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Abstract

Objective: The pathogenic mechanism of anti-tuberculosis (anti-TB) drug-induced hepatitis is associated with drug
metabolizing enzymes. No tagging single-nucleotide polymorphisms (tSNPs) of cytochrome P450 2E1(CYP2E1) in the risk of
anti-TB drug-induced hepatitis have been reported. The present study was aimed at exploring the role of tSNPs in CYP2E1
gene in a population-based anti-TB treatment cohort.

Methods and Design: A nested case-control study was designed. Each hepatitis case was 14 matched with controls by age,
gender, treatment history, disease severity and drug dosage. The tSNPs were selected by using Haploview 4.2 based on the
HapMap database of Han Chinese in Beijing, and detected by using TaqMan allelic discrimination technology.

Results: Eighty-nine anti-TB drug-induced hepatitis cases and 356 controls were included in this study. 6 tSNPs (rs2031920,
rs2070672, rs915908, rs8192775, rs2515641, rs2515644) were genotyped and minor allele frequencies of these tSNPs were
21.9%, 23.0%, 19.1%, 23.6%, 20.8% and 44.4% in the cases and 20.9%, 22.7%, 18.9%, 23.2%, 18.2% and 43.2% in the controls,
respectively. No significant difference was observed in genotypes or allele frequencies of the 6 tSNPs between case group
and control group, and neither of haplotypes in block 1 nor in block 2 was significantly associated with the development of
hepatitis.

Conclusion: Based on the Chinese anti-TB treatment cohort, we did not find a statistically significant association between
genetic polymorphisms of CYP2E1 and the risk of anti-TB drug-induced hepatitis. None of the haplotypes showed
a significant association with the development of hepatitis in Chinese TB population.
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Introduction

Tuberculosis (TB) remains a major global health problem with

estimated 8.8 million incident cases and 1.45 million deaths

globally in 2010, most of these occurring in developing countries

[1]. China has the world’s second largest tuberculosis epidemic,

behind only India [1]. The directly observed treatment, short

course (DOTS) strategy is a major plank of the World Health

Organization (WHO) global plans to stop TB. Guidelines

recommend a drug combination regimen, including isoniazid

(INH), rifampin (RIF), ethambutol (EMB), pyrazinamide (PZA)

and streptomycin (SM) as the first-line agents [2,3]. These drugs

have ability to control and kill Mycobacterium tuberculosis effectively,

but may cause various adverse effects, including liver injury, skin

reactions, and gastrointestinal or neurological disorders [4,5].

Anti-TB drug-induced hepatitis is one of the serious adverse drug

reactions, which often impedes scheduled treatment and cure [6].

Anti-TB drug-induced hepatitis encompasses a wide spectrum of

liver injury, ranging from asymptomatic minimal elevation of liver

enzymes to acute liver failure, and often leads to death or liver

transplantation [7].

Though the pathogenic mechanism of anti-TB drug-induced

hepatitis is still largely obscure [8], it is suggested that reactive

metabolites, rather than direct toxicities of the parent drugs, are

responsible for most of idiosyncratic drug reactions [9]. Drug

metabolizing enzymes have critical effects by both the synthesis

and detoxification of reactive metabolites [10]. Among the first

line anti-TB drugs, the metabolism of INH has been studied

extensively, and it has been proposed that N-acetyl transferase 2

(NAT2), cytochrome P450 2E1 (CYP2E1) and glutathione S-

transferases (GSTs) might play important roles in INH-induced
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hepatotoxicity [11]. In the liver, INH is first metabolized into

acetylisoniazid via NAT2 [12], followed by hydrolysis to

acetylhydrazine. Acetylhydrazine is then oxidised into hepatotoxic

intermediaries, such as acetyldiazene, acetylonium ion, acetyl

radical or ketene by CYP2E1. The hepatotoxins generated by

NAT2 or CYP2E1 could be further detoxified by GSTM1 and

GSTT1 presented in the liver [11].

