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AR M (Adverse drug reaction, ADR) IR I 2 Al A+ T A= A5ide,
1) B RKHME L 2 — o ARG R 25436 7 R, T EL6 e B I i B st e AN [R) 2
BRI faHE R RIET; R B 20 R R M2 YR i i E 2R R —

TR = 2 B RS B S HF, B ATR 2 A RS 7 WL 58 AR
RIBRME . ACUREER XS ADR A B JLAHLA], WS8R 1 B EB-ADR. 34432 7-ADR
LR W HE-ADR =AM Z IR R E . BAVE E—RAGWFE S M E AR
¥4 %E (Drug-Induced Toxicity Protein) DITOP [JJERE E, |72 #i M PubMed
SCHR SR EURGE 1 8 A SR ZA R MK REE, @ HEEAF-ADR K RE
Pis UREEFIZYE DrugBank. GWAS Catalog. Allele Frequency Net Database
A Ensembl PUANECHE PE P ARG B, 3KA3 ADR-IEALAR 7 ok R FRINEE T
4 TR B H (Library of Integrated Cellular Signatures) LINCS
MEARIZ IR 2 ADR-EE R R4 IR . Ak, FRATEEE S T HoAh rT 5 5HR
R, HAT. BEAR S LA ADR 2 RSB R, M8 TR
—R2GW% G M B EUEE (Drug-Tnduced Toxicity Profile) DITOP2.

DITOP2 ¥ FEk T+ Linux #E RS b, K/Z42 Oracle 10g #d i B
RYGi. NTER U, BATRE T SR R 2 AN N TE 2 ¥ 2 PR B U 1)
B CLRREIR, FATRM T UABHE IS SCR (Data—Driven Documents) D3. js
BRNEA B EIE AT LB, PABNAS W 2% 45 77 U /m 38l

H A, DITOP2 $dfE FE FLUssr 1 kriEAk ADR ARAE 1107 4, Hirp—2% SOC(System
Organ Classes) 4% 114>, 2k HLGT (High Level Group Terms) id4%k 17 ),
=2 HLT (High Level Terms) 1d%k 749 ~, VUZ PT (Preferred Terms) ik
556 o FETHE A RIS AR 7 H) ADRs 7374 373, 709 A1 110 4>,
ol AR T 25 1547 A, A3 AfE UL E = ANAKCP BR300 F 434. 1, 349 AN
118 Ao AETURKY ADR 5. @A R, R R R I 547, 173 %, Hrf
SRRV E A R-ADR KRA 2,692 Xf; Z¥)-i4EA F-ADR X RA 3,479
Xt 25W-FEKEE-ADR 56 R 541, 002 Xf. WSS REY, YA R RN
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Abstract

Abstract

Adverse drug reaction (ADR) is a severe medical and social problem that needs
to be solved immediately. Every year, it leads to not only substantial pains to patients

but also a number of new drug discovery failures.

One of the key factors that slows down ADR mechanism study and assessment is
the shortness of sufficient supporting information for ADRs. Therefore, in this study,
we collect three levels of molecular information on purpose for understanding ADR
mechanism, including protein, gene and genetic variation. For instance, we extract
protein/gene-ADR associations from various public resources like PubMed and
DrugBank, genetic variation-ADR association from GWAS Catalog and literature,
gene regulation-ADR associations from CTD database and data mining of

transcriptomes in LINCS (Library of Integrated Cellular Signatures).

Upon these data, we make a significant upgrade of the Drug induced Toxicity
related Protein database (DITOP) to its version 2. DITOP2 collects 1,107 standard
ADR terms, including 11 SOC (System Organ Classes) terms, 17 HLGTs (High Level
Group Terms), 749 HLTs (High Level Terms), and 556 PTs (Preferred Terms). Of
these ADRs, 373, 709 and 110 ADRs show associations with protein, gene and
genetic variation, respectively. Also, of 1,547 drugs covered in this database, 434,
1,349 #1 118 drugs likely induce ADRs via protein, gene and genetic variation,
respectively. Totally, DITOPs deposit 547,173 association pairs, including 2,692
drug-protein-ADR relations, 3,479 drug-genetic variation-ADR relations, and 541,002

potential drug-gene-ADR relations.

DITOP2 is running on Linux operation system, managing by the Oracle 10g
DBMS. We design the user interface using the Java script language and visualize the
data by D3.js (Data-Driven Documents) technology. The database supports both key

search and browse method for data retrieval. Batch data download is also allowed.



Abstract

Furthermore, we also carry out preliminary analysis on DITOPs. It looks that
protein-mediated ADRs often happen in metabolism and nerve system; however, the

genetic variation-mediated ADRs often occur in skin and immune system.

In summary, DITOP2 will aid both ADR mechanism study and drug discovery. It
will be of value to future precision medicine, especially in refining drugs with better

ADR profile.

