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HLA-A*02 alleles are associated with tetanus
antitoxin-induced exanthematous drug eruptions in Chinese

patients

Sijia Yan®*, Sheng-an Chen®*, Wen Zhang?, Fanping Yang®, Ying Yang?,
Qinyuan Zhu®, Huizhong Zhu?, Xinfen Sun®, Menglin Jiang?, Yu Su?,
Lirong Zhang?, Qinghe Xing® and Xiaoqun Luo®

Objective Tetanus antitoxin (TAT) is an effective
antitetanus medicine, but may sometimes cause adverse
drug reactions such as rapid-onset anaphylactic shock and
late-onset cutaneous adverse drug reactions, including
exanthematous drug eruptions (EDE). Human leukocyte
antigen (HLA) class | alleles are strongly associated with
different types of cutaneous adverse drug reactions. This
study aimed to assess whether there is an association
between TAT-induced EDE and HLA-A, HLA-B, and HLA-C
alleles in the Chinese Han population.

Patients and methods We carried out an association
study in 15 patients with TAT-induced EDE and two groups
of general Han Chinese patients. Allele-level genotypes of
the HLA-A, HLA-B, and HLA-C genes of each patient were
determined using the PCR-sequence-specific
oligonucleotides method.

Results The carrier frequency of HLA serotype A2 was
significantly higher in the TAT-induced EDE patients than in
the general Han Chinese study participants from the human
major histocompatibility complex database [n =283, odds
ratio (OR) = 6.93; P=0.0061]. Particularly, the carrier
frequency of three A2 alleles, including HLA-A*02:01, HLA-
A*02:06, and HLA-A*02:07, is significantly higher than that
of the control group (OR=14.40; P=2.4x10°).
Furthermore, HLA-B*39:01 was in complete linkage

Introduction

Tetanus occurs worldwide, but most frequently in hot-
wet climates. It caused about 58 900 deaths in 2013 alone
[1]. Tetanus antitoxin (TAT) purified from the horse
serum is a commonly used antitoxin for treating and
preventing tetanus in patients who have a deep wound
[2]. However, it was found to cause severe hypersensi-
tivity reactions, such as life-threatening anaphylactic
shock [3] and several other types of serum reactions in
some patients [4]. Although homologous tetanus vaccine
of human origin [tetanus immune globulin (human), TIG
(H)] is a safer substitute [5], TAT is still used widely in
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disequilibrium with HLA-A*02:06 in the case patients.
Consequently, the distribution of the HLA-A*02:06/-B*39:01
haplotype was also significantly different in the cases and
the controls (OR =105.00; P=0.0024).

Conclusion The HLA-A*02:06/-B*39:01 haplotype is a
potential genetic marker for the TAT-induced EDE.
Furthermore, the HLA-A2 serotype, especially three alleles
A*02:01, A*02:06, and A*02:07, was identified to be
associated with the TAT-induced EDE in the Han Chinese
population for the first time. Pharmacogenetics and
Genomics 26:538-546 Copyright © 2016 Wolters Kluwer
Health, Inc. All rights reserved.
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developing countries because of its advantages such as
low price and convenient regimen.

In domestic journals of China, TAT-induced adverse
drug reactions have been reported sometimes [6,7]. Skin
tests are required before the TAT injection to avoid
anaphylactic shocks. However, delayed
adverse drug reactions (cADRs) such as exanthematous
drug eruptions (EDE) cannot be predicted by the skin
test [8]. EDE are the most common late-onset allergic
reactions induced by drugs and vaccines [9-11]. These
occur as a widespread rash with lesions and serious
itching, and are sometimes accompanied by respiratory
digestive symptoms, often resulting in hospitalization
[12]. EDE may also be an earlier clinical presentation of
the severe cutaneous adverse reactions such as drug
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reaction with eosinophilia and systemic symptoms in
some cases [13]. Treatment of EDE with antihistamines
and corticoid may carry health risks. Therefore, it is
important to identify biomarkers for the prediction of
TAT-induced EDE and use alternative medicines, such
as TIG (H) instead of TAT, to avoid or reduce EDE [14].