In recent years, genetic polymorphisms of NAT2, CYP2E1 as

well as GSTs have gained more focus by linking patient’s genetic

susceptibility to anti-TB drug-induced hepatitis. The slow acet-

ylator genotype of NAT2 has been proposed to be a major risk

factor for anti-TB drug-induced hepatitis in Asian populations,

especially in the Chinese [13,14,15]. However, our recent research

showed no significant associations were found between acetylator

status, genotype, haplotype of NAT2 gene and anti-TB drug-

induced hepatitis in a Chinese cohort [16]. The homozygous

deletion (null genotype) of the GSTM1 gene showed the lack of the

GSTM1 activity and would increase risk of anti-TB drug-induced

hepatitis [17,18]. But for CYP2E1, results were inconsistent in

China [14,15,19,20]. And in other countries, all studies reported

negative results about relationship between CYP2E1 genetic

polymorphisms and anti-TB drug-induced hepatitis

[21,22,23,24,25,26]. Moreover, most studies only evaluated the

RsaI/PstI polymorphism in CYP2E1 gene [14,15,19,21,22,23]. So

far, no tagging single-nucleotide polymorphisms (tSNPs) of

CYP2E1 in the risk of anti-TB drug-induced hepatitis have been

reported.

In the present study, 6 tSNPs were selected to evaluate the

association between these common genetic variants in CYP2E1

and the risk of anti-TB drug-induced hepatitis in our established

cohort of ‘‘Anti-tuberculosis Drugs induced Adverse Reactions in

China National Tuberculosis Prevention and Control Scheme

Study (ADACS) [27]’’ in a Chinese TB population.

Methods and Design

Patients
Anti-TB treatment patients were recruited from ADACS

cohort. In brief, 4488 newly diagnosed patients with sputum

smear positive pulmonary TB were recruited from four provinces

(Zhejiang, Guangxi, Chongqing, Jilin) in China between October

2007 and June 2008. Diagnosis of pulmonary TB was based on

chest radiographs and the isolation ofMycobacterium tuberculosis from

a sputum smear. Before anti-tuberculosis treatment, serum

hepatitis B virus surface antigen (HBsAg), serum alanine trans-

aminase (ALT), aspartate aminotransaminase (AST), direct and

total bilirubin levels, renal function, blood and urine routine test

were measured. All patients took INH 600 mg, RIF 600 mg (or

450 mg if body weight was ,50 kg), PZA 2000 mg and EMB

1250 mg every other day for the first 2 months (re-treatment

patients were injected with SM 750 mg each time simultaneously).

PZA and EMB were then discontinued for primary patients, while

INH and RIF were continued for another 4 months. PZA and SM

were discontinued for re-treatment patients, while INH, RIF and

EMB continued. Doses did not vary with ages and sex. All patients

were monitored for 6,9 months according to the treatment

episode, and liver function tests were conducted again within two

months after anti-TB treatment beginning or whenever patients

had symptoms of suspected hepatitis (such as anorexia, nausea,

vomiting, malaise, tea-colored urine) [27]. A total of 4304 patients

finished the follow-up. This study was approved by the Ethics

Committee of Center for Tuberculosis Control and Prevention of

China and Health Science Center of Peking University. Written

informed consent was obtained from every participant or

surrogate before enrolment.

Anti-TB drug-induced hepatitis was defined as: 1) an increase

over two-times of the upper limit of normal (ULN) in ALT or

a combined increase in AST and total bilirubin, provided one of

them was more than two-times over ULN [28]; 2) causality

assessment result was certain, probably or possible basing on the

WHO Uppsala Monitoring Center system [29]. All suspected

hepatitis patients were strictly reviewed and assessed by experts

from Chinese State Food and Drug Administration.

