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FEHRREREFE, AREETHRS R ESE, A EESENENEH#RTHES AR, A
R AE = DrugBank FAREL 11405 £ O - AR KR, HFNARZERFEREEFTRE 5 AEE
(FLIRE . &M . Fe. MiE. WEE) REABUREESIE, AIH 5 ME e b ag H 845 = e 1F
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¢ R i# T CTD (comparative toxicogenomics database) Fr/E# 8 EHATIIE. R KH, ETHL R
T_&Lfﬁﬂﬁﬁﬁﬁ/%ﬁ“}?fg ERES R B AN E R ALA BRI, A BT 2 B AR Y AR A SR B 4R B T SR
W, XM AGYEE M RRET T EE.
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SEGUE, PR T 258 T 15 RS B JR HAESR 8 B 10 143650 W, PR N AR VIR
S A BN ] S Gk LT AR I 25 ).

T X Sk, 254 E e i B O TR B 2 BTk —, B — ORI 2503 I
PRIE MESE ) I, "B AT LA R R B ARG 24 T 180 JRURS: P e, I L 44 R 245 49 SO s PR P PR A4 22 T g
(6] & 91 61, 7 2013 458 BT 84 N2 20% 2 HE e ML 24 7)) 2500 =5 A6 168 24 % ARG
RS R B 7 OB E AT, SR, L2 P& ROAE H) AR BT AT R AR AR, et E A T S R4
FLZH L P (B R AR T R R 10 &5 #d a  PR S0 1 2R R LK), P B A 2k PR 4
AR TR RO R AR BB IR Bl A2 X, 25 B E AL IE MREE I RS SR A L2
1A I I 73 b RIS A= B AT RS A ) F0EIN , M1 FH AN ) 0 B R 20 DL K B0 B 7 VRS B v T
) 5599 2 8 5% F B HERR .

B AL U BOR B AT AR, S JLAESR, ey 8 2 R0 PR B L T D9 T 96 N Sk PRI AL e il
SRt 7 aRA A, FN R T2 A OB R SRR R A AR, iz T AR &R
BEPRI ek Hode 00| AN [y ni 20 2 f) DR Rk Bt (1Y) | IR A A R B R A e 2 RS T
Ry R AR Kt 12 45 A2 KA A B R 25 e AL FU AR A T R AF I ERAG, T B2 E e
R FEAA R PR T-HE 259 5 2500 TRV ) 5 2R, B 7T DA S 25 S HEARFE R L 250 59500 . 21
AR AR AV K 2R 4 (18

WRYEAF BRI B s 5 8udls, WEFC N AR T & Rl s i 5 IR AT 2y R AL 7S, R TS
PAAERE T L AR R 14200 | SE T2 i) 25 AT R 2260 SR T S WA 2 Al 27281 L BT 2
RIFE R 2O~32) ) LT 2 Wi E bR 18334 & 3 e 77 ) B A [R) S 28 P 0 DA K% SR mes 1 AT 24 ¥ 5 A e
I, FEAFRIETEN B3 BEMS AE R ORI 1AL AN <5 Ak R AR 00 T AE A IOV 72 0 2590 5 50 Z TRV SR &R

U7, VKRR 5 T B AR IR . s P2t T S R 2H UK SR i IR 1 1 4%
YRR, A4 LA A [5) 22 B 0 40 M AE AN [F) R A 23 A AT 2 00 22 SR BOR RO Th e BT T N B, A2
IR RIS T D REA AN R AL 2R AR A L, X T 2 ARG 7 AR B2 A B O BIE 7 A RO 3
B, Chen 1351 25 )\ TCGA (the cancer genome atlas) M) Zdfi b R T 200 AN 2H 20 JE R FRA 1,
M CCLE (cancer cell line encyclopedia) 36! t#f i Fp R 2% 7 #1000 AN AE 4T AE 5 1 6 8] 3Rk 1 4L
P, AL 25 IR0 AR 2L R A Bl . @I T R R, e 4L 2R 1 2 IR 3R A /K7 5 e
J 2 B R R B A ARAHIT. Kosti 55 BT 704 7R H 14 DRI P 16561 3 K ) ik
K, PR HOG N B B B Dl g, A IR X T I R 2H G e i A B0 ik B 5 e A 4 43 2 TR AR SR A
S5k, Guan 55 B8 B4 7 JEDRI 20 M AN 2R e v (K S R R M0, W T 107 AN SUR S R DR
KAWL, 2 J5 ) FAX 2o 2 SR S P 1 190 % T 256 DR 2 (R 2 288, I ELUE B 1 85 2 23R S v ] DA
e THLIN P A A .

