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Abstract

Uridine 5’-diphospho-glucuronosyl-transferase | Al (UGTIAI) plays an important role in the biliary excretion of bilirubin,
suggesting genetic polymorphisms of UGTIAI may have an impact on bile acid metabolism, which may be related to
the development of anti-tuberculosis drug-induced liver injury (ATLI). This study explores the associations between
genetic polymorphisms of UGTIAI and ATLI in a Chinese anti-tuberculosis population. A [:2 matched case—control
study was conducted among 290 ATLI cases and 580 controls, of which causality assessment of ATLI cases was based
on the updated Roussel Uclaf Causality Assessment Method (RUCAM). Conditional logistic regression was applied to
calculate odds ratio (OR) and 95% confidence intervals (Cls), with weight and use of hepatoprotectant as covariates.
The Bonferroni correction was used to adjust P values for multiple testing. Compared with those carrying rs6719561
TT genotype, patients with TC genotype had lower risk of ATLI (adjusted OR=0.723, 95% ClI: 0.531-0.985, P=0.040).
The haplotype TAG (rs3755319-rs2003569-rs4148323) could marginally significantly increase the risk of ATLI (adjusted
OR=5.071, 95% CI: 1.007-25.531, P=0.049), while haplotype TC (rs4148329-rs6719561) could reduce the risk of ATLI
(adjusted OR=0.719, 95% CI: 0.527-0.982, P=0.038). Patients with polymorphisms at rs4148328 or rs3755319 were ata
reduced risk of moderate and severe liver injury under different genetic models. Based on this case—control study, genetic
polymorphisms of UGTIAI may be associated with susceptibility to ATLI in the Chinese anti-tuberculosis population.
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Tuberculosis (TB) remains a devastating dis-
ease and major global health scourge. Although
first-line anti-TB regimens are effective in treat-

ing active TB, they are associated with many
adverse drug reactions (ADRs). Anti-TB drug-
induced liver injury (ATLI) is one of the most
prevalent ADRs.! However, the pathogenesis of
ATLI is still unclear, this idiosyncratic reaction
has been found to have an association with
genetic polymorphisms.!
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Uridine 5’-diphospho-glucuronosyl-transferases
(UGTs) are membrane proteins that bind to the
endoplasmic reticulum and are very important
phase Il metabolic enzymes responsible for approx-
imately 40%—-70% of endo and xenobiotic reac-
tions.? UGTs catalyzes the transfer of glucuronic
acid from UDP-glucuronic acid to other molecules
(usually hydrophobic substrates). As one of the
most crucial phase II metabolizing enzymes,
UGT1AL plays a major role in the biliary excretion
of bilirubin. Hydrophobic bilirubin is a toxic prod-
uct of heme metabolism that can be transformed
into hydrophilic bilirubin in the liver through con-
jugation with uridine diphosphate glucuronic acid
under the action of UGT1A1. The excretion of bili-
rubin from the body will be promoted if hydrophi-
licity of bilirubin is enhanced. Injured or reduced
activity of UGT1Al may induce unconjugated
hyperbilirubinemia.? Thus, the function of glucuro-
nidation reaction is accelerating the elimination of
the toxic compounds, which play an important role
in metabolic detoxification.* It is not difficult to
speculate that genetic polymorphisms in UGT1Al
may affect an individual patient’s susceptibility to
ATLL

Since 2014, a cohort of anti-TB treatment
patients was founded and followed according to
the ADACS cohort research protocol’® in Jiangsu
province of China. Using this cohort, we performed
a matched case—control study to explore the role of
UGTI1A1 polymorphisms in ATLI.

