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Stevens-Johnson syndrome (SJS) produces a severe hypersensitivity reaction caused by
Herpes simplex virus or mycoplasma infection, vaccination, systemic disease, or other
agents. Several studies have investigated the genetic susceptibility involved in SJS. To pro-
vide further genetic insights into the pathogenesis of SJS, this study prioritized high-im-
pact, SJS-associated pathogenic variants through integrating bicinformatic and population
genetic data. First, we identified SJS-associated single nucleotide polymorphisms from the
genome-wide association studies catalog, followed by genome annotation with HaploReg
and variant validation with Ensembl. Subsequently, expression quantitative trait locus
(eQTL) from GTEx identified human genetic variants with differential gene expression
across human tissues. Qur results indicate that two variants, namely rs2074494 and
rs5010528, which are encoded by the HLA-C gene, were found to be differentially ex-
pressed in skin. The allele frequencies for rs2074494 and rs5010528 also appear to signifi-
cantly differ across continents. We highlight the utility of these population-specific HLA-C
genetic variants for genetic association studies, and aid in early prognosis and disease
treatment of SJS.

Keywords: bioinformatics, genetic variation, genomic, pathogenic variants, Stevens-John-
son syndrome

Introduction

Stevens-Johnson syndrome (S]S) and toxic epidermal necrolysis (TEN) are potentially
life-threatening diseases [1]. In particular, SJS is a syndrome resulting from severe hyper-
sensitivity reactions caused by infection with the herpes simplex or mycoplasma viruses,
vaccinations, systemic diseases, certain agents, food, and drugs [2]. SJS occurs in the skin
and mucous membranes in the orifices and eyes in mild to severe conditions, with abnor-
malities in the skin in the form of an erythema, vesicles, or bullae accompanied by purpu-
ra[3].

SJS/TEN is widespread in the mucocutaneous immune region, causing exfoliation of
the skin on the mucosal surface [4]. The incidence of §JS, SJS/TEN, and TEN in the
United States reported 9.2, 1.6, and 1.9 cases from 2009-2012 [5]. The incidence of SJS

cases that occur in Indonesia is around 12 cases per year, with different causes [6]. The
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incidence in the United Kingdom from 1995-2013 there were
5.76 cases of SJS/TEN per million people per year [ 7]. In Korea, it
is reported that the incidence rate of SJS/TEN from 2009-2013
was 3.96-5.03 and 0.94-1.45 per million people per year [8].
Events caused by SJS, SJS-TEN, and TEN have an average of 5.3,
0.8, and 0.4 cases per million children each year [9]. The mortality
rate of 4.8-9% in SJS, 19.4-29% in the SJS/TEN case, and 14.8—
48% in TEN [10]. SJS can appear with non-specific fever symp-
toms that cause malaise, headache, cough, and rhinorrhea. On the
skin, patients suffering from SJS can have polymorphic lesions and
mucous membranes with marked skin blisters and erosion [11].
Therefore, primary prevention is the best mitigation for SJS. SJS
is categorized as a severe cutaneous adverse reaction (SCAR), and
several drugs have been implicated in disease pathogenesis.
Non-steroidal anti-inflammatory drugs and other multi-ingredient
formulations are widely used to relieve the symptoms. Several
studies are reporting adverse skin drug reactions that are often
SJS-associated with severe ocular complications [12]. Prevention
is possible if patients who are susceptible to this SCAR when pre-
scribed certain drugs are identified. Besides, the genomic variants
are known to have an important role in SJS progression. However,
little information revealed the specific variant as a biological risk
gene in SJS. A previous study revealed associated variants in SJS
progression (rs2844665, rs3815087, rs3130931, rs3130501,
rs3094188, and rs9469003). In allopurinol-induced SJS and TEN,
159469003 can detect an effect similar to that seen with an allele
frequency risk of 15% and an associated risk of 99% [13]. Even
though several studies have been exploited previously, a limited
number of variants summarized the variants associated with ex-
pression in tissue-related SJS. This study aims to investigate the
variants associated with SJS through a bioinformatic-based ap-
proach and further prioritize the biological risk variants. Besides,
the pattern of gene expression profiles and population allele fre-
quencies of genetic variants were assessed using various databases.
Here, The results will enable future studies to assess whether these
variants may be associated with various infectious risks for SJS/

TEN, as well as SJS progression and disease susceptibility.

