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Fig. 1 Bioinformatics analytic strategy for drug repositioning using gene expression profiles™!

El1 FALEMESFREASTERERELEIETN G HRIRA 5 R

Butte %5 )\ NCBI 1) GEO ¥# 20 b 3545 T3
i 100 Fhms S EATTAR IR 306 TR 176 2156 3R
BT, 3K 176 B MBOE 3 113 43
FE S R DRI 45 SRR, IR BB RS i Edis ok
H AR S5 = AN [\ 20 B - & Al i S0
XL BEAT T B & 0 2 4 bR dE 4K (rank
normalization)?” 2, i ] AILUN A2V AN A &
B i By B A — R g — e 3 o bR )
NCBI GenelD, |75 Jy bE— BRI an /AE T 1)L
ANREE, WA FEREHE 5 1 FIME. A5 1
iR SAM AR5 3l He sk — 20 s vh
55 IE R R TR ) 22 e R BE A, AT SR A R — T
o th AR SRR I, XA R A1 R 14
PIIG 1) PRI IR A 52,

2006 5, Lamb MHC[RIFHT “Hoi. FLAER
KR 5 2 2 R AR AEAE D RE EIHRR” X
—RlEER UL, M T H 164 P YIS ERNT
WG, ARG & O S A S R 24 i i B )
(FDA)RLAEMI 258, AN [ FE Ab BN S 15 77 41
i, AR AR A RIS, IR T —EK
A FH T 0 3 6 24 49 55 Wi ) s DR 0 1% kAT H i 42
P, AT X 4 R LR A Connectivity Map BY,
Lamb %5 75 2 ] H] Connectivity Map #7254, &
55999 1] [ X 2 (disease-gene- drug connections),

i A= b 25 B & . A A Connectivity Map,
Lamb %5 B Dy 28 56 7 PP BT 0L 2D (1) R AR =4
43 F AT LR # #VAR 52 25 11 90(heat-shock protein 90,
HSP9O0), il 7y 71 i 40 B v Ry B B 3% 2 AR5 5
1 % (androgen-receptor signaling)®?, & &I T 1A
% % (rapamycin) 1] DU 4% S0P bk T BESH M 1 1 5
(acute lymphoblastic leukemia, ALL)XJ ¥ 57 i %
(glucocorticoid) i 245 4.

Butte %% 78 7> F) ] T Connectivity Map 2 {1t 1)
X 164 PPy e A I E s, 0 e RIFEEAT
T RbRUEA, SRS R 2 DR SRR A 2 4
P PE (reference database), ¥ Connectivity Map 15
IR INAE B, 0T I PT IR 100 AR 6 A S
(disease signature)i& ™5 254 2 2% Hidia AT LU
DUIRTFIE 1 BTk IR0 - 2990 73 (5272). Butte 5541
X Hr it B2 S By B % T GSEA (gene set
enrichment analysis) (1] J5 BP9, GSEA BgH T VEAL
A RS T — U A EYFHK AR ERNES
(gene se) ML TH B2, Folll T LA LU AN SR A
FIREARRIAE, O 2 DRSS i 1)
SRATET, Butte SRR SN G 5 TR & I 22 R
IEFERIE I —A> gene set, JIT 453 21950 - 25951
E LR 1IN 1) gene set 78 2P HE R R IA 1 2 4L
¥ P P 459 2 1¥) % 4 {8 (enrichment score).  7EiZ 707



.38 - L SRR

Prog. Biochem. Biophys. 2012; 39 (1)

FEH, Butte 55| AT E #(permutation) (1) 5,
X AF— P B BN LA B — 21 5 25045 5 A [ R
s, R RBL N - 29950 E, JFER
ZA B 100 X, LLUE SR K L% (false discovery
rate, FDR, H ¢ HER), FFERBMARH R SEME
FHPE. S8R EIRTTVE, ABAITEEXT T 16 400 Fhyichi -
YA E, Hrh 2 664 B - AWM GG BE T
Gt i X (¢<0.05), I - 2501 25 0 5 1 R g
R E G RRIAT G I 259 - R R). AL
100 M th A 53 Bl A A5 2 b — Ml g7
I8 - IR K ER, 1 164 Fh 25448 X 53 Mk
T R A D — AR S A DGR,

K5, Butte 55 HIF NI 53 B 5 164 Figy
V)53 0 N R0 - i AE, R IR YT A
(therapeutic scores), #EAT T J2 B 5 2 (hierarchical
clustering) 77 #7, A, HA AR HLE 259
RBEALA B, W E A X L WAL B (histone
deacetylase, HDAC) #ll ] 7] , £ 45 trichostatin A.
HC Toxin Fl vorinostat 2558 7E—jfd, W5 X 4k
9T BeA A AR R IT I B E . [FIRE, AR
(R Tt I s F5 e R ) o 988 55 e SR e —
A2, 28 P 1 18 9% % (inflammatory bowel disease,
IBD) 45t 375 1 45 W % (ulcerative colitis, UC)F g %
Y G (Crohn's disease, CD) IR H R 2 M (1) o) —
gy Gl B R RN - BRI R AT -
2997 431, Butte FR5GUE T — 2 U TIRIR D 24
YIRIEAN TG ST BI5IR Z T AR B an e Tt
(R0 9 PR B i e B SR IB 9T /(L B LA 254
LS T R SR A JE ¥ (prednisolone), 16
7 -0.216, LA T AR B 7 510 1) 4 i
PN SN SRS Uo ) XAt A AW I B
g e det AT A AV = B SPTITE W B =Y v o 177 Nl
i FH Rz M 45 i 98 F0 5 0 R O IR T 259 X
a1, HDAC il S liwie . i M. &5
SR IR 2 1A AU IR YT 43 (B, T HDAC
(AR Dh et AR S 50 A4S 3 TR UER™, Xt —
AR T Butte S5 FT FH IR JE 2 R S R HEAf

