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Study on hereditary susceptibility genetic markers to
anti-tuberculosis drug induced liver injury in Chinese population
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Abstract: To systematically study the susceptible genetic markers for liver injury induced by anti-tuberculosis drugs in
the Chinese population, 109 genes related to drug metabolism, transport and immunity were captured by Haloplex capture
technique from DNA samples of 41 patients with liver injury induced by anti-tuberculosis drugs and 39 healthy controls,
and sequenced completely. Association study was conducted using Plink software. To verify the significant candidate SNPs,
the »*study was expanded to the control group from the 1000-person Genome Project of the East Asian population. SIFT
and Polyphen2 software were used to predict the functional significance of the associated SNPs. Our results identified the
UGT1A4 rs2011404 (% = 4.6809, P = 0.0305) as a susceptible genetic marker for liver injury induced by anti-tuberculosis
drugs, and rs2011404 mutation might contribute to UGT1A4 protein dysfunction. This study has provided a potentially

useful reference for establishing the precision medicine in rational uses of anti-tuberculosis drugs in the clinic.
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2594 1143 (drug-induced liver injury, DILI)AY%E
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"8 (International Serious Adverse Events Consortium,
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3'UTR 1 5’'UTR X, f#iff] Agilent Technologies 1
LI ITFE £ SureDesign (www.agilent.com/genomics/
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Table 1 109 candidate genes of anti-turberculosis drug induced liver injury

TR FENF K H ARl gE L
— 25 CYP FJEHMH CYP1A1, CYP1A2, CYP1B1, CYP2A13, CYP2A6, CYP2A7, CYP2B6, CYP2C18, CYP2C19
AR 3 A CYP2C8, CYP2C9, CYP2D6, CYP2E1, CYP2F1, CYP2J2, CYP2R1, CYP2S1, CYP2U1,
CYP2W1, CYP3A4, CYP3A43, CYP3A5, CYP3A, CYP4V2, CYP4X1 #il CYP4Z1
R Ak ) 5 A il SOD1, SOD2 fi SOD3
2 AL FMO1, FMO2, FMO3, FMO4 #il FMO5
HoAth TPMT
— Y UGT %% UGT1A1, UGT1A3, UGT1A4, UGT1A6, UGT1A9, UGT2B15 fl UGT2B7
UL GST %% GSTML I GSTTL
NAT ik NAT1 Fl1 NAT2
=HHZ5Y) ATP 4 & &0 ABCB1, ABCB11, ABCB4, ABCC1, ABCC10, ABCC1, ABCC12, ABCC2, ABCC3, ABCC4,
s s ABCC5 #il ABCC6
H A2 E SLCO1B1, POU2F1 Fll POU5F1
EEATRN W2 ik AHR, ARNT, ESR1, ESR2, FOXAl, FOXA2, FOXA3, HNF1A, HNF1B, HNF4A, HNF4G,
NR1H2, NR1IH3, NR1H4, NR1l, NR1I3, PPARA, PPARD, PPARG, RARA., RARB, RARG
1 VDR
[ 7 fe s EE 2 IL10, IL12A, IL12B, IL13, IL18, IL1A, IL1B, IL2, IL4, IL5, IL6, IL7 I IL9
At 20 o 5 R CCL2. IFNG #1 TNF
T 7 14 B PNESEE ok HLA-A, HLA-B., HLA-C, HLA-DPA1l, HLA-DPB1., HLA-DQA1, HLA-DQB1, HLA-DRA

F1 HLA-DRB1
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#x 2 SmERANSHARTRG EZEHEXH SNP/SNV

Table 2 Significant SNP/SNVs associated with anti-tuberculosis drug induced liver injury
A REFIALT

N P ey Py HeAH . (OR) 95% ' {5 [X ] (95%Cl) P&

UGT1A4 rs2011404 6/74 23/55 0.1939 0.0740~0.5083 0.0004
CYP2D6 rs16947 64/12 70/2 6.5620 1.4140~30.4500 0.0069
CYP251 rs338599 71/9 56/18 0.3944 0.1646~0.9446 0.0330

REF (REF allele)Z% /R AT IE ; ALT (ALT allele)3% /R A8l 3

®3 WIESMERBYSBEIHRGEZEHEXH SNP/SNV
Table 3 Validation of significant SNP/SNVs associated with anti-tuberculosis drug induced liver injury

I e FEH R F91(2) P {1
REFIALT 45 A TR T A AR

UGT1A4 rs2011404 T/G 0.0750/0.9250 0.0258/0.9742 4.6809 0.0305

CYP2D6 rs16947 G/A 0.8421/0.1579 0.8601/0.1399 0.0698 0.7917

CYP2S1 rs338599 CIG 0.8875/0.1125 0.7897/0.2103 3.7978 0.0513

REF (REF allele)Z /R AT IE ; ALT (ALT allele)3% /R A8l 3 .