AT 2 R R SCHRIIE 78 2 1 BT B3N L I B0 3k ], (S, K2 H 2R
BURHLEITI I8 LB, Lonsdale 55 39 S5 TR T MRASRIBIR K RO HLEE, #2527 — M
JE GTEx (genotype-tissue expression) & [ T 78 N FEAN [F] 4 2R A (1) 388 45 A8 S Ak DR 3Rk 2 [A] 1) 06 &
Pierson 45 00 FIH] GTEx H B 1 35 N AKRA SRR 7 3 KL RIE M 2%, K ILAR A HIUR
FVETIREM B S T, @ H AL RA W g th b T AL B, B BAT L SURE S R T AR R JE DR AR
Guo &5 (41 38 e 45 S IR e s DR 1 B8 AR DR SR B A 13 AN ASRIZL S b g s 20 2R eV A 2
PRIz 46, Tl I BB S 4 f 4%, R B A SRS S P A R 4% L B AE 22 A AL 24 b SR B R g
g iR T 22 AR R, I L H A 2R 1 A T A R R4 B AR YRR S A 2 B DR AH DR AR K. PRt
FA Ry S A A P45, T LASE G 3 B BRAT] 17 A 2 2 0 14 735 BIL A1) A K% s R 3 PR 3 B0 Bk A
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Table 1 Drug data format

DrugBank ID Drug name Entrez gene 1D
DB00001 Lepirudin 2147
DB00007 Leuprolide 2798

E A6 T LR S M R 7T B AR A B T RS, X T R 2 B BUR ML I 7T, DA
[ 2L 27 B R ik Bl 424 A B, I FLAIE R 14 22 0005 5 L B AL 4R 2 TR R o R AR 5 (42 ]
S, AR SRR U S e i AT 29 E e AL T AR SO T AL SR S R R AR R i
LT T 254 5 5 T R SR R BETF 3 BBl (1) 5 e (FLARKE . 45 . AT . Mo A0 op
S X A 2 4 S AR TR R B (2) 11405 X254 — $EFREUE: (3) 5 FlEE (ALARVE . 45
Fordee FF3E T AP i) R BUm AL R, M T 25 MUY - B G, KT
T 5 g (TR AEYETT 2540, FHIF 7 2H 2P 5k ) 288 o 9000 g 397 245 () B 368 3t s v A P R SR
BGAE U0 BA 1S B R I ELRE A iz g i N A G B AT 2 B e LR AT, KRR T TR 45
HER .

2 ETHABRUEMERDERUETNZR - AIXR

2.1 HLARFRUEARME . 49 - 585, UAKRF - Z2EKE

AT TAEAH T 3 Mgt 254 — SEAROC R B « P00 5 B0m 3 R 1 O¢ R BE P 2R etk 2
F1 S5 AH LA FH 10X 24 2540

LR S PO BRI 26 . R A B X 2 AE AR e b B AR A,
AIEEME E R E TR IR AL, 2015 4, Greene %5 431 FI AR IR 1Y) Bayes /7R84 T T
BT HZVNPIRAS I SR A K, A T 144 DA SN E B B D ReAH BLAE R 2%, Dy ik &
DAl 115 2H 2T e AR Ak, DA ST 98 58 2% i 5 A 23 TR 5% R 3R AL 1 5 i i3 Bh, JF H A 17
Ui GIANT (genome-scale integrated analysis of gene networks in tissues)?. M\ GIANT _w] L N3 FT
A ZVRE R B 1 DAH ELAE FH I 2 380008, 28l AL 130 2N AN R 23 2 1 U AR FH I 2%, 2
A e yEI i 295 IR

250 — BbROK R, Z A A\ DrugBank 44 ¥ BE b R 8K, 2 H AT EGHTIY FDA YOEEHE. X
NERBIEE AT FAL TR, W IR 2GR AT REAR, MR AT 8, AR F] 1679 DI 1634
ANHERRILE, EATZIEEA 11405 X254 — $EARK AR, 259K A DrugBank K 7 (1 1D AF i —
Frif, ¥EFRIE A A Entrez gene ID ME—#RiH. Entrez gene ID s2#5K H T NCBI (national center for
biotechnology information) & T ) Entrez gene £ 2 B H 94w 5, X8 F etk b —NIERALE
(gene location). ZHIAIFEAR IR # 2URBI IR 1 Pros.

