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Can the SNPs on TCF19 and POUSF1 predict risk in allopurinol-
induced severe cutaneous adverse drug reactions (SCARs) in Thai
patients, besides HLA-B*58:01?
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ABSTRACT

The aim of this study was to investigate the association
of Human leukocyte antigen B (HLA-B), Transcription
Factor 19 (TCF19) and POU Class 5 Homeobox 1
(POUSF1) genes with allopurinol-induced cutaneous
adverse drug reactions (CADR), including Stevens-
Johnson syndrome/ toxic epidermal necrosis
(SJS/TEN; n=21), drug rash with eosinophilia and
systemic symptoms ( DRESS; n= 16) and
maculopapular exanthema ( MPE; n=7) in Thai
patients. This case-control association study compares
44 cases with allopurinol- induced CADR with
allopurinol-tolerant control patients (n=100), and a
population control group (n=1,095). The control group
comprised patients who had received allopurinol for

more than 6 months without any adverse cutaneous
event. HLA alleles were genotyped using a two-stage
sequence-specific oligonucleotide probe system (PCR-
SSOP). Variants in TCF19 (rs9263794 and rs1044870)
and POUSF1 (rs9263796) were genotyped. The risk of
allopurinol-induced CADR was significantly higher in
the patients with HLA-B*58: 01 allele with an odds
ratio 240 (95% Cl: 57.19-1007.08, p<0.0001). In
addition, the single nucleotide polymorphisms ( SNPs)
were also significantly associated with the allopurinol-
induced CADR (rs9263794; OR 57. 20, p< 0. 001,
rs1044870; OR 77.31, p=0.003 and rs9263796; OR
84.14, p<0.0001). Furthermore, we found significant
association between the SNPs and allopurinol-induced
SJS/TEN, DRESS, and MPE (rs9263794; OR 304.4,
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p=0.0001, 31.7 p<0.0001, 18.3, p= 0.0011, rs1044870;
OR 25.7, p=0.038, 124.4, p=0.0013, 258.4, p=0.0005
and rs9263796; OR 536.0, p<0.0001, 39.8, p<0.0001,
33.2, p=0.0001), respectively.

Keywords: HLA-B*58.:01; allopurinol; Thai; SCAR;
CADR; drug hypersensitivity

INTRODUCTION

Adverse drug reactions (ADRs) are common
in clinical practice occurring in 6-10% of patients and
remain an important public health problem as they are
potentially life-threatening (Cheng et al, 2014;
Sukasem et al.,, 2014). Cutaneous adverse drug
reactions (CADR) occur in 1-3% of patients in hospital
and vary in of clinical manifestation from mild
symptom, such as rash, maculopapular exanthema
(MPE), urticaria or exfoliative dermatitis, to severe
symptom (severe cutaneous adverse drug reaction;
SCAR)(Cheng et al., 2014; Sukasem et al., 2014).
SCAR includes syndromes such as Stevens-Johnson
syndrome (SJS), toxic epidermal necrolysis (TEN),
drug reaction with eosinophilia and systemic
symptoms (DRESS) and drug induced hypersensitivity
syndrome (DIHS) (Barvaliya et al., 2011; Daly, 2014;
Harr and French, 2012; Karlin and Phillips, 2014;
Lonjou et al., 2008; Sasidharanpillai et al., 2015). SJS
and TEN are severe manifestations of cutaneous
hypersensitivity reactions affecting approximately 0.4—
6 persons per million populations each year. Despite
the low incidence, the mortality rate has been estimated
at 5% for SJS and 30-50% for TEN (Aihara, 2011,
Fleming and Marik, 2011). Clinical presentation of SJS
and TEN is characterized by a rapidly progressive,
blistering exanthema accompanied by mucosal
involvement and systemic symptoms that may present
as fever, mild elevation of hepatic enzymes, intestinal
and pulmonary manifestations (Min et al., 2015).
DRESS is an extremely serious adverse effect caused
by medications, characterized by skin rash, fever, and
lymphadenopathy. It generally occurs 2 to 4 weeks
after treatment with the reactive medication (Lam et
al., 2013).