In the present study, patients with any of the following

features were excluded: 1) abnormal serum ALT, AST or total

bilirubin levels before anti-TB treatment; 2) positive serum

HBsAg; 3) alcoholic liver disease or habitual alcohol drinking; 4)

concomitant use of hepatotoxic drugs; 5) a history of chronic

liver disease or systemic diseases that may cause liver

dysfunction. Among the remained patients, those in accord

with the criteria of anti-TB drug-induced hepatitis were assigned

into the case group, and controls were selected from those with

sustained normal liver function through the whole therapy. For

each case, four matched controls were identified with the same

time, place, age (within 5 years old), sex, treatment history,

disease severity and drug dosage.

tSNPs Selection and Genotyping
All eligible SNPs in CYP2E1 gene including 2kb upstream

and downstream of CYP2E1 were downloaded from the Chinese

Han population (CHB) database of HapMap (http://www.

hapmap.org/). Then, tSNPs were selected using Haploview 4.2

software, meeting the following criteria: 1) minor allele

frequency $0.10; 2) r2 of pairwise linkage disequilibrium

$0.8. As a result, 6 tSNPs (rs2031920, rs2070672, rs915908,

rs8192775, rs2515641, rs2515644) were chosen for genotyping

(Table 1), which was performed by using TaqMan allelic

discrimination technology on the ABI 7900 Real-Time PCR

System (Applied Biosystems, Foster City, CA) [30]. The primers

and probes for each tSNP were designed by Nanjing Steed

BioTechnologies Co., Ltd (Table S1). Genotyping was per-

formed by blinding the case or control status, and with a positive

control of a DNA sample with a known heterozygous genotype

in each test. More than 10% of the samples were repeated

using the same assay and the results were 100% concordant.

The overall call rate of genotyping was .98%.

Statistical Analysis
Data were double entered in a database built by EpiData 3.1

(Denmark) and discrepancies were checked against the raw data.

Continuous variables were described as mean 6 standard

deviation (SD) or median (IQR, inter-quartile range) and

differences between groups were analyzed by using two-factor

analysis of variance test or non-parametric test. Categorized

variables were described as percentage and analyzed by using the

Chi-square test. Hardy-Weinberg equilibrium was estimated using

the x2 goodness of fit test. Haplotype blocks were selected with

Haploview 4.2 software by considering linkage disequilibrium (LD)

blocks. The estimated frequency of polymorphic loci was

calculated using PHASE 2.1 software. Odds ratios (OR) and

95% confidence intervals (95% CI) were calculated using

conditional logistic regression model. The statistical analyses were

performed with SPSS for Windows (version 13.0, SPSS Inc.). A

two-tailed P-value less than 0.05 was considered statistically

significant.

CYP2E1 and Anti-TB Drug-Induced Hepatitis
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Results

Characteristics of Patients with and without Hepatitis
A total of 445 anti-TB treatment patients consisting of 89 anti-

TB drug-induced hepatitis and 356 controls finished followed up

were selected from ADACS cohort. All patients with HBsAg(+),
regular alcohol intake, liver diseases, concomitant use of hepato-

toxic drugs, and abnormal liver function before anti-TB treatment

were excluded. Among 89 cases, 79 patients had over 2 times

increased ALT level and 10 patients had a combined increase in

AST and total bilirubin provided one of them is above 2 times of

ULN. Sixty nine (77.5%) out of 89 patients with hepatitis had

obvious clinical symptoms. The median time between the

initiation of anti-TB treatment and the detection of hepatitis was

35 days. The further causality assessment revealed that 10 cases

(11.2%) were identified as certain, 62 (69.7%) as probable and 17

(19.1%) as possible. Due to 1:4 individual matching procedure,

there was no statistical difference in the distribution of both age,

weight and body mass index between cases and controls (Table 2).

Before anti-TB treatment, all cases and controls had normal values

of liver biochemical parameters and there was no significant

difference between two groups (P.0.05). During anti-TB treat-

ment, the peak AST, ALT, and total bilirubin levels in the cases

were significantly higher compared to the values of the controls

(P,0.0001).

