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Association of Human Leukocyte Antigen 
Alleles with Carbamazepine- or Lamotrigine-
Induced Stevens-Johnson Syndrome and Toxic 
Epidermal Necrolysis in an Iranian Population: 
A Case-control Study

Abstract
Background: Genetic diversity in human leukocyte antigen 
(HLA) alleles across populations is a significant risk factor for 
drug-induced severe cutaneous adverse reactions (SCARs), e.g., 
carbamazepine (CBZ)- and lamotrigine (LTG)-induced Stevens-
Johnson syndrome (SJS), and toxic epidermal necrolysis (TEN). 
The present study aimed to investigate the frequency of different 
HLA alleles in Iranian patients with CBZ- and LTG-induced 
SJS/TEN.
Methods: A case-control study was conducted from 2011 to 
2018 at various hospitals affiliated with Shiraz University of 
Medical Sciences (Shiraz, Iran). A total of 31 patients receiving 
anticonvulsant drugs (CZB or LTG) were recruited and divided 
into two groups. The drug-induced group (n=14) included 
hospitalized patients due to CBZ- or LTG-induced SJS/TEN. 
The drug-tolerant group (n=17) included individuals receiving 
CBZ or LTG for at least three months with no adverse effects. In 
addition, 46 healthy individuals (control group) were recruited. 
The frequency of HLA-A, -B, and -DRB1 alleles in patients 
with CZB- or LTG-induced SJS/TEN was investigated. HLA 
typing was performed using the allele-specific polymerase chain 
reaction method. The Chi square test and Fisher’s exact test were 
used to determine a potential association between SJS/TEN and 
HLA alleles. P<0.05 was considered statistically significant.
Results: CBZ- or LTG-induced SJS/TEN was not significantly 
associated with HLA alleles. However, HLA-DRB1*01 showed 
a significantly higher frequency in patients with CBZ-induced 
SJS/TEN than the CBZ-tolerant patients (30% vs. 9%, P=0.07). 
Conclusion: Overall, no significant association was found between 
CBZ- or LTG-induced SJS/TEN and HLA alleles. Further large-
scale studies are required to substantiate our findings.
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What’s Known

• HLA alleles play a key role in drug-
induced severe cutaneous adverse 
reactions (SCARs). An association 
between HLA-B*1502 and carbamazepine 
(CBZ)/lamotrigine (LTG)-induced Stevens-
Johnson syndrome/toxic epidermal 
necrosis (SJS/TEN) was reported. 
• There are conflicting results on the 
association between HLA alleles and 
anti-epileptic drug-induced SCARs in the 
Iranian population. 

What’s New

• No association was found between 
the HLA-B*1502 allele and CBZ/LTG-
induced SJS/TEN in an Iranian population. 
• The main strength of this study is that it 
compares various HLA allele data from drug-
induced SJS/TEN patients with both drug-
tolerant patients and a normal population.

Original Article
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(TEN) are types of severe cutaneous adverse 
reactions (SCARs) involving the skin, oro-
genital, and ocular mucosa. SJS and TEN, with 
a mortality rate of 3% and 27%, respectively, 
are characterized by erythematous or dusky 
red patches, atypical targetoid lesions, bullae, 
erosions, and skin detachment after using 
certain medications.1 Anticonvulsant drugs 
are the most common cause of drug-induced 
adverse reactions, accounting for 10% to 30% 
of all reported cases. Carbamazepine (CBZ) is 
an effective drug in the treatment of epilepsy, 
neuralgia, and bipolar disorders. Lamotrigine 
(LTG), phenytoin, phenobarbital, nonsteroidal 
anti-inflammatory drugs, and allopurinol are 
considered the main drugs with possible adverse 
reactions.2, 3