The past decade, pharmacogenetic studies
have shown strong associations between human
leukocyte antigen (HLA) alleles and susceptibility to
drug hypersensitivity reactions. A medical genetic
study in recent years has focused on the area of HLA
genotypes and their association with severe drug
hypersensitivity (Tassaneeyakul et al., 2009). To
generate an immune reaction, HLA molecules function
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to present antigens to immune T-cells. HLA class |
(HLA-A, HLA-B, HLA-C) molecules are ubiquitous
and are found on all nucleated cell surfaces. They
present intracellular antigens to CD8"* cytotoxic T-
cells. HLA class Il (HLA-DP, HLA-DQ, HLA-DR)
molecules are found on the immune cells and present
extracellular antigens to CD4" helper T-cells. It has
been suggested that major histocompatibility complex
(MHC) presentation of drug-derived antigen plays a
key role in the development of drug hypersensitivity.
HLA associations that have been described in severe
cutaneous adverse reactions include: HLA-B*15:02
with carbamazepine-induced SJS/TEN, HLA-B*58:01
with allopurinol-induced SJS/TEN and HLA-B*57:01
with abacavir-induced drug hypersensitivity (Saokaew
etal., 2014).

Allopurinol is a generally well-tolerated
urate-lowering agent but has a relatively high rate of
hypersensitivity reactions and is known as one of the
major causative agents of SCAR such as SJS, TEN, and
DIHS (Goncalo et al., 2013; Hung et al., 2005; Kaniwa
et al., 2008; Puangpetch et al., 2014). Allopurinol is
widely used in the management of hyperuricemia in
patients with impaired renal function and for the
prevention of recurrent gout in clinical practice. It is
also commonly wused for the prevention of
hyperuricemia associated with tumor lysis syndrome
before starting chemotherapy in patients with
hematologic malignancies (Choudhary et al., 2013;
Pichler et al., 2002). Until now, many studies have
shown strong associations between allopurinol-
induced SCAR and the human leukocyte antigen HLA-
B*58.01 allele. HLA-B*58:01 is also known as a risk
marker for the development of allopurinol-induced
SCAR in Koreans (Kang et al., 2011). However, the
risk of allopurinol-induced hypersensitivity reaction in
patients with hematologic malignancies, especially in
patients with HLA-B*58.:01 allele, has not yet been
evaluated.

Currently, genome-wide association studies
(GWAS) (Tohkin et al., 2013) providing opportunities
to uncover polymorphisms that influence susceptibility
to allopurinol induced CADR are controversial.
Therefore, we further conducted a retrospective
pharmacogenetic case—control study of HLA-B
genotyping by polymerase chain reaction-sequence
specific oligonucleotide probe (PCR-SSOP) and single
nucleotide polymorphisms (SNPs) by using real-time
PCR to the reported the risk marker and to identify new
and effective genetic biomarkers for allopurinol-
related CADR in Thai population.
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MATERIALS AND METHODS
Subjects and characteristics

In this study, we carried out research as a
retrospective and prospective case-control study. From 2011
to 2014, patients with allopurinol-induced SCAR from The
Thai Severe Cutaneous Adverse Drug Reaction (THAI-
SCAR) research group were enrolled. A total of 30 samples
were recruited from the previous study (Sukasem et al.,
2016), and 14 samples were additionally recruited for this
study. Among them, 44 patients with allopurinol-induced
CADR were categorized into SIS/TEN (n =21), DRESS (n
= 16), and MPE (n = 7). Meanwhile, patients who had been
taking allopurinol for more than 6 months without evidence
of cutaneous adverse effects were recruited as allopurinol-
tolerant controls (n=100). In addition, healthy individuals
comprising subjects not taking allopurinol and with no
history of drug-induced cutaneous adverse reactions were
included in this study. The population control group
consisted of 1,095 subjects who were undergoing HLA-B
genotyping at the Laboratory for Pharmacogenomics,
Somdech Phra Debaratana Medical Center (SDMC),
Ramathibodi Hospital, Thailand. The clinical data of patients
which was collected from medical records comprised (1)
Demographic data: gender, nationality, age, address and
phone number (2) Medical history: illness history, congenital
disease and history of allergy (3) Adverse drug reactions
data: information of drug use, clinical manifestation of
allergy, type of ADR, suspected drugs, concomitant drugs,
drug onset, treatment history and other laboratory results (4)
Genetic data: HLA-B alleles and SNPs genotypes. The study
was performed with approval from the Ramathibodi Hospital
ethical review board (Approval No. MURA2015/300), and
informed consent was obtained from all of the participants.