CYP2E1 Polymorphism in Patients with and without
Hepatitis
Five of six tSNPs we genotyped were in Hardy-Weinberg

equilibrium [rs2031920 (x2 = 0.596, P = 0.440), rs2070672

(x2 = 0.003, P= 0.956), rs8192775 (x2 = 0.708, P = 0.400),

rs2515641 (x2 = 0.209, P= 0.647) and rs2515644 (x2 = 0.387,

P = 0.534)] except for rs915908 (x2 = 65.242, P,0.001). The

genotype analysis showed that the minor allele frequencies of

rs2031920, rs2070672, rs915908, rs8192775, rs2515641 and

rs2515644 were 21.9%, 23.0%, 19.1%, 23.6%, 20.8% and

44.4% in the cases and 20.9%, 22.7%, 18.9%, 23.2%, 18.2%

and 43.2% in the controls, respectively. No significant difference

was observed in genotypes or in allele frequencies of the six tSNPs

between the case and the control group (Table 3). There was no

statistically significant association between rs2031920 CC geno-

type (c1/c1) and anti-TB drug-induced hepatitis (OR=0.99, 95%

CI: 0.62–1.59) compared with CT or TT genotypes (c1/c2 or c2/

c2).

Haplotype Analysis of CYP2E1 in Patients with and
without Hepatitis
Reconstructed linkage disequilibrium (LD) plot by using Haplo-

view 4.2 software among the CYP2E1 gene 6 tSNPs in 356 control

subjects was shown in Figure S1. By considering both D’ and r2,

we analyzed two haplotypes as presented in the Table 4. In block

1, Strong LD between rs2031920 and rs2070672 was observed

(D’ = 1, r2 = 0.087). And in block 2, Strong LD between

rs8192775, rs2515641 and rs2515644 was also observed

(D’.0.97, r2.0.067). But neither of haplotypes in block 1 nor

in block 2 was significantly associated with the development of

hepatitis.

Discussion

The CYP450 proteins constitute a superfamily of hemeproteins

which play a central role in the oxidative metabolism and

biotransformation of a variety of endogenous and exogenous

compounds [31]. CYP2E1, a key member of the P450 superfam-

ily, is one of the most important phase I metabolic enzymes and

participates in the metabolism of many drugs, including anti-TB

drugs. CYP2E1 can oxidate monoacetyl hydrazine and acetyl

hydrazine produced from INH to generate hepatotoxins such as

acetyldiazene, acetylonium ion, acetyl radical or ketene [32]. RIF

is a potent inducer of CYP2E1, and it can increase the activity of

this enzyme and thus regulate the production of hepatotoxic

agents [11]. So higher activity of CYP2E1 may increase the

synthesis of hepatotoxins and lead to hepatotoxicity.

Polymorphisms of the genes encoding CYP2E1 may influence

the activity of enzyme as well as the susceptibility to anti-TB

drug-induced hepatitis [19]. Among several CYP2E1 genetic

polymorphisms, only the RsaI/PstI (rs2031920/rs3813867) and

DraI (rs6413432) polymorphism have been evaluated in associ-

ation with anti-TB drug-induced hepatitis [11]. The RsaI and

PstI restriction sites are in the transcription-regulation region of

CYP2E1 and in complete linkage disequilibrium, which has been

linked with gene expression [33]. Previous investigators demon-

strated that subjects with CYP2E1 RsaI c1/c1 genotype had

higher CYP2E1 activity than those with RsaI c1/c2 or c2/c2

genotype, under the inhibitory effect of isoniazid. Therefore,

subjects with CYP2E1 c1/c1 may generate more hepatotoxins

and increase their risk for hepatotoxicity in Taiwanese

(OR=2.52, P = 0.009) [19]. Wang also reported that the

CYP2E1 RsaI c1/c1 genotype was an independent risk factor

for hepatotoxicity in China (OR=1.979, 95% CI:1.106–3.891,

P= 0.023) [14]. But the results of other studies conducted in

China [15,20], India [34], Canada [23], Japan [26], Korea

Table 1. Information on six genotyped tSNPs of the CYP2E1 gene.

