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ABSTRACT
Introductions: Antituberculosis drug-induced liver injury (ATLI) had
become a common serious side effect regarding anti-tuberculosis
use. Isoniazid (INH) was believed as a significant factor related to ATLI
incidence. A genetic factor related to INH metabolism (e.g., CYP2E1) was
assumed as a major contributor of ATLI. This study aimed to investigate the
genotype pattern of CYP2E1 and serum transaminase level on tuberculosis
patients receiving a fixed-dose combination of anti-tuberculosis.
Methods: As many as 35 tuberculosis patients attending Pulmonary
Outpatient Clinic of Sanglah Hospital were included in this crosssectional study. Identification of CYP2E1 genotype was performed with
a PCR-RFLP assay using RsaI and DraI restriction enzymes.

Results: This study revealed the proportion of c1/c1; c1/c2; and c2/
c2 genotype of CYP2E1 on 5’-flanking region were 62.9%; 34.3%; and
2.8%, respectively; whereas the proportion of DD, CD and CC genotype
of CYP2E1 on intron 6 were 60%; 28.6%; and 11.4%, respectively. The
proportion of hepatotoxicity was 14.3%, while the average level of
AST and ALT were 23.5±13.6 IU/L and 23.3±21.1 IU/L. There was no
significant correlation between CYP2E1 genotypes and hepatotoxicity
incidence.
Conclusions: The dominant proportion of CYP2E1 genotype on
5’-flanking region and intron 6 are c1/c1 and DD. However, we found no
significant differences between CYP2E1 genotypes and hepatotoxicity.
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INTRODUCTIONS
World Health Organization (WHO) reported that
about 9 millions of new tuberculosis cases were
found worldwide in 2013 and 1.5 millions of death
caused by tuberculosis in the same year. More than
half tuberculosis cases were found in Asia, approximately 95% in developing countries. Indonesia had
become the third country with the highest number
of tuberculosis cases after India and China.1,2
Antituberculosis drug-induced liver injury
(ATLI) had become the most frequent side effect
of antituberculosis use, and might potentially cause
the serious effect to patient’s health.3 The incidence
of ATLI showed many variations in different populations: 15.6% in Brazil; 48.4% in China; 32.1%
in Taiwan; and 18.8% in India.3-6 Isoniazid was
assumed as anti-tuberculosis that most responsible
for ATLI incidence.3,7-9
Many factors could increase the risk of hepatotoxicity due to anti tuberculosis use, one of which is
a genetic factor, primarily involved in antituberculosis metabolism. Cytochrome P450 2E1 (CYP2E1)
gene is one of these important genetic factors which
specifically involved in INH metabolism.3,4,5
Several studies about the association between
CYP2E1 genotype and hepatotoxicity had been