Diagnosis of cutaneous adverse drug reaction (CADR)

All CADR patients were assessed by a
dermatologist and allergist who reviewed photographs,
pathological slides, clinical morphology and medical
records. The diagnosis of drug-induced DRESS, SJS and
TEN was made according to the RegiSCAR criteria
(Choudhary et al., 2013). In brief, DRESS was diagnosed
in patients presenting with fever, maculopapular rash with
internal organ involvement, and hematologic abnormalities.
SJS was diagnosed in patients with skin rash and mucosal
erosion covering 3-10% of body surface area (BSA)
whereas SJIS/TEN overlap was diagnosed in patients with
epidermal necrosis whose occur blistering skin lesions
affected between 10-30% of BSA. Severe MPE was
diagnosed in patients presenting with danger signs in drug-
induced exanthema or covering 30% of BSA with or
without associated systemic symptoms, but not fulfilling
the criteria of DRESS (Pichler et al., 2002).
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Genomic DNA extraction

Blood samples were collected in EDTA tubes.
DNA was isolated using the MagNA Pure Compact
automated extraction system (Roche Diagnostics,
USA) based on magnetic-bead technology. The quality
and quantity of genomic DNA were assessed by using
Nano Drop (ND-1000). All DNA was aliquoted and
stored at -20 °C before analysis.

HLA-B genotyping

HLA-B genotyping was carried out using the
Luminex™ Multiplex Technology (Luminex®IS 100,
USA) based on PCR-SSOP method. Briefly, the PCR
products were hybridized against a panel of
oligonucleotide  probes coated on polystyrene
microspheres that have sequences complementary to
stretches of polymorphic sequence within the target
HLA-B alleles. The amplicon-probe complex was
visualized using a colorimetric reaction and fluorescence
detection technology. Data analysis for the HLA-B
assays was performed with HLA fusion™ 2.0 software.

SNPs genotyping

TagManSNP genotyping assay (ViiA™ 7
Real-Time PCR System) was used to genotype SNPs on
TCF19 gene (rs9263794 and rs1044870) and rs9263796
on POU5SF1 (POU class 5 homeobox 1) gene. Briefly,
TagMan™ probe (quencher) with a dye label were
hybridized to the target DNA, and release signal through
fluorescence resonance energy transfer (FRET). During
PCR, Taq polymerase extends the unlabeled primers
and, when it reaches the TagMan probe, cleaves the
molecule, separating the dye from the quencher. The
gPCR instrument detects fluorescence.

Statistical analysis

The association between HLA-B*58:01 allele
and allopurinol-induced CADR was evaluated by
comparing the group of individuals with CADR with
the allopurinol-tolerant control groups and the
population control group. Data were counted by
presence or absence of HLA-B*58:01 allele. Chi-
square test and Fisher's exact test were used to analyze
the association between allopurinol-induced CADR
and HLA-B*58:01. Demographic data of allopurinol-
induced CADR and allopurinol-tolerant control group
was compared by mean comparison and Student’s t-
test. Statistical analysis was performed using SPSS
version 16.0 (SPSS Inc., Chicago, IL, USA). The
strength of association was estimated by calculating the
odds ratio (OR) with a 95% confidence interval (Cl).
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RESULTS
Subject clinical characteristics

From the 44 patients with CADR, 37 had
underlying gout and 7 had hyperuricemia. Twenty-four
of them were male and 20 were female, with age
66.82+14.33 years. Indication of drug uses and the
results of HLA-B and SNPs genotyping are summarized
in Table 1. The mean interval from allopurinol initiation
to symptom onset was 22.2 days (range, 7-42 days). The
onset of symptoms for all patients was within the first
two months of allopurinol exposure. The underlying
diseases, such as diabetes, hypertension, chronic kidney
disease, and dyslipidemia, and the co-medication, such
as colchicine, sodamint, prednisolone and simvastatin,
were not associated with allopurinol-induced CADR. In
contrast, the starting dosage of allopurinol between
allopurinol-induced CADR and allopurinol tolerant
control group were significantly different; OR 3.040
(95%Cl: 20.63-97.37, p=0.0028). Laboratory results,
eGFR, creatinine, AST and ALT were not significantly
different between allopurinol-induced CADR and the
tolerant control group, while BUN were significantly
different between groups (p<0.001), as shown in Table 2.