Materials and methods
Study population

The anti-TB treatment patients enrolled in this
study were recruited from Jiangsu Province in
China. From April 2014 to September 2016, newly
diagnosed TB patients were recruited from the
outpatients of hospitals (The Third People’s
Hospital of Zhenjiang, The People’s Hospital of
Taixing, and The Second People’s Hospital of
Changshu). All patients were treated at home fol-
lowing a standard chemotherapy regimen with a
combination of anti-TB drugs including isoniazid
(INH), rifampin (RMP), pyrazinamide (PZA), eth-
ambutol (EMB), and/or streptomycin (SM) for
6—9 months. Because ATLI primarily occurs in the
period of starting treatment, liver enzyme tests
were performed once every 2weeks within

2 months of the initial treatment in all patients. If
patients with continued sputum tested TB positive
after the first 2 months, the period of strengthen
treatment would be extended a month, and liver
enzyme tests would be performed two more
times. In addition, whether patients were using
hepatoprotectants or not was recorded. Patients
who preventively took hepatoprotectants along
with anti-TB treatment before the occurrence of
ATLI were categorized as using hepatoprotect-
ants, while others were defined as not using
hepatoprotectants.

Newly diagnosed pulmonary TB patients who
received standard short-course chemotherapy,
finished the anti-TB treatment, and signed the
informed consent by themselves or surrogate,
would be included in this study. In addition,
patients were excluded if they had any of the fol-
lowing criteria: (1) patients with mental illness
who could not finish the related epidemiological
investigation; (2) Patients with a history of
chronic diseases that may cause liver dysfunc-
tion, such as tumor and diabetes; (3) patients with
critical medical conditions, such as cardiovascu-
lar and cerebrovascular, serious infection, trauma,
surgery, and wasting disease; (4) patients with
serious TB and/or coinfected with other diseases
and survival time shorter than 6months; (5)
patients with abnormal serum alanine ami-
notransferase (ALT), aspartate aminotransferase
(AST), or total bilirubin (TBIL) before anti-TB
treatment; and (6) patients with chronic hepatitis
B or other liver diseases that may cause liver
dysfunction.

ATLI was defined as follows: (1) an increase to
over two times the upper limit of normal (ULN) in
ALT or a combined increase in AST and TBIL,
provided one of them was more than two times
above the ULN® and (2) causality assessment result
was highly probable, probable, or possible based
on the updated Roussel Uclaf Causality Assessment
Method (RUCAM).” The clinical pattern of liver
injury was classified into hepatocellular, choles-
tatic, or mixed types based on the ratio (R) of ele-
vation of baseline ALT to baseline alkaline
phosphatase (ALP). The severity of liver injury
was classified into mild (ALT <5 ULN), moderate
(ALT 5-10 ULN), and severe (ALT=10 ULN)
according to the World Health Organization
(WHO) toxicity classification standards.
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In this study, patients meeting the criteria of
ATLI were assigned into the case group. Controls
were selected from those with sustained normal
liver function throughout therapy. For each ATLI
case, two controls were matched with the same
time, place, age (within Syears), sex, treatment
history, disease severity, and drug dosage.

Informed consent was obtained from all indi-
vidual participants included in the study. The study
was approved by the ethical committee of the
Nanjing Medical University.

SNP selection and genotyping

All eligible single-nucleotide polymorphisms (SNPs)
in UGTI1A1I gene including 2kb upstream and down-
stream were downloaded from Chinese Han popula-
tion (CHB) data available on International HapMap
Project (http://hapmap.ncbi.nlm.nih.gov, HapMap
Gene Brower release #24). Haploview 4.2 software
(Broad Institute of MIT and Harvard, Cambridge,
MA, USA) was applied to selected SNPs. SNPs
were selected based on the following criteria: (1)
minor allele frequency (MAF) =0.10; (2) with 12 of
pairwise linkage disequilibrium =0.80. As much as
possible, functional sites such as exons, promoter
start sites, transcription factor binding sites, and so on
were selected. As a result, nine tagSNPs (rs2003569,
1887829, rs8330, 1s3755319, rs4148329, rs4148328,
rs11563250, rs4148323, and rs6719561) in the
UGTIAI gene were selected.

Total genomic DNA was extracted by phenol-
chloroform method and genotyped by Sequenom
Mass Array allelic discrimination technology
(Sequenom corporation, USA), blind to the case or
control status. Around 10% of the samples were
repeated using the same assay, and the results were
completely concordant. The overall call rate of
genotyping was more than 99%.