conducted, but the results remained contradictive.
Studies in India and Brazil revealed that there was
no significant correlation between CYP2E1*5B
genotype and ATLI incidence.3,6 Several studies
carried out in China showed opposite result that
CYP2E1*5B genotype c1/c1 significantly increased
the incidence of ATLI.4,5,9 A meta-analysis
conducted by Sun et al. (2008) had revealed similar
result that c1/c1 genotype of CYP2E1*5B together
with GSTM1 null and NAT2 slow 
acetylator
significantly increased ATLI incidence.10 A study
conducted in India showed that the proportion of
DraI polymorphism on CYP2E1*6 together with
slow acetylator of NAT2 genotype was higher
in drug-induced hepatitis subjects compared to
non-hepatitis subjects.6
To date, no adequate information has been found
yet regarding the proportion of CYP2E1 5’-flanking region (CYP2E1*5B) and intron 6 (CYP2E1*6)
genetic variation in tuberculosis patients in
Indonesia and Bali. Since CYP2E1 genetic variation
had a substantial effect on ATLI incidence, a study
investigating CYP2E1 genotype and serum transaminase level in tuberculosis patients is necessary
to conduct.
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RESEARCH DESIGN AND METHODS
Patients Selection
This study was a cross-sectional design. The subjects
of this study were 35 tuberculosis patients attended
Pulmonary Outpatient Clinic of Sanglah Hospital
between July 2014 to February 2015 and received
a fixed-dose combination of anti-tuberculosis category 1. Subjects were selected using a consecutive
sampling technique.
CYP2E1 Genotyping
DNA was isolated using guanidine isothiocyanate method. The PCR-RFLP assay was
used to detect mutation on 5’-flanking region
and intron 6 of CYP2E1 gene. The sequences
of CYP2E1*5B forward and reverse primer
was
5’-CCAGTCGAGTCTACATTGTCA-3’
and
5’-TTCATTCTGTCTTCTAACTGG-3’,
respectively; whereas the sequences for
CYP2E1*6 forward and reverse primer was
5’-TCGTCAGTTCCTGAAAGCAGG-3’
and
5’-GAGCTCTGATGGAAGTATCG CA-3’. For
CYP2E1*5B and CYP2E1`*6, DNA chains were
denatured at 94ºC for 5 minutes, followed by
35 cycles of reaction (94ºC denaturation for
45 seconds, 57°C annealing for 45 seconds, 72°C
elongation for 45 seconds); ended by a final
extension at 72°C for 5 minutes. PCR product
was digested using RsaI and DraI restriction
enzyme (New England Biolabs). The mixture was
incubated at 37°C for 90 minutes. Electrophoresis
of PCR-RFLP product use 2% of agarose gel.
Wild-type c1/c1; heterozygote mutant c1/c2; and
homozygote mutant c2/c2 showed two bands
(352 and 61 bp); 3 bands (413, 352 and 61 bp);
and one band (413 bp) on electrophoresis visualization, respectively. Wild-type (DD), heterozygote mutant (CD); and homozygote mutant
(CC) showed three bands (600, 300 and 100 bp);
4 bands (900, 600, 300 and 100 bp), and two bands
(900 and 100 bp), respectively.
Serum Transaminase Level Measurement
The measurement of serum transaminase level
measurement was carried out at Clinical Pathology
Laboratory of Sanglah Hospital using spectrophotometry method. Serum transaminase level above
ULN of AST and/or ALT was considered to be
hepatotoxic.
Statistical Analysis
Chi-square test was used to detect a significant
association between patients’ characteristics or
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CYP2E1 genotypes and hepatotoxicity incidence.
The analysis was performed using statistical software. The p-value below 0.05 was considered to be
statistically significant.

RESULTS
Subject Characteristics
As many as 35 tuberculosis patients were included
in this study. Subject characteristics were shown in
Table 1.
Genetic pattern of CYP2E1 on 5’-flanking
region was determined by electrophoresis visualization (Figure 1). Based on electrophoresis result,
the proportion of c1/c1; c1/c2 and c2/c2 genotype
were 62.9%; 34.3%; and 2.8%, respectively.
Genetic pattern of CYP2E1 on intron six was
determined by the electrophoresis visualization
(Figure 2). Based on electrophoresis result, the
proportion of DD; CD and CC genotype were 60%;
28.6%; and 11.4%, respectively.
The average level of AST and ALT of subjects
were 23.5±13.6 IU/L and 23.3±21.1 IU/L. Around
14.3% subjects showed the elevation of AST and/
or ALT level. From that number, only one subject
(2.9%) showed AST and/or ALT elevation 3 to
5 times ULN. Hepatotoxicity incidence based on
subject characteristics and CYP2E1 genotypes
were presented in table 2. There was no significant
correlation between hepatotoxicity incidence and
subject characteristics or CYP2E1 genotypes.
Table 1 Subject Characteristics
No

Subject
Characteristics

n (%)

1

Sex
Male
Female

20 (57.1)
15 (42.9)

2

Age
< 30 y.o
≥ 30 y.o

16 (45.7)
19 (54.3)

3

Initial BTA status
Positive
Negative

4

Alcohol consumption
Yes
No

2 (5.7)
33 (94.3)

5

Comorbid disease
Yes
No

0 (0)
35 (100)

6

Other medication
Yes
No

7 (20)
28 (80)

21 (60)
14 (40)
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Table 2 H
 epatotoxicity incidence based on subject characteristics
and CYP2E1 genotype
No.