The human leukocyte antigen (HLA) system is comprised
of a large number of genes that can regulate specific
immune responses and account for the interindividual
differences in susceptibility to diseases or allergens.
Previous studies [15-18] have suggested that HLA class [
alleles are highly associated with many allergic reactions
induced by different drugs. However, whether HLA is
associated with allergic reactions induced by horse serum-
derived product containing immunoglobulin G antibodies
against venom and toxin is relatively unexplored.

The identification of genetic variants that contribute
toward adverse drug reactions is the first step toward the
development of predictive diagnostic markers and
exploration of the pharmacogenetics mechanism of
cADRs. Therefore, the aim of the present study was to
determine, for the first time, the possible association
between HILA class 1 alleles and TAT-induced EDE in
Han Chinese patients.

Patients and methods

Patients

From 2009 to 2014, 15 patients who fulfilled the diag-
nostic criteria for TAT-induced EDE were recruited
from the dermatology ward of Huashan Hospital,
Shanghai, China. Diagnostic criteria for EDE were based
on the clinical morphology described by Stern [12] EDE
are characterized by a diffuse and symmetric eruption of
pink-to-red macules or small papules that may coalesce to
form plaques. Two dermatologists confirmed the diag-
nosis independently by assessment of photographs,
pathological slides, and medical records. Clinical docu-
ments were reviewed to rule out cases of viral eruptions
and toxic eruptions. In all cases, TA'T was considered the
causative agent if the onset of EDE symptoms occurred
within 4 weeks after the injection of TAT. Concomitant
medications were used in three of the 15 patients.
However, no adverse drug reactions related to the pre-
scribed drugs other than TAT were found in the medical
records of the patients.

All patients in the case group were unrelated Han
Chinese from the South-east of China. Two control
groups were enrolled in the study. The first one included
283 healthy southern Han Chinese from the human
major histocompatibility complex database (dbMHC)
[19,20]. Moreover, 118 general Han Chinese patients
from the similar regions of China were recruited as an
additional control group. Only Han Chinese patients
were recruited in anticipation that there would be no
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major ethnic differences between the case and the con-
trol groups.

This study was approved by the ethics committee of the
Huashan Hospital, Fudan University. Informed consents
were obtained from all participants. The methods were
carried out in accordance with the approved guidelines in
the Helsinki Declaration.

Genotype analyses

Genomic DNA was extracted from peripheral blood of
the participants using an AxyPrep Blood Genomic DNA
Miniprep Kit (Axygen Biotechnology, California, USA).
Allele-level genotypes of the HLA-A, HLA-B, and HLA-C
genes from each participant were determined by the
PCR-sequence-specific oligonucleotide method using
the LABT SSO Kit (One Lambda Inc., Los Angeles,
California, USA). This genotyping was reanalyzed using
HLA Fusion software, version 3.0 (One Lambda Inc.).
Genotyping was performed by Mentality Bio-Tech
Co., Ltd (Beijing, China).

Statistical analyses

The allele-carrying frequency was calculated by dividing
the number of patients carrying the allele by the total
number of group members. Allele frequency was
obtained by dividing the number of identified alleles by
the total number of all alleles on the same locus. Fisher’s
exact test was performed to compare allele-carrying fre-
quencies of HLA alleles carried by more than one patient.
Odds ratios (ORs) were calculated with Haldane’s mod-
ification, adding 0.5 to all cells to accommodate the
possible zero counts [21]. The two tailed P-values and
95% confidence intervals (CI) were calculated using R
software, version 3.1.2 (The R Foundation for Statistical
Computing, Vienna, Austria). P, values (P-values cor-
rected) were obtained with the Bonferroni correction for
multiple comparisons. Statistical significance level was
set at a P, value less than 0.05.

