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0 2 8 q g3 9 8 Tg} 8 3-3-interacting domain is located in the N-terminal segment e
8 P g & =8+t E spanning amino acid residues 2-105 of STAC, and the interac- a0
Nt AR - g g tion is independent of serine/threonine-phosphorylation of the 310
c = EE binding domain of STAC. 3
s Sig
S =~ o o v = o % T 4. Discussion sz
B 258 ’
& e ~ e~ *r% % % The present study was designed to rapidly and systematically a3
& é '§ § identify 14-3-3-binding proteins by analyzing a high-density au
§ 5 2 protein microarray. The array included 1752 proteins derived s
& ¥ ¢ £ E :2 é from multiple gene farnilies of biological importance, including a1
E « v .8 s cell-signaling proteins, kinases, membrane-associated proteins, an
g ‘g ;é =8 and metabolic proteins. In general, protein microarray has its  as
& 3 E 8’ own limitations associated with the expression and purifica- s
QE g' E = tion of a wide variety of target proteins. In the microarray we a2
E "g L s g % a utilized, the target proteins were expressed in a baculovirus sz
E 8 'So expression system, purified under native conditions, and spot- a2
.‘g 5 -FS =5 ted on the slides to ensure the preservation of native structure,
E g a .gﬁ § —Eﬂ postiranslational modifications, including glycosylation and ser- s
= ['5] H > 4 A . Q
2 % é g «E ;‘j ine phoph?1 ylatlgn (Qullele et al., 1998‘, Tennagels et al.? 1999?, 325
2 o B 5 % 3 and proper fupchonahty. Implunelgbehng of the array Wl‘(h anti- 3
b % g 528 phosphotyrosine (pTyr) antibody indicated that approximately sz
=} e E = .
g S S ga 10—20% of the protems. on the array are phosphorylated (the sz
E - % gf 8 8 g - ugpubhshed data of Inv1trog.en Technical S.ervic.e). When this a2
j 4 s & % 5 B £ microarray was ut1%1zed for kinase substrate identification, most a0
= Blo & Z z a% s of known kinases immobilized on the array are enzymatically  ax
i £ active with the capacity of some degree of autophosphorylation, a2
“ :E B fi suggesting that they are certainly phosphorylated on tyrosine, »
8 8 S k serine, and threonine residues (see the Protoarray application s
. g 8 -“é ig note on hitp://www.invitrogen.convprotoarray). However, we s
g é b g'% 5 cogld pgt currently yalidate the precise levels of phosphorylation s
& g g 8 g 3 of individual proteins, because of a lack of anti-phosphoserine  aw
g £ g g B o 5 (pSer) and anti-phosphothrecnine (pThr) antibodies suitable for sz
B g‘ P & L‘E © detection of pSer and pThrresidues of the proteins on glass slide.  as
£ - S g .Eg @ ug & .f, The protein microarray utilized in the present study includes 340
2 S _@ 2 6 g a‘é - 11 known 14-3-3-binding proteins, such as PCTAIRE protein  aa
g % QB ,g % bl ,.g kinase 1 (PCTK1) (Graeser et al., 2002), protein kinase C zeta  as
- = < f: - = ‘é”;% § (PRKCZ) (van der Hoeven et al., 2000), keratin 18 (KRT18) (Ku  as
2 é i § et al., 1998), myosin light polypeptide kinase (MYLK) (Haydon  a
B ) g P g {‘55 E et al., 2002), v-abl Abelson murine leukemia viral oncogene s
R B < B homolog 1 (ABL1) (Yoshida et al., 2005), v-akt murine thy- s
% §_ § g -‘% ::2 ? moma viral oncogene homolog 1 (AKT1) (Powell et al., 2002),  aa
‘gg é &) g 3 § E‘ epidermal growth factorreceptor (EGFR) (Oksvoldetal,, 2004), s
E g 3 x E il g § ® cell division cycle 2 (CDC2) (Chan et al., 1999), mitogen- awo
F 3 % ! %? £ E 2 g‘é actjvated protein kinase kinase kinase 1 (MAP3K1) (Fanger aso
£ é g é 2 Q& 8 ': £ 5 et al., 1998), mitogen-activated protein kinase-activated protein  as
A TS < = = g g“g kinase 2 (MAPKAPK2) (Powell etal., 2003), and stratifin (SFN)  as
3 55 o (Benzinger et al., 2005) (Table 3). All of these were not identi- a5
L 5 - L8 fied as a 14-3-3-binding protein in the present study. Therefore,  ae
2 s g = £ g E the possibility could not be excluded that some 14-3-3 bind-  as
% g % % § ég é ing partners were not detected due to imperfect phosphorylation  ass
L é 5E of the proteins on the array or due to 14-3-3 isoform-specific a7
§ B N @ e 5 g % binding. Calmodulin, another known 14-3-3 interactor (Luk ass
|8 S & g 2 » g et al., 1999), was included as a negative control on the array and s
-% f? E E o i é 3 identified as negative in the present study, because the calcium-  acw
2 2 3 dependent interaction between 14-3-3 and calmodulin could not st
&2 a 5 5 EFR be detected under the calcium-free conditions we employed. e
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Table 3