Methods

Genomic information not only can be leveraged to identify the
variant-associated disease, but it can also be translated into action-
able knowledge for the disease. SJS is one of the severe skin reac-
tion due to genomic risk factors. In this study, we used a bioinfor-
matic-based approach to prioritize the pathogenic variants that po-
tentially trigger the SJS. Detailed information regarding the study
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design has been depicted in Fig. 1. We used the keyword "Ste-
vens-Johnson syndrome (SJS)" to derive SJS associated from the
genome-wide association studies (GWAS) National Human Ge-
nome Research Institute (NHGRI) Catalog database http://www.
ebi.ac.uk/gwas (accessed December 19, 2022). SJS associated
with 74 single nucleotide polymorphisms (SNPs) were obtained
and further analysis was carried out using HaploReg (version 4.1).
Further analysis yielded a total of 41 SNPs with a significance val-
ue of p-value < 10”. This value is used to account for several tests
in the GWAS catalog. These values are widely used to identify as-
sociations between variants and shared genetic traits with adjacent
gene expression [ 14]. Furthermore, an evaluation was carried out
between the relationships of various genetic variants and gene ex-
pression profiles using expression quantitative trait locus (eQTL)
using the GTEx Portal database http://www.gtexportal.org/
home/ (accessed December 19, 2022), which was found by gene
expression from various networks. The HLA-C (human leukocyte
antigen C) genetic variant is present in human skin and tissue
(lower extremities) exposed to sunlight obtained from the GTEx
Portal database. Then confirm the variant using the Ensembl Ge-
nome Browser https:// www.ensembl.org /index.html (accessed
December 19, 2022). Furthermore, the allele frequencies of vari-
ants associated SJS were evaluated in different populations includ-
ing African, American, East Asian, European, and Southeast Asian
populations. Samples from each region consisted of 331 individu-
als (Africa), 199 individuals (America), 247 individuals (East
Asia), and 136 individuals (Southeast Asia). Then, to find out the
function of the various gene variants, an evaluation was carried out
using the SNP Nexus database https://www.snp-nexus.org (ac-
cessed December 19, 2022).

Results and Discussion

Identification of genomic variants for S§JS
We first identified SNPs associated with SJS from the GWAS data-
base, resulting in 74 SNPs associated with SJS. We identified 41
unique SNPs associated with SJS after removing all SNPs duplica-
tion (Table 1). Based on the number of SNPs obtained, candidate
SNPs were further constrained and prioritized using HaploReg
version 4.1, with a p-value of <10™. Based on the findings present-
ed in Table 2, we focused on two genomic variants from the same
gene that qualify as the biological risk SNPs for SJS from this
study.

Through our integrative bioinformatics approach, two variants
with a missense mutation (rs2074494, rs5010528) that encoded
the HLA-C genes were prioritized as the biological risk SNPs for

https:{/doi.org/10.5808/gi.23010




Genomics & Informatics 2023;21(2):e5 Genomics & INFORMATICS

Step 1| GWAS Catalog
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[ SNPs encoded by the Genes ]
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“Stevens-Johnson syndrome"” ’ [ Allele Frequencies in Multiple Continents ]

Fig. 1. Bioinformatics workflow for the identification of genetic variants associated with Stevens-Johnson syndrome. GWAS, genome-wide
association studies; SNP, single nucleotide polymorphism.
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Tabl? . SNPs from the GWAS catalog with a significance of p-value
<10