Computational analyses

Among all the HLA-A*02 alleles, only HLA-A*02:01 has a
corresponding crystal structure (PDB ID: 1AK]) [22] in
the RCSB Protein Data Bank [23] (RCSB PDB: /#p://
www.resh.org). To analyze the shape and chemistry of
A*02:03, its homolog structure model was constructed on
the basis of the known structure of A*02:01 by mutating
the known variations (residue Ala 149 Thr, Val 152 Glu,
Leu 156 Trp) between them in the Crystallographic
Object-Oriented Toolkit modeling program [24]. The
outline of the binding pocket was generated from the
peptide surface in the HLA-A*02:01 structure as reported
by Saper ¢z al. [25] The structure cartoon and surface
were generated by PyYMOL 1.8 (DeLano Scientific LLC,
San Carlos, California, USA) [26]. The electrostatic sur-
face was generated in PyMOL using application plug-in
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PDB2PQR and APBS [27]. The hydrophobic surface was
also generated by PyMOL with a plug-in script.

Results

Characteristics of patients

From 2009 to 2014, 15 TAT-induced EDE patients were
enrolled. Their clinical characteristics and HLA geno-
types are listed in Table 1. Eleven (73.3%) patients were
women. The mean age of the patients was 43.6+13.5
(range: 24-61 years) years. The mean latency time was
6.8 (range: 1-9 days) days. Five patients had a history of
previous penicillin or sulfonamide antibiotic drug allergy.
Three patients used concomitant medications. All EDE
patients had symmetrical lesions consisting of erythe-
matous macules or small papules, which may coalesce,
and serious itching in the area where the rash developed.
Some patients also had respiratory digestive symptoms
including chest distress, throat obstruction, and diarrhea.

Screening for association of candidate human leukocyte
antigen class | alleles

T'o assess whether there were any HLA alleles that were
enriched in the TAT-EDE patients, the allele-carrying
frequencies were compared between the TAT-EDE
patients and 283 Chinese Han population study partici-
pants from dbMHC. Serologic specificities of identified
alleles (e.g. A2 associated with A*02 alleles) were
obtained from the HLA nomenclature report [28,29].

As shown in Table 2, serotype AZ was present in 86.7%
(13/15) of the patients with TAT-induced EDE and
48.4% (137/283) of the general population (7=283;
OR=06.93; 95% CI: 1.54-31.26; P=0.0061; P.=0.024).
Although serotype A7l was associated weakly with
resistance to the TAT-induced EDE (OR =0.24; 95%
CI: 0.07-0.89; P=0.03; P.=0.12), the association was not
significant after Bonferroni correction.

Four HLA-A*02 subtypes (A*0201, 0203, 0206, and 0207)
were common in the 283 general Han Chinese. The most
frequent allele was A*02:03 (19.8%), followed by A*02:07

(15.5%), A*02:01 (9.9%), and A*02:06 (6.7%). In contrast
to the other three alleles (A*02:01, A*02:06, and
A*02:07), the frequency of A*02:03 was higher in the
general population than in the TAT-induced EDE
patients (1/15; 6.6%). The only patient who carried
A*02:03 was also a carrier of A*02:06. Notably, the fre-
quency of three HLA-A*02 alleles increased in the
patients including HLA-A*02:01, HLA-A*02:06, and
HILA-A*02:07. These three alleles presented in 86.7%
(13/15) of the TAT-induced EDE patients, which was
significantly higher than that found in 31.1% (88/283) of
the general population (OR =14.40; 95% CI: 3.18-65.19;
P=24x 10_5; P.=0.00017). Furthermore, HLA-A*02:06
and HLA-A*02:07 were associated weakly with TAT-
induced EDE (OR =5.05; 95% CI: 1.47-17.38; P=0.02;
P.=0.14; OR=3.62; 95% CI. 1.23-10.68; P=0.02;
P_.=0.14, respectively), whereas HLA-A*11:01 was asso-
ciated weakly with resistance to the TAT-induced EDE
(OR=0.26; 95% CI: 0.07-0.95; P=0.03; P.=0.24).
However, these associations were no longer significant
after Bonferroni correction.