P - SR, P S BUR R 1 9% R4 . OMIM (online mendelian inheritance in man) [4°]
Bt e P S 2. R S E S NI R e AR A MR 2 ) (1) G &R, A5 R T A 38 A () Bst % 14 1)
R, B SCARE BAARSEEE . PAAS . BIEMACHAMEAE E, —BERrE05. HuRE
R — 20 3R, A —ME— il 6 M EFA T OMIM 475 (OMIM ID), AREFEH LM 4T & X

1) http://giant.princeton.edu/.
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Table 2 Disease data format

OMIM ID Cancer name No. disease-causing genes
114480 Breast cancer 31
114500 Colon cancer 33
114550 Liver cancer 18
211980 Lung cancer 24
167000 Ovarian cancer 10

* 3 AABRMERRBEERME LR

Table 3 Tissue-specific protein interaction network data

Cancer name Tissue name No. nodes No. edges
Breast cancer Breast 3318 30000
Colon cancer Colon 3909 30000
Liver cancer Liver 3360 30000
Lung cancer Lung 3648 30000
Ovarian cancer Ovary 3811 30000

ANEL, VERLINED . ARt ge, JRATIERE T 5 PliE (P S5 e . o A0 On S VR ET AL
PG, T E T H R B0 B R . R RRX 5 PRRE Y R, H AT e AT SRR LR
Z, B A, Ed, EEAFH OMIM ID ME—Fr i, 23K H Entrez gene ID ME—FRiN, &
YE A DL RO B B0 2k R B 3R 2 P,

5 B R N P 2 2 e e B 1 U ELVE 28 25080, SR BT GIANT 2040 P b 1 30 ol s
IR 28 RS K S T35 BUIEL, I HLAS[R) A U S5 e D 24 2 7 8 45 TR B IS — B0 B, ZE AN TR 1Y
& vh VAR R R B a2, i I FLIRZE 23 8 1 o A ELAE FH I 4 mhods R B i ) LT 72 Uil . X
Fe RN LA ZIBT T A %, RITAH G A e (5 BB & . 8 TS 5 M2k e e
J5AH ELAE FH P9 2 AR AR 2, FRATT I8 B0 ) 3 ) i R o 90 5 () AE, 3R AS i P AE 7 X 5.
9 GIANT Hdf i vb I AUE KR, AR R A A S RT 5. (R, B2 3R Tk e BN H 2 57
PERI 2%, BB HRAERT 30000 32, DLACEATAHSC IR RIS R/ N — B FU o 4. XA 3RS A
A HHIF A EL, AR R A S AFRIF 5 ANEAE L 200 B 1) 2H 2R 14 2 1 o AH ELAE A N 2% B 5 4
T4 0%, CASCREAS 4 rh BB 2 IR B DR RN BN 36 3 .

2.2 EBEEABHENMEESE

A FH AT 52459 — B Z [5G &, BUBCHE DL 25 R A SR LA 2 s 58
2%, K 25 WP BEAR S DR AT PR B0 25 DR 70 T3 1505 30 8 11 ORH LA P X 2% o, T B A4 o ik PRI A B
IR BT PRI, AR T R T W 28 40 4 S5 R TSP SSEER 2 TR BRI ER B AR 925 — 5o
Z IR HIARALE. T B TH SR 2 h B ER R B VA A EERARJE RE . BRI AL E
12 1481, DLRARAEAL RS ) 5. W 55 B8] 358 T T ELREA 5 SR R AR P AT ik T A S
SEURBEZ 80 &, T8 Se 8 45 R &2 DL, A B AR E M N — Sk PR O 2 17 vk b A pe

2) https://omim.org/.
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Figure 1 (Color online) Example of calculating drug-disease similarity based on direct neighbors

OQ

BRI, fEARE R BATR A B840 R S R iR E LA S5 2 R &, ki
T 5 2H 2R S P ) 24470 B 6 1 52

1 — AR EEARE w7 B8 R A 54 B RS B 1 R ETE T AR
ﬁ%%%ﬁbf"i*ﬁm’ﬁﬁﬁm%ﬂlﬂ%%, AT 54 {f,g,h,i} AR A E’Jﬁt{“ﬁlﬁn, ) 15
£ {a,b,c} NZW B WHFREEREE S, BT 4R {d e, f, g} NZGYIHPR LR 7E TS 50 4 Hh ) B 1240
JRIERES, g £ 7 s B R I (P P, I 25 RN B B A0 BE R R i) 1 s B
{a,b,c,d,e,f,g} SEHMEFES {f g h, i} AR &AW A 5245Y) B ZRIFAELIE S(A, B)
BT A 0 AR

