
O R I G I N A L  R E S E A R C H

Whole-Exome Sequencing in Patients Affected by 
Stevens-Johnson Syndrome and Toxic Epidermal 
Necrolysis Reveals New Variants Potentially 
Contributing to the Phenotype

This article was published in the following Dove Press journal: 
Pharmacogenomics and Personalized Medicine

Dora Janeth Fonseca 1,* 
Adrien Morel 1,* 
Kevin Llinás-Caballero 1 

David Bolívar-Salazar1 

Paul Laissue1,2

1Center for Research in Genetics and 
Genomics-CIGGUR, GENIUROS 
Research Group, School of Medicine and 
Health Sciences, Universidad Del 
Rosario, Bogotá, Colombia; 2BIOPAS 
Laboratoires, Orphan Diseases Unit, 
BIOPAS GROUP, Bogotá, Colombia  

*These authors contributed equally to 
this work  

Background: Adverse drug reactions (ADRs) are frequent occurring events that can 
essentially be defined as harmful or unpleasant symptoms secondary to the use of 
a medicinal product. ADRs involve a wide spectrum of clinical manifestations ranging 
from minor itching and rash to life-threatening reactions. Stevens-Johnson syndrome (SJS) 
and toxic epidermal necrolysis (TEN) are rare ADRs. SJS-TEN may be considered 
a polygenic pathology due to additive/epistatic effects caused by sequence variants in 
numerous genes. Next-generation sequencing (NGS) represents a potentially interesting 
exploration tool in such scenario as it facilitates the simultaneous analysis of large genomic 
regions and genes at affordable cost.
Methods: The present study has involved using whole-exome sequencing (WES) for the 
first time on SJS-TEN patients. It involved robust and innovative multistep bioinformatics 
analysis focusing on 313 candidate genes potentially participating in the disease’s aetiology, 
specific drugs’ metabolism and gene regulation.
Results: We identified combinations of frequently occurring and rare variants that may 
contribute to the disease’s pathogenesis. Depending on the specific drug being taken, 
different variants (and alleles) in NAT2, CYP2D8, CYP2B6, ABCC2, UGT2B7 and TCF3 
were identified as coherent candidates representing potential future markers for SJS-TEN.
Conclusion: The present study proposed and has described (for the first time) a large-scale 
genomic analysis of patients affected by SJS-TEN. The genes and variants identified 
represent relevant candidates potentially participating in the disease’s pathogenesis. 
Corroborating that proposed by others, we found that complex combinations of frequently 
occurring and rare variants participating in particular drug metabolism molecular cascades 
could be associated with the phenotype. TCF3 TF may be considered a coherent candidate 
for SJS-TEN that should be analysed in new cohorts of patients having ADRs.
Keywords: whole-exome sequencing, Stevens-Johnson syndrome, toxic epidermal 
necrolysis, molecular aetiology

Introduction
Adverse drug reactions (ADRs) are frequent occurring events that can essentially be 
defined as harmful or unpleasant symptoms secondary to the use of a medicinal 
product.1,2 ADRs involve a wide spectrum of clinical manifestations ranging from 
minor itching and rash to life-threatening reactions. Stevens-Johnson syndrome 
(SJS) and toxic epidermal necrolysis (TEN) are rare ADRs (affecting ~1.7 
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individuals per million inhabitants worldwide, per year). 
They are characterised by erosion of the skin and mucous 
membranes, blistering, skin detachment, purpura, conflu-
ent erythema, renal impairment, lymphopenia, transitory 
neutropenia and eye lesions.3 Clinically, these diseases are 
variations of the same systemic disorder and their classifi-
cation depends on the total body surface area compro-
mised by lesions: SJS <10%, SJS/TEN 10–30% and 
TEN >30%. It is thus considered that SJS and TEN 
involve common pathophysiological processes, molecular 
cascades and potentially aetiological genetic/epigenetic 
factors. Biochemical and genetic prognostic markers are 
necessary for detecting individuals having an increased 
risk of contracting the disease due to the high mortality 
rates related to SJS and TEN.