HLA-B*58:01 in CADR case-control study

To identify genetic markers for allopurinol-
induced CADR (the subgroup of patients with DRESS,
SJS, SIS/TEN and severe MPE), we carried out a case-
controlled association study. Frequencies of HLA-
B*58:01 allele in the three groups are shown in Table 3.
Of the 44 patients with allopurinol-induced CADR, 40
patients (90.9%) carried HLA-B*58:01 allele while 4
of 100 (4.0%) allopurinol-tolerant controls and 111 of
1,095 (10.1%) population control carried this allele.
The frequency of HLA-B*58:01 in subjects with
allopurinol-induced CADR was notably higher than
that in the allopurinol-tolerant group (OR 240.00;
95%Cl: 57.19-1007.08, p<0.0001). When compared
with the incidence in the population control group, the
frequency was still significantly higher (OR 88.65,
95%Cl: 31.13-252.42, p<0.0001). In our HLA-B
genotyping studies, no other alleles showed significantly
differences for allopurinol-induced CADR.

HLA-B*58:01 in SCAR case-control study

In the allopurinol-induced SCARs group, the
subgroup of patients with SJS, SJS/TEN overlapping,
TEN and DRESS contained 9 (20.5%), 9 (20.5%), 3
(6.8%) and 16 (36.4%) patients, respectively. HLA-
B*58:01 was carried by 34 of 37 (91.9%) patients with
allopurinol-induced SCAR (data not shown). We found
a significant HLA-B*58: 01 allele frequencies when
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comparing between allopurinol- induced SCAR and
allopurinol-tolerant control (OR 272.0, 95%CI: 57.89—
1277.98). Among 37 patients with allopurinol-induced
SCAR, HLA-B*58:01 alleles occurred at significantly
high frequencies among the allopurinol- induced
SJS/ TEN patients compared to the tolerant- control
groups, as shown in Table 4. In particular, the HLA-
B*58:01 allele was present in all 21 (100%) patients
with allopurinol- induced SJS/ TEN ( OR 922. 11,
95% Cl 47.83-17776.18, P<0.0001), 13 (81.25%)
patients with allopurinol-induced DRESS (OR 144.0,
95%Cl: 20.89-517.77, p<0.0001) and 6 (85.71%)
patients with allopurinol-induced MPE (OR 144.00
95%Cl: 13.85-1497.03, p<0.001) (Table 4).