3 |RZSETAIERYRIRIEIE

AR PR 5 R T8 7 30 1 254
FEMLINE 55 70 2 R I 2 TRl 21 T LAk Je b i
W& a7 o0 E, AR T -0.220, FEMLER S B
PS5l A R 7 0 (B R, T 2 AR AT
REFERERE AT T RUERIE R, AR AT T

TEPR ARIES. [N, Butte Z54E — ik AR
(trinitrobenzenesulfonic acid, TNBS) 5 T [ K fil 45
Wy RASIL A B AR T FEIE B 28 M 1 e 1R v T AR
. SRR KRB A 4 41, B4l 12 2 B4R
WATATALBE, oAl 3 2055 RARHE A % 100 mg/kg
257 TNBS &bH LU 3 K 28, 3 4l Hifr 1
TNBS 4b#, 55 —=417cH TNBS 53 [ [H] i FH FEt
B Ab B (B R F% 80 mg/kg MR ES 2y, SEERAL), DY
S1NIAE TNBS 5 5 (1 [7] i FH & Ak 95 e A Ak B (s K
i 3 mg/kg RHELG 2, FIVEX R, HLLHZS 7 K,
TR 3 M 7 KA N B8 K Ul 9 5t
L, SEB 25 S AL AU R B, R ER D) R I 25 41K
B I B R AR A 1 . 45 SR 3R P FE N R AN A
JEFAYI AT B 2% AR TNBS 5 S K BUIGIETS, iM%
BEAURELY) 45 RN s, FRILEE L 2 A bbb
JeFA T ST TNBS i SIS 4%, Wi
T TNBS 551045 W b i 15t 92 70 iz B ¥l i
.

Butte %5 HH1 AL T AT 259 - 9500 TR I
FH SR R A R s, T8 LA v 2 IR R 11 9
I3 J2 DR A A 5 AT g (1) 2 R SRR i, RN 2
JT BB g I AH G [ S DR R I8 B A — 3 Z RIAEAE
B AE DG, BRI, AT TE TNBS 753 3¢ F 40t
Beva T oK B4 a1 ZRrp, Jd 5 ¢ & PCR %k 1
Yo 55 N Z5HH 54 7 TRPVL 1 TFI30 (1) 2655 ol A8 1%
L, TNBS S5, SR b oo D8 [ 5L &Ik
WAL, KR AL TRPVI LR RIE T,
IFI30 35 I, 1 FEILL EE Ak 2 6 A7 R 0 4 1% 1
FEAE PR P I R IA %, B TRPV BN Rk Tt
i, IFI30 JEPRIRIA P T, Xt o FHLE ik
— RS T FEML TR0 G g5 1k s (A T A FH .

FEAAHE, Butte 55 A BLIATT 5t 20 11 25 1) 4 K
T i R TRV A R A R B R - 25 a1
(—0.088), JELEAMATIRI T &5 R hin G — L 259y
XoF s s (R0 V7 AL LG K T, (AR S
R U KA T T FH v T Il R, [RGB T
W FMRA D FH] st e . HRlfEH
BUNWE LY, 53 AR TR B R T
B EAR A WHEIL R 5 2V W T8 5 2 R 4 B 4
{ER BT 32 N FH 1 il s V67 1) 5 AR5 JE (gefitinib)
5 )it e TR FT 000 L PRI - 245400 53 16.(—0.075) i Wi
6. DG, Butte 55 e 1 ik 5250 Sk 50 E Y K
B TR s e T AR . AR MTT [3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyl-tetrazolium bromide]



2012; 39 (1)

BRI, % £MEBRAMERKIRLH AR *39.

F1 TUNEL (terminal deoxynucleotidyl transferase-
mediated deoxyuridine triphosphate nick end labeling)
GRS SER, e ) EE A e Bk B (severe
combined immunodeficient, SCID)/) §il 4 it 1) %% #H
TEARARERL, I3 SIS UE T VG BRI T e e 40 1 R
A549 (IR ThRE, AL PUIKRER T E AR AT AR SR T
AN AS49 40 HG TR, T AS49 41 I I
TR0 4 TR E B 25 - S IR R S
Butte S5IAGIN 1 VG BKAER T B A0 e 19008 BE
FEPRIM SR, UK T B A e 2 1R) A AR G
PE, B - i EN 0 (P = 1.0), FEARAT TR
SCID fiif J6 /I B A SEBR R RS ry, - IR T 0] 1 4
J S (ACHN 4 [ 22) SRR B A7 $ 41 T2,

4 MREXFIRE

GV V0 5 9 R I s 8 2 R e % v HL H T
R LR IE IR . 28 PRI s 2 —2Rg bk
HEREPE 718 S e B b, IRIR LA 45
A5 B R EO B L, ANE SRR AR A
100 J7 N KA, H BT JCAT L6 @7k, W R
WRIT T EAFE K INR BT 3RS S R G e
P R R RAE, Al DAPTAE SR T ] Ik
Y, ANREIR B TISEAIE, SR, BiER K
VER, HIXLe2G /e I B mIER . —Lei
VAT 2990, WPt TNF-o 2825, W A% & HLAYX
S BE AR RAE A, TR
PIERRIT TR, HENMUGEH . 2
ik, HFARIGHRGAEIARA . il i )
Je A S R 2B T e v IR R 2 — L [
WG I A Y 4 T BEAT S U (PR T J7 7%, Butte 55
(RIS 45 R X A B Ak T8 R e 1R T 24
WA, RAEMATRAR I BARTR EVIE I, A
AT TG ELAT — R B 1 5250 REAUE S P gl Tt
TH S AE RN IS 3. H R,
Butte ZF$2 41 T —ANJE L 78 0 2 00 O 20 Pk
PR R TR 24 00 P 34 11 1R ey g