Statistical analysis

Normal distribution data were described as the
mean * standard deviation (SD), while skewed
distribution data were described as median (inter-
quartile range (IQR)). Differences between groups
were analyzed by using two-factor analysis of vari-
ance test or non-parametric test. Categorized vari-
ables were described as a percentage and analyzed
using the x? test. Hardy-Weinberg equilibrium was
tested by a goodness-of-fit x? test. Haplotype

blocks were selected with Haploview 4.2 software
by considering linkage disequilibrium. Haplotype
analysis was performed by PHASE 2.1 software.
Genotype frequencies were compared in the case
and control groups by conditional logistic regres-
sion analysis, and results were shown with odds
ratios (ORs) and 95% confidence intervals (95%
CI), with weight and use of hepatoprotectant as
covariates. Subgroup analysis was conducted on
the basis of the severity of liver injury. Bonferroni
correction method was applied to adjust the P value
for multiple comparisons of SNPs. A two-tailed P
value of less than 0.05 was regarded as statistically
significant. Statistical analyses were performed by
SPSS for Windows software (version 20.0, IBM
Inc).

Results
Characteristics of patients

A total of 290 patients with ATLI cases and 580
matched controls were included in the study.
Among 290 ATLI cases, 24 cases got 4 score
(8.3%), 150 cases got 5 score (51.7%), 100 cases
got 6 score (34.5%), and 16 cases got 7 score
(5.5%) based on the updated RUCAM. A total of
147 (50.7%) were classified as hepatocellular type,
16 (5.5%) as cholestatic type, and 32 (11.0%) as
mixed type of liver injury, with the rest of 95 cases
classified as unclear type due to lack of the ALP
test results. A total of 217 (74.8%) ATLI cases had
mild liver injury, 54 (18.6%) had moderate liver
injury, and 19 (6.6%) had severe liver injury. Their
baseline characteristics were summarized in Table 1.
No significant difference was observed involving
sex, age, treatment history, and baseline values of
liver biochemical parameters (ALT, AST, and
TBIL) between the two groups. However, the peak
ALT, AST, and TBIL levels during the treatment
were significantly higher in ATLI cases than those
in controls (P <0.001).

Genotype analysis

Genotyping call rate was over 99.7% and all tag-
SNPs studied in UGTIA1 gene were in HWE in
the controls, except the SNP rs8330. The distri-
butions of genotypes for the selected tagSNPs of
the UGT1A1 gene are shown in Table 2. Compared
with those carrying rs6719561 TT genotypes, the
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Table I. Characteristics of patients in ATLI cases and controls.

Characteristics ATLI cases (n=290) Controls (n=580) P value
Sex (male/female) 219771 438/142

Treatment history (primary/re-treatment) 261/29 522/58

Age (years)? 475+ 187 475+188 0.593
Weight (kg)? 56.1 =10.5 55.8=10.1 0.526
Hepatoprotections (use/not use) 256/34 489/91 0.055
Baseline value

ALT (U/L)® 17.0 (12.8-27.0) 16.0 (11.0-22.0) 0.103
AST (U/L)® 23.0 (17.0-28.1) 22.0 (17.0-27.0) 0.163
TBIL (pmol/L)® 11.0 (8.0-14.1) 10.2 (7.5-13.5) 0.132
During treatment (peak value)

ALT (U/L)® 123.0 (92.8-203.0) 21.0 (14.9-30.0) <0.001
AST (U/L)> 102.0 (67.0-181.5) 26.8 (21.0-33.0) <0.001
TBIL (umol/L)® 18.3 (14.0-24.4) 13.0 (9.6-17.2) <0.001

ATLI: anti-tuberculosis drug-induced liver injury; ALT: alanine transaminase; AST: aspartate transaminase; TBIL: total bilirubin.

