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Figure Legends

Fig. 1. Top 30 differentially expressed genes in T cell fraction between MS and
CN groups. The gene expression profile was studied in CD3* T cell fraction isolated
from 72 MS patients and 22 healthy control (CN) subjects by analyzing a cDNA
microarray containing 1,258 genes. RNA of MS and CN samples was labeled with Cy5,
while RNA of a universal reference was labeled with Cy3. Top 30 genes were tdentified
by Cyber-T test, based on'the p value of log gene expression level (GEL) as listed in
Table 2. The results were expressed as box and whisker plots where the longitudinal
axis indicates log GEL, and were arranged in order of the éignificance. The blots
represent the following genes: (1) regulator of G protein signaling 14 (RGS14), (2)
carbohydrate sulfotransferase 2 (CHST2), (3) nuclear receptor subfamily 4, group A,
member 2 (NR4A2), (4) mitogen-activated protein kinase 1 (MAPK1), (5) SWI/SNF-
related, matrix-associated, actin-dependent regulator of chromatin, subfamily a, member
3 (SMARCAD3), (6) tyrosylprotein sulfotransferase 2 (TPST2), (7) transcriptin factor 17
(TCF17), (8) heat shock 70kD protein 1A (HSPA1A), (9) angiotensin receptor-like 2
(AGTRL2), (10) TNF-related apoptosis-inducing ligand (TRAIL), (11) topoisomerase 1
(TOP1), (12) protein tyrosine phosphatase, non-receptor type 6 (FTPN6), (13)
chemokine, CC motif, receptor 5 (CCRS5), (14) transcription factor 8 (TCEF8), (15)
carbohydrate sulfotransferase 4 (CHST4), (16) v-erb-a erythroblastic leukemia viral
oncogene homolog 4 (ERBB4), (17) transcription factor 21 (TCF21), (18) ATPase,
hydrogen-transporting, lysosomal, 56/58kD, V1 subunit B, isoform 2 (ATP6V1B2), (19)
cAMP responsive element-binding protein 1 (CREB1), (20) integrin, beta-1 (ITGB1),
(21) cytochrome ¢ oxidase assembly protein (COX15), (22) Myc protooncogene (MY C),
(23) BCLZ—associated athanogene 1 (BAGI1), (24) cytochrome P450, family 1,
subfamily A, polypeptide 2 (CYP1A2), (25) cell division cycle 16 (CDC16), (26) sdlute
carrier family 35, member Al (SLC35A1), (27) death-associated protein 6 (DAXX),
(28) TGFB-stimulated gene 22 (TSC22), (29) GA-binding protein transcription factor,



beta subunit 1 (GABPB1), and (30) poly(ADP-ribose) polymerase (PARP).

Fig. 2. Top 30 differentially expressed genes in non-T cell fraction between MS
and CN groups. The gene expression profile was studied in CD3™ non-T cell fraction
isolated from 72 MS patients and 22 healthy control {CN) subjects by analyzing a
cDNA microarray containing 1,258 genes. See the footnote of figure 1. The top 30
genes were arranged in order of the significance as listed in Table 3. The plots represent
the following genes: (1) intercellular adhesion molecule-1 (ICAM1), (2) cell division
cycle 42 (CDCA42), (3) SMARCAS3, (4) RGS14, (5) COX15, (6) A-kinase anchor protein
11 (AKAP11), (7) receptor-interacting serine/threonine kinase 2 (RIPK2), (8) TCF11,
(9) cell division cycle 25B (CDC25B), (10} granzyme A (GZMA), (11) CHST4, (12)
IL-1 receptor, type II (IL1R2), (13) B-cell CLL/lymphoma 2 (BCL2), (14) complement
component receptor 2 (CR2), (15) replication protein A1l (RPA1), (16) RNA Polymerase
11, subunit H (POLR2H), (17) E2F transcription factor 5 (E2F5), (18) Max dimerization
protein (MAD), (19) Ras-associated protein RAB7-like 1 (RAB7L1), (20) nuclear
factor of activated T cells, cytoplasmic, calcineurin-dependent 3 (NFATC3), (21) heat
shock 70-kD protein-like 1 (HSPA1L), (22) chemokine, CXC motif, ligand 2 (CXCL?2),
(23) silencer of death domains (SODD), (24) retinoblastoma—Binding protein 4 (RBBP4), |
(25) protein kinase, DNA-activated, catalytic subunit (PRKDC), (26) Ras association
domain family 1 (RASSF1), (27) topoisomerase 2 alpha (TOP2A), (28) DAXX, (29)
epidermal growth factor (EGF), and (30) nitrogen permease regulator 2-like (NPR2L).