4%, Butte S50 F 1) JE PR 3R 0K 15 Hoa Bk
SR W) A2 B8 T B AR 24 ) b FR S A0 R N B 1
i N mRNA 7K RPRGL. FRATTHE, & E R
A SR R AE LE ) ThREN) BB AT &, T LAULR
PR E R, WIEARMERIA. 4T
WFFCIE R A5 A 2 Th Re ) e LB oA Ui R D 11 2
Ifl. mRNA [FZRIEK PRI T B AL A5 B AEH %K
SPALEB PRI, B IFASRE A T S AR [ R ik K

A%, A mRNA 355 8 (5 R 1AH Gk
HAGF, HEBEME, EARAAR DR
5 B R M, T X 2 R AR ) LT T8 VR
mRNA ZK-F kAW, BfiAE 8 4] 2= 0 50 B R
FORWSIRR Rl 2 or & 8 1 Al 2= R I
PR+, Sy ER ST PR 2 114 T 7 b T s (1)
ToTATL A58 0%, 3 FRIE I BT 11 3 7 BE AR AR 7 B i o
BETH I ARLA:. ATLATI, BEAE A TLE A
HS B AR ), L&A 2 A AR DG B
SRR DU, AN ATAT T AT LA 7 4 A
TSR A 2 Al BRI RSy kil gl R
FAER RS RIA SRS (W E AN, 2T
RITO K I IR TH 24 (R FH I 1L 5 22 1) 5 ).

FiAh, SR A AEA R IGL e R ER, 5%
Wi IR R A LA R Ve A e B 2 IR 2 g4t
(5 F AR R L R R P I 4% . 78 G D AL I
s TR R LE RN 234 I E AL, & Db 4R 2L
RAEAFERALZ T, MEER. B, WK P4
D5 S ER O P4, LARCER A R )
(R 3 A RE AT R GO N HL AT 009, 2 1 J5AH 1
VE R 48 PRI T B 2125 2 T ) R Geflidk, AT LA
A NAVTHE 53 17K L B G M B A0 A A 24
P A=A, IX AT ) B B0 B 2 it & & IH
2T I I TF R JCSE S 2 2 HESE .

FIRALAEMG, 10 DNA WAk, 4188 2 W
ARG () i 102 ROE S AT R AR  EE LA, T
IR I BB AL T LA RNA(microRNA)® )
I AESR Y RNA(non-coding RNA)! 192141 [X] g 2
5T RRFE M H RS2 2 EA. BRI
BRI S uoos, Sy AT E it T O T E 1
DNA 178 55 F15E 45 3 mRNA AR BT, M
DNA Ak 15 1 31 micorRNA ) 26 12 7K - 4% %2
AN Ti] J2 T P 355 DR 22 0 R R 4% 199 4% (1 1 S i i e 12,
AN HAEDE BRI X S, KA E
e A TR R L AR T S R BT 2
TF I ¥ A5 BT ALE

2 % x M

[17 DiMasiJ A, Hansen R W, Grabowski H G. The price of innovation:
new estimates of drug development costs. J Health Econ, 2003,
22(2): 151-185

[2] Boguski M S, Mandl K D, Sukhatme V P. Drug discovery.
Repurposing with a difference. Science, 2009, 324 (5933): 1394~
1395

[3] Chong C R, Sullivan D J Jr. New uses for old drugs. Nature, 2007,



. 40 - L SRR

Prog. Biochem. Biophys. 2012; 39 (1)

448(7154): 645-646

[4] Ashburn T T, Thor K B. Drug repositioning: identifying and
developing new uses for existing drugs. Nat Rev Drug Discov,
2004, 3(8): 673-683

[S] Sampaio E P, Sarno E N, Galilly R, et al. Thalidomide selectively
inhibits tumor necrosis factor alpha production by stimulated
human monocytes. J Exp Med, 1991, 173(3): 699-703

[6] Thompson C. Thalidomide effective for AIDS-related oral ulcers.
Lancet, 1995, 346(8985): 1289

[7]1 Jacobson J M, Greenspan J S, Spritzler J, et al. Thalidomide for the
treatment of oral aphthous ulcers in patients with human
immunodeficiency virus infection. National Institute of Allergy and
Infectious Diseases AIDS Clinical Trials Group. N Engl J Med,
1997, 336(21): 14871493

[8] D'Amato R J, Loughnan M S, Flynn E, et al. Thalidomide is an
inhibitor of angiogenesis. Proc Natl Acad Sci USA, 1994, 91 (9):
4082-4085

[9] Barlogie B, Tricot G, Anaissic E, et al. Thalidomide and
hematopoietic-cell transplantation for multiple myeloma. N Engl
J Med, 2006, 354(10): 1021-1030

[10] Xiong W, Wu X, Starnes S, et al. An analysis of the clinical and
biologic significance of TP53 loss and the identification of
potential novel transcriptional targets of TP53 in multiple
myeloma. Blood, 2008, 112(10): 4235-4246

(U] B30, 1 e, 2 B, A5 NORE SRR v M) 8 Jieg 77 A A v
N Sk W o 0 0 i 249306 6 R RO 9. AR A 2 S AR ) Bt R,
2009, 36(1): 58-64
Yi WY, XuB, Li M, et al. Prog Biochem Biophys, 2009, 36(1):
58-64