Subject Characteristic

Hepatotoxic
n (%)

Non hepatotoxic
n (%)

1

Age
< 30 y.o
≥ 30 y.o

2 (5.7)
3 (8.6)

14 (40)
16 (45.7)

2

Sex
Male
Female

2 (5.7)
3 (8.6)

18 (51.4)
12 (34.3)

3

Initial BTA status
Positive
Negative

3 (8.6)
2 (5.7)

18 (51.4)
12 (34.3)

4

Alcohol consumption
Yes
No

1 (2.9)
4 (11.4)

1 (2.9)
29 (82.9)

5

Comorbid disease
Yes
No

0 (0)
5 (14.3)

0 (0)
30 (85.7)

6

Other medication
Yes
No

2 (5.7)
3 (8.6)

5 (14.3)
25 (71.4)

7

Genotip CYP2E1*5B
Wild type
Mutant

3 (8.6)
2 (5.7)

19 (54.3)
11 (31.4)

8

Genotip CYP2E1*6
Wild type
Mutant

1 (2.9)
4 (11.4)

13 (37.1)
17 (48.6)

Figure 1 Electrophoresis visualization of PCR-RFLP product of CYP2E1*5B
M: marker; Sample no. 1, 2, 3, 6 and 7 showed two bands 352 and
61 bp (wild type c1/c1);
Sample no. 4 and 5 showed 3 bands 413, 352 and 61 bp
(heterozygote c1/c2)
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Figure 2 
Electrophoresis visualization of PCRRFLP product of CYP2E1*6
Figure 2 
M: marker; Sample no. 5, 6, 7, 8, 9 and
11 showed 3 bands 600, 300 and 100 bp
(wild type DD);
Figure 2 
Sample no. 1, 2, and 3 showed 4 bands
900, 600, 300 and 100 bp (heterozygote
mutant CD);
Figure 2 
Sample no. 4 and 10 showed 2 bands 900
and 100 bp (homozygote mutant CC)

DISCUSSIONS
Isoniazid (INH) is the most important factor for
causing hepatotoxic effect after anti-tuberculosis
medication. On INH metabolism, CYP2E1 enzyme
together with NAT2, GSTM1, and GSTT1 functioned to catalyze phase I metabolism of INH in
the liver. INH is a prodrug that required further
biotransformation into the active form acetylINH (catalyzed by an NAT2 enzyme) and hydrazine. Thus hydrazine and acetyl-INH would be
converted into acetyl hydrazine and furthermore
into diacetylhydrazine (by NAT2). CYP2E1 also
converted acetyl hydrazine into a toxic metabolite
that required detoxification first (by GST enzyme)
before excreted.11,12,13
Human CYP2E1 gene is located on chromosome
10 specifically at region 10q24.3. This gene consists
of 11,413 bp with nine exons and a specific TATA
box. Many polymorphisms have been detected
from many studies, including those which affecting protein expression on transcription, splicing,
translation, or post-translational modification.
The common genetic variations found on CYP2E1
were SNP at 5’-flanking region and intron 6 of
CYP2E1 gene (CYP2E1*5B -1293G>C, -1053C>T
and CYP2E1*6 7632T>A). These mutations were
assumed to be very important in the ATLI incidence. 14
Compared to the proportion of CYP2E1 genotype on tuberculosis patients in other populations, this study showed a similar result to those
conducted in China and Japan. The percentage of
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wild-type c1/c1 genotype and mutant genotype in
Chinese tuberculosis patients were 61-71% and
28-35%, respectively.4,10,15 Similar to that result, the
proportion of wild-type CYP2E1*5B in Japan was
62%, whereas the remains showed mutant genotype.13 Slightly different from the proportion in
Asia, the percentage of c1/c1 genotype in Brazil was
much higher (90.4%).3
For CYP2E1*6 genotype proportion, this study
result was similar to a study conducted by Sun et
al. (2008) in China.10 A Higher proportion of DraI
polymorphism was found in Japan whereas lower
proportion was found in Turkey.13,14
Regarding the AST and/or ALT elevation on
tuberculosis patients receiving antituberculosis
medication, this study revealed similar result to
those conducted in other countries especially in
Asia. The proportion of ATLI incidence on some
studies in China showed variable results. Studies
carried out by Lv et al. (2012); Huang et al. (2002);
Wang et al. (2010); Lee et al. (2010) showed the
proportion of ATLI were 20%; 14.7%; 48.4%; and
32.1%, respectively.4,5,7,8,16 The percentage of ATLI
incidence in India was 18.8% whereas in Brazil
was 15.6%.3,6 It was also stated that as many as
5% patients receiving a fixed-dose combination of
anti-tuberculosis HRZ would show an increase in
serum transaminase level 3-5 times ULN without
clinical manifestation, and this commonly occurs
in the first two months of treatment.17,18 This study
revealed that only one subject (2.9%) showed an
increase in the serum transaminase level 3 to 5
times of ULN.
CYP2E1 gene had also been considered to
correlate with the risk of cancer. Allele c2 (mutant)
of CYP2E1 was reported to decrease the risk of
colon adenoma in Japan.19 Contrary to this result,
study by Aydin-Sayitoglu et al. (2006) indicated
that CYP2E1*5B polymorphism increased the risk
of acute leukemia (ALL and AML) 3.6 and 3.9 times
compared to healthy subjects.20
Previous studies regarding CYP2E1 gene and its
association to ATLI had been conducted in many
populations. A study in India revealed no significant correlation between RsaI polymorphism and
drug-induced hepatitis.6 Contrary to that result,
a study by Teixeira et al. in Brazil (2011) reported
that if CYP2E1 activity increased, the risk of hepatotoxicity would be higher. Genotype 1A/1A (wild
type) had been considered to be a genetic marker
for ATLI in this study. CYP2E1 genotype c1/c1; c1/
c2; c2/c2 in hepatotoxic Brazilian subject was found
88.5%; 7.7%; and 3.8%, respectively.3 This result was
also confirmed by Cai et al. and Lee et al. (2010).5,9
CYP2E1 genotype c1/c1 was reported to cause an
increase in AST or ALT more than three times ULN
following two-month-anti tuberculosis treatment
Published by DiscoverSys | Bali Med J 2017; 3(3): S70-S74 | doi: 10.15562/bmj.v3i3.731