Variant and risk allele p-value
16457109 3x 10
157760545 4% 10'°
1535835721 g8x 10"
rs137899365 3x 10"
rs60581484 2% 10"
151131151 4% 10"
152074494 5x 10"
rs4917014 8 x 10"
151562468327 6 x 10
15199755581 7 % 10
rs11509487 1 x 107
rs9469003 2x 107
14471527 2x 107
128381346 5x 107
rs6500265 6 x 107
15199755581 6 x 107
15114908185 7 % 10°
151297852527 9 x 107
rs1371146120 1% 10"
1577491650 1% 10"
rs4471527 1 x 107
1577542827 1% 10"
13130501 2 x 10"
1536142737 2 x 10"
rs16957893 2 x 10"
rs2734583 2 x 107
rs150289893 2 x 10"
151286845082 2 x 107"
rs548089948 2 x 10"
rs3094188 3x 10"
155765602 3x 10"
1577542827 3x 10"
15778096762 3% 107
151597607761 3x 10"
151391213386 3x 10"
rs374138762 4 x 107
1879656274 4 x 107
rs1211926109 4 % 107
rs116953913 5x 10"
151263106470 6 x 107
rs5010528 8 x 10"

SNP, single nucleotide polymorphism; GWAS, genome-wide association
studies.
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SJS. §JS is characterized by necrosis and shedding of the epider-
mis, known as the triad of disorders of the vesiculobullous skin,
orifice mucosa, and eyes, accompanied by severe general symp-
toms [6]. It was also reported that the HLA-C gene has an import-
ant role in protecting against cancer and viruses. However, the
HLA-C gene may also be involved in allograft rejection, the state of
preeclampsia, and is also present in autoimmune diseases [15].
The diagnosis of SJS/TEN is a blistering autoimmune disease.
which is included in linear IgA dermatosis and paraneoplastic
pemphigus but is also present in pemphigus vulgaris and bullous
pemphigoid, acute generalized exanthematous pustulosis, and lat-
er disseminated drug persistently erupting bullosa and staphylo-
coccal scalded skin syndrome (SSSS) [16].

HLA-C gene expression across 16 human tissues

To evaluate HLA-C gene expression in human tissues, we used the
GTEx Portal database (http://www.gtexportal.org/), which con-
tains gene expression levels in various tissues. eQTL annotation
comprises the most apparent functional consequences of genetic
variation. Whole blood, spleen, lung, and lymphocyte cells
demonstrate the highest HLA-C gene expression across the 16 hu-
man tissues analyzed from GTEx in Fig. 2. Furthermore, we have
found that the ID SNPs rs2074494 and rs5010528 have similar
gene expression variation in the Sun-Exposed Skin (Lower Leg).
S§JS is acute and can cause death occurs, therefore this disease isan
emergency disease on the skin [16]. One Sun-Exposed Skin that is
often exposed is exposure to ultraviolet radiation (UVR). In gen-
eral, exposure to UVR has been reported as a risk factor for SJS
and TEN [17].

HLA-C gene expression ig the sun-exposed skin
Human leukocyte antigen a_LA) class I genes, including HLA-A,
HLA-B, and HLA-C, have been reported as the loci most strongly
associated with susceptibility to all types of S§JS and TEN, includ-
ing cold medicine-related (CM-SJS) and TEN with severe ocular
complications (SOC). Although non-synonymous substitutions
affecting peptide binding or HLA molecular conformation have
been considered significant factors in the pathogenesis of immu-
nological diseases, indeed, different HLA-C expression levels have
been reported for the different alleles, with higher HLA-C expres-
sion leading to increased Te (Trypanosoma cruzi) responses and
adverse effects in Crohn's disease. It was also reported that genetic
variation in HLA-A and other autosomal genes has been identified
as a risk factor for SJS/TEN associated with flu drugs with SOC
such as CM-SJS or TEN with SOC [18].