Research into the genetic basis of SJS and TEN to date 
has been focused on the human leukocyte antigen (HLA) 
system which binds to specific receptors (eg, T-cell recep-
tor; TCR), cytotoxic proteins and immunocyte subsets dur-
ing the disease’s pathogenesis.4 It has been proposed that 
specific HLA alleles in particular ethnical populations/sub-
populations contribute to the phenotype and increase the 
risk of suffering SJS and TEN. For instance, it has been 
established that Asian and South-Eastern populations carry-
ing the HLA-B*15:02 allele have an increased risk of 
suffering SJS-TEN caused by antiepileptic drug intake, 
especially carbamazepine (CBZ).5–9 Other HLA-B subtypes 
have also been linked to SJS-TEN, such as HLA-B*14:02, 
38:01, 51:01 and 58:01.9,10 However, these findings have 
not been explored and/or replicated in populations having 
different ethnic origins. Other proteins and gene variants 
have been proposed as potential biomarkers of the disease, 
such as FasL, numerous cytokines, perforin, granulysin and 
EPHX1, CYP2C9, CYP2B6 and IKZFI polymorphisms.11–15

Recently, the c.11G>A (p.Trp4Ter) mutation located in 
the GNLY gene (encoding a main cytotoxic protein 
involved in SJS-TEN) has been functionally related to 
the disease’s aetiology.16,17 Interestingly, a full-length 
GNLY mutant protein having subcellular mislocalisation 
was synthesised despite this mutation having been pre-
dicted as generating a very early premature stop codon.17

Unfortunately, such efforts have not enabled markers 
for screening individuals having a high risk of developing 
SJS-TEN to be used. Relative ineffectiveness in identify-
ing new SJS-TEN molecular determinants may partly have 
been because this complex phenotype results from the 
dysfunction of several genes belonging to different mole-
cular pathways. In fact, SJS-TEN may be considered 

a polygenic pathology due to additive/epistatic effects 
caused by sequence variants in numerous genes. Next- 
generation sequencing (NGS) represents a potentially 
interesting exploration tool in such scenario as it facilitates 
the simultaneous analysis of large genomic regions and 
genes at affordable cost.

The present study has involved using whole-exome 
sequencing (WES) for the first time on SJS-TEN patients. 
It involved robust and innovative multistep bioinformatics 
analysis focusing on 313 candidate genes potentially par-
ticipating in the disease’s aetiology, specific drugs’ meta-
bolism and gene regulation. This led to identifying that 
combinations of frequently occurring and rare variants that 
may contribute to the disease’s pathogenesis. Depending 
on the specific drug being taken, different variants (and 
alleles) in combinations of frequently occurring and rare 
variants that may contribute to the disease’s pathogenesis. 
Depending on the specific drug being taken, different 
variants (and alleles) in NAT2, CYP2D8, CYP2B6, 
ABCC2, UGT2B7 and TCF3 were identified as coherent 
candidates representing potential future markers for SJS- 
TEN.

Patients and Methods
Patients
Eleven SJS-TEN patients (previously described by 
Fonseca, et al) were included in the present study (patient 
identifiers: SJS-2, SJS-4, SJS-5, SJS-6, SJS-12, SJS-13, 
SJS-14, SJS-16, SJS-17, SJS-18 and SJS-19)17 

(Supplementary Table 1). Their enrolment took Roujeau’s 
criteria into account for clinical classification,18 SJS-5 and 
SJS-19 were affected by SJS while SJS-4, SJS-6, SJS-13, 
SJS-14, SJS-16, SJS-17 and SJS-18 had TEN. SJS-2 and 
SJS-12 had SJS/TEN. All patients lacked GNLY patho-
genic variants.17 The Universidad del Rosario (Code: 
DVG-098) and Fundación Valle de Lili’s (Code: P-515) 
Ethical Committees approved the study. The clinical inves-
tigation followed Helsinki Declaration guidelines (1975, 
as revised in 1996). All individuals had signed informed 
consent forms.

Whole-Exome and Sanger Sequencing
The DNA was obtained by conventional procedures from 
all patients. Three micrograms of DNA were sent to an 
external platform for 6Gb NGS experiments. Briefly, after 
verifying DNA quality and concentration, 1µg was used 
for library preparation. An Agilent SureSelect Human All 
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Exon kit (Agilent Technologies, CA, USA) was used for 
sequencing the libraries, following the manufacturer’s 
recommendations. A hydrodynamic shearing system 
(Covaris, Massachusetts, USA) was used for generating 
180–280 bp fragments. Adapter oligonucleotides were 
added after adenylating DNA fragment 3ʹ ends. After 
PCR reaction, the library was captured with magnetic 
beads complexed with streptomycin/biotin labelled probes. 
After PCR had been used for adding index tags, the 
amplicons were purified using the AMPure XP system 
(Beckman Coulter, Beverly, USA) and quantified by 
Agilent high sensitivity DNA assay using the Agilent 
Bioanalyzer 2100 system. The library quality was checked 
prior to Illumina sequencing.

