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Abstract

Background: Drug-induced liver injury might lead to serious illness. One of the drugs that potentially
toxic to the liver is antituberculosis. Many factors could influence antituberculosis-induced liver injury,
including genetic variation. One of such genetic variation is polymorphism of pregnane-x-receptor (PXR)
gene. PXR plays a crucial role in the regulation of many drug metabolizing enzymes and drug
transporters. The association between PXR polymorphism and hepatotoxic incidence in several studies
showed the inconsistent result. Therefore, it’s very important to study the PXR genotype pattern and its
relation with hepatotoxic incidence among tuberculosis patients who received antituberculosis
treatment. This study aimed to investigate the incidence of hepatotoxic according to PXR genotype
pattern among tuberculosis patients who received antituberculosis treatment in Bali. Methods: This
study was a cross-sectional study. About 65 subjects were enrolled in this study, selected from
tuberculosis patients who attended the pulmonary outpatient clinic of Sanglah Hospital, Bali Indonesia
and received the antituberculosis drug. Identification of PXR genotype was performed using PCR/RFLP
technique with Mbol restriction enzyme. Results: The proportion of wild type and mutant genotype of
PXR were 72.3% and 27.7%, respectively. There was no significant difference in the proportion of
hepatotoxic between wild type and mutant genotype of PXR. Conclusion: There was no significant
difference in the proportion of hepatotoxic between wild type and mutant genotype of PXR on
tuberculosis patients who received antituberculosis in Bali.
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Introduction

Drug-induced liver injury is a frequent side will experience an increased level of

effect regarding antituberculosis use. This is
related to the role of the liver on chemical
substances or drugs metabolism in human
body. Drug-induced liver injury has been
proved to be the main cause of acute liver
failure in western countries (about 50% of
total acute liver failure cases). Approximately
more than 75% of drug-induced liver injury
would be fatal or required liver
transplantation [1-3].

Antituberculosis is one of the drugs that
potentially toxic to the liver. A study in India
showed that antituberculosis was the
principal cause of drug-induced liver failure
in adults, as well as in children [1].
Approximately 5% of tuberculosis patients
who received antituberculosis combination
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transaminase enzyme three to five times
without significant clinical manifestation.
This was reported to occur in the first two
months of therapy (intensive phase of
treatment) (4]. Prevalence of
antituberculosis-induced liver injury (ATLI)
in many countries varied. It ranged between
14-48% in Brazil, China,and India [5-9].
Genetical variation is one of the possible
factors contributing to the occurrence of
ATLI.

One of such gene 1is pregnane-x-receptor.
Polymorphism in the pregnane-x-receptor
gene (PXR) had been proved to be associated
with the occurrence of ATLI in tuberculosis
patients in several studies. Pregnane-x-
receptor is also known as nuclear receptor
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subfamily 1 group I member 2 (NR1I2).
However, its association with ATLI is still
controversial [10-12]. Normally, PXR is a
transcription  factor for many drug
metabolizing enzymes and drug transporters
that play important role in drug or xenobiotic
metabolisms. Rifampicin 1is the potent
activator of PXR. Activation of PXR by
rifampicin will induce CYP3A4 expression
which involved in isoniazid metabolism.

PXR also contributes to the extent of drug
resistance, as well as energy metabolisms
and suppression of inflammatory reaction
[10]. Considering the important role of PXR
in ATLI incidence and the controversy
findings from previous studies regarding the
association of PXR polymorphism with ATLI
incidence, it is important to evaluate the
association of PXR polymorphism with ATLI
incidence on tuberculosis patients who
received antituberculosis in Bali.

Materials and Methods
Subject Selection

Our study was an analytical cross-sectional
study which conducted in the Faculty of
Medicine Udayana University and Sanglah
Hospital from January to December 2017.
Tuberculosis patients who attended
Pulmonary Outpatient Clinic of Sanglah
Hospital, Baliand received a fixed-dose
combination of antituberculosis category 1
were included in our study.