SNPs genotyping in CADRs case-control study

Three SNPs were genotyped including
rs9263794, rs1044870 and rs9263796. The results
showed association between CADR and rs9263794
(OR 57.20, 95% CI: 18. 86— 173. 45, p<0. 0001),
rs1044870 (OR 77.31, 95%Cl: 4.45-1342.22, p=0.003)
and rs9263796 (OR 84.14, 95% Cl: 26.54—266. 78,
p<0.0001) as shown in Table 5. Furthermore, Genotype
frequencies of TCF polymorphism, rs9263794, were
AA (64.58%), AG (30.56%), GG (4.86%), and TCF
gene, rs1044870, were CC (91.67 %), CT (7.64 %), TT
(0.69 %). Genotype frequencies of POU5F1 rs9263796
were CC (68.75%), CT (27.78%),and TT (3.47%).
Using the allopurinol tolerant control group as the
control for diagnosing CADR, the rs9263794 had
88.64% sensitivity and 88.0% specificity, rs1044870
had 27.27% sensitivity and 100% specificity, and
rs9263796 had 86. 36%  sensitivity and 93. 0%
specificity (data not shown). In the subsequent analysis,
the association between SNPs and allopurinol-induced
CADR were categorized into three groups. The results
showed significantly association between SJS/TEN and
SNPs, TCF19 rs9263794 (OR 304.4, 95%Cl 17.3-
5346.7, p=0.0001), TCF19 rs1044870 ( OR 25.7,
95%¢CIl 1.1-557.8, p=0.038) and POU5F1 rs9263796
(OR 536.0, 95%Cl 29.4-9751.2, p<0.0001), as shown
in Table 6. The association between DRESS and SNPs
were significant, TCF19 rs9263794 (OR 31.7, 95%Cl
7.8-127.9, p<0.0001), TCF19 rs1044870 (OR 124.4,
95%CI 6.5-2367.5, p=0.0013) and POU5F1 rs9263796
(OR 39.8,95%CI 10.1-156.4, p<0.0001), as shown in
Table 7. The results also showed significant association
with MPE, TCF19 rs9263794 (OR 18.3, 95%Cl 3.1~
105. 2, p=0.0011), TCF19 rs1044870 ( OR 258. 4,
95% CI 11.5-5794. 8, p=0. 0005) and POU5F1
rs9263796 (OR 33.2, 95%Cl 5.4-203.1, p=0.0001) as
shown in Table 8
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Table 1. Characteristics and genotyping data of allopurinol-induced cutaneous adverse drug reactions (CADR)
in Thai population.

No Age/Sex Type of Indication HLA- HLA-I?; rs9263794 rs1044870 rs9263796
CADR B*58:01 genotyping A>G C>T C>T
1 T2/F SJS gouty arthritis positive 57:01/58:01 AG CcC CT
2 78/F SJS hyperuricemia positive 35.01/58:01 AG CcC CT
3 48/F SJS gouty arthritis positive 13:01/58:01 AG CcC CT
4 68/M SJS gouty arthritis positive 13:01/58:01 AG CcC CT
5 72/F SJS gouty arthritis positive 40:01/58:01 AG CcC CT
6 67/M SJS gouty arthritis positive 40:01/58:01 AG CcC CT
7 54/M SJS gouty arthritis positive 15:01/58:01 AG CcC CT
8 76/F SJS gouty arthritis positive 58:01/58:01 GG TT TT
9 76/M SJS hyperuricemia positive 40:01/58:01 AG CT CT
10 68/F SJS/TEN gouty arthritis positive 46:01/58:01 AG CC CT
11 54/M SJS/TEN gouty arthritis positive 40:01/58:01 AG CC CT
12 78/M SJS/TEN gouty arthritis positive 44:03/58:01 GG CC CT
13 T4/F SJS/TEN gouty arthritis positive 15:02/58:01 AG CcC CT
14 84/F SJS/TEN gouty arthritis positive 15:32/58:01 AG CcC CT
15 76/F SJS/TEN gouty arthritis positive 15:13/58:01 AG CcC CT
16 73/F SJS/TEN gouty arthritis positive 46:01/58:01 AG CcC CT
17 55/M SJS/TEN gouty arthritis positive 15:02/58:01 AG CcC CT
18 63/F SJS/TEN gouty arthritis positive 40.02/58:01 AG CC CT
19 T2/F TEN gouty arthritis positive 15:11/58:01 AG CcC CT
20 68/M TEN gouty arthritis positive 40:01/58:01 AG CcC CT
21 47/F TEN gouty arthritis positive 13:02/58:01 AG CcC CT
22 56/M DRESS hyperuricemia positive 44:02/58:01 AG CT CT
23 74/M DRESS gouty arthritis negative 40:01/46:01 AA CcC CcC
24 30/M DRESS hyperuricemia positive 39:15/58:01 GG CT TT
25 39/F DRESS hyperuricemia positive 08:01/58:01 AG CcC CT
26 81/F DRESS hyperuricemia positive 13:01/58:01 AA CC CC
27 86/M DRESS gouty arthritis negative 44:03/51:02 AG cC cC
28 62/M DRESS gouty arthritis positive 40:01/58:01 AG cC CT
29 73/M DRESS gouty arthritis positive 52:01/58:01 AG cC CT
30 51/M DRESS gouty arthritis negative 13:01/46:01 AA cC cC
31 53/F DRESS gouty arthritis positive 13:02/58:01 AG cC CT
32 32/M DRESS gouty arthritis positive 54:01/58:01 AG cC CT
33 55/F DRESS gouty arthritis positive 58:01/58:01 GG CT TT
34 57/F DRESS gouty arthritis positive 58:01/58:01 GG CT TT
35 78/'M DRESS gouty arthritis positive 15:02/58:01 AG cC CT
36 81/M DRESS gouty arthritis positive 58:01/58:01 GG CT TT
37 61/M DRESS gouty arthritis positive 51:01/58:01 GG CT CT
38 85/F MPE hyperuricemia positive 46:01/58:01 AG cC CT
39 69/M MPE gouty arthritis negative 13:01/54:01 AA cC cC
40 88/F MPE gouty arthritis positive 40:01/58:01 AA cC cC
41 79/M MPE gouty arthritis positive 40:01/58:01 AG CT CT
42 73/M MPE gouty arthritis positive 13:01/58:01 AG CT CT
43 72/M MPE gouty arthritis positive 18:02/58:01 AG CT CT
44 84/M MPE gouty arthritis positive 39:01/58:01 AG CT CT
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Table 2 Demographic and clinical characteristics of allopurinol-induced cutaneous adverse drug reactions