When individuals with a genetic background containing SJS/

https:{/doi.org/10.5808/gi.23010
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Table 2. Stevens-Johnson syndrome variant and risk allele that codes for prioritized SNPs

Variant and risk allele Variants near risk allele (r* > 0.8) p-value Gencode Allele type
152074494 151050276 5x 10" HIA-C Missense
rsb010528 rs1050409 8 x 10° HLA-C Missense
SNP, single nucleotide polymorphism.
Bulk tissue gene expression for HLA-C (ENSGO00D0204525.16)
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Fig. 2. HLA-C gene expression-associated with Stevens-Johnson syndrome in several human tissues from the GTEx Portal.

TEN with SOC susceptibility factors are infected by some viral or
microbial infection, they develop abnormal immune responses
[19]. It is reasonable to presume that there is an interaction be-
tween HLA multiplication and susceptibility genes such as HLA-A
and TLR3 [20], HLA-A and REC14-32, and HLA-A and PTGER3
[21]. Several susceptibility genes for SJS/TEN CM associated
with SOC may be involved in the formation of functional net-
works. An imbalance in this gene can trigger the mucocutaneous
inflammation seen in patients with SJS/TEN associated with CM
with SOC. SJS/TEN with SOC in the acute stage shows inflam-
mation of the skin and ocular surface and oral mucosal erosions

and paronychia [12].

Relationship between HLA-C gene and eQTLs from the
GTEx database

Gene expression of §JS in human tissue was evaluated via the
GTEx Portal database. This aims to determine the gene expression
level in various tissues including in the skin tissue. We identified
genomic variations from HLA-C gene expression using the GWAS
catalog database and found 74 SNPs. From these analyses, we de-
termined top 10 SNPs with the highest p-values. We were further

https:f/doi.org/10.5808/gi.23010

processed with the variant annotation tool SNPnexus to deter-
mine the annotation of prioritized SNP variations. After these
analyses, two statistically significant SNPs were obtained and pri-
oritized. In this case, we prioritized 2 SNPs at risk for SJS based on
an analysis of the number of SNPs expanded using HaploReg ver.
4.1 and a p-value of < 10™ to determine the functional annotation
of the SNPs. The results of genetic variation are shown in Table 3.

Table 3 shows the two identified variants (rs2074494 and
rs5010528) encoded the HLA-C gene in differential tissue expres-
sion in the human skin. By using the GTEx portal (http;//www.gt-
exportal.org/home/ ), we further emphasized that the variants of
152074494 and rs5010528 encoded the HLA-C genes were a high-
er expression in the skin tissue to Table 3 and Fig. 3.

Allele frequencies of SJS candidate variants across
continents

Once we identified the candidate HLA-C expression-associated
variants, we set out to determine the allele frequencies across
transcontinental populations as shown in Table 4. The allele fre-
quencies for both variants were evaluated in different population

including African, American, East Asian, European, and Southeast

5/9




Ma'ruf M etal. » |dentification of pathogenic variants for 5JS

Genomics & INFORMATICS

Table 3. HLA-C expression quantitative trait loci (eQTL) analysis from the GTEx Portal database

Gencode ID

SNP ID (ENSG00000-) Gene Symbol p-value Effect Size Tissue Expression Level

rs2074494 204525.16 HLA-C 72 % 107" -0.48 Artery-Tibial CC>CT>TT
204525.16 HLA-C 13 % 10° -050 Muscle-Skeletal CC=CT=TT
204525.16 HLA-C 15 x 107" -0.78 Brain-Nucleus accumbens (basal ganglia) CC=CT=TT
204525.16 HLA-C 17 % 10° -0.51 Heart-Left ventricle CC=CT=TT
204525.16 HLA-C 46 x 10° -058 Testis CC=CT=TT
204525.16 HLA-C 36 x 107 -0.39 Skin-Sun exposed (lower leg) CC=CT=TT