Among the HLA-B alleles, HLA-B*39:01 was associated
with TAT-induced EDE (OR=43.38; 95% CI:
3.69-509.85; P=0.0069; P.=0.048). HL.A-B*39:01 was in
full linkage disequilibrium with HLA-A*02:06 in the
patients. Moreover, a significant association was found
between the occurrence of TAT-induced EDE and the
HLA-A*02:06-B*39:01 haplotype, which was present in
13.3% of the TAT-induced EDE patients, but in none of
the healthy Han Chinese population (OR =105.00; 95%
CI: 4.80-2296.22; P=0.0024; P.=0.0048). A common
haplotype HLA-A*02:07-B*46:01 in Han Chinese was
associated weakly with TAT-EDE (OR: 3.543; 95% CI.:
1.144-10.971; P=0.037; P.=0.074). However, the asso-
ciation was not significant after Bonferroni correction.

Because all of the significantly enriched alleles were
HIA-A and HLA-B allotypes, we performed HLA-A and
HILA-B genotyping in a control group of 118 general Han
Chinese. As shown in Table 3, serotype A2 showed an

Table 1 Clinical characteristics and human leukocyte antigen genotypes of tetanus antitoxin-induced exanthematous drug eruption patients
Sex/age (years) Diagnosis Concomitant drug History of drug allergy  Latency HLA-A HLA-B HLA-C

Female/60 EDE No Penicillin 8 A*24:02 A*24:02 B*13:01 B*35:01 C*03:04 C*03:03
Female/56 EDE No No 7 A*02:03 A*02:06 B*38:02 B*51:01 C*07:.02 C*14:02
Female/39 EDE No Penicillin; sulfanilamide 6 A*01:.01 A*02:01 B*46:01 B*57:.01 C*01:02 C*06:02
Male/28 EDE No No 6 A*02:07 A*33:03 B*46:01 B*58:01 C*01:.02 C*03:02
Female/48 EDE No Penicillin 5 A*02:06 A*33:03 B*40:06 B*54:01 C*01:02 C*08:01
Male/28 EDE No No 5 A*02:01 A*33:03 B*15:11 B*44:03 C*03:03 C*14:03
Female/26 EDE No No 7 A*02:07 A*11:01 B*46:01 B*40:01 C*01:.02 C*07:02
Male/41 EDE Cefotiam; ibuprofen No 9 A*02:07 A*11:.01 B*46:01 B*38:02 C*01:02 C*07:02
Female/37 EDE No Penicillin 6 A*02:06 A*26:01 B*39:01 B*58:01 C*03:02 C*03:04
Female/61 EDE No No 7 A*02:01 A*24:.02 B*46:01 B*58:01 C*01:.02 C*03:02
Female/24 EDE Azithromycin No 8 A*02:07 A*24:.02 B*35:01 B*46:01 C*01:.02 C*03:04
Male/33 EDE No No 6 A*02:07 A*33:03 B*46:01 B*51:01 C*01:02 C*03:02
Female/60 EDE Metronidazole; erythromycin ~ No 7 A*02:06 A*24:02 B*15:27 B*39:01 C*04:01 C*07:02
Female/58 EDE No No 8 A*02:07 A*11:01 B*15:02 B*48:01 C*08:01 C*08:01
Female/55 EDE No Sulfanilamide 7 A*11:02 A*68:01 B*27:04 B¥*44:03 C*04:01 C*12:02

EDE, exanthematous drug eruptions; HLA, human leukocyte antigen.
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Table 2 Comparison of human leukocyte antigen class | allele frequencies between the tetanus antitoxin-induced exanthematous drug
eruptions group and the sample (n=283) of the general Han Chinese population from the human major histocompatibility complex
database

Carriers and carrier frequency [n (%)] Dominant model analysis

HLA genotypes Case (n=15) Control (n=283) P P, QOdds ratio (95% CI)
HLA-A

A*02:01 3 (20.0) 28 (9.9) 0.20

A*02:06 4 (26.7) 19 (6.7) 0.02 0.14 5.05 (1.47-17.38)

A*02:07 6 (40.0) 44 (15.5) 0.02 0.14 3.62 (1.23-10.68)

A*24:02 4 (26.7) 89 (31.4) 0.78

A*33:03 4 (26.7) 64 (22.6) 0.75

A*11:01 3 (20.0) 138 (48.8) 0.03 0.21 0.26 (0.07-0.95)