Fig. 3. The genes upregulated in MS were expressed in cultured PBMC in an
activation-dependent manner. Unfractionated PBMC of a healthy subject were
incubated for 6 hours in the medium without (lane 1) or with inclusion of 25 ng/ml
PMA and 1 pg/ml IOM (lane 2), or for 24 hours in the plate coated with 1 pg/ml anti-
CD3 mAb (lane 3) or in the medium containing 100 ng/ml IFNy (lane 4), followed by

processing for RNA preparation. Three ug of total RNA was separated on a 1.5%



agarose-6% formaldehyde gel and transferred onto a nylon membrane. The membranes
were hybridized with the DIG-labeled DNA probe specific for CD69 (panel a), IFN
regulatory factor 1 (IRF-1; panel b), IFN-induced 15kDa protein (ISG15; panel c),
NR4A?2 (panel e), TCF8 (panel f), [ICAM1 (panel g), CDC42 (panel h), RIPK2 (panel 1),
IL1IR2 (panel j), MAD (panel k), CXCL2 (panel 1}, SODD (panel m), and TOP2A
(panel n). The ethidium bromide staining of the representative gel is shown in the panel

d.

Fig. 4. Aberrant expression of apoptosis signaling-related genes in MS lymphocytes.
More than 80% of the top 30 differentially expressed genes between MS and CN groups
were categorized into apoptosis signaling-related genes of both proapoptotic and
antiapoptotic classes, whose expression was either upregulated ( {7, red) or
downrgulated ({}, blue) in MS. The expression of a subset of the genes involved in
DNA repair, replication and chromatin remodeling was dysregulated in MS. The figure
represents an integrated picture of the observations on both T cell and non-T cell
fractions. Abbreviations: DR, death receptor; TNFR, TNF receptor; D, the
DR/Fas/TNFR-mediated apoptosis-signaling pathway; M, the mitochondria-mediated

apoptosis-signaling pathway.



Table L. Primer Sequences Used for PCR

Product size mRNA size

Genes Sense Antisense (bp) (kb)
CD69% §'CCAGTCCCCATTTCTCAACACGTCY S'GTGTTCCTCTCTACCTGCGTATCGY 350 1.7
IRF-1 S'TCTCTGATGGACTCAGCAGCTCCAY S'TATCCACCATGATGCCAGGTCCTGI 59 2.6,2.0
ISG15 S'CAACGAATTCCAGGTGTCCCTGAGY S'CGCAGATTCATGAACACGGTGCTC3' 423 0.7
NR4A2 §'CGGACAGCAGTCCTCCATTAAGGTY S'CTGAAATCGGCAGTACTGACAGCG3 712 3.4
TCF8 S'CCAGTGGGATCAACCACCAATGGTY S'TGCAGGGCTGACCGTAGTTGAGTAS 489 6
CYP1A2 S'ACAGCACTTCCCTGAGAGTAGCGAY 5'GGTTGACCTGCCACTGGTTTACGAY 629 3.5
1ICAM1 ) S'CCATCGTGAAGAGTGGTCTC3 S'GGTGACATTGGCCAGGGTCAY 476 3
CDC42 S'TTGTTGTGGGCGATGGTGCTGTTGS S'GCAGTCTCTGGAGTGATAGGCTTC3 406 22,17
RIPK2 S'CAAGACCACTCCATGCTCTTCAGCS S TTCCGGGTAAGGCTGAAGACCCAT3S 340 28,14
ILIR2 S'TACACGATGTGGCCCTGGAAGATGY  S'GTGTTITGCACCGTCTGTGCATCCAY 545 1.6
MAD 5'ACCAAATCGACCAGCTTCAGCGAGY! S'GAGACCAAGACACGCCTTGTGACTY 314 50,35
CXCL2 S'TTGCAGACCCTGCAGGGAATTCACY S'TCAGCCTCTATCACAGTGGCTGAC3 588 1.2
SODD 5'AACAGCCCAACTCCAGTCTCTCGTY S'CTGAGGCTCAGCACTATACTGGAC3 507 4.5
TOP2A 5'GGAAGCCCTCAAGAAGATGGTGTGY  5’GGTAGTGGAGGTGGAAGACTGACTY 555 57