SNP No. NCBI reference SNP No. Chromosome Position{ Location Base Change MAF{ HWE P-value*

1 rs2031920 135339845 5’ near gene C.T 0.268 0.440

2 rs2070672 135340548 5’ near gene A.G 0.226 0.956

3 rs915908 135346959 Intron 5 G.A 0.159 ,0.001

4 rs8192775 135348026 Intron 6 G.A 0.28 0.400

5 rs2515641 135351362 exon 8 C.T 0.191 0.647

6 rs2515644 135353079 3’ near gene C.A 0.494 0.534

{SNP position in NCBI dbSNP (http://www.ncbi.nlm.nih.gov/projects/SNP).
{Minor allele frequency (MAF) for Han Chinese in Beijing in the HapMap database (http://www.hapmap.org).
*Hardy–Weinberg equilibrium (HWE) P-value in the control group.
doi:10.1371/journal.pone.0057526.t001
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[21,22], and Brazil [25] all showed no significant association

between CYP2E1 RsaI c1/c1 genotype and hepatitis. The

polymorphism detected by DraI digestion is located in intron

6, and no functional significance of this polymorphism currently

is known [19]. For susceptibility to the hepatic tumor or liver

disease, DraI polymorphism adds no more information than

CYP2E1 RsaI genotypes [19,35]. So far, only two studies

reported the relationship between CYP2E1 DraI polymorphism

and anti-TB drug-induced hepatitis, with inconsistent findings

[24,34].

In the present study, 6 tSNPs were selected using Haploview 4.2

based on the HapMap database of Han Chinese in Beijing and

evaluated the association between these genetic variants in

CYP2E1 and the risk of anti-TB drug-induced hepatitis. As we

know, this is the first study to explore association between tSNPs of

CYP2E1 and anti-TB drug-induced hepatitis in Chinese TB

patients. But we did not find a statistically significant association

between genetic polymorphisms of CYP2E1 and the risk of anti-TB

drug-induced hepatitis. None of the haplotypes showed a signifi-

cant association with the development of hepatitis. Similar to our

report, another case-control study in Korea also failed to find any

association of tSNPs in CYP2E1 with anti-TB drug-induced

hepatitis in Korean population [22]. In that study, three tSNPs

(rs2031920, rs2070672, rs2070673) were selected, and two tSNPs

(rs2031920, rs2070672) were same as our study. In addition, One

of tSNPs was RsaI polymorphism (rs2031920), and our results

showed there was no statistically significant association between

CTY2E1 RsaI c1/c1 genotype and anti-TB drug-induced hepatitis

(OR=0.99, 95% CI:0.62–1.59) compared with CYP2E1 RsaI c1/

c2 or c2/c2 genotypes. It was similar to two other recently

published studies on Chinese subjects which showed non-

significant association too [15,20].

Earlier reports showed polymorphisms of CYP2E1 may increase

the risk of drug-induced hepatitis [14,19]. But our study could not

validate these results. This discrepancy could be attributed to

several reasons. First, as the pathogenic mechanism of anti-TB

drug-induced hepatitis is poorly understood, most studies were

based on INH metabolic pathway [11]. But INH, RIF and PZA

are all hepatotoxic drugs [36] and different anti-TB drugs may

have different pathogenic mechanisms [37].The patients in

different studies were treated with different therapeutic regimens

(DOTS or non-DOTS) or dose usage. For example, patients in

our study were treated with the same standard anti-TB regimens

and took drugs every other day, which was different from other

reports [15,19,21,22,24]. In our study, there were 78.6% primary

treatment patients and 21.4% re-treatment ones; but the treatment

histories were not described in other studies [14,19]. Second,

polymorphisms of the genes encoding CYP2E1 may influence the

activity of enzyme, but efficiency change caused by a single

nucleotide mutation might not be enough to alter overall promoter

activity [38]. Many other factors may influence gene expression

transcription and translation of CYP2E1, except for SNP. Gene

methylation may influence the expression of CYP [39]. Vieira et al

[40] reported an association between CYP2E1 transcripts and

decreased methylation of CpG residues in intron 1 of the CYP2E1

gene that occurred during the late neonatal period. In addition

microRNA (miRNA) regulation of CYP has been described [39].