The 150 pb paired ends were sequenced on the 
NovaSeq 6000 platform. The raw data was obtained in 
FASTQ format. Raw reads were trimmed and filtered to 
remove adapter sequences and low-quality reads. Quality 
control was performed according to the following proce-
dure: a) discard a read pair if either one read contains 
adapter contamination, b) discard a read pair if more 
than 10% of bases are uncertain in either one read and, 
c) discard a read pair if the proportion of low-quality bases 
is over 50% in either one read. Burrows-Wheeler Aligner 
(BWA) was used to map the paired-end reads to the human 
reference genome (hg19). Variants were called using 
GATK v3.8. Variants were called using the 
HaplotypeCaller in DISCOVERY mode with 
a CONSERVATIVE PCR indel_model. SNPs and 
INDELs were analyzed separately after using the 
SelectVariants selection and were hard-filtered by remov-
ing variants displaying the following parameters: for 
SNPs: QD (QualByDepth) < 2.0, FS (FisherStrand) > 
60.0, MQ (RMSMappingQuality) < 40.0, HaplotypeScore 
> 13.0 (for legacy reasons), MQRankSum 
(MappingQualityRankSumTest) < −12.5, and 
ReadPosRankSum (ReadPosRankSumTest) < −8.0. For 
INDELs: QD (QualByDepth) < 2.0, FS (FisherStrand) > 
200.0, ReadPosRankSum (ReadPosRankSumTest) < 
−20.0. In average we obtained 6.5Gb of raw data and 
21,779,003 reads (18,739,336–32,164,978) per sample. 
>80% bases had a phred-scaled quality score greater than 
30 (>Q30). The average mapping efficiency was 99.88%, 
and the average sequencing depth on target and the cover-
age of target region were 63.89 and 99.72%, respectively. 
The variant annotation was performed using ANNOVAR 
for location and predicted function. Library preparation 
and sequencing were carried out by Novogene Inc. 

(Beijing-China). The VarSeq v.2.1.1 (Golden Helix) soft-
ware was used for variant filtering. Rare variants were 
filtered according to minor allele frequencies (MAF) 
<1% (gnomAD v2.1.1) and potentially damaging effects 
assessed by SIFT or PolyPhen-2 tools. Variants were ver-
ified by Sanger sequencing. The primer sequences and 
PCR conditions used for generating the amplicons for 
direct sequencing are available upon request.

Creating Gene Subsets
Three main groups of genes (subsets) were created for the 
parallel filtering of sequence variants. The aetiopathology 
(AE) subgroup included 88 candidate genes participating in 
molecular cascades related to SJS-TEN pathophysiological 
processes (Supplementary Table 2). Genes playing roles in 
skin cytolytic activity, proinflammatory processes, immu-
nity and apoptosis were included in that group. The AE 
gene list was compiled by investigating public databases 
such as PubMed, Highwire, Geoprofiles and MGI using the 
following keywords: genetic susceptibility, SJS-TEN, cyto-
toxic protein, keratinocyte death, severe cutaneous adverse 
reaction, cytolytic activity, cytokine, chemokine, SJS-TEN 
pathobiology, SJS-TEN aetiology, SJS-TEN immune mole-
cule, cell apoptosis, skin allergy, pharmacogenomics of 
cutaneous adverse drug reactions, immune reactions and 
drug hypersensitivity reactions.