[12] Xiong W, Zeng Z Y, Xia J H, et al. A susceptibility locus at
chromosome 3p21 linked to familial nasopharyngeal carcinoma.
Cancer Res, 2004, 64(6): 1972-1974

[13] He H, Liu B, Zhang X, et al. Development of a high-throughput
assay for the HIV-1 integrase disintegration reaction. Sci China Life
Sci, 2010, 53(2): 241-247

[14] Zeng Z Y, Zhou Y H, Zhang W L, et al. Gene expression profiling
of nasopharyngeal carcinoma reveals the abnormally regulated Wnt
signaling pathway. Hum Pathol, 2007, 38(1): 120-133

[15] Barrett T, Suzek T O, Troup D B, et al. NCBI GEO: Mining
millions of expression profiles——database and tools. Nucl Acid
Res, 2005, 33(Database issue): D562-566

[16] Zeng Z Y, Zhou Y H, Xiong W, et al. Analysis of gene expression
identifies candidate molecular markers in nasopharyngeal
carcinoma using microdissection and cDNA microarray. J Cancer
Res Clin Oncol, 2007, 133(2): 71-81

[17] Zhou Y H, Zeng Z'Y, Zhang W L, et al. Identification of candidate
molecular markers of nasopharyngeal carcinoma by microarray
analysis of subtracted ¢cDNA libraries constructed by suppression
subtractive hybridization. Eur J Cancer Prev, 2008, 17(6): 561-571

(18] JalH %, sk ji, W5 WIRH, 4. FI ] GenMAPP fifi £ S WA i 22 57 %
TR At 5 AR R R, 2005, 32(12): 1121-1129
Zhou Y H, Zhang B C, Zeng Z Y, et al. Prog Biochem Biophys,

2005, 32(12): 1121-1129

[19] AR H, WR 2%, B340, 45, 5L T 2GR BE B Rk K41 1)
AN A S A EEE R, 2011, 38(7): 661-669
Shao X J, Chen Z X, Miao M H, et al. Prog Biochem Biophys,
2011, 38(7): 661-669

[20] %1 5, B0 1. FE T AEME B 07 i R B AE 2 W ERR. £ )
b2 5, 2011, 38(1): 11-19
Liu W, Xie H W. Prog Biochem Biophys, 2011, 38(1): 11-19

[21] Sirota M, Dudley J T, Kim J, et al. Discovery and preclinical
validation of drug indications using compendia of public gene
expression data. Sci Transl Med, 2011, 3(96): 96ra77

[22] Dudley J T, Sirota M, Shenoy M, et al. Computational repositioning
of the anticonvulsant topiramate for inflammatory bowel disease.
Sci Transl Med, 2011, 3(96): 96ra76

[23] Lussier Y A, Chen J L. The emergence of genome-based drug
repositioning. Sci Transl Med, 2011, 3(96): 96ps35

[24] Zhou M, Liu Z, Zhao Y, et al. MicroRNA-125b confers the
resistance of breast cancer cells to paclitaxel through suppression of
pro-apoptotic Bcl-2 antagonist killer 1 (Bakl) expression. J Biol
Chem, 2010, 285(28): 21496-24507

[25] Cao J, Fu L, Sun D, et al. Taxol inhibits stretch-induced
electrophysiological alterations in isolated rat hearts with acute
myocardial infarction. Sci China Life Sci, 2010, 53(8): 1009-1014

[26] Meng R, Zhou J, Sui M, et al. Arsenic trioxide promotes
mitochondrial DNA mutation and cell apoptosis in primary APL
cells and NB4 cell line. Sci China Life Sci, 2010, 53(1): 87-93

[27] Warnat P, Eils R, Brors B. Cross-platform analysis of cancer

microarray data improves gene expression based classification of

phenotypes. BMC Bioinformatics, 2005, 6: 265

AR, SRR, BB, S B bR VR LU Y. 2R

e 5P R R, 2007, 34(6): 625-633

Tan X J, Zhang Y X, Qian M P, et al. Prog Biochem Biophys,

2007, 34(6): 625-633

[29] Chen R, Li L, Butte A J. AILUN: Reannotating gene expression

data automatically. Nat Methods, 2007, 4(11): 879

Tusher V G, Tibshirani R, Chu G. Significance analysis of

[28

=

[30

=

microarrays applied to the ionizing radiation response. Proc Natl
Acad Sci USA, 2001, 98(9): 5116-5121

[31] Lamb J, Crawford E D, Peck D, et al. The Connectivity Map: Using
gene-expression signatures to connect small molecules, genes, and
disease. Science, 2006, 313(5795): 1929-1935

[32] Hieronymus H, Lamb J, Ross K N, et al. Gene expression signature-
based chemical genomic prediction identifies a novel class of
HSP90 pathway modulators. Cancer Cell, 2006, 10(4): 321-330

[33] Wei G, Twomey D, Lamb J, et al. Gene expression-based chemical
genomics identifies rapamycin as a modulator of MCL1 and
glucocorticoid resistance. Cancer Cell, 2006, 10(4): 331-342

[34] Subramanian A, Tamayo P, Mootha V K, et al. Gene set enrichment
analysis: A knowledge-based approach for interpreting genome-
wide expression profiles. Proc Natl Acad Sci USA, 2005, 102(43):
15545-15550

[35] Zhang W, Zeng Z, Zhou Y, et al. Identification of aberrant cell



2012; 39 (1)

BRI, % £MEBRAMERKIRLH AR

0410

cycle regulation in Epstein-Barr virus- associated nasopharyngeal
carcinoma by cDNA microarray and gene set enrichment analysis.
Acta Biochim Biophys Sin, 2009, 41(5): 414-428

