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Following the completion of the Human Genome Project in 2003, we were able to clarify the comprehensive profile
of the whole human genome on DNA microarray. KeyMolnet is a bioinformatics tool for analyzing molecular interac-
tions on the curated knowledge database. It promotes genome-based drug discovery research aimed at mining the most
relevant molecular target to personalized medicine. Multiple sclerosis (MS) is an inflammatory demyelinating disease
with a relapsing-remitting clinical course, affecting exclusively the human central nervous system white matter. By DNA
microarray, we identified a set of differentially expressed genes in T lymphocytes between MS and healthy subjects, and
between acute relapse and complete remission. Hierarchical clustering of discriminator genes established the molecular
classification of MS subgroups, associated with the therapeutic response to interferon-£. The molecular network of the
genes involved in development of MS and induction of acute relapse of MS was related to NF-xB-regulated gene expres-
sion. Prion diseases are an intractable neurodegenerative disease, mediated by an abnormal prion protein PrPSc. The
protein conformational conversion from the cellular prion protein PrPC to PrPSc requires an as yet unidentified species-
specific chaperone named ‘‘Protein X’’. By protein microarray, we identified a set of novel PrPC interactors, serving as
the candidate for X. The molecular network of PrPC and interactors was closely associated with signaling pathways es-
sential for cell survival, differentiation, proliferation and apoptosis. Thus, the molecular network analysis is highly valu-
able to extract biological implications from a huge amount of microarray data.
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Fig. 1. Hierarchical Clustering Analysis of 286 Genes Differentially Expressed between Untreated MS Patients and Control Subjects

The gene expression profile of peripheral blood CD3* T cells was studied in 72 untreated MS patients and 22 age- and sex-matched healthy control (CN) sub-
jects, by using a cDNA microarray of 1285 genes. Hierarchical clustering analysis was performed by selecting a set of 286 genes differentially expressed between MS
and CN as a discriminator. The results are expressed in a matrix format, with each row representing the gene expression level (GEL) of a single gene in all the sub-
jects and each column representing GEL of 286 genes in an individual subject. The matrix is shown by a pseudo-color, with red expressing upregulation, green ex-
pressing downregulation, and the color intensity representing the magnitude of the deviation from GEL 1.0 as shown on the upper right. Hierarchical clustering
analysis separated MS (purple) from CN (dark blue), and classified the former into four subgroups named A (green), B (light blue), C (red) and D (yellow) . The
286 genes were categorized into five classes numbered # 1 (pink) to # 5 (light blue). The figure is cited from the reference No. 13).
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Achiron 513 26 fiil ® RRMS % & 18 4 D {3
H#®D PBMC OB TIHI 707 1 —)L % GeneChip®
T AT U 7=, 19 WhEERI T, 1109 B ia T OFB =
B EED, MSIZBIT 5 T Mfais (L rE T
LEF1, TCF3, SLAM, ITGB2, CTSB @ - 7F & #%& L
7z. LU 14 FIOEFTIE, RIMFFIC IFNB, gla-
tiramer acetate, intravenous immunoglobulins % %
HEHTHO, MEENEBLRTFRBICEEZEL 0]
BEMEAYH 5. Stiirzebecher 5 13 10 5D RRMS H#
T, IFNBRERIRICAKRMIML Y > NERZMBTL, L
ARH =T 25 EIETFOHELH (IFI17, OAS,
Statl 72 ED ERF) ZfER L9 LL, #2513
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B MS XY 4% (MS/MS, MS/MS, MS/MS,
MS/f@%#) L0, KA CD3 Bt T #ilfa 2 /i,
DNA Y1707 LA THTL, MS KK 20 ER
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Ets 29 2B R FRABIGIE R 2t Uz,

Xrbhbhid, 64D RRMS HEZBH L
T, BPEREN S EMTICER, CD3 G T
Ml Z 7B, DNA X1 707 L TH#@EN L,
HRNEENM B ELRTEZRELE. Y 20 43 #EB
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PrPC &7 X/ BEECHIADIA —T, S REEN RS
BER TG4 )N (the scrapie isoform of
prion protein; PrPSc) 2MI4ICZEFEL T, #iksH i sE
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Fig. 2. The Common Upstream Search of Differentially Expressed Genes in T Cells between Relapse and Remission of MS