Those who refused to participate in the study
were excluded. Subjects were selected using
consecutive purposive sampling technique.
This study has been approved by the Ethical
Committee of Sanglah Hospital/Faculty of
Medicine, Udayana  University, Bali,
Indonesia.

PXR Genotyping

The DNA was isolated from a blood sample
using the Promega DNA Isolation Kit and
following the manufacturer instruction. The
isolated DNA was subsequently amplified by
Polymerase Chain Reaction (PCR) technique.

Table 1: Baseline characteristics of subjects

The sequence for forwarding primer and
reverse primer of PXR was 5-AAT GTT CAC
CTG AAG ACA ACT GTG GTC ATT-3 and
5-ATA GGT TAT GAT TTC CCC GGA TAT
GAG ACA-3, respectively.

PCR was performed in denaturation step at
95°C for 5 minutes, followed by 35 cycles of
reaction (95°C denaturation for 1 minute,
65°C annealing for 1 minute, 72°C elongation
for 1 minute), and finally ended witha final
extension at 72°C for7 minutes. PCR products
were digested using Mbol restriction enzyme
(New England Biolabs). Incubation for the
restriction was performed at 37°C for 1 hour.
Electrophoresis of restriction product was
performed using 2% agarose gel.

Examination of Serum Transaminase
Concentration

The concentration of serum transaminase
was examined at the end of the intensive
phase of treatment by spectrophotometry
technique at Clinical Pathology Laboratory of
Sanglah Hospital. Serum transaminase level
above ULN of AST and/or ALT was
considered as hepatotoxic.

Statistical Analysis

All of the data obtained were analyzed
descriptively to obtain the proportion of each
variable. The significance of the difference
was analyzed by Chi-Square test or Fischer
Test using statistical software. The p-value
below 0.05 was considered to be statistically
significant.

Results

Sixty-five subjects were enrolled in our study.
The mean age for all subjects was
36.37+13.626 years old. Subject
characteristics were shown in Table 1. For
overall subjects, the mean concentration of
ALT and AST were 23.5+13.6 IU/L and
23.3+21.1 IU/L. The prevalent of hepatotoxic
was 7.7%.

No Subject Characteristics n (%)
1 Sex
Male 27 (41.5)
Female 38 (58.5)
2 Age
<30y.0 35 (53.8)
>30y.0 30 (46.2)
3 Initial BTA status
Positive 41 (63.1)
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Negative 24 (36.9)
4 Alcohol consumption
Yes 2(3.1)
No 63 (96.9)
5 Comorbid disease
Yes 0 (0)
No 65 (100)
6 Other medication
Yes 13 (20)
No 52 (80)
Genotype pattern of PXR gene was 27.7%, respectively. There was no significant
determined from the  electrophoresis difference in the proportion of hepatotoxic

visualization. According to electrophoresis
result, the proportion of wild type and
mutant genotype of PXR were 72.3% and

between wild type and mutant genotype of
PXR.

Table 2: Proportion of hepatotoxic based on subject characteristics and PXR genotype

No. Subject Characteristic Hepatotoxic Non hepatotoxic Total P
n (%) n (%)
1 Age
<30y.0 2(7.4) 25 (92.6) 27 0.942
>30y.0 3(7.9 35 (92.1) 38
2 Sex
Male 2 (5.7) 33 (94.3) 35 0.518
Female 3 (10) 27 (90) 30
3 Initial BTA status
Positive 3(7.3) 38 (92.7) 41 0.882
Negative 2 (8.3) 22 (91.7) 24
4 Alcohol consumption
Yes 1 (50) 1 (50) 2 0.149
No 4 (6.3) 59 (93.7) 63
5 Comorbid disease
Yes 0(0) 0 (0) 0 1.000
No 5 (7.7) 60 (92.3) 65
6 Other medication
Yes 2 (15.4) 11 (84.6) 13 0.245
- No 3 (5.8) 49 (94.2) 52
7 PXR genotype
Mutant 2 (11.1) 16 (88.9) 18 0.522
Wild type 3 (6.4) 44 (93.6) 47
Discussions metabolism, as well as on immune response.
Pregnane-x-receptor (PXR) is expressed The activation of PXR by rifampicin would