Keywords: Adverse drug reaction; Database; Precision medicine
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1.1 ZYPIRRE

2y — e SURAENRE S Y, HT2Wr, G2k, 16T 8 TS5 1)
IR E A 5 BAE W, 2GR ANUA N, AT A Re s R 1t
AR T B LA R, BT CAZGITE AR LU R I, AR — LA B
DA F R, EHERZ LA RRBL A R RS 580G S LR
HIL— MR R R TAEHZ, WHO (World Health Organization) [E
gt g L, AR R N, (Adverse Drug Reactions, ADRs) &1 IE %
RGP TP 2 W0, W07 B B AR BEALRE RS I AR T RN
M, 2590 R RS — AT LA N HEA I A, A SR & — Bl ) () S R, 31X
Tt 52 82— FRT BATIIN , 50 AR 24 BRAE R 5%, AT — AN BB 2 B B e R R 2R
FEAS 245 B R A R AR P AR B 2k, PR B, R ERMA L EIER, &
e BRI RR . IFHLRENE . JRIBAUN: B AR BRI RN, %2R
RUAR ST, 3685 H A0 2 B 2 T 108 AN 2 A A ) R B S N SR R, — FRAE 245 9))
WAtk E LT 5 A R IR, SEOATEA Y 43 St B WHO K J HE 7S 2845 2%,
Nk 1.1 FioR.

£ 1.1 ANEHREE

Table 1.1 Edwards and Aronson classification of ADRs

ADR 42k ek 11FR

A 2% (Augmented)  FfEAHK ISP 24 R HUIRBR S

B 2% (Bizarre) FEAFH R RS SR A

C J5(Chronic) FIERFMG  BEEBUME Sl N k- E R AR
D 5 (Delayed) FEIR P O s E Py 51 2 B 1 e

E 2% (Endofuse) =51 N 7 [T 2% 5 Ak

F 2% (Failure) BIT R 1 Rt 22 245 2R

BUSEAETE T, 290 RSN R A SR AR iy, FLRIT R AR AN 2 245 2010
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Fig 1.1 Gene genotype and drug response
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FeFE FDA 24 8 24 5 b Rt AR iR — MR H1 22 10 U T B IS A% AR S A ] 2 3
ADR J Vi o 25K 22 505 R BT S P A2, A FE ORI I 55 i 1 S A
S PEER R B S B U, CYPA50 B 1 KGR I 23 AR R 70 e85 T e 5 it
[¥] ADR, H % HE-6-i RN EHE (G6PD) “KifE, SEAMALERR 245 51 B
MAEFE L, SRS LR (TPMT) TEHEE R BORE S8 S, —A
Wz i B (DPD) JEMEGR R 3 EO AR SES SR E Y ADR, R BERR
RIS IR G (UGTLAL) JE MR R B0 SS MATE IR FH 2454 J5 IR 21 35 1R HH R
M ER SRR ME, NADH-AIE (L 3E )5l CYB5R1-4 Gk 51 Er gk i
ZLER I IMGE, &EMLEK -+ F5 Leiden A&t MLAR J5 F2 5R7F G20210A #5i7 # LU K Bkt
(MG 3 B, FE7E R F e 240 (0 B i 3 B30 Wk L S L, (R S Mg 2y 5 MR A Tl R
PR BE (HGPRT) B B0 KA BE e, R =B CREH R 5
SO LU T AR TS, N- LB A BEmG S M Ss T fe S SO SR SO, 2k
Fifk DNA &8 (POLG) TZ 5| AT DhRe il A S BUEL: BRm it
RS A CYP2D6 R 2 #8 U1 5| 21 Codeine i P4k, "4 Morphine T
) LE PP AN G LRI04, | B AR ARPUR T HLA-B*5701,
HLA-B*1502. HLA-A*3101 £& {7 Jk PR )45 iy 28 JIR FH 2 6 24 )4 5 B0™ B )i B
SR o

SF 25 AN R MR R 58, HAE 1968 4, WHO mhifili] 17— E Ry
Pl A AR R, it 10 MERZ 5IEENZER ADRs i, HilE
ADRs HRAAE, 2idh B3k, ARHENIRE SR RS, M 1970 FiXL,
1997 4EH 4 N1 ybdy Wity (Uppsala Monitoring Centre, UMC) %} T fi#
FPEAL 259 2 AR AL 7 BB AR YR, — s HAth [ 52t 5 &3 S ke [ O M 00 2 2
250, WMEEEEHARFMEHRE 25 (Vaccine Adverse Event Reporting System,
VAERS)P! fiIZ£ [H FDA AN B FH44-4R 5 %248 (FDA Adverse Event Reporting System,
FAERS) U0 i 5ilies. b, B EL LG4 RE0F; BB LRI RO & 7
7% i1 (Committee for Proprietary Medicinal Products, CPMP ), & H KK I
RGPV E R BIER DT, TS 1E 1993 4 X RO KM 24 5 v /&) (European Medicines
Evaluation Agency, EMEA); GFEE AR R RS KENHE LRGN, H
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A2yl AR RS R G155 . MAEIRE ADRs Wl AR DA, %) 2002 4
J&, e EVEH A2 dh A RN AR R . B AT, [E bR ETXS ADRs 1l
MITTEARZ, #E LI HER IS ADRs. 1£4511 ADRS I 77 2 B4 I e
e I R B RERETE L ALTT AR BRI BRAE RN . BEE T
ARIEE, THRNLZ 3N T 250N BSOS, AR 4 BB 25 B shie IR AT
A RFAR W HETEE TRARBEAE. 2500, Az 2RNZEIA
YT E G