The GenBank accession numbers and expression levels of 43 genes were imported into KeyMolnet. The ‘‘common upstream’’ search of 43 genes generated a
network composed of 128 fundamental nodes with 315 molecular relations. It is illustrated following the subcellular location of molecules. Red nodes represent
starting point molecules, whereas blue nodes represent common upstream molecules. Purple nodes express characteristics of both starting point and common up-
stream molecules. White nodes exhibit additional molecules extracted automatically from KeyMolnet core and secondary contents incorporated in the network to es-
tablish molecular connections. The direction of molecular relation is indicated by dash line with arrow (transcriptional activation) or dash line with arrow and stop
(transcriptional repression) . Thick lines indicate the core contents, while thin lines represent the secondary contents KeyMolnet. The statistical evaluation of the ex-
tracted molecular network indicated the most significant relationship with transcriptional regulation by the nuclear factor NF-xB. The figure is cited from the refer-

ence No. 18).

&7 % PrPC OFBNNETH 5. F/= PrP-KO
R ATIE, EMEMED GABA, receptor-
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fatk (SFH) &H#L7z. BX ML XEARIC
Bgy 7 4 >)N7E (heat shock proteins; HSP)
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AR—H — (exc1tatory amino acid transporter-4;
EAAT4) ORBNRFEFIN TR, 20 L/ L DNA
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B<EMmEINTVDE. D LahLAENSVnEREX
OAKIIMA TN TR, BIEET, PrPCHER
4 > )\ 7’8 (PrPC-interacting proteins; PrPIPs)
ELT, EEUTY2HMTICEKD, GFAP, Bcl-2,
Hsp60, APLP1, laminin receptor, Doppel 7 & 73[H]
ESN. LirL X Offli, 37245 PrPC O
ERHEE 2 E T 2 PrPIPs I A I N TR
W, mitbiibiii, Jor1 o4 a7 LA %
FIWT 20 FEEOHM 14-3-3 585 >N B2 FE
L. Zor7ard— L@z HnT,
PrPIPs O 451 O fig i % il 7= 30

t k PrPC @ N &K & C K> 7 F )V XTF R
ERELZI AT 7k PrPC23-231 (PR209)
%, pSecTag/FRT/V5-His-TOPO® (Invitrogen)
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7 a—=>/% L7, Flprecombination target (FRT)
site 2 9 % HEK293 #ifid (Flp-In-293; Invitrogen)
CEA, BEEERCHWENE VS I T &
PR209 % HIS-Select Spin Column® (Sigma) T¥
#1  Centricon-10® (Millipore) TiE#FL /=. 7 O
TARA 707 LA ELTIE, 5000 fERED S >
INZ7EDEE X 117~ ProtoArray Human Protein
Microarray v3.0® (Invitrogen) ZHW/=., Fv 7k
D&y NI EIE, NFaouA)LZizk b Ba
fiid St9 THBI W/ GSTH /&5 > )NV ET,

PR EM 22T TH 0, EMNKREY >IN Bk
BEN RSN TWS, 207 L1 %2 V55 TfE
PR209, #i V5 Alexa Fluor 647 Hifk & IERR S 1,

GenePix 4200A Z F + 7 —® (Axon Instruments)

THHNT T FIVEMB L= f#H 7 & Prospector

3.0®° (Invitrogen) Z fHWT, MEHFMICHEZREE
BRINE 2T 5 47 FHE O #H PrPIPs z [A & L
Fz. Wit AR ET LR NT2N 2 W T, 5
H % FE38 T &/~ family with sequence similarity 64,
member A (FAM64A), polo-like kinase 3 (PLK3),
N-methylpurine-DNA glycosylase (MPG), homeo-
box Al (HOXA1) IZBAL Tid, ®EILREIET
PrPC & DG EMEL, HAA A—2 > 7 THilE
NI JHEZ AL 2.