Abbreviations: IRF-1, IFN regulatory factor-1; ISG15, IFN-induced 15-kDa protein; NR4A2, nuclear receptor subfamily 4,
group A, member 2, TCFB8, transcription factor 8, CYP1A2, cytochrome P450, family 1, subfamily a, polypeptide 2; ICAM]I,
intercellular adhesion molecule-1; CDC42, cell division cycle 42; RIPK2, receptor-interacting serine/threonine kinase 2,
[L1R2, iL-1 receptor, type II, MAD, Max dimenzation protein, CXCL2, chemokine, CXC motif, ligand 2; SODD, silencer of
death domains; TOP2A, topoisomerase 11 alpha.



Tahle 2. The genes expressed differentially in T cells between MS and controls

Genbank rcmlhlu
Ne:  Symbol aceession Deseriptlon Presumed function nvalvement in Sigaifteance (p-
number apoptosls log}
regulation
The upregulated genss
Nuelear receptor subfamily an orphan nuclear receptor of the sterold-thyrold hormone
t NR4A2 NM_006136 4, group A, member 2 receptor superfnmily designated Nurrl * 1.55E-12
2 TCFS NM_030751 Transcription factor 8 EE‘;'BW"IP“O“ repressor for [L-2 expression In T cells designated ) L178-09
- Cytochrama P450, famlly 1, a monocoxygenase Involved in the metahallsm of drugs, toxie .
3 CYPl1A2 NM_000761 subfamily A, polypeptide 2 chemicals, and carelnag +) 1.64E-08
The downregulnted genes
Regulator of G protein
4 RGS14 NM_006480 sighaling 14 a downregulator of signaling through G protein-coupled receptors (+) 1.51E-13
5 CHST2 NM_004267 gﬁ;‘:‘h.ﬁ:::“ 2 an N-acetylglucosamine-¢-O-sulfotransferase unknewn 5.438-13
Mitogen-activated proteln  a proteln kinase designated ERK2 (p42) that regulates diversa .
¢ MAPK1  NM_ 002745 . .0 cellular fanctions i 6.02E-12
SWI/SNF-retated, matrix-
7 SMARCA3 NM_003071 | qumur};:::fom atin, ' a DNA heilcase-like chromatin remodeling enzyme +) 1.70E-11
subfamily a, member 3 '
8 TPST2 NM_003595 ’Tu’;;::_’m:z‘ 2 a tyrosylprotein sutfotransferase unknown 231E-11
9 TCF17 NM_005649 E::;;:T:d“%‘ df_llctor 17 a transerlptiohal repressor of renal genes ' +} 3.14E-11
10 HSPAlA NM_005345 Heat shock 70kD protein 1A an Inducible member of the HSP70 tamity L (+) 4.67E-11
11 AGTRLZ NM_005162 Anglotensin receptor-llke 2  a proteln homologous to the anglotensin Il receptor type 1 unknown’ 3.51E-10
12 TRAIL NM_003810 EE;L:':.‘:;;E""“"" an apoptosts-indueing ligand of the TNF family for DR4 and DRS (+) S19E-10
13  TOP1 WM_003286 Topolsomerase i a DNA topoisomerase ) 7.03E-10
Proteln tyrosine
14 PTPNé NM_080549 phosphatase, on-receptor :Pmt"n tyrosine phophatase with SH2 domalns designated SHP- (3] 7.77E-10
type §
15 CCRS NM_000579 ﬁ':::‘t‘;'r";"' CC matlf, & chemokins receptor for RANTES, MIPle, MIP1f and MCP2 (4 - 1.10E~09
16 CHST4 NM_00576% S;J;:m’::ﬂ . an N-acetylglucosamine 6-O sulfotransferase unknown 1.84E-09
Verbes erythroblastic
17 ERBB4 NM_005235 leukemla viral oncogene an EGI: Eenizplnr-nhud receptor tyrosine kinase interacting with ey 1LI2E-09
homolog 4 neureg
183 TCF21 NM_003206 Transeription factor 21 a transeription Cactor designated Capsulln © -+ - 4.99E-09
ATPase, hydrogen-
transporting, ly L av Inr ATPast that medlates acidification of Intracellular
13 ATP6VIBZ NM_001693 (goceln 'visibunit B, organelles ) 8.10E-09
Isoform 2
2 CREB1 NM _134442 eclzmztﬁluu:;p;“"f::f“ l‘ 2 CRE-binding transcription (actor for eAMP-responsive genes  (+) 6.538E-09
21 ITGB1 NM_002211 Integrin, beta-] a common beta chain of the VLA proteln (amily (+) T.16E-09
22 COX15 NM_078470 m;:;mls a proteln essential for assembly of COX a9 1.13E-08
23  MYC NM_002467 Mye protooncogene a transeription factor that regulates diverse celtular functions [+ 1.18E-08
24 BAGL NM_004323 SCLI-astoclated sthattogent o, yopancer of the antl-apoptotie effects of BCLZ ) LS1E-08
25 CDC16 NM_003903 Cell diviston eycls 16 4 component of the anaphase-promoting complex essential for ) 1.99E-08
26 SLC35A1 NM_00641¢ Solutecartherfamlly3S, o cpgp gingic actd transporter unkpown  2.06E-08
member Al
27 DAXX NM_001350 Death-assoeiated proteins  a protein that Interacts with the death domaln of Fas (+) 2.23E-08
28 TSC22 NM_006022 TGFf-stimulated gene 22 a transeription factor indueed by TGFR -+ 2.34E-08
GA-binding protein
2% GABPB1 NM_005254 transcription factor, beta 2 nuclear transcription factor for cytochrome ¢ oxidase {+) 6.16E-08
subunit 1
30  PARP NM_001618 Paly(ADP-ribose) a chromatin-assoclated enzyme that catalyzes poly ADP-