and was considered to cause more serious manifestation of ATLI.5 Similar to those result, study in
China by Wang et al. revealed that CYP2E1 genotype was a potential risk factor for the occurrence of
ATLI.4 Those results were also supported by Sun et
al. A meta-analysis conducted by Sun et al. revealed
that c1/c1 genotype together with GSTM1 null and
NAT2 slow acetylator significantly increased ATLI
incidence.10 Study conducted by Bose et al. (2011)
revealed that DraI polymorphism in drug-induced
hepatitis (DIH) subjects in India were significantly
higher than that in non-hepatitis subjects (85.4% vs.
64.4%).6 Slow acetylator genotype of NAT2 together
with CD and CC genotype of CYP2E1*6 showed
higher proportion of DIH subjects compared to
non-DIH subjects (65.85% vs. 28.81%).6

CONCLUSIONS
The dominant proportion of CYP2E1 genotype
on 5’-flanking region and intron 6 of tuberculosis
patients receiving antituberculosis are c1/c1 and
DD. There is no significant correlation between
hepatotoxicity incidence and subject characteristics
or CYP2E1 genotypes.

REFERENCES
1.
2.

3.

4.

5.

6.

7.

8.

9.

World Health Organization. 2010. Treatment of tuberculosis: Guidelines. 4th edition. World Health Organization:
Geneva.
Kementerian Kesehatan Republik Indonesia. Strategi
Nasional Pengendalian Tuberkulosis di Indonesia Tahun
2011-2014. 2011. Kementerian Kesehatan Republik
Indonesia: Jakarta.
Teixeira RLF, Morato RG, Cabello PH, Munizz LMK,
Moreira ASR, Kritski AL, Mello FCQ, Suffys PN, deMiranda AB, Santos AR. Genetic polymorphisms of NAT2,
CYP2E1 and GST enzymes and the occurrence of antituberculosis drug-induced hepatitis in Brazilian TB patients.
Mem Inst Oswaldo Cruz. 2011; 106(6):716-724.
Wang T, Yu HT, Wang W, Pan YY, He LX, Wang ZY.
Genetic polymorphisms of cytochrome p450 and glutathione s-transferase associated with antituberculosis drug-induced hepatotoxicity in Chinese tuberculosis patients.
The Journal of International Medical Research. 2010;
38:977-986.
Lee SW, Chung LSC, Huang HH, Chuang TY, Liou YH,
Wu LSH. NAT2 and CYP2E1 polymorphisms and susceptibility to first line antituberculosis drug-induced hepatitis.
International Journal of Tuberculosis and Lung Disease.
2010; 14(5):622-626.
Bose PD, Sarma MP, Medhi S, Das BC, Husain SA, Kar P.
Role of polymorphic N-acetyl transferase2 and cytochrome
P4502E1 gene in antituberculosis treatment-induced
hepatitis. Journal of Gastroenterology and Hepatology.