S(A,B) = ki, (1)

Horp o REBAWA R EEF S SR BUR SR A ES R FEAN, FIaER 1 dh {f, g} 250
A MBUREFEESESAY B MR R ERME N ESEFE, bl n = 2; k ARGV
N 5 E B2 MMBE, Wl 1 FR, 38 (b, ) _ERRUERN 0.63, i (c, g) LRIBUEN 0.9, L
S(A,B) =0.6340.9 = 1.53, B A 5254 B Z [MRIAHRME RN 1.53. QiR 254 (48 bR B D5 L%
PR RN S, WS R AAUE k= 1. BT 3RATETE A 8 B U AR s, i RALE 55
MR R R IEAR G, FTA S(A, B) MEBRKARERINN A 545Y) B Z[R1K R
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Table 4 Five drug-disease network information based on direct neighbor metrics

Cancer name Tissue name No. drug nodes No. edges
Breast cancer Breast 281 596
Colon cancer Colon 298 749
Liver cancer Liver 283 557
Lung cancer Lung 281 596
Ovarian cancer Ovary 305 625

2.3 ETHEMERUEEMNER - AXR

Mt HARAR AR BEFTNZIN -~ 25K R, EE LTI P 3R

5, I GIANT $ds B b 70l 8k 5 Mol (FLIRE « S5 e« JHT8 o i A O S ) XSRS 5 A
HAURS FAVEHE A B AR R, R e AT E T S 2%

B, R 5 Pl L B HE R R B 5 NSV SR AR BT % e B A ) B0 5
AR 5 AL

P&, R 1679 D2 RLREERRIE IR, SO R 5 N A B EAE M EE T, IR XL R AL
R B AR T

wJa, MR EARAT R U B R i, AR MG R AR M T, 205l 5 1679 D25
5 (A AR DG, B T RRaE, 3l L 5 R £ A 9T S48, T B2 E 2R T AN R A 2Ry
FEMZRAFHOEAEZGY), H BB AL SRR RV n) 250 B A RS0, IXAE AT AT 3 25 AN25%) — 9k
TR 2%.

R A4 T EEREAEAE HN M G B AT U RS, B EIZ5Y - PO NS B ORISR 5 A4
B A UM ELAR T 48 AR 24, T DAAS 211 — BN 2 BB AR ZE AN K.

3 FMERDHR

FET R R, ERa A RISV 7 1% O A AR 2% b, R P hE 43 3 5L 254
i DIFLIE 9B, E 5 ANEE BN, 3 A3 305 FURE AR H) 5 MEIEZMANER, MR
e (R fige e 2 P04 A A IRMBLEAT B e R 2. AT 5 AN R T 10 257k T BAK 73 i,
KHIEFEAT 10 NI JE R, TS5 SR BEETT 259, 550000 1) Ok SR UERf bk e, BRI 45 R
i 5 Pos.

BATHE— D@ LR E AL R JFE (comparative toxicogenomics database, CTD) 49 5 Fiil]
GERHATIRAE. CTD & — R AT o] H R &, B 7R 58 m AT P58 A o] 52 ) N 2 fi
MERfE. Rt TP T RNER, ORFELEY - BEKR. AW - KR, PLAIER - B %
R, IXELAE DR RAE W) D RE N 28 04, mT DARE B NAT TR A 5 2% 55 R R AL EE. CTD #dls PR id % 1
P AESCHR P R TE TS 25 — iR &R, AE3R 5 25K DrugBank ID JG T * FRoaniz2i¥) — B0
KATLIE CTD &3, 5F H I inference score KT 10, iX B[] inference score M T CTD L&
W — R — 5 O R N 45 5 AL JE b FE B ATL I 2% 2 1) B ARDARE B 2 ks, 368 CTD &) —
FEDR — P9 K R LR T SE. A 4+ RN ZAY) - TR RIE CTD HHHARIEAN “M” (RREY)
55 A OC BORT REAE S8 1 IR 2 AR ), <17 GRIRLE e B A SR ESERITER),
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Table 5 Five drug-disease network information based on direct neighbor metrics