Eleven known 14-3-3-binding proteins immobilized on the protein microarray utilized in the present study

Gene name Database ID Reference

PCTAIRE protein kinase 1 (PCTK 1), transcript variant 3 NM.033019 Graeser et al. (2002)
Protein kinase C, zeta (PRKCZ) NM.002744 van der Hoeven et al. (2000)
Keratin 18 (KRT18), transcript variant 1 NM.000224 Ku et al. (1998)
Myosin, light polypeptide kinase (MYLK), transcript variant 6 NM.005965 Haydon et al. (2002)
V-ab] Abelson murine leukemia viral oncogene homolog 1 (ABL1), transcript variant a NM_005157 Yoshida et al. (2005)
V-aki murine thymoma viral oncogene homolog 1 (AKT1), franscript variant NM._005163 Powell et al. (2002)
Epidermal growth factor receptor (EGFR), transcript variant 1 NM._005228 Oksvold et al. (2004)
Cell division cycle 2 (CDC2), transcript variant 1 NM.001786 Chanet al. (1999)
Mitogen-activated protein kinase kinase kinase 1 (MAP3K1) XM_042066 Fanger et al. (1998)
Mitogen-aciivated protein kinase-activated protein kinase 2 (MAPKAPK2), transcript variant ] NM.004759 Powell et al. (2003}
14-3-3 Sigma, stratifin (SFN) NM_006142 Benzinger et al. (2005)

The known 14-3-3-binding proteins, which were spotted on the protein microarray but were not detected in the present study are listed. The 14-3-3-binding proteins

validated by definitive evidence are selected and shown with references.

Increasing studies indicate that 14-3-3-binding phosphorylation
sites do not exactly fit the consensus motif (Aitken et al., 2002;
Ku et al., 1998) and a second site is required to enhance a
stable 14-3-3-target interaction (MacKintosh, 2004), and show
that the 14-3-3 protein interacts with a set of target proteins
in a phosphorylation-independent mamner (Dai and Murakami,
2003; Henriksson et al.,, 2002; Zhai et al., 2001). Supporting
the latter possibility, the present observations showed that the
interaction of 14-3-3 with target proteins is independent of
serine/threonine-phosphorylation of the binding sites of EAP30,
DDX34, and STAC. This suggests that substantial numbers of
14-3-3 binding partners identified by protein microarray anal-
ysis, if not all, employ phosphorylation-independent binding
domains.