While the pathogenesis of SJS/TEN needs 
further clarification, genetic factors including 
drug metabolism pathways and immune system 
properties are considered the main etiologic 
factors to cause SJS/TEN.4 The first report 
on the association between SJS/TEN and 
immune-related factors was published in 1987, 
introducing specific human leukocyte antigen 
(HLA) molecules associated with oxicam- 
and sulfonamide-induced TEN in a European 
population.5 Subsequently, several HLA alleles 
and genetic polymorphisms of the cytochrome 
P450 2C subfamily were found associated with 
drug-induced SJS/TEN.6, 7 From an immunological 
perspective, drug-induced SJS/TEN can be 
categorized as a delayed-type hypersensitivity 
(DTH) reaction. The presentation of drug-peptide 
complexes by the major histocompatibility 
complex (MHC) and subsequent recognition of 
these complexes by T cells leads to a cascade 
of immune activation of cytotoxic T cells as well 
as natural killer cells and cytokine production.4, 8

HLA proteins are highly polymorphic 
molecules and important factors in antigen-
specific immune activation. Different HLA 
alleles bind to different peptides, resulting in 
the activation of different T cell clones.9 Due 
to the genetic diversity in HLA frequencies 
across populations and ethnicities and the role 
of HLA molecules in trigging drug-induced 
SJS/TEN, the association of HLA alleles with 
drug-induced SJS/TEN was investigated in 
several populations.10 In the case of CBZ, a 
strong association between the HLA-B*1502 
allele and CBZ-induced SJS was reported in 
the Han Chinese population.11 However, studies 
conducted among Caucasians did not show 
such a correlation, indicating the important 
role of ethnicity in genetic predisposition.12 
The incidence of CBZ-induced epidermal toxic 
necrolysis and SJS in several Asian countries 

was reported to be ten times higher than that in 
the European countries and the United States.13 
On the other hand, HLA alleles such as HLA-
B*4001, HLA-B*4601, and HLA-B*5801 were 
shown to have a protective role against CBZ-
induced SJS/TEN. In terms of LTG-induced 
SJS/TEN, HLA-B*1502 and HLA-A*2402 were 
reported to have the strongest association in 
different populations.14 

Given the importance of HLA molecules 
in SJS/TEN and the strong effect of ethnicity 
on HLA polymorphism, this study aimed to 
investigate the frequency of HLA-A, -B, and 
-DRB1 alleles with CBZ- and LTG-induced SJS/
TEN in Iranian patients of Persian ethnicity. 

Patients and Methods

A case-control study was conducted from 2011 
to 2018 at various hospitals affiliated with Shiraz 
University of Medical Sciences (Shiraz, Iran). 
A total of 31 patients receiving anticonvulsant 
drugs were recruited and divided into two 
groups, namely the drug-induced group (n=14) 
and the drug-tolerant group (n=17). The drug-
induced group included patients hospitalized 
due to CBZ-induced SJS/TEN (n=10) or LTG-
induced SJS/TEN (n=4). The drug-tolerant 
group included individuals receiving CBZ (n=11) 
or LTG (n=6) for at least three months without 
adverse effects. Individuals in the drug-tolerant 
group were selected among those treated at the 
Epilepsy Clinic affiliated with Shiraz University 
of Medical Sciences (Shiraz, Iran). In addition, 
based on HLA genotyping data, 46 healthy 
individuals (control group) were recruited among 
those who attended Fars Blood Transfusion 
Organization (Shiraz, Iran). All participants in the 
treated groups were sex and drug matched and 
were from the same geographical region and 
ethnicity. 

SJS/TEN was diagnosed by a dermatologist, 
primarily based on clinical features and 
pathology reports (if indicated). The main 
clinical criterion for SJS and TEN was the 
involvement of <10% and >30% of the body 
surface area, respectively.1 Patients taking 
other medications in addition to CBZ or LTG 
were excluded from the study. Peripheral blood 
samples (3 mL) of all participants were collected 
in ethylenediaminetetraacetic acid (EDTA) tubes 
and stored for further use.