A*02:01/02:06/02:07 13 (86.7) 88 (31.1) 24x10~° 0.00017 14.40 (3.18-65.19)
HLA-B

B*38:02 2 (13.3) 40 (14.1) 1.00

B*51:01 2 (13.3) 26 (9.2) 0.64

B*46:01 7 (46.7) 60 (21.2) 0.05

B*58:01 3 (20.0) 49 (17.3) 0.73

B*44:03 2 (13.3) 9 (3.2) 0.10

B*39:01 2 (13.3) 1 (0.4) 0.0069 0.048 43.38 (3.69-509.85)

B*35:01 2 (13.3) 10 (3.5) 0.12
HLA haplotype

HLA-A*02:07-B*46:01 5 (33.3) 35 (12.4) 0.037 0.074 3.54 (1.14-10.97)

HLA-A*02:06-B*39:01 2 (13.3) 0 (0.0) 0.0024 0.0048 105.00 (4.80-2296.22)
HLA-A serotype

A2 13 (86.7) 137 (48.4) 0.0061 0.024 6.93 (1.564-31.26)

A24 4 (26.7) 95 (33.6) 0.78

A33 4 (26.7) 64 (22.6) 0.75

Atl 3 (20.0) 143 (50.5) 0.03 0.12 0.24 (0.07-0.89)
HLA-C

C*03:04 3 (20.0) 65 (23.0) 1.00

C*03:03 2 (13.3) 23 (8.1) 0.36

C*07:02 4 (26.7) 108 (38.2) 0.43

C*01:02 8 (53.3) 88 (31.1) 0.09

C*03:02 4 (26.7) 48 (17.0) 0.31

C*08:01 2 (13.3) 69 (24.4) 0.53

C*04.01 2 (13.3) 23 (8.1) 0.36

Bold typeface refers to the P-values from Fisher's exact test that showed statistically significant differences in alleles frequencies between groups (P < 0.05, before or after
correction).

Cl, confidence interval; EDE, exanthematous drug eruption; HLA, human leukocyte antigen; TAT, tetanus antitoxin.

P: P-values obtained by Fisher's exact tests are shown.

P.: P-values corrected for the multiplicity of testing by the number of comparison: 7, 7, 2, 4 for HLA-A, HLA-B, HLA haplotype, and HLA serotype, respectively. Those
alleles only detected in one case were excluded from the analysis.

Table 3 Comparison of HLA-A, HLA-B allele frequencies between the tetanus antitoxin-induced exanthematous drug eruptions group and
Han Chinese patients from Huashan Hospital (n=118)

Carriers and carrier frequency [n (%)] Dominant model analysis

HLA alleles Case (n=15) Control (n=118) P P, QOdds ratio (95% CI)
HLA-A

A*02:01/02:06/ 02:07 13 (86.7) 51 (43.2) 0.0018 0.013 8.54 (1.84-39.54)
HLA-B

B*46:01 7 (46.7) 22 (18.6) 0.02 0.14 3.82 (1.25-11.65)
HLA haplotype

A*02:06-B*39:01 2 (13.3) 0 (0.0) 0.012 0.024 43.89 (2.00-962.74)
HLA-A serotype

A2 13 (86.7) 58 (49.2) 0.0061 0.024 6.72 (1.45-31.11)

Bold typeface refers to the P-values from Fisher's exact test that showed statistically significant differences in allele frequencies between groups (P< 0.05, before or after
correction).

Cl, confidence interval; EDE, exanthematous drug eruption; HLA, human leukocyte antigen; TAT, tetanus antitoxin.

P: P-values obtained by Fisher's exact tests are shown.

Pg: P-values corrected for the multiplicity of testing by the number of comparison: 7, 7, 2, 4 for HLA-A, HLA-B, HLA haplotype, and HLA serotype, respectively. Those
alleles only detected in one case were excluded from the analysis.

association with TAT-induced EDE (»=118; OR =6.72; significantly higher than that in the control participants
95% CI. 1.45-31.11; P=0.0061; P.=0.024). The fre- (OR=8.54; 95% CI: 1.84-39.54; P=0.0018; P.=0.013).
quency of three alleles HLA-A*02:01, HLA-A*02:06, and HILA-B*46:01 was associated weakly with the risk of
HILA-A*02:07 in the TAT-induced EDE patients was TAT-induced EDE (OR=3.82; 95% CI: 1.25-11.65;

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.



