
GeneChip v3.1 software, and scaed to a value of 150. The software determines whether a
particular RNA transcript is present or absent, based on the intensity of the signal. Fold change
was caculated by divided the intendty of the average difference change in the experimenta

sample by the intengity of the average difference change in the control.

Further details of theinitial experiment with custom microarrays (11):

Custom microarrays were desgned that alow large scale profiling of mRNA for 517
components of the inflammatory response, including cytokines, chemokines, various adhesion
molecules, and matrix metalloproteases. Profiles of mRNA transcripts from the spina cord of
gx Lewisrats with EAE were andyzed. Rats were immunized with 400ng of guinea pig spind
cord homogenate [GPSCH] and monitored for EAE as previoudly described (12). mRNA was
isolated from the brain and spind cord of three rats with hind limb parayss (mean EAE score
2.7, indicating severe paraplegia), 15 days after immunization with GPSCH, and from three rats
trested with a metalloprotease inhibitor after the initiation of EAE. It is established that matrix
metalloprotease inhibitors can reverse EAE (13), and rats treated with the metalloprotease

inhibitor [RS110379] displayed no clinical disease (mean EAE score 0.2). Spind cord from

two other normal rats served as controls.

OPN transcripts were increased 34 fold in the spinad cord of rats with EAE and

pardyss, compared to controls without EAE (average difference change for intensity of OPN
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transcripts was 16609 fluorescent units in untreated rats with EAE versus an average difference
change for intengity in OPN transcripts of 4846 in rats without EAE) (14). After treatment with
RS110379, levels of OPN mRNA were no different than control rats without EAE. Thus, there
was a 1.1 fold change between the intendity of OPN transcripts in EAE rats trested with MMP
inhibitor versus rats without EAE (the average difference of the change in intengty of OPN
transcripts on the custom microarrays was 5176 units in rats treated with RS110379 versus an

average difference intendty of 4846 unitsin rats without EAE) (14).
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