The study was approved by the Ethics 
Committee of Shiraz University of Medical 
Sciences (code: IR.SUMS.REC.1394.S355). 
Written informed consent was obtained from 
the participants, and voluntary participation was 
emphasized. 
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HLA Typing 
Genomic DNA was extracted from blood 

samples using a commercial DNA extraction kit 
(Genet Bio, Nonsan, South Korea) according to 
the manufacturer’s instructions. HLA-A, -B, and 
-DRB1 were genotyped using the allele-specific 
polymerase chain reaction (PCR-SSP) method. 
To this end, low-resolution commercial kits 
with pre-designed primers were used (Texas 
BioGene, Texas, USA). The PCR procedures 
were performed according to the manufacturer’s 
recommendations. PCR products were 
electrophoresed on 2% agarose gel and 
visualized under ultraviolet light. Genotypes 
were determined by an expert in HLA typing 
based on visualized patterns according to the 
manufacturer’s instructions. 

Statistical Analysis
Data were analyzed using SPSS software, 

version 22.0 (SPSS Inc., Chicago, IL, USA). 
The Chi square test and Fisher’s exact test 
were used to determine a potential association 
between SJS/TEN and HLA alleles. P<0.05 was 
considered statistically significant.

Results

The mean age of the patients in the drug-induced 
and drug-tolerant groups was 23.6±16.2 and 

24.4±17.9 years, respectively. The participants 
in these groups were of Persian ethnic origin 
and consisted of 16 women and 15 men. All 
patients suffered from epilepsy except for one 
patient who was diagnosed with post-herpetic 
neuralgia. 

The frequency of HLA alleles was initially 
analyzed in CBZ-induced SJS/TEN and CBZ-
tolerant patients. There was no statistically 
significant association between CBZ-induced 
SJS/TEN and HLA alleles. However, HLA-
DRB1*01 showed a significantly higher 
frequency in patients with CBZ-induced SJS/
TEN compared to CBZ-tolerant patients (30% vs. 
9%, P=0.07). Similarly, no significant association 
was found between LTG-induced SJS/TEN and 
other HLA alleles. 

Due to the low number of patients receiving 
LTG, we only analyzed the frequencies of HLA 
alleles in CBZ-induced SJS/TEN patients. The 
frequency of HLA-B, -DRB1, and -A in both 
drug-induced and drug-tolerant groups are 
presented in tables 1, 2, and 3, respectively. 
Briefly, no significant association was found 
between CBZ- or LTG-induced SJS/TEN and 
any of the investigated HLA alleles. Indeed, 
some of the alleles such as HLA-A*11, HLA-
A*32, HLA-B*08, HLA-B*14, HLA-B*15, HLA-
B*40, HLA-DRB1*01, and HLA-DRB1*16 were 
more frequent in the drug-induced group than 

Table 1: The frequency of HLA-B alleles in the drug-induced and drug-tolerant groups
HLA-B alleles CBZ- or LTG-induced SJS/TEN (n, %)

(N=28)
CBZ- or LTG-tolerant (n, %)
(N=34)

P value Control group (n, %)
(N=92)

07 0 (0) 1 (2.9) >0.999 3 (3.26)
08 2 (7.1) 0 (0) 0.38 4 (4.34)
13 0 (0) 0 (0) - 3 (3.26)
14 2 (7.1) 0 (0) 0.38 2 (2.17)
15 2 (7.1) 0 (0) 0.38 3 (3.26)
18 0 (0) 2 (5.9) 0.56 8 (8.69)
27 0 (0) 0 (0) - 1 (1.08)
35 3 (10.7) 10 (29.4) 0.14 21 (22.82)
38 2 (7.1) 2 (5.9) >0.999 3 (3.26)
39 0 (0) 0 (0) - 2 (2.17)
40 3 (10.7) 0 (0) 0.17 2 (2.17)
41 0 (0) 4 (11.8) 0.22 5 (5.43)
42 0 (0) 0 (0) - 1 (1.08)
44 2 (7.1) 1 (2.9) 0.86 1 (1.08)
45 0 (0) 0 (0) - 2 (2.17)
49 0 (0) 0 (0) - 2 (2.17)
50 1 (3.6) 2 (5.9) >0.999 1 (1.08)
51 7 (25) 5 (14.7) 0.48 14 (15.21)
52 0 (0) 5 (14.7) 0.15 9 (9.78)
53 1 (3.6) 0 (0) 0.92 0 (0)
55 1 (3.6) 0 (0) 0.92 0 (0)
57 0 (0) 0 (0) - 1 (1.08)
58 0 (0) 1 (2.9) 0.38 4 (4.34)
73 2 (7.1) 1 (2.9) 0.86 0 (0)
HLA: Human leukocyte antigens; CBZ: Carbamazepine; LTG: Lamotrigine; SJS: Stevens-Johnson syndrome; TEN: Toxic 
epidermal necrolysis
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the drug-tolerant group (A*11: 14.2% vs. 5.8, 
A*32: 14.2% vs. 5.8%, B*08: 7.1% vs. 0%, B*14: 
7.1% vs. 0%, B*15: 7.1% vs. 0%, B*40: 10.7% 
vs. 0%, DRB1*01: 21% vs. 8.8%, and DRB1*16: 
14.2% vs. 2.9%). However, none of these were 
statistically significant.