The pharmacogenetic (PH) subset consisted of 91 
genes involved in the pharmacological metabolism of 
drugs taken by our patients: CBZ (n=23 genes), lamotri-
gine (LTG) (n=39 genes), metoclopramide (n=8 genes), 
pyrimethamine-sulfadoxine (PYR-SULF, n=5 genes), and 
trimethoprim-sulfamethoxazole (TS, n=16 genes) 
(Supplementary Table 1). This information was obtained 
from the DrugBank database (www.drugbank.ca) which 
includes detailed information on most relevant molecules 
involved in frequently administered drugs. It should be 
stressed that since little is known regarding Urtica dioica 
´s metabolism (the medication suspected as leading to the 
SJS-2 phenotype), we did not include PH candidate genes 
potentially involved in this case. Patient SJS-5 was 
affected by various SJS episodes triggered by different 
drugs; we considered trimethoprim-sulfamethoxazole for 
analysis since the contrast medium metabolic cascade has 
not been precisely defined.

The transcription factor (TF) subset included 141 TF- 
encoding genes. This subset was constructed by first select-
ing the promoter regions (−2000 bp to the first ATG codon) 
from the 184 most up (n=138) and down-regulated genes 

Pharmacogenomics and Personalized Medicine 2021:14                                                                submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
289

Dovepress                                                                                                                                                         Fonseca et al

http://www.dovepress.com/get_supplementary_file.php?f=289869.docx
http://www.dovepress.com/get_supplementary_file.php?f=289869.docx
http://www.drugbank.ca
http://www.dovepress.com
http://www.dovepress.com


(n=46) identified by Chung et al, in SJS-TEN patients’ skin 
lesions.16 Genomatix software (https://www.genomatix.de/) 
was used for identifying and quantifying TF binding sites 
(TFBS) located in these regions. TF families having >5 and 
<-5 Z-scores were selected. TFs belonging to these families 
were considered as candidates and used for filtering 
sequence variants, following a specific pipeline (see below).

Filtering Variants and in silico Analysis
Golden Helix software (VarSeq v.2.1.1) was used for fil-
tering the variants. Only non-synonymous substitutions 
(missense, nonsense, splice-site and indels) were consid-
ered for downstream analysis. The Genome Aggregation 
Database (gnomAD) (https://gnomad.broadinstitute.org) 
was used for establishing sequence variants’ MAFs.

Genes having <1% MAF in the AE and TF subsets 
were filtered for subsequent analysis (Figure 1). All 
sequence variants in the PH subgroup (<1% MAF and 
>1% MAF) were selected (Figure 1). It should be noted 
that PH subset use (and therefore the analysed genes) 
depended on the specific drug being taken by each patient 
(CBZ, LTG, metoclopramide, pyrimethamine-sulfadoxine, 
trimethoprim-sulfamethoxazole). Variants carried by more 
than one patient having >1% MAF in the PH subset were 
selected. SIFT and Polyphen prediction tools were used on 
rare (<1% MAF) missense variants from the AE, PH and 
TF subsets. Sequence variants having scores compatible 
with potentially damaging effects in one out of two pro-
grammes were considered for further analysis.

A more detailed protocol is available at: dx.doi.org/ 
10.17504/protocols.io.bk7vkzn6.

Figure 1 Methodological scheme for filtering genomic variants in SJS-TEN patients.
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Results
WES experiments gave an average >98% for genomic 
coverage; >49% of the exome was sequenced in all sam-
ples (50X average read depth). The 11 SJS-TEN patients 
had 3,415,863 variants (synonymous and non- 
synonymous) (Figure 1); 132,469 were non-synonymous. 
Forty-three non-synonymous common variants (>1% 
MAF) were identified in the PH group. Bioinformatics 
filtering of rare variants led to identifying 11 nucleotide 
changes in the TF gene subset and one variant in the PH 
subset; all of these were validated by Sanger sequencing. 
No rare variants were identified in the AE subgroup for 
downstream analysis. Table 1 shows the distribution of 
rare and frequently occurring variants in the PH group. 
Table 2 displays the distribution of rare variants in the TF 
subset.

Discussion
WES Gene Subset Analysis: An Innovative 
Genomic Approach for SJS/TEN
This work has attempted for the first time to identify, via 
WES, new potential elements participating in SJS-TEN’s 
genetic architecture. We thus selected 11 previously 
described SJS-TEN patients in whom the phenotype was 
triggered by them taking different drugs and who lacked 
GNLY encoding mutations.17 These patients were selected 
from Fonseca et al’s study, just depending on their DNA 
quality/availability to be used in NGS experiments.