primarily in the liver. The structure of PXR,
like another nuclear receptor, consists of N-
terminal DNA binding domain (DBD) and
ligand-binding domain (LBD). DBD interacts
with hormone response element on DNA
sequence through two zinc-finger motifs,
whereas LBD is a flexible structure which
binds to many components with variable
shapes and structures. Human PXR is
encoded by PXR (NR1I2) gene which is
located on chromosome 3ql13. The NR1I2
gene comprises 10 exons separated by nine
intronic regions[10,13-16].

After binding to the ligand, PXR is integrated
with the retinoid X receptor, creating a
heterodimerthat subsequentlywill
interactwitha DNA response element on the
targetgene and starting the transcription
process. PXR plays an important role in the
transcription of many proteins that take part
in drug metabolism, drug resistance, energy
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potentially influence the outcome of
tuberculosis treatment including the efficacy
and the safety [10,13-15,17,18]. There’s
selectivity for agonist (ligand) that could
activate PXR receptor in human. This is
related to the difference in the amino acid
sequence of its ligand-binding domain.
Rifampicin is considered as the prototype of
PXR agonist in human, not in rat [13].PXR
plays many important roles in the human
body including regulation of  drug
metabolizing enzymes and drug transporters,
as well as drug resistance, energy
metabolism and suppression of inflammatory
reaction.

Drug disposition is affected by several
enzymes and transporters in hepatic
clearance systems such as CYP3A4, CYP2B6,
CYP2C9, GST, SULT2A1, UGT1A1, MRP2,
OATP2, P-glycoprotein, MDR1 and ABCBI.
Normally, if there’s no specific ligand
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interacts and activates PXR, genes for
hepatic clearance system is expressed in the
basal state. PXR is considered a master
xenobiotic sensor since it could interact with
many chemical substances with a distinct
structure and subsequently induce the
expression of drug metabolizing enzymes and
transporters rapidly  for detoxifying
xenobiotic substances [10,13,15,17-20].
Rifampicin had been considered as the potent
activator of PXR. Isoniazid, as well, could
also induce the expression of PXR on a rat,
but the evidence on a human had never been
reported. The metabolism of rifampicin might
also be influenced by the activation of PXR.
PXR action could also influence isoniazid
metabolism.

Particularly isoniazid was metabolized by N-
acetyl transferase 2 (NAT2) enzyme. The
PXR itself did not directly regulate the NAT2
enzyme. Nevertheless, PXR might induce
CYP3A4 enzyme that also involved in the
metabolism of isoniazid. Metabolism of other
antituberculosis drugs might also be affected
by rifampicin activation on PXR [10].The
human PXR also plays an important role in
the occurrence of drug resistance (mostly in
anticancer drugs). This was associated with
the enhanced expression of CYP3A4 and P-
glycoprotein that present in many types of
cancers. In tuberculosis cases, the resistance
of antituberculosis drugs might be related to
the inadequate concentration of
antituberculosis in the target of action.

This could be influenced by the PXR since the
PXR activation would affect drug
pharmacokinetics in the site of infection. The
alteration of antituberculosis
pharmacokinetics was possibly influenced by
the enhanced expression of p-glycoprotein
that responsible for drug efflux. However, the
evidence about this was still limited [10]. The
action of PXR on suppressing
gluconeogenesis process occured by
interaction with Forkhead box protein O1
(FoxO1), cAMP response element-binding
protein (CREB), peroxisome proliferator-
activated receptor gamma coactivator 1-alpha
(PCG1la), and hepatocyte nuclear factor 4a
(HNF4a).