Human CYP2E1 expression is regulated by miR-378, mainly via

translational repression [41]. Third, Different studied were

conducted with different populations, study designs, methods of

defining liver injury and standards of choosing cases and controls.

Our study was designed as a case-control study nested in an anti-

TB population-based cohort while others were hospital-based

[14,15,19]. In the previous hospital-based studies, participants

represented more complex and severe patients. For example, the

median peak level of ALT and AST which were described in the

study performed by Huang et al were 235 U/L and 233 U/L,

respectively [19], whereas the median peak level of ALT and AST

were 121.0 U/L and 95.1 U/L in our study. For the maximum

value of ALT and AST, they were 2090 U/L and 2260 U/L

among patients with anti-TB drug-induced hepatitis in Huang’s

Table 2. Characteristics of patients with and without anti-TB drug-induced hepatitis.

Patients with hepatitis N=89 Patients without hepatitis N=356 P

Sex (male/female) 65/24 260/96

treatment history(primary/re-treatment) 78/11 312/44

Age (years){ 43.7616.4(20.0–80.0) 43.6616.4(17.0–84.0) 0.7421

Weight (kg){ 53.268.0(38.0–80.0) 53.567.4(31.0–84.0) 0.7481

BMI (Kg/m2){ 19.562.3(14.0–27.7) 19.462.3(13.5–27.0) 0.9591

Baseline value*

ALT (U/L){ 16.9(10.8–26.3) 16.0(10.4–22.0) 0.283"

AST (U/L){ 24.8(17.2–32.6) 21.4(15.3–27.0) 0.087"

Total bilirubin (umol/L){ 9.5(7.5–13.7) 9.7(7.4–12.5) 1.000"

During treatment(Peak value)*

ALT (U/L){ 121.0(88.2–183.6) 17.0(11.6–23.2) ,0.0001"

AST (U/L){ 95.1(60.6–174.7) 23.7(16.7–29.0) ,0.0001"

total bilirubin (umol/L){ 14.3(11.4–18.0) 9.7(6.8–13.7) ,0.0001"

*Normal intervals: ALT,40U/L, AST,40U/L, Total bilirubin,19 umol/L.
BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate aminotransferase.
{Values are presented as mean6standard deviations (range).
{Values are presented as median (inter-quartile range).
1two-factor analysis of variance test.
"Median test.
doi:10.1371/journal.pone.0057526.t002
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Table 3. Distribution of genotypes in patients with and without anti-TB drug-induced hepatitis.

tSNPs

Patients with
hepatitis

Patients
without
hepatitis OR(95% CI)a P Model

N % N % modelb OR(95% CI)a P

rs2031920(C.T)

CC 56 62.9 225 63.2 1 Dom 1.012(0.630–1.624) 0.961

CT 27 30.3 113 31.7 0.957(0.577–1.587) 0.865 Rec 1.373(0.518–3.640) 0.524

TT 6 6.8 18 5.1 1.356(0.506–3.632) 0.544 Add 1.055(0.720–1.548) 0.782

rs2070672(A.G)

AA 51 57.3 210 59.7 1 Dom 1.123(0.693–1.820) 0.638

AG 35 39.3 124 35.2 1.201(0.726–1.985) 0.475 Rec 0.641(0.179–2.294) 0.494

GG 3 3.4 18 5.1 0.676(0.187–2.446) 0.551 Add 1.030(0.690–1.538) 0.886

rs915908(G.A)

GG 65 73.0 256 72.3 1 Dom 0.958(0.568–1.618) 0.873

AG 14 15.7 62 17.5 0.881(0.466–1.664) 0.696 Rec 1.126(0.534–2.374) 0.755

AA 10 11.2 36 10.2 1.098(0.515–2.339) 0.809 Add 1.006(0.709–1.429) 0.971

rs8192775(G.A)