Our multilevel bioinformatics analysis took into 
account ADR pathophysiology complexity (AE gene sub-
set), the specific molecular pathways involved in the meta-
bolism of 5 drugs (CBZ, LTG, metoclopramide, 
pyrimethamine-sulfadoxine, trimethoprim- 
sulfamethoxazole) (PH gene subset) and the relevance of 
the trans-regulation of genes having transcriptomic imbal-
ance during the disease’s cytotoxic process affecting skin/ 
mucosae (TF gene subset). It has been established that 
creating gene subsets from WES for studying unrelated 
patients on a large genomic scale is a powerful strategy for 
identifying new genes and mutations related to complex 
polygenic phenotypes.19–22

Three subsets (AE, PH and TF) were created in this 
study, forming the starting point for filtering candidate 
sequence variants regarding different genomic and patho-
physiology hypotheses. We consider that the PH category 
contains a comprehensive collection of genes that have 
been well-documented concerning drug metabolism, 

some of which are available for commercial/diagnostic 
purposes (eg, ABCB1, CYP1A2, CYP2B6, CYP2C8, 
CYP2C9, CYP2D6, CYP3A4, UGT1A1, SLC47A2, D2 
and HTR2A). Due to the limited understanding of the 
molecular mechanisms underlining SJS-TEN, the AE sub-
set may lack some relevant candidate genes. However, as 
WES contains data on most encoding genomic regions, the 
present results can be re-analysed at any time by creating 
new gene subsets and/or bioinformatics filtering pipelines. 
This strategy has been shown to be a useful approach for 
describing new variants having a functional aetiological 
impact on complex phenotypes.19,23,24

The TF subset was created following the assumption 
that the promoter regions of massively dysregulated genes 
in skin and mucosae (during SJS-TEN’s acute phase) are 
enriched by TFBS for proteins belonging to particular TF 
families. A previous study using this methodology identi-
fied FOXD1 as a major gene involved in the regulation of 
embryo implantation in mice and various reproductive 
disorders in humans.20,25

Variant filtering assumed that rare (MAF <1%) non- 
synonymous variants in AE, PH and/or TF subsets (under-
lining potential moderate/drastic functional effects) might 
contribute towards the origin of SJS-TEN. Indeed, it has 
been demonstrated that using NGS for studying extreme 
phenotypes facilitates mapping rare sequence variants con-
tributing to complex traits’ origins.26–28 PH subset examina-
tion included filtering variants having >1% MAF as a large 
body of evidence has demonstrated that polymorphism in 
pharmacogenes contributes to pharmacogenetic 
phenotypes.29–32 It is undeniable that both rare and common 
variants in pharmacogenes (which nowadays can be mapped 
via NGS at affordable costs) have to be considered as rele-
vant determinants for drug responses.32–36

Our approach, based on studying both rare and frequent 
variants belonging to different molecular cascades and func-
tional mechanisms involved in the metabolism of particular 
drugs, revealed that patients have different genetic configura-
tions (Figure 2). Some of them (SJS4, SJS5, SJS-6, SJS16, 
SJS18 and SJS-19) had frequent variants in the PH subset and 
rare ones in the TF subset. This argues in favour of the 
disease’s complex polygenic origin. Frequent variants could 
confer a predisposing condition while rare encoding muta-
tions underlying moderate functional effects act as a stronger 
determinant for the disease’s onset. Patients SJS-12, SJS-13, 
SJS-14 and SJS-17 only carried frequently occurring variants 
in PH genes whilst SJS-2 had exclusively rare nucleotide 
changes in genes belonging to the TF subset. To note, in this 
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Table 1 PH Subset Genetic Variants

Drug/MAF Patient Gene Variant (DNA) Variant (Protein) dbSNP Number MAF 

(gnomAD)

Carbamazepine MAF>1% SJS-6, SJS-14 CYP2C8 c.1196A>G p.Lys399Arg rs10509681 0.08248