Discussion

The results of the present study showed no 
significant association between HLA alleles and 
the risk of developing SJS/TEN following CBZ 
or LTG use. However, there was a marginal 
association between HLA-DRB1*01 and CBZ 
use (P=0.07). Moreover, the frequency of some 
of the HLA alleles was higher in the drug-induced 
group than the drug-tolerant group. 

In the case of CBZ, several studies 

investigated different HLA alleles in different 
populations. The most known HLA allele 
associated with CBZ-induced SJS/TEN is 
HLA-B*1502. This allele was reported to be 
strongly associated with CBZ-induced SJS/
TEN in Chinese, Korean, Japanese, and Indian 
populations.15-18 Based on the reported data 
on CBZ use, the United States Food and Drug 
Administration recommended genotyping all 
Asians for the HLA-B*1502 allele.19 A previous 
study reported that HLA-B*1502 has the 
potential for strong binding affinity to CBZ and 
that CBZ could bind to this HLA allele without 
any intracellular processes.20 However, some 
other studies reported no association between 
CBZ-induced SJS/TEN and HLA-B*1502 in a 
Caucasian population.12 A recent study on an 
Iranian population have shown that, compared 

Table 2: The frequency of HLA-DRB1 alleles in the drug-induced and drug-tolerant groups
HLA-DRB1 alleles CBZ- or LTG-induced 

SJS/TEN (n, %)
(N=28)

CBZ- or LTG-
tolerant (n, %)
(N=34)

P value Control group (n, %)
(N=92)

01 6 (21) 3 (8.8) 0.29 6 (6.52)
03 2 (7.1) 4 (11.7) 0.85 12 (13.04)
04 2 (7.1) 4 (11.7) 0.85 6 (6.52)
07 3 (10.7) 2 (5.8) 0.82 6 (6.52)
08 1 (3.5) 0 (0) 0.92 1 (1.08)
09 0 (0) 0 (0) - 0 (0)
10 0 (0) 1 (2.9) 0.38 0 (0)
11 5 (17.8) 7 (20.5) >0.999 25 (27.17)
12 0 (0) 1 (2.9) 0.38 0(0)
13 1 (3.5) 1 (2.9) >0.999 5 (5.43)
14 2 (7.1) 2 (5.8) >0.999 5 (5.43)
15 2 (7.1) 8 (23.5) 0.16 16 (17.39
16 4 (14.2) 1 (2.9) 0.24 9 (9.78)
HLA: Human leukocyte antigens; CBZ: Carbamazepine; LTG: Lamotrigine; SJS: Stevens-Johnson syndrome; TEN: Toxic 
epidermal necrolysis

Table 3: The frequency of HLA-A alleles in the drug-induced and drug-tolerant groups
HLA-A alleles CBZ- or LTG-induced 

SJS/TEN (n, %)
(N=28)

CBZ- or LTG-
tolerant (n, %)
(N=34)

P value Control group (n, %)
(N=92)