GG 51 57.3 212 59.7 1 Dom 1.107(0.695–1.762) 0.668

AG 34 38.2 121 34.1 1.180(0.724–1.922) 0.506 Rec 0.715(0.240–2.128) 0.546

AA 4 4.5 22 6.2 0.752(0.250–2.263) 0.612 Add 1.022(0.702–1.488) 0.908

rs2515641(C.T)

CC 56 62.9 239 67.3 1 Dom 1.208(0.751–1.944) 0.436

CT 29 32.6 103 29.0 1.195(0.728–1.963) 0.481 Rec 1.239(0.396–3.874) 0.712

TT 4 4.5 13 3.7 1.310(0.414–4.143) 0.645 Add 1.174(0.787–1.750) 0.432

rs2515644(C.A)

CC 26 29.2 117 33.1 1 Dom 1.182(0.719–1.944) 0.510

AC 47 52.8 168 47.5 1.240(0.737–2.088) 0.418 Rec 0.897(0.487–1.651) 0.726

AA 16 18.0 69 19.5 1.024(0.511–2.051) 0.946 Add 1.043(0.751–1.449) 0.801

aconditional logistic regression model analysis.
bDom, dominant model; Rec, recessive model; Add, additive mode.
doi:10.1371/journal.pone.0057526.t003

Table 4. Haplotype frequencies and the risks of anti-TB drug-induced hepatitis.

Haplotypes
Patients with
hepatitis(%)

Patients without
hepatitis(%) OR(95% CI)a P

rs2031920-rs2070672

C-A 55.1 56.6 1

C-G 23.0 22.4 1.054(0.700–1.587) 0.803

T-A 21.9 21.0 1.075(0.711–1.627) 0.730

rs8192775-rs2515641-rs2515644

G-C-C 54.5 55.8 1

A-C-A 21.9 22.5 0.992(0.657–1.499) 0.971

G-T-A 18.0 18.1 1.006(0.644–1.572) 0.977

G-C-A 2.8 2.7 1.070(0.388–2.948) 0.896

A-C-C 0.0 0.8 – 0.983

G-T-C 1.1 0.1 7.697(0.693–85.541) 0.097

A-T-A 1.7 0.0 – 0.991

aconditional logistic regression model analysis.
doi:10.1371/journal.pone.0057526.t004
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study, which were higher than those in our study (ALT: 691.2U/L

and AST: 467.5 U/L).

One of the strengths in our study was a case-control study

nested in a cohort. Due to the large sample size of the anti-TB

treatment cohort, we were able to perform 1:4 matching with aims

to increase efficiency and control potential confounders. Each case

was reviewed and assessed by experts strictly to define anti-TB

drug-induced hepatitis. Therefore, misclassification of diagnosis

was rare in our study. One potential limitation is the small sample

size in our study. Because some patients with HBsAg (+), alcohol
drinking, liver diseases, and so on were excluded from this study.

But this problem existed in other similar studies, which had

relatively small sample sizes ranging from 8 [34] to 104 [14]

patients in case group. Another limitation is that we did not collect

patients’ information of prior hepatitis C infection history which

may be a risk factor for hepatotoxicity.

Conclusions
This is the first exploration of an association between tSNPs of

CYP2E1 and anti-TB drug-induced hepatitis in Chinese TB

patients. Based on a case-control study nested in the ADACS

cohort, we did not find a statistically significant association

between genetic polymorphisms of CYP2E1 and the risk of anti-TB

drug-induced hepatitis. None of the haplotypes showed a signifi-

cant association with the development of hepatitis in the Chinese

TB population.

Supporting Information

Figure S1 Linkage disequilibrium plot for selected
SNPs of CYP2E1 gene. The plot is generated by Haploview

software. D’ values are shown on the squares. The colors of the

squares represent r2 values, with dark being r2 = 1, and white being

r2 = 0.

(TIF)

Table S1 Information of primers and probes.

(DOCX)
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