Normal range: ALT <40U/L; AST <40U/L; TBIL <9 pmol/L.
3Values are presented as mean * standard deviations.
bValues are presented as median (inter-quartile range).

patients with TC genotypes had a significantly
lower risk of ATLI (adjusted OR=0.723, 95%
CI: 0.531-0.985, P=0.040). In the dominant
model, rs6719561 genotypes TC + CC were
also associated with a lower risk of ATLI (adjusted
OR=0.727,95%CI:0.543-0.974,P=0.032). How-
ever, the above significance disappeared after
Bonferroni correction.

Haplotype analysis

Linkage disequilibrium plot was reconstructed by
using Haploview 4.2 software among nine tag-
SNPs of the UGT1A41 gene in 580 control subjects.
By considering both D’ and r?, two haplotypes
were analyzed. Compared with those carrying hap-
lotype TGG (rs3755319-rs2003569-rs4148323),
patients with haplotype TAG were discovered to
have a higher risk of ATLI (adjusted OR=5.071,
95% CI: 1.007-25.531, P=0.049). In addition,
patients with the haplotype TC (rs4148329-
rs6719561) were at a lower risk of ATLI than those
with the haplotype TT (adjusted OR=0.719, 95%
CI: 0.527-0.982, P=0.038).

Subgroup analysis

Extended subgroup analysis was conducted
according to different severity of liver injury.
Patients with polymorphism at rs3755319 were at
a reduced risk of moderate and severe liver injury
under recessive model (adjusted OR=0.261, 95%

CI: 0.075-0.902, P=0.034). Furthermore, patients
with polymorphism at rs4148328 were also at a
reduced risk of moderate and severe liver injury
under recessive and additive model (adjusted
OR=0.359, 95% CI: 0.140-0.918, P=0.032;
adjusted OR=0.632, 95% CI: 0.416-0.960,
P=0.032, respectively).