Tissue name Breast Colon Liver Lung Ovary

DrugBank ID DB00201** DB00201** DB00997** DB00201** DB00128
DB00563** DB00563** DB04967* DB04967* DB00563**
DB00997** DB00642** DB08818* DB00997** DB00642**
DB00675** DB00945** DB00201** DB00675** DB01183*
DB08818* DB00997** DB00642** DB01108 DB08818*
DB00242* DB00432* DB00563** DB08818* DB01708*
DB00642** DB04967* DB01183* DB00242* DB09074**
DB04967* DB00440 DB00218 DB00642** DBO00675**
DB00128 DB06813 DB00276** DB00563** DB00171
DB01183* DB00218 DB00380 DB00128 DB00440

* 6 5 MEER 5 MAATRELYIXE CTD BIRERNSGITER

Table 6 Comparison of drug candidates in five tissues versus CTD database for five cancers

Tissue name Breast cancer Colon cancer Liver cancer Lung cancer Ovarian cancer

Breast 5 6 8 8
Colon
Liver

Lung

~N o 0 N ©

4 8 5
6 9 7
7 8 6
4 9 6

co O Ut oo

Ovary

a# “M|T”.

ML 5 AT LLE AR A FUIRAL VR HEA BT 10 ROTRINSE b, 45 9 NE CTD $ds e g id 3¢,
Horbg 5 MRAFETEIICR, BIZM ID S5 17 0. LLZGIIHER (DrugID: DB00201) 1 F it
2 (DrugID: DB00563) Jyfil. 7 CTD #dfa e, MIMER (caffeine) #ihRiEA M, EIFRIC (marker) BGAL
il (mechanism). B 78 221 SEGHH 78 AL (505115 e Wi e BT Fgmn el £\ W] e 5 446 28 0 LR 11
B BACA 5. AT 2 H R (Methotrexate), BE CTD HlE FE H#bRic N T, BIVEYT (therapeutic).
H AT A KR IT R IfG R S D254 R, S R4 5 A AT 25 B & A AT LI 1ivA
57, AAN, RATER I, 3T 259K A& (DrugID: DB00128), BAREA A CTD s h Al 3%, Hi2
WA IR PO ARG R A SR 2 N R FLIE I — A S AR RRAE. T T oAt 4 S22
2, TS RIET 10 M ESE 2 MRRHIE CTD brdEddE . dtknar LLUEs, FIH FLIRHZUE
F1 SR LA F I 28 3047 0 M (¥ 24 W B S A I 5, ) DAAE — e R B3R i T 45 R A HERf . X B
A1) 5 FREERE, TATAITHE THE 5 MORFEHL RSB MIELEZY), H ik 5 —FF, X R —E, 7
H THE 5 PRI, TS B 2R A TE CTD Arde i B2 oA 10 5%, Suitgs RIERIER 6
Hh. % 6 LR REE AR R, TERIET 10 M3 RmEmNZY), 5 CTD frdE s =Xt
J&, £ CTD H#i P p A Lk M ZacE. Blinde “gilip» H40h, <45l xRtz R <8, A
ULBHTEZS I 23, TINS5 e AH O 259, HEXERT 10 25, G 8 NAWITE CTD el i f
SRR 5 25 e AR OK.

M 6 FTUAE H, X2k b 807 R e 28 5 Al O I A 43 rh ) TS 2 AE G 2990 7E CTD %

1181



A JE T SRR S AT B AR B A DL FE DT A TR — 299055 &

P e A LR R, R B FL R AN S8 i LR rhox B 2 D B A SR 1 o, FZHZR L TFEH SN B B
LH LR Tt TR R 25 B R A R AL B —, (B SRR, R TS LSRG SEAH SO0 B
Bt I BLICAE S5 R i A AT e RO AS )R AR U BOR S B AR, 353 2, BAVFIEILEVE | 45
T TR B SR g R R T B PR B0 R R B 2l g 31, 33, 24, 10, 18. AR RARFLLE . 45 s LL i
S O S AMIHEBURIER 2 TIRE . X W] e i . O SR AN 4 2R 5 o AR A 2
RIBR A 2 —. FLHe . S5 AT R0 10 AT 25 b, 204 8 MEHE CTD FriE#dl i
3¢, WALE T AER R IE R T 80% LA, it T A Op S ok U, RVE 0N B0 LRI — 290Kk &
Bb, MEER) T 6 A, Xt DU, FE T A SRR S I 2% R B 4 B B T kAT 2 )
SENLHIE T, HERATEAR S 5, AT LIRS R 2 B B mT SEqkik. 534k, MR 6 iEmT LA i, X AR
I FLBRAN ALY 5SRO TN A5 . X TIX 5 MhE ok of, B 7 4E CTD ArvERE 2
SACFKM LI AL, HAR L3R AT REM AL ¥ A2 VR YT DR I 2, mT DA E— 25 SaR Kk i 24
Y, ORI IS4 7 R B R (A A2 9l X Le 45 SR B AE o xS AL SR rh kAT 25 ) E 2
AL FE BT BB AT R L ATAT