SJS-6, SJS-14 CYP2C8 c.416G>A p.Arg139Lys rs11572080 0.08244

SJS-6, SJS-14 CYP2C9 c.430T>C p.Arg144Cys rs1799853 0.09096

SJS-6, SJS-12, SJS-13 ABCB1 c.2677T>G p.Ser893Ala rs2032582 0.5498

SJS-6, SJS-12, SJS-14 CYP3A7 c.1226G>C p.Arg409Thr rs2257401 0.8157

SJS-6, SJS-13, SJS-14 ABCC2 c.1249G>A p.Val417Ile rs2273697 0.1894

SJS-12, SJS-14 CYP2B6 c.516G>T p.Gln172His rs3745274 0.2709

SJS-6, SJS-12, SJS-14 UGT2B7 c.802T>C p.Tyr268His rs7439366 0.5636

SJS-6, SJS-12, SJS-13, SJS-14 ABCC2 c.116A>T p.Tyr39Phe rs927344 0.9980

SJS-6, SJS-12, SJS-13, SJS-14 SCN4A c.1570A>G p.Ser524Gly rs6504191 0.9284

SJS-6, SJS-12, SJS-13, SJS-14 SCN1A c.3199G>A p.Ala1067Thr rs2298771 0.7282

SJS-6, SJS-13 SCN7A c.4970A>G p.Asp1657Gly rs35344714 0.08423

SJS-6, SJS-12, SJS-13, SJS-14 SCN7A c.2874G>T p.Met958Ile rs6738031 0.7013

SJS-6, SJS-13 SCN7A c.4786G>C p.Val1596Leu rs3791251 0.09463

SJS-12, SJS-13, SJS-14 SCN9A c.5723A>G p.Asp1908Gly rs3750904 0.05752

SJS-6, SJS-12, SJS-13, SJS-14 SCN9A c.3448T>C p.Trp1150Arg rs6746030 0.8807

SJS-6, SJS-12 SCN10A c.2884A>G p.Ile962Val rs57326399 0.2359

SJS-6, SJS-12 SCN10A c.3275T>C p.Leu1092Pro rs12632942 0.2393

SJS-6, SJS-12, SJS-13, SJS-14 SCN10A c.3218T>C p.Val1073Ala rs6795970 0.6583

Lamotrigine MAF>1% SJS-17, SJS-4 ADRA1A c.1039T>C p.Cys347Arg rs1048101 0.5201

SJS-17, SJS-4 GABRE c.1039T>C p.Ser102Ala rs1139916 0.7110

SJS-17, SJS-4 ADRB1 c.1165G>C p.Gly389Arg rs1801253 0.7329

SJS-17, SJS-4 ABCB1 c.2677T>G p.Ser893Ala rs2032582 0.5498

SJS-17, SJS-4 GABRG2 c.643A>G p.Ile215Val rs211035 0.8229

SJS-17, SJS-4 SLC22A2 c.808T>G p.Ser270Ala rs316019 0.8978

SJS-17, SJS-4 GABRQ c.1432T>A p.Phe478Ile rs3810651 0.480706

SJS-17, SJS-4 HTRA2 c.344G>A p.Asp49Asn rs6312 0.9371

SJS-17, SJS-4 CACNA1E c.5863G>A p.Ala1955Thr rs704326 0.3871

SJS-17, SJS-4 ADRB1 c.145A>G p.Ser49Gly rs1801252 0.1566

SJS-17, SJS-4 CYP2A6 c.1175T>A p.Phe392Tyr rs1809810 0,9874

(Continued)
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patient the PH subset was not analysed because the Urtica 
dioica´s metabolism pathway is unknown.

Taken together, these features indicate that severe 
ADRs must result from different molecular determinants 
underlying complex traits’ regulation in which numerous 
genes (and mutations) interact to produce the phenotype.

PH Gene Subset Analysis
Forty-three frequently occurring variants (>1% MAF) 
involved in the metabolism of specific drugs were identi-
fied in the PH set: CBZ (19 variants in 12 genes), LTG (11 
variants in 9 genes) and metoclopramide (6 variants in 3 
genes) (Table 1). Only one rare variant (CYP2D6- 

Table 1 (Continued). 