All the procedure required for microarray analysis takes
approximately 5 h. This analysis identified a set of 20 human
proteins as 14-3-3 interactors, most of which were previously
unreported except for glutathione S-transferase M3 (GSTM3)

that was found as one of binding partners by 14-3-3 affinity

purification of HeLa cell protein extracts (Pozuelo Rubio et al,,
2004). Unexpectedly, the highly stringent 14-3-3-binding con-
sensus motif’ was identified only in two, such as STAC and
HNPRC, by the Scansite Motif Scanner search, while 15 of
20 proteins have one or several motifs when a query with the
medium or low stringency was performed (Table 2). The specific
binding to 14-3-3 of EAP30, DDX54, and STAC was verified
by immunoprecipitation analysis of the recombinant proteins
expressed in HEK293 cells. These results indicate that pro-
tein microarray is a powerful tool for rapid identification of
protein—protein interactions, including those unpredicted by the
Database search.

Among the 14-3-3-binding partners we identified, several
proleins could be categorized as a component of multimolec-
ular complexes involved in transcriptional regulation. ELL is a
human oncogene encoding a RNA polymerase II (Pol II) tran-
scription factor that promotes transcription elongation (Schmidt
et al., 1999). EAP30 is a 30-kDa component of the ELL com-
plex where EAP30 confers derepression of transcription by Pol
II (Schmidl et al., 1999). A recent study showed that EAP30
could interact with the tumor susceptibility gene TSG101 prod-
uct, a cellular factor that plays a key role in packaging of HIV

virions {von Schwedler et al., 2003). DDX54 is a 97-kDa RNA
helicase (DP97) that interacts with estrogen receptor (ER) and
represses the transcription of ER-regulated genes (Rajendran et
al., 2003). A recent study by using chromatin immunoprecipita-
tion (ChIP) assay combined with promoter microarray analysis
showed that hepatocyte nuclear factor 4-alpha (HNF4«), a mas-
ter regulator of hepatocyte gene expression, interacts with the
DDX54 gene promoter, together with Pol I (Odom et al., 2004).
HNPRC is a member of heterogeneous muclear ribonucleo-
proteins (hnRINPs) involved in pre-mRNA processing, mRNA
metabolisin and transport (Nakagawa et al., 1986). Increasing
evidence indicates that the 14-3-3 protein and its targets are
widely distributed in various subcellular compartments, includ-
ing the nucleus (Dougherty and Morrison, 2004; Meek et al.,
2004).

STAC is a 47-kDa cytosolic protein that has a cysteine-rich
domain (CRD) of the protein kinase C famnily in the N-terminal
half (NTF), and a src homology three (SH3) domain in the
C-terminal half (CTF), suggesting its function as an adapter
on which divergent signaling pathways converge (Hardy et al.,
2005; Suzuki et al., 1996). STAC is expressed predominantly
in the brain with the distribution in a defined population of
neurons (Suzuki et al., 1996). IP analysis of mutant and trun-
cated forms argued against an active involvement of the most
stringent motif RYYSSP (pS172) of STAC in its binding to
14-3-3. The present observations indicated that the 14-3-3-
interacting domain is located in the N-terminal segment span-
ning amino acid residues 2-105 of STAC and the interaction is
serine/threonine phosphorylation-independent.

Inconclusion, protein microarray is a useful tool for rapid and
comprehensive profiling of 14-3-3-binding proteins, although
the validation of the results by ditferent methods is highly impor-
fant,
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Multiple sclerosis and regulatory cells
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MTEERLTWAEDHARTIIREIENT
WA, asFy VGEHETIERPLETD
55, BIVER DDz,

THIBE DA ST (VLA4) ©8#dT 5L
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) FAHRNTH 5. WokTIE IFN 25

C RTELLETRINCHIBTRELZL ERT S

BMEPLZ VA, HEAD MS TIEEFRE
MOV VEFRLSEWOT, BEMEIBAN
W E T LEND B,
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MERBAER AN T R EOEELBEITERES 5
2%, MS BRBBERO T Y bu—UHEN
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flisnCTE7 BERLERONT ¥ XDE
BhodLBEOFMEELERE LT, 7
Wt Fr) v, Y7akAT773IF, AN
LEY—1, IbFFriuriEsnds’.
ek, E, HRICE o THA SIS ERIE,
RO ELRY, PIREREETIE S 7 05

— 206 —



(2005, 3) i

+T3 I hXYNOVEE

B D SRR 3K — AR & IR -

89 (429)

L. AEOFR

- PR X #R G & TRAEDHE LT 2.
< DI 3T & BAOHEAERTAE.