(CADR) and allopurinol-tolerant control group.

Allopurinol-induced

Allopurinol tolerant

Characteristic CADR group control group p-value
(n=44) (n=100)
Gender (n)
Male 24 (54.5%) 77 (77%) 0.007*
Female 20 (45.5%) 23 (23%)
Age. Years (mean * SD) 66.82 + 14.33 62.03 £ 15.30 0.851
Allopurinol exposure
Dosage, (meanz SD), mg/day 221+96.4 162 £111.7 0.0028*
Duration (Median (Range), days 19.5 (10-51) 846.5 (29-1465) <0.001*
Onset of ADR, mean (Range), days 22.2 (71-42) -
Underlying Disease (n)
Diabetes 4 (9.1%) 13 (13%) 0.5053
Hypertension 27 (61.36%) 60 (60%) 0.879
Chronic Kidney Disease 18 (40.91%) 33 (33%) 0.364
Dyslipidemia 4 (9.09%) 16 (16%) 0.273
Co-Medication (n)
Colchicine 20 (27.8%) 52 (52%) 0.473
Sodamint 3 (15.8%) 16 (16%) 0.136
Prednisolone 2 (4.5%) 9 (9%) 0.3631
Simvastatin 5 (23.8%) 16 (16%) 0.471
Clinical chemistry
Creatinine, mean £ SD (mg/dl) 1.96+1.43 1.72+1.22 0.309
eGFR,mean + SD 45.7+28.12 52.74 + 23.93 0.126
BUN,mean + SD (mg/dl) 48.05 + 31.52 21.9+8.14 <0.001*
AST,mean + SD (U/L) 63.19 + 88.120 58.40 + 62.378 0.7104
ALT,mean = SD (U/L) 71.26 + 96.188 57.46 + 62.095 0.3050

eGFR; Estimated Glomerular Filtration Rate, BUN; Blood Urea Nitrogen, AST; Aspartate Aminotransferase,
ALT; Alanine Aminotransferase

Table 3 The association of individual HLA-B allele with allopurinol-induced cutaneous adverse drug reactions (CADR).

Allopurino  Allopurino  Population  CADR cases versus Allopurinol ~ CADR cases versus population
HLA-B  linduced | tolerant control tolerant group control group
allele CADR group group

(n=44) (n=100) (n=1,095) OR (95%Cl) p-value OR (95%Cl) p-value

58:01 40 (90.9) 4 (4.0) 111 (10.1)  240.00 (57.19-1007.08) <0.0001  88.65 (31.13-252.42)  <0.0001
13:01 5(11.4) 9(9.0) 137 (12.5) 1.30(0.41-4.12) 0.660 0.90 (0.33-2.31) 0.821
15:02 3(6.8) 20 (20.0) 161 (14.7) 0.29 (0.08-1.04) 0.058 0.42 (0.13-1.39) 0.156
40:01 9(20.5) 29 (29.0) 162 (14.8) 0.63 (0.27-1.49) 0.286 1.48 (0.69-3.14) 0.305
46:01 4(9.1) 25 (25.0) 227 (20.7) 0.30 (0.10-0.92) 0.035 0.38 (0.14-1.08) 0.069
51:01 1(2.3) 12 (12.0) 65 (5.9) 0.17 (0.02-1.35) 0.094 0.37 (0.05-2.72) 0.328
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Table 4 The association of individual HLA-B allele with cutaneous adverse drug reactions (CADR).
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HLA-  Allopurinol-induced SJS/TEN Allopurinol-induced DRESS Allopurinol-induced MPE
B (n=21) (n=16) (n=7)