rs5010528 204525.16 HLA-C 54 x 107 056  Adipose-Subcutaneous AA>AG>GG
204525.16 HLA-C 1% 10™ 0.41 Whole blood AA=AG=GG
204525.16 HLA-C 14 % 107" 051 Adipose-Visceral AA=AG=GG
204525.16 HLA-C 4.1 % 10" 049 Lung AA=AG=GG
204525.16 HLA-C 1.1 % 107" 0.68 Spleen AA=AG=GG
204525.16 HLA-C 2.1 % 107 0.51 Heart-Atrial appendage AA=AG=GG
204525.16 HLA-C 57 x 107 028 Colon-Transverse AA=AG=GG
204525.16 HLA-C 99 x 107 038 Skin-Not sun exposed (suprapublic) AA=AG=GG
204525.16 HLA-C 5.1 % 107 072 Cells-EBV-transformed lymphocytes AA=AG=GG
204525.16 HLA-C 7.0 x 107 -0.25 Nerve-Tibial AA=AG=GG
204525.16 HLA-C 7.7 x 107 0.31 Nerve-Tibial AA=AG=GG
204525.16 HLA-C 16 x 10° 034 Breast-Mammary tissue AA=AG=GG
204525.16 HLA-C 18 x 107" 032 Skin-Sun exposed (lower leg) Af=AG=GG

Source: Expression Quantitative Trait Loci (eQTL) obtained from the GTEx Portal.
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Fig. 3. HLA-C gene expression for each genotype of the single nucleotide polymorphisms: (A) rs2074494 and (B) rs5010528.

Asian populations. Samples from each region consisted of 331 in-
dividuals (Africa), 199 individuals (America), 247 individuals
(East Asia), and 136 individuals (Southeast Asia). We extracted
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the allele frequencies in Africa, America, East Asia, Europe, and

Southeast Asia from the Ensemble Genome Browser (http;//www

ensembl.org). Allele frequencies across populations differ for each

https:{/doi.org/10.5808/gi.23010
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Table 4. Analysis of allele frequencies for the HLA-C gene from SNPnexus variant annotation

- Gene . Allele Allele frequency (n)
SNP ID Position (hg38 Locat

sition (hg38) ol AN pef Alt AFR AMR EAS EUR SAS
12074494 Chr6:31271956  HLA-C  Missense  C T T:0008(10) T:0099(69) T:0.189 (191) T-0.037 (37) T:0.040 (39)
15010528 Chr631273255  HIA-C  Missense A G 6:0243(321) G:0.187 (130) G:0056(56) G:0.138(139) G:0099 (97)

SNP, single nucleotide polymorphism; Ref, Reference; Alt, slternate; AFR, Africa; AMR, America; EAS, East Asia; EUR, Europe; SAS, Southeast Asia.
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Fig. 4. Summary of allele frequency analysis on HLA-C gene expression in Africa, America, East Asia, Europe, and Southeast Asia.

HLA-C variant. Table 4 and Fig. 4 show gene expression levels at
higher frequencies of the rs5010528 associated (G) allele and
12074494 associated (T) allele. At population frequencies of the
rs5010528 (G) allele, the Asian population (East Asia and South-
east Asia) is expressed at a much lower level than that from the
populations of Africa, America, and Europe.

The allele frequency of the “rs2074494” T allele in the African
population is expressed at a much lower level than that of the pop-
ulations of America, Europe, and Southeast Asia. Taken together,
the allele frequencies of the variants “rs2074494” and “rs5010528”
indicated the contribution of differential variant prevalence for
HLA-C gene expression.

Another study revealed that HLA-S gene which were reported

https:f/doi.org/10.5808/gi.23010

to be potential associated in chickenpox disease [22]. In this study,
we investigated the skin tissue expression of the HLA-C gene,
which has been linked to SJS and can lead to SCAR infection. No-
tably, the variants associated with HLA-C expression have not
been reported for SJS. Basic research on the genetics of §JS and
TEN to date has focused on HLA, the system associated with the
presence of specific receptors, cytotoxic proteins, and the part of
immunocytes during disease pathogenesis [23]. Considering the
global impact of SJS, examining the distribution of HLA-C variants
may be an essential quest that allows further understanding of
global disease susceptibility.