4 ZEFRiE

ASCUAH U vk R 15 46 O S 4, R A T B AR PR RN T 25 W L E LT R
— D3 T, BT LA R PR R L R R AR A M TN 25 ) 5 0 IR SRR 2R S — T TR, 5
JETIR AL LU 5 PERENE KSR =i — 290k RTINS R A HER . AT T GIANT L4
RS PR AR LA R4S« DrugBank 9 254 5HERROC R, BURKEEFE OMIM 45 2B 5 3
BUp R R 2 A1) 20 2 8, JF R IR T ERAT R RS L B VE M 1 5 FiE (FLERE . S5l
JiFgeE S I O S ) FEAN R4 bt B RRE — 25940 AR 4%, TR AR TN 5 A
REVEAE AR YT 259, 1B 5 R e A AR R HT 10 MEELMIHEAT T CTD brtEEdE %
UE. S UEZE AR BN, N5 500 B K AL GRS 1 B 1 A TR P 2%, 3BT TR AE 25 W Tl 1 AR
W, AERT 10 ADNTINGSE R, U L S5 AR A AERR AIE R T 80% LA L, BB T ok —
el AR ZGY), AR T REAL VR T IZE RV FE 25, Xl o 25 IR BRI 1 il 3 e 2%,
B UL T AUk A DA 3 T R A0 e P R g 2k ) T S A e R A

RARAT T AR XS A SRR TCAE RAAATIRAN M, P #ATA AR« /N RSN SERR S, JF
ReASC R B T VEHE B H Ao th, 7 B RE DN 2454 B E L FE SR AT AT 7 AR B

S

1 Schork N J. Genetics of complex disease: approaches, problems, and solutions. Am J Respir Crit Care Med, 1997,
156: 103-109

2 Booth B, Zemmel R. Prospects for productivity. Nat Rev Drug Discov, 2004, 3: 451-456

3 DiMasi J A, Bryant N R, Lasagna L. New drug development in the United States from 1963 to 1990. Clin Pharmacol
Therory, 1991, 50: 471-486

4 Adams C P, Brantner V V. Estimating the cost of new drug development: is it really 802 million dollars? Health Aff,
2006, 25: 420-428

5 Ashburn T T, Thor K B. Drug repositioning: identifying and developing new uses for existing drugs. Nat Rev Drug
Discov, 2004, 3: 673-683

6 Benkimoun P. French health minister announces reform of drug regulation. BMJ, 2011, 342: 360

7 Graul A, Cruces E, Stringer M. The year’s new drugs & biologics, 2013: Part I. Drugs Today, 2014, 50: 51-100

1182



HEB FERE B 49E W

10

11
12

13
14

15

16

17
18

19

20

21

22

23

24

25

26

27

28

29

30
31

32

33

34
35

Soignet S L, Maslak P, Wang Z G, et al. Complete remission after treatment of acute promyelocytic leukemia with
arsenic trioxide. N Engl J Med, 1998, 339: 1341-1348

Scheindlin S. Rare diseases, orphan drugs, and orphaned patients. Mol Interv, 2006, 6: 186-191

Subramanian A, Narayan R, Corsello S M, et al. A next generation connectivity map: L1000 platform and the first
1000000 profiles. Cell, 2017, 171: 1437-1452

Hutter C, Zenklusen J C. The cancer genome atlas: creating lasting value beyond its data. Cell, 2018, 173: 283-285
Barrett T, Wilhite S E, Ledoux P, et al. NCBI GEO: archive for functional genomics data sets-update. Nucleic Acids
Res, 2012, 41: 991-995

Wu Z K, Wang Y, Chen L N. Network-based drug repositioning. Mol Biosyst, 2013, 9: 1268-1281

Yu L, Huang J B, Ma Z X, et al. Inferring drug-disease associations based on known protein complexes. BMC Med
Genomics, 2015, 8: 13

Yu L, Ma X K, Zhang L, et al. Prediction of new drug indications based on clinical data and network modularity. Sci
Rep, 2016, 6: 32530

Torio F, Saez-Rodriguez J, Bernardo D. Network based elucidation of drug response: from modulators to targets. BMC
Syst Biol, 2013, 7: 139