polymerase ribosylation of nuctear proteins (5] . 6.72E-03
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Table 3. The genes expressed differentially in non-T cells between MS and controls

2-like

No. Symbol ;}::ﬂ“‘z: Description Presumned function E‘F:"EEE'{;‘I‘: 'S)"f‘,'g;“‘“"‘
regulation
The upregulated genes
1 ICAM1 N'M_UQOIOI :::T::;:Lﬂ" adheslon & cell surface glycoprotein ligand (CD54) for LFA-1 and Mac-1 +) 1L.11E-09
2 CDC42 NM_001791 Cell dlvision cycle 42 & small GTPase that regulates diverse cellular functions + 1.49E-08
3 RIPK2 NM_00382] Receplor-lnteracting -y o orein kanase interacting with CLARP in the Pas-signaling patbway  (+) 1.38E-07
4 ILIR2 NM_004633 IL-1 receptor, type I a decoy receptor for [L-1 that inhibits iL-1 activity unknown 4.56E-07
5 MAD NM_002357 Max dimerkzation protein ;l ti;‘nnripﬂnnn] repressor that competes with MY C {or binding to ) LOOE-06
6 CXCL2 NM_002089 ﬁ"‘:::’:"”' CKCmolif, hemaokine designated MIPZ binding to CXCR2 ® 1.91E-06
7 SODD NM_004874 Silencer of death domalns 5 wa=ptor protein fesignated BAGA assocluted with HSP70and the (., 3.13E-06
] TOP2A INM_001067 Topolsomerass Z alpha a DNA topoisomerase (+} 4.82E-06
The downreguinted ganes
SWISNE.related matrc.
] SMARCA3 NM_003071 rquhtnr—;:;:hr omatin, 2 DNA hell like chrematin remodellng enzyme ) 3.95E-03
subfamily a, member 3
10 RGS14 NM_006480 f.;;‘::g:’l:' G proteln & dowaregulator of signating through G proteln-coupied receptors ) 5.44E-08
I COX1S  NM_078470 QY ouieeme s ctsyts  ® protein essentlal for assembly of COX ® 6.43E-08
12 AKAPIL NM_016248 A-kinase anchor protein 11 a protein anchoring the regulatory subunit of protein kinase A + L.6BE-O7
13 TCF17 NM_005649 Transeription factor 17 a transeriptional repressor of renal genes designated Kid-1 +) L2E-07
14 CDC25B NM_021874 Cell division cycle 25B a tyrosine phosphatase that activates the cyclin dependent kinase CDC2 (+) 2.40E.07
L 15 GZMA NM_006144 Granzyme A a cytotoxde T cell- and NK cell-specific serine protease +) 2.49E-07
16 CHST4 NM_005769 f;l;m?n‘:;:::ﬂ . an N-acetylgincosamings 6-O sulfotransferase unknown 3.46E-06
17 BCL2 INM_000633 B-cell CLLAYMphoma 2 a mitochondrial membrane protein that blocks the apoptotic death “+) 4.81E-07
18 CR2 NM_001877 E::::I::; nit component a membrane receptor (CD21) for Cid +) S5.88E-07