47 fE%E @ PrPIPs ot 35 f%H1, Allen Brain
Atlas & — 4 X— X (www.brain-map.org) TII,
XU AR BT A A 0T OFBERD -
Database for Annotation, Visualization and Integrat-
ed Discovery (DAVID) version 2007, National In-
stitute of Allergy and Infectious Diseases (NIAID),
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Fig. 3. Molecular Network of PrPC and the Interactors

By importing the list of Entrez Gene ID of 47 PrPIPs, KeyMolnet extracted 39 genes directly linked to 47 PrPIPs. Subsequently, the ‘“N-points to N-points”’
search starting from PrPC ending with 39 genes generated a complex molecular network composed of 214 fundamental nodes and 579 molecular relations. It is illus-
trated following the subcellular location of molecules. The red node indicates PrPC on the cell-surface membrane as the starting point, while blue nodes represent
PrPIPs. The direction of molecular relation is indicated by dash line with arrow (transcriptional activation), solid line with arrow (direct activation), or solid line
without arrow (direct interaction or complex formation) . Thick lines indicate the core contents, while thin lines represent the secondary contents of KeyMolnet. The
statistical evaluation of the extracted molecular network indicated the most significant relationship with AKT, JNK, and MAPK signaling pathways. The figure is

cited from the reference No. 30).
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NIH 5 — # X— Z (david.abcc.nciferf.gov) T,
T T—arERRTDE, LI Y
NI ENT=. KeyMolnet 12 &% PrPC (15 5) -
PrPIPs (#& &) O F* v b T — V@ TII,
AKT, INK, MAPK > 7 FI)VriER & OBEEDY, &
HEZICRBEINE (Fig. 35 K XIE Ref. 30) &
H). 97205 PrPC I3, MM EES LI
WNBERLHOERER T FIRERT S L TN
%. PIPCZEZHLETHA Y —F 7 h—LDRYE
W, T UF T A S NS RN R SE & 55
YL REE VRS T 7z

5. £&o

2003 FEIT 4 b N IE R T 22000 O HE B 5 A3 iR 5%
SN, 107 LA T ORI BT 5 2ER
TIEBUE M & MR IR FTRE & 72 D, AIEEMFZEL
T LBIEEANING A LT ML Thbb, &
BHEER TFOEAICEEETFEN I AU T
k=24« TOTFF— A LAV THIGEANI R, B3
RS N B ) — RMbAW 2 HRR, o8
7T A > 2175 T ENEEREIKE 78>
2. b b DNAY 707 LA Z2HWNWT,
MS B#E T MlEA TR T 07 « —)L 2@, %
MzsE, IFNBICEEETHZRELZ. £k
MS F 78 R 1Y 43 {5 T % €, KeyMolnet 2
KB550F*y U=V EIT, BEKTF NF-xB %
NI 2EETREREROREZHAWHL . £/
bhbhii, Yor1 >0 r707 L1 2HNT,
20 E DM 14-3-3 (565 >NV H, 47 fEOH
B PrPC #5554 > /N7 'E (PrPIPs) Z[AE L 7z.
PrPC-PrPIPs ®4rF % v b7 —271%, #REH D
HFER oL 2 HlEH 9 % AKT, INK, MAPK > 7 5
WEEREBEEL TWE, 1%y MU — 7 fiifr
3, BRBT LA T —5 OEWFENZERMNT DR
2, B ERIETDZENG Mo T

BEE AWRECHLED, BIRIUE - RiTicT
ROJWI2/2E £ UZZENLRE M - w2 & — R at
FERT M RR LA AR, sl ek, e
FAedk, R ETed, mEBEEE IIORFEE
FEBAHRE B I HTChE fe s, BTG SRR R 2 Mk
THRAEBIC HEHAMRBOEMRZE « BHRIES
BT HAFZEHE] DOEERERICHRAHF L BT XY
EROBIEIL, SERk 17-18 4F R A 57 B FH AT 5% 2

e I ZADIEFERY TBETF T L1ICK52%
MR (L P T AR ICBE 9 B 98 : HI7T-2 2
A-020), Sk 17-18 FEERIHEE L 2 —< Y1 T
CAREBEEZE IDNAYI 7071 1I1CLd%
6 1 5 L E O 3 G 32 Wik O B SL 1T BE 9 2 ST -
KH21101), SCHEBFL2EE AR B18300118 'O
TA T VAR EKDTUF AEEH >IN EOREGRE
RN DFBN 2 Z 72D TH B EE2FL LT
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