&4 TEM SNP/SNV KT S E A TNEES M T
Table 4 Significant SNP/SNVs mutation sites affecting protein function potential

M s o & SRR EIER SR SIFT PolyPhen2 Tt illl
UGT1A4 rs2011404 Y i X T>G C157W 1 C157C deleterious Probably damaging
CYP2D6 rs16947 Gt figh X G>A R296C =} R274C 1, R245C tolerated Benign

CYP2S1 rs338599 G i [X. C>G P74pP tolerated =

—: FoRIAE) X RAEARIEH T PolyPhen2 il

Bl REEEEHIH

Fig. 1 Structure analysis of mutant protein

A: BPES UGTIA4 S AL (KGR o BRHE, FEMIHN B IS, WEMAI 157 LR ); B: BA R UGTIA4 1Y
157 fi 2P R R R R KR Bl C: 152011404 8745 B UGT1A4 1 157 fy (& R i Kom B B,
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PR T BE ST L B (18] 1B), TR (0
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VT e 2 Wl Tk A v, R 2k
AR = W 7= A e I 7 007 BB T A o b
Y RO Re S5, A dcE W™ 2 AN BN
(adverse drug reaction, ADR)Z —. IIfil& I, 2491k
351405 80T 3%~5% Y BIEIE , Al i A2 T
fEsesB i EEE N, EHATEET- M, B
it 1100 FP2 W B AW TER TR, EFE 2y | il
LERZy . DU . MIVEURZE, PR 2T,
E AT, Bai 2 L S, R A
Pk e Sk 32 51 & 0 S 005 o BT AT 2 4 A 4 1Y
21.56%, JE AN T H R 24 B 5 K 2l v
Py bty R A,

EBAG IR NP . AR08 . R R fE
Bl G I SRR A ) R P A5 4% 25 W 5 | & 4405 1
fER R 2, (HHAEG R B 545 % A 0 T4

AR, B S5 2 B2 4 L CYP2ELN

—AZi AR NAT204  GSTMAMSY | =402 My
izt ABCB1MY | SLCO1B1M™ | #ye i 5 KL HLA-
DQA1L HI HLA-DQB1M®I4 545 4542 25y 5| & i T4
PR X BRI IE T i I R X P a2y
V5| 0 I Bk . B0 A9 R R A R 2
BRI B EE N, P RE S it T 7E /Y SNP/SNV fif
ML BT BT . AHFSE A Haloplex i kil
FER s, RS 2RI . FEas . JE RS RE A
K — . R AR, Rk, UIREA R

P2 U I M S e SR B A 109 SRR B B SR 7 A

B E R G M FIRPU AL 20 5| K A0 405 1 7 A s
feric.

AWFFEE R AL 152011404 (471T>G) S5Hi4hH%
259151 K IR T AR OG . YT B AREY K
T AFER AR A AR W ARERE, 1 SNP 47 s 4K 4%
S FEME . rs2011404 1 F UGT1A4 LR IX BE |, A
M TN CE G, Hrr, T>C RSl i sm
YRR, T T>G 1 Al 157 7921 Ik 2R (C) 28 48 Sy £
FFR(W). 52 SIFT A1 PolyPhen2 Fiil+g i,

C157W R7EHA AT RE A FH R4S, 520 UGT1A4
R34 i B9 1F T fE. UGT1A4 (UDP glucuronosyl-
transferase family 1 member A4)J& F UGT (UDP
glucuronosyltransferase) < , 4 it i % B B R i 7
ffE, AL — R A SNE P IR G 2 S 1
W % 2 1k (N-glucuronidation) , J& T 11 AHZ5 4% 5t
fiE1, Chang 4500 [ 5 75 AR & 1 UGT1AL*
27, UGT1AL1*28 &3 ind 4 #% 2551 K& W iFHi 43 1
AU, 1 1 A AT B FT4RGE UGT1A4 SHusbi 25451
K IR B9 AE M . Gufford Z5PYFT Lee 25PN
A 25T UGTLAG fYFRIE, dkimim sy
R, HZ MR, Cao %5V % B A 45 F £ 4 i
UGTI1A4 MG H H A A B S M, ik ot i
MM T BEXT UGT Fl A il 4/ H . A58 & 3
UGT1A4 S5Hig5% 2595 & 0807 B 240 5¢, 1
XFT UGT1A4 TEHL A58 25 A b 9 /R LTS =5
i — 25 1 SE I IE

CYP2D6 rs16947 il CYP2S1 rs338599 7 80 i
HIW BRI 2B, MAEY RO B T A3k
AT AR ARG RSB G i L X —25 R
A REAE T AU IE AR A IS RE R, FEAR A,
AR Y IS AR Z S8, Xl REEA
R — R R .

2 B, ABFsE T 109 25 R, #E
18 | JRAE AR HH S I 3 PR 58 A8 (3 5 10 R G PEAIGE
KB UGT1A4 rs2011404 1ERHLL 25951 Kk IF
PO AR AR IS, G IR EXT L5 2 &
FNA 5t TR RS %,
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