542 Pharmacogenetics and Genomics 2016, Vol 26 No 12

P=0.02; P.=0.14). The association was not significant
after Bonferroni correction. In addition, the distribution
of HLA haplotypes in the case and control groups was
analyzed. A significant association was found between
the occurrence of TAT-induced EDE and the HLA-
A*02:06-B*39:01 haplotype (OR: 43.89; 95% CI:
2.00-962.74; P=0.012; P.=0.024).

Feature analysis of the risk human leukocyte antigen
alleles for tetanus antitoxin-induced exanthematous
drug eruptions

Amino acid sequence analysis indicated that there were
only three residue variations between the HLA-A*02:03
and the other three HLA-A*02 subtypes (see
Supplementary Table, Supplemental digital content 1,
htp:fllinks.lfow.com/FPC/B75). Residue 149 may interact
with the T cell receptor (T'CR), whereas residues 152
and 156 sit in the center of the binding groove [25]. The
peptide-binding groove of HLA-A*02 is shown in Fig. 1.
We compared the features of alleles with polymorphism.
It was found that the binding groove of HLA-A*02:01 is
mainly positively charged and the residues Ala at position
149 and Val at position 152 are hydrophobic [Fig. 2 (a, ¢)].
In contrast, HLA-A*02:03 has two hydrophilic residues:
Thr at position 149 and Glu at position 152. These two
residues are negatively charged [Fig. 2 (b, d)]. It was
found that the differences in hydrophobicity did not alter
the overall potential distribution of the pockets sig-
nificantly. However, they may alter the specificity of
ligand binding. Moreover, the variation (Trp instead of
Leu at position 156) would alter the shape and
hydrophilicity—hydrophobicity distribution of the pock-
ets. Models of hydrophobic differences of residues and
surfaces between the structure of A*02:01 and A*02:03
were prepared and compared. The residue color corre-
sponds to its hydrophobicity scale (red fading to white

Fig. 1

The pocket model of HLA-A*02. The pocket of HLA-A*02 is shown as
a white outline. HLA, human leukocyte antigen.

indicates scale values changing from high to low) (see
Supplementary Video, Supplemental digital content 2,
hatp:fllinks.kow.com/FPCIB76).

Discussion

In this study, possible HLLA alleles as risk factors for
TAT-induced EDE were examined. The carrier fre-
quency of serotype HLA-AZ, especially the set of three
alleles HLA-A*02:01, HLA-A*02:06, and HLA-A*02:07,
was found to be significantly higher in the patients with
TAT-induced EDE than in the controls. In addition, our
results suggested the haplotype HLA-A*02:06/-B*39:01
as a potential marker for the prediction of TAT-
induced EDE.

Nowadays, the mechanism of TA'T hypersensitivity is still
clusive. The TAT-induced EDE are pharmacologically
classified into type B adverse drug reactions that are less
dependent on dose, unpredictable, and primarily deter-
mined by host genetics [31]. The Gell and Coombs clas-
sification divides drug hypersensitivity into four categories,
known as type I-IV allergies [32]. As horse serum is a
strong allergen for xenogeneic animals, it can stimulate
interleukin-4 and total immunoglobulin E (IgE) secretion
[33]. Both of these play a role in type I allergies, such as
acute shock and urticarial [34-36]. Antigen-specific IgE
binds to high-affinity Fc-IgE receptors on mast cells and
basophils. The cross-linking of these receptors leads to the
release of various mediators, eliciting several symptoms
[37]. In the delayed drug hypersensitivity reactions, drug-
specific CD4+ and CD8+ T cells recognize antigen
through the TCR in an MHC-dependent manner [38]. It is
still unknown whether peptides of the horse serum or their
metabolites bind to the TCR directly. However, it has
been suggested that an additional interaction of the TCR
with the MHC molecules (HLA in human) is needed.