2011; 26(2):312–318.
Huang YS, Chern HD, Su WJ, Wu JC, Lai SL, Yang SY,
Chang FY, Lee SD. Polymorphism of the N-acetyltransferase
2 gene as a susceptibility risk factor for antituberculosis
drug–induced hepatitis. Hepatology. 2002; 35:883-889.
Huang YS, Chern HD, Su WJ, Wu JC, Chang SC,
Chiang CH, Chang FY, Lee SD. Cytochrome p450 2e1
genotype and the susceptibility to antituberculosis drug–
induced hepatitis. Hepatology. 2003; 37:924-930.
Cai Y, Yi JY, Zhou CH, Shen XZ. Pharmacogenetic study of
drug-metabolizing enzyme polymorphism on the risk of
S73

IBL CONFERENCE 2017 - PROCEEDINGS

10.

11.

12.

13.

14.
15.

S74

antituberculosis drug-induced liver injury: a meta-analysis. Plos One. 2012; 7(10):e47769.
Sun F, Chen Y, Xiang Y, Zhan S. Drug metabolizing
enzyme polymorphisms and predisposition to antituberculosis drug-induced liver injury: a meta analysis.
International Journal of Tuberculosis and Lung Disease.
2008; 12(9):994-1002.
Caws M, Tho DQ, Duy PM, Lan NTN, Hoa DV, Torok ME,
Chau TTH, Chau NVV, Chinh NT, FarrarJ. PCR-restriction
fragment length polymorphism for rapid, low cost identification of isoniazid-resistant Mycobacterium tuberculosis.
Journal of Clinical Microbiology. 2007; 45(6):1789-1793.
Ramaswamy SV, Reich R, Dou SJ, Jasperse L, Pan X,
Wanger a, Quitugua T, Graviss EA. Single nucleotide polymorphisms in genes associated with isoniazid resistance in
Mycobacterium tuberculosis. Antimicrobial Agents and
Chemotherapy. 2003; 47(4):1241-1250.
Fukino K, Sasaki Y, Hirai S, Nakmura T, Hashimoto M,
Yamagishi F, Ueno K. Effect of N-acetyltransferase 2
(NAT2), CYP2E1 and glutathione s-transferase (GST)
genotypes on the serum concentrations of isoniazid
and metabolites in tuberculosis patients. The Journal of
Toxicological Sciences. 2008; 33(2):187195.
Ulusoy G. Genetic polymorphisms of alcohol inducible
CYP2E1 in Turkish population. Tesis. 2004. The Middle
East Technical University: Turky.
Fang L, Qing M, Wei-Wei J, Jing X, Lin S, Chen S,
Xi-Rong W, Dan S, Qing-Qin Y, A-Dong S. Genotype and
phenotype polymorphisms of NAT2 and CYP2E1 in the

16.

17.
18.

19.

20.

Han Chinese pediatric population. Chinese Journal of
Contemporer Pediatric. 2012; 14(5):353-358.
Lv X, Tang S, Xia Y, Zhang Y, Wu S, Yang Z, Li X, Tu D,
Chen Y, Deng P, Ma Y, Chen D, Chen R, Zhan S. NAT2
genetic polymorphisms and antituberculosis drug-induced hepatotoxicity in Chinese community population.
Annals of Hepatology. 2012; 11(5):700-707.
Lee WM. Drug-induced hepatotoxicity. New England
Journal of Medicine. 2003; 349:474-485.
Arbex MA, Varella MCL, deSiqueira HR, de Mello FAF.
Antituberculosis drugs: drug interaction, adverse effects
and use in special situations. Journal of Brasil Pneumology.
2010; 36(5):626—640.
Morita M, Tabata S, Tajima O, Yin G, Abe H, Kono S.
Genetic polymorphisms of CYP2E1 and risk of colorectal adenomas in the self defense forces health study.
Cancer Epidemiology, Biomarkers and Prevention. 2008;
17:1800-1807.
Aydin-Sayitogu M, Hatirnaz O, Erensoy N, Ozbek U. Role
of CYP2D6, CYP1A1, CYP2E1, GSTT1, and GSTM1
genes in the susceptibility to acute leukemias. American
Journal of Hematology. 2006; 81:162-170.

This work is licensed under a Creative Commons Attribution

Published by DiscoverSys | Bali Med J 2017; 3(3): S70-S74 | doi: 10.15562/bmj.v3i3.731