19 RPaAl NM_002945 Replication pratein Al A single-stranded DNA-binding protein that regulates DNA replicat {+) 6.72E-07
20  POLRZH  NM_006232 fApolymerassIl, suburlt oy of RNA patymerase 11 ) 7.28E-07
2t EXFS NM_001951 E2F transcription factor 5§ a transeription Iactor of the E2ZF family +) 1.00E-06
22 RAB7L1L  NM_003929 Ras jusoclated proteln RABT- , g AS.related small GTP-binding protein “ LASE-06
n NEATC  NoIoes A AT, s e s o s e
24 HSPAIL  NM_005527 Hleatshock 70-kD pratein-URe , .op oy pygryve member of the HSPT0 famity ) 1.87E-06
25 RBBP4 NM_005610 :::';‘f:i"‘“"“'b’“"“' a nuclear pratetn binding to RB1 ) 3.13E-06
26 PRKDC  NM_006904 ::;,".'g:."“:"uiy':l’:‘:;mm“ _ anuclear serinefthreonine protein kinase ) 3.36E-06
27 RASSF1 NM_170714 ?” assoclation domaln family | lung turnor suppressor gene having a Ras-astoclation domain (+)} J49E-06
28  DAXX NM_001350 Death-assoclated protein 6 & protein that Interacts with the death domain of Fay + 5 16E-06
29 EGF NM_001963 Epldermal growth factor ;]::;::’“n:'tnog;:::‘futnr for the cells of both ectedermal and Py 5.74E-06
3  NPR2L NM _006545 itrogen permeasaregulator . ,0 e tumor suppressor gene unknown L13E-05
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Table 1. The genes expressed differentially in T cells between MS and controls

Genbank Possible
No.  Symbol aceession Deseription Presumed functton involvement In Significance (p-
number apoplesis log)
regulation

The upregulated genes
Nuclear receptor subfamily  an orphan nuclear receptor of the steroid-thyroid hormone

1 NR4A2 NM_006186 4, group A, member 2 receptor superfamily designated Nurrl ) I.85E-12

2 TCF8 NM_030751 Transcription factor 8 ;élr;nscrlpllon repressor for [L-1 expression in T cells designated +) 1.17E-09
Cyltochrome P450, family 1, & monooxygenase Involved In the metabolism of drugs, toxic

3 CYPL1A2 NM_b0076% subfamily A, polypeptide 2 chemicals, and carcinogens * 1.64E-08

Tha downregulated genes

4 RGS14 NM_006480 S?m“:;::'l:r G proteln a dawnregulator of signaling through G protein-coupled receptors (+) LSIE-13

5 CHST2 NM_004267 sc:l;:::m:::“ 2 an N-acetylglucosamine-6-O-sulfotr ansTerase unknown 6.43E-13
Mltogen-activated protein  a protein kinase designated ERK2Z (p42) that regulates diverse