allele OR (95%Cl) p-value OR (95%Cl) p-value OR (95%Cl) p-value
58:01 922.11 (47.83-17776.18)  <0.0001 104.00 (20.89-517.77) <0.001 144.00 (13.85-1497.03)  <0.0001
13:01 1.06 (0.21-5.32) 0.94 0.67 (0.08-5.71) 0.718 4.04 (0.68-23.91) 0.1233
15.:02 0.42 (0.09-1.96) 0.27 0.27 (0.03-2.14) 0.214 0.44 (0.02-8.43) 0.583
40.01 0.77 (0.26-2.28) 0.631 0.35(0.07-1.64) 0.182 2.45(0.33-18.22) 0.382
46.01 0.32(0.07-1.45) 0.139 0.43(0.09-2.02) 0.284 0.33(0.02-6.32) 0.461
51:01 0.17 (0.01-2.89) 0.217 0.49 (0.06-4.04) 0.507 0.79 (0.04-15.51) 0.875

Table 5 The association of SNPs with allopurinol-induced cutaneous adverse drug reactions (CADR)

Allopurinol- Allopurinol- Allopurinol-CADR versus
SNPs induced CADR  tolerant group Allopurinol tolerant group
(n=44) (n=100) OR (95%Cl) p-value
TCF19 _rs9263794, A>G (n, %)
Mutant (AG,GG) 39 (88.64%) 12 (12%) 57.20 (18.86-17345)  <0.0001
Wild type (AA) 5 (11.36%) 88 (88%)
TCF19_rs1044870, C>T (n, %)
Mutant (CT,TT) 12 (27.27%) 0(0) 77.31 (4.45-1342.22) 0.0028
Wild type (CC) 32 (72.73%) 100 (100%)
POUSF1_rs9263796, C>T (n, %)
Mutant (CT,TT) 38 (86.36%) 7 (7%) 84.14 (26.54-266.78)  <0.0001
Wild type (CC) 6 (13.64%) 93 (93%)

Table 6 The association of individual SNP with allopurinol-induced SJS/TEN.

Allopurinol-induced

Allopurinol-tolerant

SJS/TEN cases versus

SNP Si:i‘;lE)N (2201%[())) Allopurinol tolerant group
n (%) n (%) OR (95% CI) p-value
TCF19_rs9263794
AG/GG 21 (100%) 12 (12%) 304.4 (17.3-5346.7)  0.0001
AA 0 88 (88%)
TCF19 _rs1044870
CTaT 2 (9.5%) 0 25.7 (1.1-557.8) 0.0384
cC 19 (90.5%) 100 (100%)
POU5F1_rs9263796
CTaT 21 (100%) 7 (7%) 536.0 (29.4-9751.2) < 0.0001
cC 0 93 (93%)
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Table 7 The association of individual SNP with allopurinol-induced DRESS.

SNP Allopurinol- Allopurinol- DRESS cases versus
induced DRESS tolerant Allopurinol tolerant control
(n=16) (n=100) OR (95% Cl) p-value
TCF19 _rs9263794
AG/GG 13 (81.3%) 12 (12%) 31.7(7.8-127.9) <0.0001
AA 3 (18.7%) 88 (88%)
TCF19 _rs1044870
CTAT 6 (37.5%) 0 124.4 (6.5-2367.5) 0.0013
CcC 10 (62.5%) 100 (100%)
POU5F1_rs9263796
CTATT 12 (75%) 7 (7%) 39.8(10.1-156.4) <0.0001
CcC 4 (25%) 93 (93%)

Table 8 The association of individual SNP with allopurinol-induced MPE.