The HLA gene encodes several molecules that are crucial to the

immune system. With that in mind, a strong relationship between
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HLA genes and autoimmune diseases has been demonstrated for
more than half a century [24]. Findings that most patients with
carbamazepine-induced SJS and CBZ-SJS/TEN toxic epidermal
necrolyses have an associated HLA-B*15:02 in an Asian popula-
tion. In contrast, the association with HLA-A*31:01 was only re-
ported in Japan and Europe. and has a novel association between
HLA-A*31:01 and CBZ-SJS/TEN in Indians [25]. The associa-
tion with various HLA genes can then be analyzed using publicly
available databases. We used publicly available databases like the
GTEx Portal, SNPnexus, and Ensembl. We identified genetic vari-
ants associated with HLA-C expression in skin tissue, the leading
site of SCAR infection in SJS disease. It has previously been re-
ported that specific HLA genotypes have been associated with the
occurrence of severe skin disease due to drug-induced side effects
(SCARs), which cases are included in SJS/TEN [26].

The allele frequencies in all populations differ for each SNP, as
shown in Fig. 4. In general, it is known that the G and A allele fre-
quencies for rs2074494 and rs5010528 were also seen to have a
lower frequency in Southeast Asia (rs2074494, 4%, and
rs5010528, 14%), Europe (rs2074494, 4%, and rs5010528, 16%),
and East Asia (rs2074494, 19%, and rs5010528, 6%), compared
with American (152074494, 10%, and rs5010528, 24%) and Afri-
can (rs5010528, 24%) populations. In conclusion, by leveraging a
bioinformatic-based approach it is revealed the pathogenic vari-
ants that are potentially associated with SJS. We propose that these
variants could be used for further study to identify the SJS diag-
nostic biomarker as well as for prognosis. However, we acknowl-
edged that there are limitations to the bioinformatic-based ap-
proach used to investigate the genetic variants associated with SJS.
One of the main limitations is that not all the variants necessarily
have genes that encode them (i.e., non-coding variants), and even
if they do, these genes or genetic variants may not be suitable drug
targets. Nonetheless, clinical validation is recommended as a next
step to confirm our findings and gain a better understanding of the
underying etiology and functional effect of the SJS disease.

Conclusion

In this study, we conducted a comprehensive bioinformatic analy-
sis of §JS from genomic databases, revealing differential tissue ex-
pression of the HLA-C gene across 16 human tissues. Even though
HLA-Cis highly expressed in whole blood, spleen, lung, and lym-
phocyte cells, the relevant disease variants (rs2074494 and
rs5010528) are differentially expressed in the skin tissue. Overall,
alleles for rs2074494 and rs5010528 have lower frequencies in
Southeast Asia (rs2074494, 4%, and rs5010528, 14%), Europe

8/9

(rs2074494, 4%, and rs5010528, 16%), and East Asia (rs2074494,
19%, and rs5010528, 6%), as compared to the American popula-
tion (rs2074494, 10%, and rs5010528, 24%) and the African
(rs5010528, 24%) population.

ORCID

Muhammad Ma'ruf, https://orcid.org /0009-0006-5088-8089
Justitia Cahyani Fadli, https://orcid.org/0009-0005-0072-5823
Muhammad Reza Mahendra, https://orcid org/0009-0002-9754-1198
Lalu Muhammad Itham, https://orcid.org/0000-0002-0091-4887
Nanik Sulistyani, https://orcid.org/0000-0002-6541-8198
Wirawan Adikusuma, https://orcid.org/0000-0001-9165-690X
Rockie Chong, https://orcid.org/0000-0001-6736-9687

Abdi Wira Septama, https://orcid.org/0000-0002-6471-7735

Authors' Contribution

Conceptualization: MM, JCF, MRM, LML Data curation: MM,
JCE, MRM, LMI, WA, RC. Formal analysis: LML, WA, RC. Meth-
odology: MM, JCF, MRM. Writing - original draft: MM, JCF,
MRM, LML Writing - review & editing: MM, JCF, MRM, LMI,
NS, WA, RC, AWS.