01 3 (10.7) 4 (11.7) >0.999 12 (13.04)
02 4 (14.2) 7(20.5) 0.75 14 (15.21)
03 3 (10.7) 4(11.7) >0.999 9 (9.78)
11 4 (14.2) 2 (5.8) 0.49 7 (7.60)
16 1 (3.5) 0 (0) 0.92 0 (0)
23 0 (0) 0 (0) - 1 (1.08)
24 3 (10.7) 6 (17.6) 0.68 1 (1.08)
26 2 (7.1) 3 (8.8) >0.999 4 (4.34)
29 0 (0) 0 (0) - 5 (5.43)
30 0 (0) 0 (0) - 5 (5.43)
31 0 (0) 0 (0) - 2 (2.17)
32 4 (14.2) 2 (5.8) 0.49 6 (6.52)
33 1 (3.5) 1 (2.9) - 4 (4.34)
66 1 (3.5) 1 (2.9) - 1 (1.08)
68 2 (7.1) 4 (11.7) 0.58 5 (5.43)
HLA: Human leukocyte antigens; CBZ: Carbamazepine; LTG: Lamotrigine; SJS: Stevens-Johnson syndrome; TEN: Toxic 
epidermal necrolysis
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to phenytoin-induced SJS/TEN, the risk of LTG-
induced SJS/TEN was significantly higher in 
patients with HLA-B*1502 (8 vs. 28 patients, 
respectively).21 Another study reported no 
association between HLA-B*1502 and severe 
anticonvulsant drug-induced skin reactions in 
Iranian children.22 The results of these studies 
in Iran are in line with our results showing no 
significant association with HLA-B*15. This 
could be due to the low frequency of HLA-
B*15 and HLA-B*1502 in the Iranian normal 
population as reported in our study (3.3%) and 
another study (0%).23

Considerable heterogeneities in the 
association between HLA alleles and CBZ-
induced SJS/TEN are reported in the literature. 
A systematic review investigating CBZ-related 
hypersensitivity showed that HLA-B*1502 and 
HLA-B*1511 are the main alleles associated with 
a severe form of CBZ-induced hypersensitivity 
in an Asian population. However, in the same 
population, HLA-A*2402 was introduced as a 
protective allele. Besides, HLA-A*3101 was 
reported as the most frequent risk factor in all 
populations.24 Another study conducted in Iran 
reported the association of HLA-A*0201, HLA-
A*2402, and HLA-B*5101 with an increased risk 
of developing SJS. However, this study only 
compared the frequency of HLA alleles in SJS 
pediatric patients and healthy individuals but did 
not include drug-tolerant patients.23

In our study, the only allele that was 
marginally associated with CBZ was HLA-
DRB1*01 (P=0.07). Although most studies 
investigated HLA class I in association with 
CBZ-induced SJS/TEN, few examined HLA 
class II. In one of these studies, carried out in 
Italy, DRB1*1502 and DRB1*1302 alleles were 
reported at significantly increased frequency in 
CBZ-induced SJS/TEN patients.25 A study on 
a Japanese population, however, showed no 
association between SJS and any of the HLA-
DRB1 alleles.15 

In the case of LTG-induced SJS/TEN, 
despite the very small sample size, we found 
no association with any of the investigated 
HLA alleles (data not shown). We even found 
no association when both LTG- and CBZ-
induced SJS/TEN were considered as a group. 
In a meta-analysis study of Asian populations, 
HLA-B*1502 was suggested as a risk factor 
for LTG-induced SJS/TEN in a Chinese 
population, and HLA-A*2402 was associated 
with the susceptibility to SJS/TEN. Reportedly, 
HLA-A*3303 is a protective allele against LTG-
induced hypersensitivity in Chinese and Korean 
populations.10 

Our results showed that CBZ- or LTG-induced 

SJS/TEN in an ethnic Persian population 
was not significantly associated with HLA 
alleles. However, given the different ethnicities 
in Iran, large-scale multicenter studies are 
recommended to obtain a comprehensive set of 
results. In addition, more accurate results can be 
achieved using high-resolution HLA genotyping. 

Conclusion

Overall, no significant association was found 
between carbamazepine- or lamotrigine-
induced SJS/TEN and HLA alleles. Further 
large-scale studies are required to substantiate 
our findings.
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