Li J, Lu Z Y. Pathway-based drug repositioning using causal inference. BMC Bioinform, 2013, 14: 3

Zhao H, Jin G X, Cui K M, et al. Novel modeling of cancer cell signaling pathways enables systematic drug repositioning
for distinct breast cancer metastases. Cancer Res, 2013, 73: 6149-6163

Cui H, Zhang M H, Yang Q M, et al. The prediction of drug-disease correlation based on gene expression data. Biomed
Res Int, 2018, 2018: 1-6

Liang X J, Zhang P F, Yan L, et al. LRSSL: predict and interpret drug-disease associations based on data integration
using sparse subspace learning. Bioinformatics, 2017, 5: 770

Yu L, Su R D, Wang B B, et al. Prediction of novel drugs for hepatocellular carcinoma based on multi-source random
walk. IEEE/ACM Trans Comput Biol Bioinf, 2017, 14: 966-977

Yu L, Wang B B, Ma X K, et al. The extraction of drug-disease correlations based on module distance in incomplete
human interactome. BMC Syst Biol, 2016, 10: 111

Bisgin H, Liu Z C, Kelly R, et al. Investigating drug repositioning opportunities in FDA drug labels through topic
modeling. BMC Bioinform, 2012, 13: 6

An S M, Ding Q P, Li L. Stem cell signaling as a target for novel drug discovery: recent progress in the WNT and
Hedgehog pathways. Acta Pharmacol Sin, 2013, 34: 777-783

Zhang W, Yue X, Huang F, et al. Predicting drug-disease associations and their therapeutic function based on the
drug-disease association bipartite network. Methods, 2018, 145: 51-59

Zhang W, Yue X, Lin W R, et al. Predicting drug-disease associations by using similarity constrained matrix factor-
ization. BMC Bioinform, 2018, 19: 233

Novick P A, Ortiz O F, Poelman J, et al. SWEETLEAD: an in silico database of approved drugs, regulated chemicals,
and herbal isolates for computer-aided drug discovery. PLoS ONE, 2013, 8: 79568

Wang Y C, Chen S L, Deng N Y, et al. Drug repositioning by kernel-based integration of molecular structure, molecular
activity, and phenotype data. PLoS ONE, 2013, 8: 78518

Yu L, Zhao J, Gao L. Drug repositioning based on triangularly balanced structure for tissue-specific diseases in
incomplete interactome. Artif Intell Med, 2017, 77: 53-63

Yang L, Agarwal P. Systematic drug repositioning based on clinical side-effects. PLoS ONE, 2011, 6: 28025

Ye H, Liu Q, Wei J. Construction of drug network based on side effects and its application for drug repositioning.
PLoS ONE, 2014, 9: 87864

Bisgin H, Liu Z C, Fang H, et al. A phenome-guided drug repositioning through a latent variable model. BMC
Bioinform, 2014, 15: 267

Yu L, Zhao J, Gao L. Predicting potential drugs for breast cancer based on miRNA and tissue specificity. Int J Biol
Sci, 2018, 14: 971-982

Swamidass S J. Mining small-molecule screens to repurpose drugs. Brief Bioinform, 2011, 12: 327-335

Chen B, Sirota M, Fan-Minogue H, et al. Relating hepatocellular carcinoma tumor samples and cell lines using gene

expression data in translational research. BMC Med Genomics, 2015, 8: 5

1183



e

85 FE TGRS RAEA B AT TR AR U 7 iR TN — 29K A

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

1184

Barretina J, Caponigro G, Stransky N, et al. The cancer cell line encyclopedia enables predictive modelling of anticancer
drug sensitivity. Nature, 2012, 483: 603-607

Kosti I, Jain N, Aran D, et al. Cross-tissue analysis of gene and protein expression in normal and cancer tissues. Sci
Rep, 2016, 6: 24799

Guan Y F, Gorenshteyn D, Burmeister M, et al. Tissue-specific functional networks for prioritizing phenotype and
disease genes. PLoS Comput Biol, 2012, 8: 1002694

Lonsdale J, Thomas J, Salvatore M, et al. The genotype-tissue expression (GTEx) project. Nat Genet, 2013, 45:
580-585

Pierson E, Koller D, Battle A, et al. Sharing and specificity of co-expression networks across 35 human tissues. PLoS
Comput Biol, 2015, 11: 1004220

Guo W L, Zhu L, Deng S P, et al. Understanding tissue-specificity with human tissue-specific regulatory networks.
Sci China Inf Sci, 2016, 59: 070105