[36] ¥ B¢, W, £ A ENES NSRSk A
Wi SR 2, 2009, 36(11): 1415-1422
Hwang B, Li W T, Li W, et al. Prog Biochem Biophys, 2009,
36(11): 1415-1422

[37] 3 3¢, F06, JH b 4. L8 B AN L I Rt . 2B
2 5 Bk R, 2009, 36(10): 1252-1259
Jiang Z W, Liu X G, Zhou Z J. Prog Biochem Biophys, 2009,
36(10): 1252-1259

[38] EFH5H, WM, B, & WAL EA LWL IR pl6 IR
i8R S A BB, 2010, 37(6): 600-606
Wang X L, Feng Y P, Zhao J, et al. Prog Biochem Biophys, 2010,
37(6):600-606

[397 WK BH 0, A% A, 302 1, 45 WX fili 24 28 D4-GDI R34 156 1)
G5 A LS P 3 A O P 1) o 1 R 2T AL
54 Yk, 2010, 37(11): 1204-1211
Ouyang Q, Hu R C, Dai A G, et al. Prog Biochem Biophys, 2010,
37(11): 1204-1211

[40] B3, B, TE R, 4% RNA T4t ABCE1 3K 5 nf 38 n i
Ji 95-D/NCI-H446 40 i 1) E- 415 4l B 2 11 320K T 9 Ak 4 ff 12 2%
01 PR S A B, 2010, 37(8): 891-896
Zhao A J, Zheng M G, Wang G C, et al. Prog Biochem Biophys,
2010, 37(8): 891-896

[417 = To50, 2R R, 0, A8 il 40 0 v 4% ezrin JE DR B ACHE
SRR A AR I Te A B e e R 7 3608 . Bk SR
PRI, 2009, 36(3): 288-296
Gao SY,Li EM, Meng L Y, et al. Prog Biochem Biophys, 2009,
36(3):288-296

[42] HSEME, B D4, B U, &5 RNA T30 ABCE1 & K| 5 nl ki il
JiE 95-D/NCI-H446 4 it i) 4 SRS 3 40 i 1. A= 22 55 2
Py EERERE, 2009, 36(11): 1475-1482
Zheng M G, Gao Y, Huang B, et al. Prog Biochem Biophys, 2009,
36(11): 1475-1482

[43] Yue W, Zhao X, Zhang L, et al. Overexpression of cyclin Y in
non-small cell lung cancer is associated with cancer cell
proliferation. Sci China Life Sci, 2010, 53(4): 511-516

[44] He F. At a glance: Proteomics in China. Sci China Life Sci, 2011,
54(1): 12

[45] Gao X, Zhang X, Zheng J, et al. Proteomics in China: Ready for
prime time. Sci China Life Sci, 2010, 53(1): 22-33

[46] Li G, Yang X, Zeng H, et al. Stable isotope labelled mass
spectrometry for quantification of the relative abundances for
expressed proteins induced by PeaT1. Sci China Life Sci, 2010,
53(12): 1410-1417

[471Mi W, Liu X, Jia W, et al. Toward a high resolution 2-DE profile of
the normal human liver proteome using ultra-zoom gels. Sci China
Life Sci, 2011, 54(1): 25-33

[48] Zhou N, Wang N, Xu B, et al. Whole-cell matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry for rapid

identification of bacteria cultured in liquid media. Sci China Life

Sci, 2011, 54(1): 48-53

[49] 7F 77, AN, AR, A5 K MVE B 1 R U AR g v
FUt . LE M S A B EE I, 2009, 36(6): 668-675
LiN, WuSF,Zhu Y P, et al. Prog Biochem Biophys, 2009, 36(6):
668-675

[50] PhEiitt, #ASRK, B 7%, &6 BE AR / i F s
R IDE T B 4 R 1 A AL I AR A S AR Bk
2010, 37(1): 94-102
Sun R X, Dong M Q, Chi H, et al. Prog Biochem Biophys, 2010,
37(1): 94-102

[S113 A, I, VrPHel, 45 Jo g i SR g8 I o B i

TR H. AR 5 M L R, 2009, 36(4): 391-397

Zhang J, Liu Q M, Xu D K, et al. Prog Biochem Biophys, 2009,

36(4): 391-397

BEWDR, XA, M4, 55 IR AL TR . A 5

MR, 2010, 37(2): 121-128

Cai T X, Liu P S, Yang F Q, et al. Prog Biochem Biophys, 2010,

37(2): 121-128

[S3] FhLE, BRACKH, ) W, 45 H3 IR T 1% 1] i A S Il e SRk i o
B st S A g, 2010, 37(12): 1278-1288
Sun H C, Zhang J Y, Liu H, et al. Prog Biochem Biophys, 2010,
37(12): 1278-1288

[5415k 5, skadB, ) M, 4% B BB S BT 0 G A e E
WEFRE . ZEWL s 5 2 Y BBt e, 2011, 38(6): 506-518
Zhang W, Zhang J Y, Liu H, et al. Prog Biochem Biophys, 2011,
38(6): 506-518

[551 R /%, ko, ARt e, A5, O U R 2271 40 i BB I UK AR
wRalifh S L B A 2 E . AR A S AR B R, 2009,
36(11): 1458-1468
Xiong X, Shen J Y, Li J J, et al. Prog Biochem Biophys, 2009,
36(11): 1458-1468

[56] ko, 2%k, TRAEDE, &5, WOLHIER BRI BAR S & 180 b
0 E A AR TE B b B 0 A b i N . 2Rk
54 Y EEE R, 2009, 36(3): 311-322
Zhang Z Q, Li M Y, Zhang G Y, et al. Prog Biochem Biophys,
2009, 36(3): 311-322