I. #5&
c BEROT-TIVERET 5.
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%% IFNB DERIIZONTTHFF4 T~
P SN BHRIERY LT 5, BITEH
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R = AEEREIHERTE 5 EH 20T
THIENLET L,

hEYhOY
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AR X, F—a v Ul BIT AT

MRIRRER 2 EORE R ITET &, 2000 4F 10
AIZIZkE FDA 12X ) MS OEEE LT
TR Sz, RFEHIETHME L BRI
@l_m'jjﬂi R % RL, TNFa, IL-2, IFNy
REDFA M HA ERREH TS, ORI
T ABEMEREDRD, REORES R
140mg/m® BINICE &5, FA4 Y AIZE 3
ENMHBRABRTHY SRS HEE,
12mg/m® ¥ 5mg/m* D3 s ATED
B5% 2EMMRETH2L VI BDT, wTh
ODABILOWTH T IR L THERE
BINHIZ AR SN2 (12mg/m® Tp<
0.0001 ; 5 mg/m* Ti& p<0005). 75D
BINMRERRBRTIE, A7aq 4 FE (1gD
XFNTLR=vyory) & 20mg D3I MF
FrbarAA1E, 56 EkESh, HE
BRIRPR SN (p<0001). BRKP—EB
DT VT T, HBFICRGETHE T
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DNA Microarray Analysis Clarifies Immunopathogenesis of Multiple Sclerosis

Jun-ichi Satoh:®

Abstract

Multiple sclerosis (MS) is an inflammatory demyelinating disease of the central nervous system (CNS) white matter
mediated by.an autoimmune process whose development is triggered by a complex interplay of both genetic and envi-
ronmental factors. MS shows a great range of phenotypic variability in terms of the disease course, lesion distribution,
therapeutic response to IFNB, and pathological aspects, suggesting that MS is a kind of neurological syndrome caused
by different immunopathological mechanisms leading to the final common pathway that provokes inflammatory demyeli-
nation. DNA microarray technology is a novel approach to systematically monitoring the expression of a large number
of genes, It gives us new insights into the complexity of molecular interactions promoting the autoimmune process in
MS. By microarray analysis followed by hierarchical clustering analysis, we found that T cell gene expression profiling
is valuable to identify distinct subgroups of MS associated with differential disease activity and therapeutic response to
IFNB. These observations sﬁggest that microarray analysis is highly valuable for designing personalized treatment for
heterogeneous populations of MS.

Key words : DNA microarray, gene expression profile, multiple sclerosis, personalized medicine

FC®IC WFEEA « AFP TR S W KHRERRBRI L b, A

% FEE{LEE (multiple sclerosis; MS) A MiER B
B AESERBENERL, e LBERABRE LR
DR L TETT AR TH B, MS BERS 117188
ThTwiswd, SROBEHNERLBERTOFET
T, MAERHEERRCs THRERZRT VAL AT
EOMEFR 2B LG L BT RIGHE: CD4* Thl
T #Rahy, MEAKEAFT % Bl L CREHERABRIICR
ML, vs7u7yr—v.iynal Y 7EEELLTTNFo
e ORERBRTFOEAYHEL, RErERINS

EEL bR TS (BEAERF) Y, RENCIHKEE

R BN, RIENBE CEBE(LT % L HEFETS.
BRBE-METHE R L TN BERES 2R T,

YV #—7 =nv~~% (interferon-beta; IFNB) © MSE
HEMFDRAUE S, BRECIEHEENCATRE
A7 oA FEEMXEBIRAR S 217V, BIERDIC IFNS
DIEFEHIBA « BAPEE 1T 5 HER, &b —#&kik
BEELLTEREN TV, LL IFN e R
ZIRITEWEFI S 2\ 23, T b MS B — IR AT
W78 { &HETLJRRE (phenotypic heterogeneity) 27 %
RN THHURENRE Y, FEMS RBERZAHE
FEMR (relapsing-remitting MS; RRMS), 2 &k
(secondary-progressive MS; SPMS), 1 %3478 (primary-
progressive MS; PPMS), BB D% & %% (conventional
MS; CMS) & HFE® 42 (opticospinal MS; OSMS),