Conflicts of Interest

ﬁo potential conflict of interest relevant to this article was report-
ed.

Acknowledgments

Thank you to the Faculty of Pharmacy at Universitas Ahmad Dah-
lan for allowing us to guide bioinformatics lessons.

References

1. Wang L, Varghese S, Bassir F, Lo YC, Ortega CA, Shah §, et al.
Stevens-Johnson syndrome and toxic epidermal necrolysis: a sys-
tematic review of PubMed/MEDLINE case reports from 1980
to 2020. Front Med (Lausanne) 2022;9:949520.

2. Deore SS, Dandekar RC, Mahajan AM, Shiledar VV. Drug in-
duced-Stevens Johnson syndrome: a case report. Int J Sci Stud
2014;2:84-87.

3. Menaldi SL, Bramono K, Indriatmi W. Ilmu Penyakit Kulit dan
Kelamin [Dermatology and Venereology]. 7th ed. Jakarta: Balai
Penerbit Fakultas Kedokteran Universitas Indonesia, 2016.

https:{/doi.org/10.5808/gi.23010




Genomics & Informatics 2023;21(2):e5

GENOM]CS & INFORMATICS

4. Shanbhag SS, Chodosh ], Fathy C, Goverman ], Mitchell C, Saeed
HN. Multidisciplinary care in Stevens-Johnson syndrome. Ther
Adv Chronic Dis 2020;11:2040622319894469.

5. Hsu DY, Brieva J, Silverberg NB, Silverberg JI. Morbidity and
mortality of Stevens-Johnson syndrome and toxic epidermal
necrolysis in United States adults. ] Invest Dermatol 2016;136:
1387-1397.

6. Putri ND, Mutiara H, Sibero HT, Sukohar A. Steven-Johnson
syndrom et causa paracetamol. ] Medula Unila 2016;6:101-107.

7. Frey N, Jossi ], Bodmer M, Bircher A, Jick SS, Meier CR, et al.
The epidemiology of Stevens-Johnson syndrome and toxic epi-
dermal necrolysis in the UK. J Invest Dermatol 2017;137:1240-
1247.

8. Yang MS, Lee JY, Kim J, Kim GW, Kim BK, Kim JY; et al. Inci-
dence of Stevens-Johnson syndrome and toxic epidermal
necrolysis: a nationwide population-based study using National
Health Insurance Database in Korea. PLoS One 2016;11:
e0165933.

9. Hsu DY, Brieva], Silverberg NB, Paller AS, Silverberg JI Pediatric
Stevens-Johnson syndrome and toxic epidermal necrolysis in the
United States. ] Am Acad Dermatol 2017;76:811-817.

10. Paulmann M, Mockenhaupt M. Severe skin reactions: clinical pic-
ture, epidemiology, etiology, pathogenesis, and treatment. Allergo
JInt2019;28:311-326.

11. Rajput R, Sagari S, Durgavanshi A, Kanwar A. Paracetamol in-
duced Steven-Johnson syndrome: a rare case report. Contemp
Clin Dent 2015;6:5278-5281.

12. Ueta M. Results of Detailed investigations Into Stevens-Johnson
syndrome with severe ocular complications. Invest Ophthalmol
Vis Sci 2018;59:DES183-DES191.

13. Genin E, Schumacher M, Roujeau JC, NaldiL, Liss Y, Kazma R,
et al. Genome-wide association study of Stevens-Johnson syn-
drome and toxic epidermal necrolysisin Europe. Orphanet ] Rare
Dis 2011;6:52.