[571°K #&, F . BT HUBRN & 45 8 A 0 8 B R
WL RE. A5 5 A ) BEJE, 2010, 37(2): 224-229
Mi W, Wang J. Prog Biochem Biophys, 2010, 37(2): 224-229

[58] Li G, Xiao Z, Liu J, et al. Cancer: A proteomic disease. Sci China
Life Sci, 2011, 54(5): 403-408

[59] Wang L, Chen G. Current advances in the application of proteomics
in apoptosis research. Sci China Life Sci, 2011, 54(3): 209-219

[60] wl A, ) AT, BERINE, 5. Al RS PR G 7 1 s A 1o 4 2 T
FOHER. L 5 A BRI, 2011, 38(6): 487-498
Ye H, Liu W, Yu C H, et al. Prog Biochem Biophys, 2011, 38(6):
487-498

[61] Cao J, Shen C, Zhang J, et al. Comparison of alternative extraction

[52

—

methods for secretome profiling in human hepatocellular carcinoma
cells. Sci China Life Sci, 2011, 54(1): 34-38
[62] Gao J, Gao G, Zhang Y, et al. Proteomic analysis of human

epithelial ovarian cancer xenografts in immunodeficient mice



ca) - LS IR R

Prog. Biochem. Biophys. 2012; 39 (1)

exposed to chronic psychological stress. Sci China Life Sci, 2011,
54(2): 112-120

[63] XA, M &5, RIS &, A5, A5 R Ml e e B AHOG 43— 1 58
HEARAATR. LW S WY R, 2009, 36(4):
448-457
LiuY F, Xiao Z Q, Zhang P F, et al. Prog Biochem Biophys, 2009,
36(4): 448-457

[64] 2367, HakoR, B2 77, 25, LCM 44k i 5 s () SR IE 3 &
W ) J5i 1) A o 2 1 AL # 0 5T. AEA E SAE  BEE RE
2009, 36(9): 1122-1133
Li M X, Xiao Z Q, Peng F, et al. Prog Biochem Biophys, 2009,
36(9): 1122-1133

[65] R IR, % ML, #Ookok, &5, N H A (A1 BRI ik
SGC-7901 41 i h i) let-7a hBEAH G AR . AE Wb 2 S AED W 2R
BERE, 2011, 38(5): 441-448
Zhu Y M, Xu Q, Dong L R, et al. Prog Biochem Biophys, 2011,
38(5): 441-448

[66] Shao C, Wang Y, Gao Y. Applications of urinary proteomics in
biomarker discovery. Sci China Life Sci, 2011, 54(5): 409-417

[67] Huang L, Xiao P, Guo L, et al. Molecular pharmacognosy. Sci
China Life Sci, 2010, 53(6): 643-652

[68] Li F, Wen H, Zhang Y, et al. Purification and characterization of a
novel immunomodulatory protein from the medicinal mushroom
Trametes versicolor. Sci China Life Sci, 2011, 54(4): 379-385

[69] BRIk, Tk, 2=, &5, th 2B R b 3,5- 384 -6,7, 3,
A U PR AR L B 6) N MR CNE 41 I 1 (953 ) B L. AR
Y SR BLIE R, 2011, 38(3): 254-261
Cao C S, Shen W Z, Li Y L, et al. Prog Biochem Biophys, 2011,
38(3): 254-261

[701 8 W, BRENEI, 5K R A, 45, BT DI g — S0rEAN 0 25 4 4b Ja P 10
DUk a0 B0 S (AL LA 22 5 AR B TR, 2009, 36/(6):
781-786
Zhao 'Y, Chen L N, Zhang L C, et al. Prog Biochem Biophys, 2009,
36(6): 781-786

[71] F %%, MIGesky, B W, 45, 13008 S W 4840 b 45 K42 48 2 ik
SR REAL KRS 2k L. Ak 5 A My s gk g, 2010, 37(8):
916-922
Wang H, Qu X L, Zhao Y, et al. Prog Biochem Biophys, 2010,
37(8): 916-922

[72] B, o 2. R e AR LI T . A S
YyHAERE, 2011, 38(7): 585-592
Luo X J, Cao Y. Prog Biochem Biophys, 2011, 38(7): 585-592

[73] AR ==, A ARG 4> 7 TAEM S e 50 4. AW 5489
YyEE LR, 2011, 38(4): 347-352
Wei X L. Prog Biochem Biophys, 2011, 38(4): 347-352

[74] Yao C, Zhang M, Zou J, et al. Functional modules with disease
discrimination abilities for various cancers. Sci China Life Sci,
2011, 54(2): 189-193

(7511, £ OEE 5 Mg, A% SRR AER NORI AHH. 1
SH MR A T R S A R TR, 2009, 36(6):
709-714
Xiang B, Wang L, Yi M, et al. Prog Biochem Biophys, 2009, 36(6):

709-714

[76] 1 s, BRAGT, FT  E. BRAQH B LR R R IL S ThRe. A
2 5 AR e R, 2011, 38(2): 113-118
Lin Y, Qian Z M, Ke Y. Prog Biochem Biophys, 2011, 38 (2):
113-118

[77] Zhao M, Chen Y, Qu D, et al. A database of transporter substrates
linking metabolic pathways and transporter systems on a genome
scale via their shared substrates. Sci China Life Sci, 2011, 54(1):
60-64

[78] 55245, FAE AR X5 R, & — iR T 35 A1 S0k A2 1 e B 4
L O 4% A e U 1) T . ARG S AR B R
2010, 37(4): 402-415
Liu Q J, Wang Z H, Liu W L, et al. Prog Biochem Biophys, 2010,
37(4): 402-415