1) ELEM - WE e v 5 — T R IR
2) BRVAIREI A SIS M 4 BISERI S A IR 2

Department of Immunology, National Institute of Neuroscience, NCNP
Department of Bioinformatics and Neuroinformatics, Meiji Pharmaceutical

University
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IFNP V4BR G5 responder (RMS) , nonresponder
(NRMS) coEah s, mEFEMch THRRE G
I3, oligodendrocyte apoptosis D& 5 4 WL pIE S
B, HE MS ORBEFRECSHE BT T oFEL
LCREF7VABAVLRT WA, by /a7
=2 P OEMTIY e P EEETORELIIIMEH
R BEF7 VI EXREWUE2 ORI 58
HEET (e b £3BEFH30,000) OREBIFRY DI -
BN - RN ETAIEEIC T > T, RNA HBAEH %
transcriptome 47, & v /% 7 BREMFHT % proteome FHT
LIRS, WREERFEBMEN (global expression analysis) &
Iy, EobESFELAY AT /I (pinpoint
study) TIXTFHIL 7ahs o I BIZFHE O MS SIERFFIC IS
o BENk 2 Bbhrinoted, TiEEr 58z
FRILT RSN T2 & Lic X b BYRIGHE
EFwRAEL GEEHEY ., § 7 A pharmacogenomics), &
I CEIER 2 IEEMMET T T s L L b, T—
5 — 44 FEHE (personalized medicine) 18 75 »h
fro AFETILDNA w4 7 07 v A BT OEAREFE & MS
O EETREEMRHTIT 551 % GBS U CRaE D &0 B2 #E3
Tho

1. DNA =+ 7 07 L1 iBiroEARRE
BEFTVARATANSSARer 4o vER 0Lk
i b, HEREBEAD ¥ 73R OMT « H D cDNA /il
oligonucleotide M THBF v 7 THBH, TL LT

DNAZAF y F—THEBE LAy b LTHHDNA~
427 n7 VA (DNA microarray) &¥A4 Y T2 7 v F
FERICL D ER L CEESEE O oigonucleotide % ff
FE& B LTV % GeneChip (Affymetrix) I 5 #E&h 5 (&
1)8, 254 7% A% DNA microarray, 71 v v[E%®
DNA macroarray & $8#53 % = & & # 5, A Ti1§93,000
BHEOS VA7 BERASAVN Y SACEE L THD S
54 vy 7 (protein microarray) dERLTEDH, £
vy BIEMEIER (nteractome) 3 7 7 AGERD
WEHENCA BTV, BETF7 vARBETF
LT FERIBHTC b ISFATTRE T b B BATE TIREIET 5,

BEFT7TVABATLETEETFRREVVORLS
2 AL L oofba - 85, B4 X IFND B 5Bk o fBia e
Yt mRNA 3 LIBET2 (R D, DNA~v/ 7w
7 v A TE— RV B 2 OEIEEEE (Cy3, Cyb) TI
A L7e cDNA F ik cRNA 2ERN L CR—5 » 7 L T8
BRINA TV A L~y g VTV, 2BRFERINRS,
GeneChip Tt in vitro transcription (IVT) 1= X b cDNA 2»
% biotin #25 cRNA Z{FH, fragment I8 L Cna 7
VA A X - VEFN, streptoavidin-phycoerythrin
(SAPE) % RN U TR AR T %, GeneChip Tl 14 v
T L BOT VA BRBET, TuvAMOLEI D,
EbbOBELAF v —TEN v 7 v uiEHL, B
Lt 5 — 4 (dataset) ZIEH I (normalization) L T
MEFENBREZT W, v 7L EOEEFHRE 7 -
7 4 — A (gene expression profile) # BRI 5, R