6 MAPKI  NM_002745 ) '8 e functions 8 +) 6.02E-12
SWI/SNF-related, matrix-

7 SMARCA3 NM_003071 m'_ﬁﬁ;:‘,"**r;;’"*” a DNA hellease-like ehromatin remodellng enzyme *) 1.70E-11
subfamily a, member 3

8 TPST2 NM_003595 3;:33:::‘.‘; 3 a tyrosylproteln sulfotransferase unknown 2.31E-11

9 TCF17 NM_005649 :‘::s::'ﬁ;l;a d'_':mr 17 a transeriptional repressor of renal genes (+) 3.14E-11

10 HSPAIA NM_005345 Heat shock 70D protein 1A an Inducible member of the HSP70 family +) 4.67E-11

11 AGTRL? NM_005162 Anglotensin receplor-llke 2 a protein homologous te the angiotensin 11 receptor type 1 unknown 3.51E-10

12 TRAIL NM_003810 ;‘:ﬁz;";:;:g a;g‘“"‘“’*" an apoplosis-tnduting ligand of the TNF family for DR4 and DR5 (+) 519E-10

13 TOPl1 NM_003286 Topolsomerase 1 a DNA topoisomerase +) 7.03E-10
Proteln tyrosine

14 PTPN§ NM_080549 phosphatase, non-receptor : protein tyrosine phophatase with SH2 domains designated SHP- +) 7.77E-10
type 6

15 CCRS NM_000579 ﬁ'::';'t‘;':';" CC motlf, a chemokine receptor for RANTES, MIPig, MIPIS and MCP2  (+) 1.10E-09

16 CHST4 NM_005769 g:l;m,ﬂ:::ﬂ . an N-acetylghucosamine 6-O sulfotransferase unknown 1.84E-09
V-erb-a erythroblastie

17 ERBB4 NM_005235 leuketmia viral oncogene an EGFB!uptor-rclalcd receptor tyrosine kinase interacting with “+ 222609
homolog 4 neurcguins

18 TCF21 NM_003206 Transcription factor 21 a transeription factor designated Capsulln {+) 4.99E-09
ATPase, hydrogen- .

19 ATP6VIBZ NM_001693 t;ﬂn{;l;mﬂ\l;f. lylsosrfana'l. :.vatu?‘lar AT Pase that mediates acidiication of Intracelular ) 5.10E-09
Isoform 2

20 CREBI1 NM_134442 5:;1:;:2::;{1"1;',::‘:::::1 . CRE-binding transcription factor for eAMP-responsive genes  (+) 6.58E-09

21 ITGB1 NM_002211 [ntegrin, beta-1 a common beta chain of the VLA protein family (+} 7.16E-09

22  COX1s NM_078470 g:ﬁ::;:;.‘::f?é;: 15 a proteln essential for assembly of COX (+) L13E-08

23  MYC NM_002467 Myc proteoncogene a trapseription factor that regulates diverse cellutar functions +) 1.18E-08

24 BAGI NM_004323 JCL2-asoclated sthanoge o\ copancer of the anti-apoptotie efTects of BCL2 ) LSIE-08

25 CDCl6 NM_003903 Cell division eyele 16 a companent of the anaphase-promoting complex essential for 1.99E-08

26 SLC35A1 NM_006416 Sulute carrler family 35, a CMP-slafle zcld transporter enknown 2.06E-08
member Al

27 NM_001350 Death-associsted protein6  a protein that interacts with the death domain of Fas +) 2.23E-08

F P

28 TSC22 NM_006022 TGFf-stimulated gene 22 a transerlption factor Induced by TGFB +) 2.34E-08
GA-binding protein

29 GABPBI NM_005254 transcription factor, befa a nuelear transcription factor for eytoehrome ¢ oxidase +) 6.16E-03
subunit 1
Poly(ADP-ribase) a chromatin-assoctated enzyme that catalyzes poly ADP-

30 PARE NM_001618 polymerase rtbosylation of nuclear proteins +) 6.72E-08