Discussion

In this study, genotype and haplotype analysis
showed genetic polymorphisms in UGT1A1 might
be associated with susceptibility to ATLI. However,
only a few similar studies have been reported, with
inconsistent results.®-!! This discrepancy could be
attributed to four reasons. First, different studies
were conducted with different study designs and
sample size, for example, a case—control study
with 67 cases in Kim et al.’s® study, a 1:4 matched
nested case—control study with 89 cases in Chen
et al.’s!! study, while 1:1 matched case—control
study with 461 cases in Sun et al.’s!? study. Second,
the criteria for ATLI diagnosis were not identical
across the studies. Although the criteria based on
the international consensus from a 1989 meeting®
were used for most of the related studies,?%!
including our study, the criteria in Sun et al.’s!”
study was according to the criteria established by
the Chinese Medical Association. Third, a valid
causality assessment is required to verify accurate
drug-induced liver injury (DILI) cases. Because
abnormal liver tests in patients under a drug
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Table 2. Genotypes distribution of UGTIAI in two groups and the risk of ATLI.
tagSNPs ATLI cases (N=290)  Controls (N=580) OR (95%Cl)* P value Model OR (95%Cl)* P value
n % n %
rs2003569(G > A)
GG 192 66.2 380 65.5 1.000 Dom 0.974 (0.723-1.313) 0.865
GA 84 29.0 174 30.0 0.959 (0.702—-1.311)  0.794 Rec 1.100 (0.557-2.172) 0.783
AA 14 4.8 26 4.5 1.085 (0.546-2.159) 0.815 Add  0.995 (0.776—-1.275) 0.966
rs887829(G>A)
GG 202 69.7 387 66.7 1.000 Dom 0.840 (0.598-1.178) 0.312
GA 86 29.7 179 30.9 0.906 (0.639-1.284) 0.578 Rec 0.286 (0.065-1.259) 0.098
AA 2 0.6 14 24 0.282 (0.064-1.241) 0.094 Add  0.804 (0.592-1.092) 0.163
rs8330(C>G)
CcC 206 71.0 380 65.5 1.000 Dom 0.776 (0.569-1.059) 0.109
CG 62 21.4 151 26.0 0.773 (0.554-1.079) 0.130 Rec 0.858 (0.480-1.531) 0.603
GG 22 7.6 49 85 0.786 (0.435-1.420) 0.425 Add  0.835 (0.656—1.064) 0.144
rs3755319(T > G)
TT 147 50.7 266 45.9 1.000 Dom  0.821(0.619-1.090) 0.173
TG 16 40.0 247 42.6 0.842 (0.624-1.135)  0.258 Rec 0.806 (0.502—-1.295) 0.373
GG 27 9.3 67 1.5 0.744 (0.454-1.219) 0.240 Add  0.855 (0.689-1.059) 0.152
rs4148329(T>C)
TT 152 524 289 49.8 1.000 Dom 0.897 (0.673-1.197) 0.461
TC 104 359 232 40.0 0.852 (0.626—1.159)  0.307 Rec 1.170 (0.732-1.870) 0.511
CcC 34 1.7 59 10.2 1.092 (0.671-1.776) 0.724 Add  0.972 (0.783-1.207) 0.799
rs4148328(T > C)
TT 114 393 194 33.6 1.000 Dom 0.780 (0.583-1.044) 0.095
TC 134 46.2 283 49.0 0.800 (0.587-1.089) 0.156 Rec 0.818 (0.548-1.220) 0.325
CC 42 14.5 101 17.4 0.724 (0.469-1.117) 0.144 Add  0.838 (0.682-1.030) 0.094
rs11563250(A > G)
AA 198 68.8 387 66.7 1.000 Dom 0.925 (0.681-1.255) 0.614
AG 74 25.7 158 27.2 0.931 (0.675-1.285) 0.664 Rec 0.908 (0.473-1.743) 0.772
GG 16 5.5 35 6.1 0.887 (0.458-1.717) 0.723 Add  0.936 (0.731-1.200) 0.604
rs4148323 (G>A)
GG 187 64.5 392 67.6 1.000 Dom 1.160 (0.867-1.551) 0.319
GA 96 33.1 171 29.5 1.184 (0.878-1.597) 0.267 Rec 0.860 (0.356-2.078) 0.737
AA 7 24 17 2.9 0.905 (0.372-2.199) 0.825 Add 1.107 (0.857-1.431) 0.435
rs6719561(T > C)
TT Il 383 178 30.7 1.000 Dom 0.727 (0.543-0.974) 0.032
TC 133 45.9 300 51.8 0.723 (0.531-0.985) 0.040 Rec 0.894 (0.609-1.312) 0.566
CcC 46 15.8 101 17.5 0.740 (0.485-1.130) 0.163 Add  0.829 (0.675-1.018) 0.074

tagSNPs: tag single-nucleotide polymorphisms; UGT/AI: UDP glucuronosyl-transferase |Al; ATLI: anti-tuberculosis drug-induced liver injury; Dom:
dominant model; Rec: recessive model; Add: additive model; OR: odds ratio; 95% Cl: 95% confidence interval.
*Conditional logistic regression model analysis and adjusted for weight and use of hepatoprotectant.

therapy are more likely due to chronic liver disease
than to DILI, the suspected DILI was probably not
DILI."> The RUCAM was used in our study and
Sun’s study, while causality assessment were not
described in Kim et al.’s® study and Chang et al.’s’
study. WHO-UMC used by Xia et al.> was another
method which was suitable for all kinds of ADRs,
but not liver specific. Fourth, the correction of
multiple comparisons played a crucial role.
Bonferroni correction was used in our study and

Kim et al.’s® study, while no adjustment for multi-
ple comparisons was used in Sun et al.’s!? study.
The major strength of this study is a 1:2
matched case—control study which could control
for the effects of some potential confounds as
well as increase the statistical power. However,
some limitation cannot be ignored. For example,
there was a significant departure from the HWE
in rs8330. Detection of ALP was not performed in
all patients. We did not collect patients’ history of
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prior hepatitis C infection, a known risk factor for
hepatotoxicity.

In conclusion, based on this matched case—control
study, genetic polymorphisms of UGTIAI might
be associated with susceptibility to ATLI in the
Chinese population.
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