¥ 1 cDNA microarray & GeneChip D i

¢DNA/Oligonucleotide Microarray

GeneChip

oy ASANF I A (microarray) Fhbir A o

V% (macroarray)

FHlfr 7

& 2k ARy T 4 v ISERIEES FvFy T T MYV VI TRRK

EETF 300-1000 bp cDNA or 30-80 mer 25 mer oligonucleotides of perfect match (PM)
oligonucleotide and mismatch (MM)

HERE ) 40,000/slide BB >500,000/chip

Tm TR¥g— -

AR 2@ (Cys, Cyb) Bk

TERE BEMNA TV A —va vicI B Er0Fy 7OF—g R EREL THE

RFENL e P BEFRRMFTAT v 4
(& {ETF ; Commercial Supplier)

H AR L

Whole Human Genome G4112A Array (41,000;
Agilent), Human Whole Genome Bioarray
(55,000; Amersham)

f=1

WEB=A 287 vAAF s> —5MEATRE

Human Genome U133 Plus 2.0 Array (47,000;
Affymetrix)

i
BROATY)EIE— s vd—F v
HEB LAY v > —DLE

k6 L H5IHUE .
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Cells A Cells B
< mRNA preparation
NN TN
IL- RNA amplification
Eus {3
c¢DNA synthesis
g
Fluorescent dye Cy3 Fluorescent dye Cy5
Hybridization

a: the gene up-regulated in A

¢: the gene expressed equally in both

b: the gene up-regulated in B

d: the gene undetectable in both

@

Validation by real-time RT-PCR analysis

Fluorescence

intensity
Cyecle No.

B1 DNA=A7 a7 Vv FHORE

Hierarchical clustering and bieinformatic analysis

2 SEEROHERA A 5 mRNA R HIHEIE L, 32 OE¥EE (Cy3, Cyb) TF ~/ Li- cDNA probe ER LT, cDNAMAH » b &
NicTF v 7ETRBENAA TV XA E—0a v 2T, AF + F—THELEY I v EREL, F—2 2EHRE L THHEORE
P, v FABOBEFRE 707 4 — 4 (gene expression profile) & HEMN T2, 2L BBH 2 5 2 & —fRF
(hierarchical clustering analysis) #fT- T, B LARAAL ~ v 2 BT HBEFOV Vv A2 SV —TGET D, FELRE
B R P BT 5EETFiL real-time RT-PCR TmRNA *EEB L THRIET 5,

SELTBIET OBEE - S O ERIEHR (annotation) 135#E
fEF Y A b D ID 226 Web LT database ¥ REFRETH
% (F2), Bhick~ infilg - MBOBREBETRET —2 0
Gene Expression Omnibus (GEO; www.nchi.nlm.nih.gov/
geo) WEHFIN WD, FRICH VT v 7D format
BRIDET—2HOBBRENRRIBEFELLR, K
7 meta-analysis ¥ EMT A5G SITEEL 0B, &
VANEBSNEEIET— 2y b OEROK Y HH
T o, BB 5 & 2 — YT (hierarchical clustering
analysis) &1759, Tihbby v 7 VBT 5 HEIFHR
7t LI (M7 Lk unsupervised method), L L 705

B2 —v BT 0BETFRYr Y Tk S — 7 HE
LT, #RE (dendrogram) & HFEH LV A D 2 KL< b
Uy 2 RTRRT B, EleyprvFrikunionosi—
TR BT 5 RRILEET (discriminator genes) Tt
L, Shb% 3 RITICEMR ST 5 F 5 M4 (principal
component analysis) 1T 5 9,

R EYLEBETF 7 v 1 1,258 cDNA microarray
(Hitachi Life Science) % F\~T, MS BEFRMm T Mla
DEETFHERT 07 4 —ARBHL T2, BEEIS
® RNA mixture % universal reference & L C Cy3 Tz
L, BECREEOY v 7 k£ TCys TRH#L, &
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