1.2 HEEENAR

2015 4 1 A 20 H, EELSGBECSEEFECHEE T “RilEkYy
(Precision Medicine)” 1%, TMi/53EE K FDA & 1 3 DMHEE, AT AN
FE IR AL I AR IS I A AR R RS T e 2590 /2 W L R R 55 07 THI S
FFE o BE R R 5 KRB /- R itk g, & EWRaa IR E O
FHEEE F it ). 2015 4F 3 P ERHE R ER b ERS S 21t R, IR IEUE A
TERHR AT RN R, HOEEIHAT, PEBEERTMARCH 854 K,
TXIEANELFE EAERI TP B K2 (1) S0 28 IR BRI T o A 1 227 7 b B 0 4 v A
WA FERgmEE . RBE . DA S AR T S . S B AT S AN AR A
W93 BB DL E 75 NS TR, 5 e R I R 20 BT 4 28 i [ R T IR 454
# (NHS), MIMHTHATHF T & RS I SRS HEIR T s W B AR5 6. 7 ALRKTT
RIS IR A MALEIT I s 2016 4E 5 AR N & AT T %) LE A
%l (Zero Childhood Cancer Initiative). #EEUMFNILE 2015 4F 11 H &5 A fH3 87N
SERALHR . 04, REEE 22O R AR, VTR IR I A 2 JE PR Ak
HeHE 1 R R ) L IR 2

PrSFEHEL ST, A e — A MR T , R fa R IE AR R ALE B v kit
giE Z MR OAEARALL B A R LSRN DR A BT A5 RN LR A3 2 ST IR
TIRIT AT 7 e SR A G B T B 2 B AR AR ARG HE LT “ U IR
VCHC T AETTVEA AL A3 VL FC I R AR AR HEAL , SEHK HH 1A ) FH 2470 R AR SR =44
IRASFERT L, 2, BRCHRZE IS 2 I NAE &3 I )18 S & 7%, I8 BR)T
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BRI, B BRI E AL, R AE Mo T 40 35 f /MU IR B 2 N 2t
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P RRTT o
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(NIHD FAE 30 WG 7 e M ARH 8 2 i i, iz h R R 2 S AR 2 A5 (R A4
sEARA. REAES Al EN PSR THEAEYZ . KRR S S
F BIRIR RIS SR B SN S UERURIEIN . ASHEL IR A 2T
BHHNE IR 7 AT TN T, i SE IR e a8 A A B o[RS AR o 560
KESAME R BE 2R EIEE I8 2 TAF, i B AR HRCEE BN T A0
e fal 5 FH IV, B f5 S AU HERIN, Ml VO “ BESCELX M RO . M
P 25 G HE B 2 F L — 3800, AT FU 2G4 7 28R e 2w il 4 P AL AR
JUHEE, Oy 7 SKBLXFER A AR, ATHRZ — R ZE0 29T REH AN R NS B 7e

I HIREE, WANEI A EE RSN RSO 5 A AL o

1.3 HPERBEFHARIVK

R4 (Pharmacogenomics, PGx) A& i [52 2F th £ 32 I3 (T 7240
B, fEImK 2548 b, IR KRS B OGEE0A /1 B AR IT BOR, ARG HERE
FORETHRIME Y T IR A . YRR S B PR R A R AR ],
FLAE 20 20 90 ARG, Z9MpRE R X — RIGEBUITIA/E — kb ZEh . X
T RN AR IS K. REZZERER S (AAPS) X PGx HIE
S “ABERI KT A0 W 2 s AN B AR A7 A e Sl B 25 A
FAAEST RO FEEIE FH S 2500 g M2y Mse sl B I 2 8 TRl OC &R

DL DR A 2 3 R T AR A A SR R AT, 8L 1 3 EEY) T /2 DNA,
11 DNA e A5 A 8L 3 UG 1AL (5 B AR . RS, R —Fif
AW ARSI i 22 7, B S (Polymorphism) LG HIL. £3&
PER H I 2 AN AS [F) S A ZE DR F 3 B 46 3R, T it A 22 A8 PR e 6 T A0 S i e
T 1% L. BET, 28R A UM, M RRIEE (A,
T. C. G) KAEMESFE CNBT IR Z M (single nucleotide polymorphism
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