Several studies have shown that there are strong associations
between HILA allotypes and adverse drug events [39-41].
HILA-B*#15:02 and HL.A-B*57:01 were recommended by the
US Food and Drug Administration (#p.//www.fda.goo/Drugs/
ScienceResearch/ResearchAreas/Pharmacogenetics(ucm083378.htm)
as risk factors for carbamazepine-induced Stevens—Johnson
syndrome (SJS)/TEN and abacavir-induced hypersensitiv-
ity, respectively. During the past decade, some HLA-drug
associations have been reported in Han Chinese. For
example, associations between HLA-B*58:01 and allopurinol
induced cADRs, including SJS/TEN and drug-induced
hypersensitivity/drug reaction with cosinophilia and sys-
temic symptoms [42], HLLA-B*[3:01 and salazosulfapyridine
induced drug rash [43], and HLA-B*59:01 and methazola-
mide induced hypersensitivity syndrome [44].

Although many cases of TAT or other serum-derived
products-induced cADRs have been reported, the role of
HI.A was not assessed in these reports. To the best of our
knowledge, this study carried out high-resolution HLLA gen-
otyping in the TAT-induced EDE patients for the first time.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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Fig. 2
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The comparison of binding sites between HLA-A*02:03 and A*02:01. HLA-A*02:01 residues A149,V152, and L156 (stick) are located on the side
of the binding cleft [structure cartoon (a)]; V152 and L156 are sitting in the center of the binding groove; refer to Chelvanayagam et al. [30] [shown in
the surface map (c)]. The HLA-A*02:03 residue variations T149, E162, and W156 (stick) with the same side-chain orientation of HLA-A*0201
residues are shown in the binding pocket [structure cartoon (b), surface map (d)]. HLA, human leukocyte antigen.

We found that three alleles of HLA-A*02, including HLA-
A*02:01, HLA-A*02:06, and HLA-A*02:07, were significantly
enriched in the TAT-induced EDE patients. However, the
most common allele HLA-A*02:03 was rare in the TAT-
induced EDE patients. These allelic variants were detected
by sequencing exons 2 and 3 of the A*02 genes, which
contain the majority of genetic polymorphism. As these exons
encode the a-1 and a-2 domains of the MHC class I mole-
cules, which form the o-helices and p-pleated sheet around
the peptide-binding groove [45], the variations within the
genes may influence the antigen presentation and peptide-
binding specificity of the gene products of each allele [46]. Tt
has been reported previously that different A*02 variants
elicited different 'T" cell response [47-50].

The mechanism of how TAT interacts with HLA-A*02
alleles remains unknown. A previous report showed that
abacavir binds with specificity to the C-F pockets of

HI.A-B*57:01 as an altered repertoire of peptides that can
bind HLA-B*57:01 [51]. Further characterization of HLA-
A*02 alleles identified six pockets (A-F) in the groove.
Residue 152 sits on the surface of pocket D, whereas
residue 156 is located on the surface of pocket E, which is
adjacent to pocket D and between the side-chain of
residue 152. The conformational binding of peptides was
provided by A and F pockets [52], whereas the specificity
of peptide-binding was imparted by pockets B-E and to
some extent F [53]. A*02:03 contains two amino acid var-
iations compared with A*02:01 in the pocket D and pocket
E (Glu instead of Val at position 152, Trp instead of Leu at
position 156). These variations, especially the latter one,
might alter the space and physical characteristics of pockets
D and E, and affect the amino acid residues to which they
may effectively bind. The same difference was found
between HILA-B*15:02 (L.eu at position 156), which is
strongly associated with carbamazepine-induced SJS/TEN
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in the Asian populations [40], and the closely related allele
HIA-B*15:01 (Trp at position 156) (see Supplementary
Table, Supplemental digital content 3, Azp://links.lww.com/
FPC/B77). It has been reported that the presence of T'rp at
position 156 closes the D pocket that could impede the
docked conformation of carbamazepine sterically [51,54]
(see figure S4, which refers to Illing ez /. [51]). This sub-
stitution has a significant influence on the peptide-binding
ability of different HL.A molecules because Trp has a much
larger side chain than Leu, which would take up more
space in the pocket, and thus the space left would only
accommodate small residues of the bound peptide (see
Fig. 1, which refers to Bade-Doeding e# 4/. [55]). Further
studies should be designed to determine whether TAT
interacts directly with HLA-A*02:01/02:06/02:07 to trigger
immunological reactions and whether any specific peptides
are involved in the interaction.