[79] X4, 78 B, Rz, 45 B SO B VR F 48 kA0 3 BTt ot
BEJRE. WAL 5 AR B R, 2009, 36(1): 13-24
LiuZY,LiD,Zhu Y P, et al. Prog Biochem Biophys, 2009, 36(1):
13-24

[80] PN B, 2= #k, £ &, ZF. PNmerger: — /™384 A4 24 10 % Al
A HAE R 4414 Cytoscape i fF. AWk 2% 5 A 1
R, 2009, 36(12): 1613-1616
Sun H C, Li D, Wang J, et al. Prog Biochem Biophys, 2009,
36(12): 1613-1616

[81] WRENE, &, M ZE, 4. NZBE ML M AR 45—45 1)
BN 2 A0 4 5 B 8 BT RE R SE . AR AL S A R
2010, 37(5): 517-526
Chen L N, Wang Q, Shang Y K, et al. Prog Biochem Biophys,
2010, 37(5): 517-526

[82]17F AR MIR/R, 2= M, &5, —Flml & RIS AR DGR B IS
TRHRREE. L 5 HEE R, 2010, 37(2): 208-217
Li F, Bo X C, Li P, et al. Prog Biochem Biophys, 2010, 37(2):
208-217

[83] WK FH b, 445 h dulob FLAE B i) 7= R e S . AR Ak
54 Yy EEE R, 2009, 36(3): 280-287
Ouyang Y M. Prog Biochem Biophys, 2009, 36(3): 280-287

[84] Gong X, Liu B, Chang S, et al. A holistic molecular docking
approach for predicting protein-protein complex structure. Sci
China Life Sci, 2010, 53(9): 1152-1161

[85] FE e i, 2% Ak, WRFIR I, 55 . MetaGen: M KEGG #EAR AR5 1 4%
R TH. B 5wk, 2010, 37(1): 63-68
Zhou T T, Yung K F, Chan C CK, et al. Prog Biochem Biophys,
2010, 37(1): 63-68

[86] LI, Z=JR2, X B £74 ChIP-chip B . FE iR B 1
I T KOG T FE R A W 4% A S R ) B R
2010, 37(9): 996-1005
Jiang L H, Li Y X, Liu Q. Prog Biochem Biophys, 2010, 37 (9):
996-1005

[87] %k &, B, MR B¢, 4. SR RENE KBRS 5
¥ 1ashRNA JiURLE: Jeidi £ A549/CDDP 4 fifd %f AT 24 1)
ST IT. AW S AR, 2010, 37(10): 1090-1100
Tu X, Min L F, Chen Q, et al. Prog Biochem Biophys, 2010,
37(10): 1090-1100



2012; 39 (1)

BRI, & £WIEBRAME

R IR 53 iR «43 .

[88] BK AT 2, X4 Ky, Ph A58, 5. MIk 7o I 45 & 8 A (HSBP) W 3K
kL il S5 SPD IR AR S R ) B R,
2010, 37(4): 441-444
Zhang HY, Liu X Q, Sun Y N, ez al. Prog Biochem Biophys, 2010,
37(4): 441-444

[89] FLE M, 5K%~ T.. DNA HIIEAL AWM B# 5T ik e A=Ak %
54 My ERE fE, 2009, 36(2): 143-150
Fan S C, Zhang X G. Prog Biochem Biophys, 2009, 36(2): 143150

[90] 5KAH 3, BUBH AL, FHEAK, 25, 5-Aza-CdR X g i 988 41 B A K R
LRRC4 JEPH 58 L0 5% . 2R )4k 24 5 28 i 20 0k e,

2009, 36(7): 904-909
Zhang Z P, Wu M H, Tang H L, et al. Prog Biochem Biophys,
2009, 36(7)' 904-909

[O174L B2, 5k, JHWE . DNA FERAL 5 i R P v Il s PR 5 ik
J&. L %EW%EJ&}%, 2010, 37(4): 364-369
Du X, Yuan H, Xing X W. Prog Biochem Biophys, 2010, 37 (4):
364-369

[92] T-377, ZR/A8, FFHEK, 45, 5- A A UM T il /)N B BRHAE )
JERG R Mm% 54 Yy EE3t fE, 2009, 36(2): 228-237
YulJ N, Li S H, Wang D Q, et al. Prog Biochem Biophys, 2009,
36(2): 228-237

[93] M B, WAL, ) B, S HIV-1 85558 gpdl 5 N- Bk
AT RN I S A B Y. AR S AR i B R, 2010,
37(8): 904-915
Cong X J, Tan J J, Liu M, et al. Prog Biochem Biophys, 2010,
37(8): 904-915

[94] Yang C, Wei W. The miRNA expression profile of the uveal
melanoma. Sci China Life Sci, 2011, 54(4): 351-358

[95] $B:& =, bl R, RERITE, 5. p53 1 3% 4% microRNA S ILHu L
PRl ) e O G 2R Ak A 5 A A B L 2009, 36 (9):
1154-1164
Guo ZY,Mao C Q, Xiong L L, et al. Prog Biochem Biophys, 2009,
36(9): 1154-1164

961 % T, JH. LN B AE microRNA BF ST IS . A9
2 5 R E kR, 2009, 36(9): 1095-1100
Ma N, Gao X. Prog Biochem Biophys, 2009, 36(9): 1095-1100

[97] TEHR, 4% %, BARME. MicroRNA 514 RETE K. 2L
W2 55 R B EERE, 2009, 36(1): 25-32
Wang J Y, Cai R, Luo B Y. Prog Biochem Biophys, 2009, 36(1):
25-32

(98] J“RNH, ST, T4, 45, P9 T URTE microRNA X Py je 2 —
A G RERIE K ALAE P B2 40 M3 BE VR . AR S5
YyE LR, 2010, 37(7): 747-753
Yan L M, Wu J Y, Yu X H, et al. Prog Biochem Biophys, 2010,
37(7): 747-753.