Ni J C, Koyuturk M, Tong H H, et al. Disease gene prioritization by integrating tissue-specific molecular networks
using a robust multi-network model. BMC Bioinform, 2016, 17: 453

Greene C S, Krishnan A, Wong A K, et al. Understanding multicellular function and disease with human tissue-specific
networks. Nat Genet, 2015, 47: 569-576

Wishart D S, Knox C, Guo A C, et al. DrugBank: a comprehensive resource for in silico drug discovery and exploration.
Nucleic Acids Res, 2006, 34: 668—672

Hamosh A, Scott A F, Amberger J S, et al. Online mendelian inheritance in man (OMIM), a knowledgebase of human
genes and genetic disorders. Nucleic Acids Res, 2004, 33: 514-517

Chen X, Liu M X, Yan G Y. Drug-target interaction prediction by random walk on the heterogeneous network. Mol
Biosyst, 2012, 8: 1970-1978

Chen X, Zhang D H, You Z H. A heterogeneous label propagation approach to explore the potential associations
between miRNA and disease. J Transl Med, 2018, 16: 348

Wu X, Jiang R, Zhang M Q, et al. Network-based global inference of human disease genes. Mol Syst Biol, 2008,
4: 189

Davis A P, Grondin C J, Johnson R J, et al. The comparative toxicogenomics database: update 2017. Nucleic Acids
Res, 2017, 45: 972-978

Bhoo-Pathy N, Peeters P H, Uiterwaal C S, et al. Coffee and tea consumption and risk of pre- and postmenopausal
breast cancer in the European prospective investigation into cancer and nutrition (EPIC) cohort study. Breast Cancer
Res, 2015, 17: 15

Ganmaa D, Willett W C, Li T Y, et al. Coffee, tea, caffeine and risk of breast cancer: a 22-year follow-up. Int J
Cancer, 2008, 122: 2071-2076

Schilsky R L. Methotrexate: an effective agent for treating cancer and building careers. The polyglutamate era.
Oncologist, 1996, 1: 244-247

Kumaki N, Okamatsu C, Tokuda Y, et al. Breast cancer in patients of rheumatoid arthritis with methotrexate therapy
mimicking histopathological changes after neoadjuvant chemotherapy. Tokai J Exp Clin Med, 2017, 42: 104-108
Colleoni M, Rocca A, Sandri M T, et al. Low-dose oral methotrexate and cyclophosphamide in metastatic breast
cancer: antitumor activity and correlation with vascular endothelial growth factor levels. Ann Oncol, 2002, 13: 73-80
Xie G X, Zhou B S, Zhao A H, et al. Lowered circulating aspartate is a metabolic feature of human breast cancer.
Oncotarget, 2015, 6: 33369-33381

Uhlen M, Fagerberg L, Hallstrom B M, et al. Tissue-based map of the human proteome. Science, 2015, 347: 1260419



HEB FERE B 49E W

Prediction of disease—drug relationships based on tissue speci-
ficity and direct neighbor similarity

Liang YU" & Jin ZHAO

School of Computer Science and Technology, Xidian University, Xi’an 710071, China
* Corresponding author. E-mail: lyu@xidian.edu.cn

Abstract The pathogenesis of complex diseases is a major problem in the field of human health. The de-
velopment of new drugs through traditional methods requires considerable time and money, which has not met
people’s actual requirements. Recently, identifying new therapeutic effects of known drugs via drug repositioning
has become an effective way to treat numerous diseases. At present, tissue-specific research has achieved some
success; however, traditional drug repositioning methods rarely consider the tissue specificity of the disease. To
explore the influence of tissue specificity on drug repositioning studies, this study explores the development of
tissue specificity and its characteristics and proposes using direct neighbor similarity in drug repositioning based
on tissue-specific data. A total of 11405 known drug—target relationships were extracted from the database Drug-
Bank, and five cancers and their disease-causing gene data were obtained from the human Mendelian genetic
database. Through the direct neighbor method and using the tissue-specific interaction network as the back-
ground network, five tissue-specific drug—disease bipartite networks were constructed, which provided potential
drug-disease associations. The results were verified by the CTD (comparative toxicogenomics database) stan-
dard. The experimental results show that the accuracy of drug repositioning studies based on tissue specificity
and direct neighbor measurement will provide a reliable candidate set for in vivo and in vitro experiments of new
drugs, which also provides new ideas for studying drug repositioning.
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