14. Chen Z, Boehnke M, Wen X, Mukherjee B. Revisiting the ge-
nome-wide significance threshold for common variant GWAS.
G3 (Bethesda) 2021;11:jkaa056.

15. Siegel RJ, Bridges SL Jr, Ahmed S. HLA-C: an accomplice in
rheumatic diseases. ACR Open Rheumatol 2019;1:571-579.

16. Fitriany J, Alratisda F. Stevens Johnson syndrome. ] Averrous
2019;5:94-115.

17. Mckinley BJ, Allen ME, Michels N. Photodistributed Ste-

https:f/doi.org/10.5808/gi.23010

vens-Johnson syndrome and toxic epidermal necrolysis: a sys-
tematic review and proposal for a new diagnostic classification.
Preprint at https://doi.org/10.21203/rs.3.rs-1748665/v1
(2022).

18. Kawai Y, Hitomi Y, Ueta M, Khor SS, Nakatani K, Sotozono C, et
al. Mapping of susceptible variants for cold medicine-related Ste-
vens-Johnson syndrome by whole-genome resequencing. NPJ
Genom Med 2021;6:9.

19. Tamehiro N, Mujawar Z, Zhou S, Zhuang DZ, Hornemann T,
von Eckardstein A, et al. Cell polarity factor Par3 binds SPTLC1
and modulates monocyte serine palmitoyltransferase activity and
chemotaxis. ] Biol Chem 2009;284:24881-24890.

20. Ueta M, Kinoshita S. Ocular surface inflammation is regulated by
innate immunity. Prog Retin Eye Res 2012;31:551-575.

21. Ueta M, Sawai H, Sotozono C, Hitomi Y, Kaniwa N, Kim MK, et
al. IKZF1, a new susceptibility gene for cold medicine-related
Stevens-Johnson syndrome/ toxic epidermal necrolysis with se-
vere mucosal involvement. J Allergy Clin Immunol 2015;135:
1538-1545.

22. Trham LM, Adikusuma W] Lolita L, Puspitaningrum AN, Afief
AR, Sarasmita MA, et al. Investigation of susceptibility genes for
chickenpox disease across multiple continents. Biochem Biophys
Rep 2023;33:101419.

23. Fonseca DJ, Morel A, Llinas-Caballero K, Bolivar-Salazar D, Lais-
sue P. Whole-exome sequencing in patients affected by Ste-
vens-Johnson syndrome and toxic epidermal necrolysis reveals
new variants potentially contributing to the phenotype. Pharmge-
nomics Pers Med 2021;14:287-299.

24. Gough SC, Simmonds MJ. The HLA region and autoimmune
disease: associations and mechanisms of action. Curr Genomics
2007;8:453-465.

25. Khor AH, Lim KS, Tan CT, Kwan Z, Tan WC, Wu DB, et al.
HLA-A*31: 01 and HLA-B*15:02 association with Ste-
vens-Johnson syndrome and toxic epidermal necrolysis to carba-
mazepine in a multiethnic Malaysian population. Pharmacogenet
Genomics 2017;27:275-278.

26. Nakatani K, Ueta M, Khor SS, Hitomi Y, Okudaira Y, Masuya A,
et al. Identification of HLA-A*02:06:01 as the primary disease
susceptibility HLA allele in cold medicine-related Stevens-John-
son syndrome with severe ocular complications by high-resolu-
tion NGS-based HLA typing. Sci Rep 2019;9:16240.




A bioinformatic approach to identify pathogenic variants for
Stevens-Johnson Syndrome

ORIGINALITY REPORT

15, 100 11« 4«

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)

1%

* Ruby J. Siegel, S. Louis Bridges, Salahuddin
Ahmed. " -C: An Accomplice in Rheumatic Diseases
", ACR Open Rheumatology, 2019

Publication

Exclude quotes On Exclude matches Off

Exclude bibliography On