[99] 4075, tRARI, 2= #, 4. 52 & PCR A2l microRNA R ik 1)
B N — A BOR . AR 5 AR B E R, 2011, 38(5):
473-481
JnYF,XuGM,LiY, et al. Prog Biochem Biophys, 2011, 38(5):
473-481

[100]Zheng L, Qu L. Computational RNomics: Structure identification

and functional prediction of non-coding RNAs in silico. Sci China
Life Sci, 2010, 53(5): 548-562

[101)Jia Q, Wu H, Zhou X, et al. A "GC-rich" method for mammalian
gene expression: A dominant role of non-coding DNA GC content
in regulation of mammalian gene expression. Sci China Life Sci,
2010, 53(1): 94-100

[102]3% 30, SR1A] Y, 3 H 1%, 2. MicroRNA, IncRNA 5 #4838 471
P AR S R B R, 2010, 37(8): 826833
Huang W T, Guo X Q, Dai J P, et al. Prog Biochem Biophys, 2010,
37(8): 826-833

[103]Wu J, Xiao J, Zhang R, et al. DNA sequencing leads to genomics
progress in China. Sci China Life Sci, 2011, 54(3): 290-292

[104]Zhou X, Ren L, Li Y, et al. The next-generation sequencing
technology: A technology review and future perspective. Sci China
Life Sci, 2010, 53(1): 44-57

[105]E g, /MK, ESrb, 55 5 — sl RNA W5 80 10 4t
HE 38T, AR SR B, 2010, 37(8): 834-846
Wang X, Wang X W, Wang L K, et al. Prog Biochem Biophys,
2010, 37(8): 834-846

(10615 FHEH, R b, Yhoy 2%, 45 R B as A5 0 56 DR R e R 2 A8 4%
RBAT RAL IR 2 A mlll 50 . WA SR BBt e
2002, 29(5): 806-810
Zeng ZY, Xiong W, Shen S R, et al. Prog Biochem Biophys, 2002,
29(5): 806-810

(107188 &%, WskH, 1A%k, 4. —AFTIIEIL B AFHE K] NOR1 %
T DX AR AT R 2025 I 5 S WA R SR I 23 M. AR A2 5 AR )
FEHERE, 2003, 30(3): 401-405
Xiong W, Zeng Z Y, Xiao B Y, et al. Prog Biochem Biophys, 2003,
30(3): 401-405

[108]AE 4, WaIFH, Vosi 2, 5. iZ KA % 88 25 1A UBAPT HA% 1
12 2 25 ) 5 S B AE SR W ST AR AL S AR ) R R
2002, 29(5): 766-770
Xiong W, Zeng Z Y, Shen S R, et al. Prog Biochem Biophys, 2002,
29(5): 766-770

[109]RE &t WHibH, 2=/N 2, 5. NGX6 LR FRA% 1R 2 45 1 5 5 WA
eI AE ST A 2 5 A A B 2R, 2002, 34(4): 512-515
Xiong W, Zeng Z Y, Li X L, et al. Acta Biochim Biophys Sin,
2002, 34(4): 512-515

[110]Hao D, Xiao P, Chen S. Phenotype prediction of nonsynonymous
single nucleotide polymorphisms in human phase [I drug/
xenobiotic metabolizing enzymes: perspectives on molecular
evolution. Sci China Life Sci 2010, 53(10): 1252-1262

[111]Rajasekaran R, Sethumadhavan R. Exploring the structural and
functional effect of pRB by significant nsSNP in the coding region
of RBI1 gene causing retinoblastoma. Sci China Life Sci, 2010,
53(2): 234-240

(2K AT, WAl B &, 55 JE TRt s O AR LB
B VIR I K i A AR A TR Keras BE DN R AR WL
Yy FEE IR, 2010, 37(7): 794-800
Zhang H D, Wang X N, Zhou Z, et al. Prog Biochem Biophys,
2010, 37(7): 794-800



44 . EMFEEEYMIBHE Prog. Biochem. Biophys. 2012; 39 (1)

Bioinformatics Accelerates Drug Repositioning”
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Abstract Traditional approaches to drug discovery are generally regarded as protracted and costly. The
application of established drug compounds to new therapeutic indications, known as drug repositioning, offers
several advantages over traditional drug development. Gene expression microarrays are regularly and broadly
applied in clinical studies of human diseases, providing genome-wide characterization of a disease state.
Microarrays are also widely used to discover gene expression patterns that signify pharmacologic perturbation,
allowing for the development of high-quality signatures of drug effect. A pair of papers from one group recently
published in Science Translational Medicine provided a concrete example of how to using bioinformatics approach
to reinterpret and compare genome-wide gene expression data, that allows us to effectively hypothesize which
drugs from one disease-indication can be repurposed for another disease. They examined publicly available gene
expression data and determined the genes affected in 100 diseases and 164 drugs. By pairing drugs that correct
abnormal gene expression in diseases, they confirmed known effective drug-disease pairs and predicted new
indications for already approved agents. Experimental validation that an antiulcer drug and an antiepileptic can be
reused for lung cancer and inflammatory bowel disease reinforced the promise of this approach. These two drugs
are therefore good candidates for repositioning to treat lung cancer and inflammatory bowel disease that in need of
better therapies, and we now have a way to mine available data for fast routes to new disease therapies.
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