Allopurinol- Allopurinol- MPE cases versus
SNP induced MPE tolerant group Allopurinol tolerant group
(n=7) (n=100) OR (95% CI) p-value
TCF19 rs9263794
AG/GG 5 (71.4%) 12 (12%) 18.3 (3.1-105.2) 0.0011
AA 2(28.6%) 88 (88%)
TCF19 _rs1044870
CTTT 4 (57.1%) 0 258.4 (11.5-5794.8) 0.0005
CcC 3(42.9%) 100 (100%)
POU5F1_rs9263796
CTTT 5 (71.4%) 7 (7%) 33.2(5.4-203.1) 0.0001
CcC 2 (28.6%) 93 (93%)
DISCUSSION study, an underlying disease, chronic kidney disease

In current study, we conducted a case-control analysis
including 44 cases of allopurinol- induced CADR
which comprises DRESS (16 cases), SJS/TEN (21
cases) and severe MPE (7 cases). We confirmed an
association between HLA- B* 58: 01 allele and
allopurinol-induced SCAR including SJS/TEN (OR
922.1) and DRESS (OR 104.0). In addition, we
confirmed an association between HLA-B*58:01 allele
and allopurinol- induced severe MPE with OR 144,
Thus, HLA- B* 58: 01 allele is associated with
allopurinol- induced CADR. This strong association
also has been observed in other Asian countries (Hung
et al., 2005; Jung et al., 2011; Kang et al., 2011;
Kaniwa et al., 2008). Previous studies in Taiwan has
shown that the risk for allopurinol-induced SCAR in
chronic renal insufficiency increased (OR 4.7; 95%Cl:
2.3-9.3,p<0.001) (Hung et al., 2005). In the present
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and level of creatinine and eGFR did not affect a
different level of risk for allopurinol-induced CADR,
but the level of BUN showed increased risk for
allopurinol-induced CADR, as shown in Table 2.
Beside HLA-B genotyping, we also conducted
SNP genotyping in TCF19 (rs9263794, rs1044870) and
POUSF1 (rs9263796). The results showed significant
association between all 3 SNPs and allopurinol-induced
CADR (OR 57.20, 77.31, 84.4, respectively), similar to
the result from a previous study by Tohkin et al. which
examined genome-wide association in Japanese patients
and found representative SNPs in 6p21 and HLA-
B*58:01 (Tohkin et al., 2013). The TCF19 gene plays
an important role in the transcription of genes required
for the later stages of cell cycle progression (Teraoka et
al., 2000), and is important for cell survival
(Krautkramer et al., 2013). Furthermore, POU5F1 gene
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expression may cause dysplasia in epithelial cells
(Chang et al., 2007). For the TCF19 SNPs (rs95963794
and rs1044870) and POU5SF1 SNP (rs9263796), the
results showed positive predictive value (PPV) of 76.5,
100 and 84.4%, and negative predictive value (NPV) of
94.6, 75.8 and 93.9%, respectively (data not shown).
TCF19 rs1044870 showed 100% PPV but 27.7%
sensitivity, therefore it is not suitable to be used as a
predictive marker for allopurinol-induced CADR.
Nevertheless, TCF19 rs9263794 and POUS5F1
rs9263796 which showed sensitivity of 88.6% and
86.4%, and specificity of 88% and 93%, respectively
(data not shown) can be used as a predictive marker for
allopurinol-induced SJS/TEN in Thailand.

CONCLUSION

Our results suggest that the screening tests for TCF19
(rs9263794, rs1044870), POUSF1 (rs9263796) in
patients who will be treated with allopurinol will be
clinically helpful in preventing development of SCAR.
Regarding to our finding, the pharmacogenetic
interpretation could be generalized to SCAR including
DRESS, SJS and SJS/TEN. Physicians and national
policy makers maybe concerned that our findings
support the consideration for implementation of
HLA-B*58:01 genetic screening prior to initiation of
allopurinol in Thai patients. Furthermore, Biomarker
SNPs to predict allopurinol-induced CADR and
functional studies for identification of the physiological
and molecular pathways leading to allopurinol-induced
CADR should be further studied.
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