On lipid metabolism, PXR had been proved to
inhibit the beta-oxidation process of fatty
acid and Kketogenesis by decreasing the
carnitine palmitoyltransferase 1la (Cptla)
and 3-hydroxy-3-methyl glutarate-CoA
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synthase 2 (Hmgcs2). PXR had also been
proved to increase stearoyl-CoA desaturase 1
(Scd1l) enzyme that was involved in the
synthesis of unsaturated fatty acid and
subsequently induce lipogenesis [10,21]. PXR
was also showed anti-inflammatory and
immunosuppressive  effect. This  was
supported by the detection of PXR expression
on immune cells in many studies. PXR
eventually would inhibit the proliferation
and the function of T Ilymphocytes. This
receptor had been proved to inhibit the NFkB
signaling pathways. Therefore, rifampicin
(PXR ligand), through the activation of PXR,
had also been proved to possess anti-
inflammatory and immunosuppressive effect;
but still, its contribution to the treatment
response need to confirm in further research.

Recently, the addition of anti-inflammatory
agent on tuberculosis treatment had been
recommended in several health centers.
Regarding its action on immune response,
some genetical variation on PXR gene was

considered to enhance tuberculosis
susceptibility [10,22]. There were two
possible mechanisms of ATLI which

associated with PXR, namely 1) induce the
expression of drug metabolizing enzymes and
drug transporters that participated in the
toxic metabolites formation; 2) induce the
expression of the hepatic enzyme
(aminolevulinic acid synthase I) that played
important role in the metabolism of
endogenous toxic substances [13].

The prevalent of antituberculosis-induced
liver injury was mostly related to isoniazid
metabolism. However, hepatotoxic incidence
regarding antituberculosis use was reported
to be higher in a combination use of isoniazid
and rifampicin compared to a single use of
each antituberculosis. Rifampicin is stated as
CYP inducer since it could induce isoniazid
bioactivation and toxicity. There was a
production of specific antibodies for INH,
CYP2E1, CYP3A4, and CYP2C9 1n isoniazid-
induced liver failure patients. This did not
occur in patients who received isoniazid
without suffered from liver failure [10].

An in vivo study had shown no liver damage
in rat that had been inserted by human PXR
DNA and subsequently received rifampicin
together with acetylhydrazine or hydrazine
(a metabolite of isoniazid that assumed to be
responsible for ATLI incidence). This
supported the statement regarding the
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alternative mechanism of ATLI which was
not related to 1isoniazid, otherwise was
related to PXR signaling [10]. Many studies
had stated the role of PXR on ATLI,
including in vitro studies (on a hepatic cell
line or primary human hepatocyte), as well
as in vivo studies (on rats which were already
inserted by human PXR gene). Recent
research had revealed that coadministration
of rifampicin and isoniazid would increase
the amount of protoporphyrin IX (PPIX), a
heme precursor, in biliary through PXR-
mediated mechanism. This would result in a
higher level of ALT and ALP rats with
human PXR gene compared to wild type rats
(contain rats PXR gene) or PXR-null rats
(without PXR gene).

The recent advances had stated that nuclear
receptor, such as PXR and constitutive
androstane receptor, might induce the
expression of aminolevulinic acid synthase I
(ALAS1), an enzyme that contributes to the
production of protoporphyrin IX. The
enhanced PXR-mediated ALAS1 expression
was assumed as responsible for the
occurrence of hepatotoxic incidence induced
by rifampicin and isoniazid [13]. Studies on a
human had already been conducted to
evaluate the association of PXR
polymorphism with ATLI incidence.

Some different sets of single nucleotide
polymorphisms (SNP) on PXR gene had been
reported to be associated with ATLI such as
SNP on 5-UTR (rs3814055), intron 1
(rs12488820, rs2461823, rs7643645), intron 5
(rs6785049), and 3’-UTR (rs3814057). Our
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