A significant association was also found between HILA-
A*02:06/-B*39:01 and the TAT-induced EDE. HLA-
A*02:06/-B*39:01 was a rare haplotype and observed in
only 32 patients out of all the 12212 patients from
dbMHC. Most of the carriers were from South-East Asia.
Several haplotypes have been reported to be associated
with drug-induced cADRs in previous studies. HLA-
A*24:01/-B*59:01/-C*%01:02 and HI.A-A*02:01/-B*15:18]-
C*07:04 haplotypes were reported with carbamazepine-
induced cADRs in Japanese patients; the former was found
in two patients, whereas the latter was found in only one
patient [56]. Moreover, HLA-A*02:01:01]-B*35:01:01/-
(*04:01:01 was reported to be associated with lamotrigine-
induced maculopapular exanthema in Mexican Mestizo
patients [57].

The pathogenesis of the TAT-induced EDE should be
multifactorial. The EDE are caused by vascular dilatation
and leakage of fluid into the skin in response to several
molecules. In addition to the immunological mediators of
EDE including antibodies and T cells that result in mast
cell actvation, other risk factors including membrane
receptors involved in the innate immunity, such as toll-like
receptors and cytokine/chemokine, or direct toxicity of
xenobiotics are also possibly associated with EDE [58,59].

As reported previously, ethnicity might play an important
role in the associations between HLA allotypes and
adverse drug reactions. For example, HLA-B*15:02 is
associated strongly with the carbamazepine-induced SJS
in Southeast Asian patients, but not in Caucasian and
Japanese patients [40,60-62]. Therefore, a study with a
larger sample size is required to clarify whether the
findings of this study can be applied to other ethnic
groups.

There are several limitations to our study. One limitation is
that most patients in our case group were women. If the HIL.A-
A*02 frequencies of female and male patients are different, it
may be possible that HLLA-A*02 is associated with female sex
rather than TAT-induced EDE. Nevertheless, we would not

expect HLA differences between women and men. However,
all the male patients in our study carried HLA-A*02. Another
major limitation in our study is the small sample size. We
could not eliminate the possibility that the association
observed is a false-positive result.

Despite these limitations, we found statistically sig-
nificant differences in the frequencies of the HLA-A*02
alleles and the HLA-A*02:06/-B*39:01 haplotype
between the patients and the general population. It is
noteworthy that these alleles are sufficient but not
necessary to trigger TAT-induced EDE because there
were also two case patients who did not carry these
alleles, which indicates that those patients can develop
TAT-induced EDE through other factors. However,
these results may be combined with additional data to
account for ancestry and other polymorphic genes
involved in the immune response of TAT, possibly
providing a more predictive model in the future.

Conclusion

To the best of our knowledge, this is the first report
specifically testing the associations between HLA alleles
and the TAT-induced EDE in Han Chinese population.
Carriers of the HLA-A%02 serotype (especially for alleles
HILA-A*02:01, HLA-A*02:06, and HLA-A*02:07) were
found to be the high-risk groups for the TAT-induced
EDE. This is also the first report of this serotype being
associated with a horse serum-derived-product-induced
cADRs in any population. Furthermore, the haplotype
HILA-A*02:06/-B*39:01 appears to be a genetic risk factor
for the TAT-induced EDE in Han Chinese patients.

To an extent, these alleles might serve as markers for the
prediction of the TAT-induced EDE in Han Chinese
individuals before the initiation of TAT to reduce
adverse reaction risks. Our study suggests that suscep-
tible populations who carry these alleles should use
alternative therapies such as TIG (H) or take anti-
histamines as a preventive measure. Notably, studies
with larger sample sizes or patients of different ethni-
cities are required in the future.
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