Drug/MAF Patient Gene Variant (DNA) Variant (Protein) dbSNP Number MAF 

(gnomAD)

Metoclopramide MAF>1% SJS-16 CYP2D6 c.100C>T p.Pro34Ser rs1065852 0.2068

SJS-16 CYP2D6 c.886T>C p.Cys296Arg rs16947 0.6555

SJS-16 CYP2D6 c.1457C>G p.Thr486Ser rs1135840 0.4475

SJS-16 CYP2D6 c.506–1G>A - rs3892097 0.1384

SJS-16 ABCB1 c.2677T>G p.Ser893Ala rs2032582 0.5498

SJS-16 CYP11B2 c.1016T>C p.Ile339Thr rs4544 0.05365

Metoclopramide MAF<1% SIFT/PolyPhen SJS-16 CYP2D6 c.1346C>A p.Ala449Asp rs79392742 0.004773

Pyrimethamine-sulfadoxine MAF>1% SJS-18, SJS-19 HEXB c.185T>C p.Leu62Ser rs820878 0.9717

Sulfamethoxazole MAF >1% SJS-5 ABCB11 c.1331T>C p.Val444Ala rs2287622 0.5694

SJS-5 NAT2 c.34 1T>C p.Ile114Thr rs1801280 0.3810

SJS-5 NAT2 c.803G>A p.Arg268Lys rs1208 0.6168

SJS-5 PTGS1 c.22T>C p.Trp8Arg rs1236913 0.9287

Trimethoprim MAF >1% SJS-5 SLC22A2 c.808T>G p.Ser270Ala rs316019 0.8978

SJS-5 ABCB1 c.2677T>G p.Ser893Ala rs2032582 0.5498

Table 2 Variants of the TF-Subset Displaying MAF≤0.01

Patient Gene Variant (DNA) Variant (Protein) dbSNP Number MAF (gnomAD)

SJS-2 SP1 c.809A>G p.Asn270Ser rs35376163 4.88e-4

SJS-2 MGA c.3650A>G p.Asn1217Ser rs377081178 1.43e-4

SJS-18, SJS-19 c.4358A>G p.Tyr1453Cys rs2695167 8.59e-3

SJS-5 TCF3 c.1154G>A p.Gly385Asp rs117006898 2.54e-3

SJS-4 SOX11 c.1062_1063ins AGCGGCAGCAGC p.Ser351_Ser354dup rs751221446 3.398e-3

SJS-16, SJS-18 SIM1 c.1994G>A p.Arg665His rs146866401 6.25e-3

SJS-2 c.1082C>T p.Thr361Ile rs145479047 3.03e-3

SJS-16 SP4 c.721C>G p.Leu241Val rs139491266 7.46e-3

SJS-18 DLX6 c.779C>T p.Ser260Leu rs374453064 2.6e-4

SJS-6 ZNF395 c.700C>G p.His234Asp rs145352684 7.6e-4

SJS-6 AHR c.2356A>G p.Met786Val rs72552769 2.45e-3
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c.1346C>A, p.Ala449Asp) was identified in one patient 
(SJS-16) who had taken metoclopramide (Table 1 and see 
below).

Regarding CBZ metabolism, which was associated in 
the present study with three cases of TEN and one of 
SJS, we identified frequently occurring variants in 
CYP2C8, CYP2C9, CYP2B6, ABCB1, ABCC2 and 
UGT2B7 genes.

CYP2C8-c.416G>A (p.Arg139Lys) and c.1196A>G (p. 
Lys399Arg), which were present in two TEN cases (SJS-6 
and SJS-14 patients), determine a specific allele 
(CYP2C8*3) linked with drug-induced toxicity.37 The p. 
Lys399Arg missense variant (generated by the c.1196A>G 
transition) was predicted to affect protein folding/stability 
leading to disturbances in enzymatic activity.38,39 

Interestingly, it has been stated that CYP2C8 and 
CYP3A4 participate in the major CBZ metabolism route 
through its conversion to CBZ-10.11-epoxide.40 Decreased 
CYP2C8 activity can theoretically increase this drug’s 
bioavailability by favouring the activation of metabolic 
hydroxylation cascades to form 2-OH and 3-OH-CBZ, 
leading, in turn, to the synthesis of reactive metabolites 
capable of forming covalent adducts. It has been proposed 
that CBZ metabolism bioactivating monoxygenated spe-
cies can occur in keratinocytes and be related to detoxifi-
cation disturbances leading to cell death and 

hypersensitivity reactions.2 Interestingly, TEN patients 
who took CBZ had early peripheral blood T-cell activation 
with skin homing receptors.41

Patient SJS12 affected by SJS/TEN and SJS-14 by 
TEN carried the heterozygous CYP2B6*9 (c.516G>T, p. 
Gln172His) allele.42,43 CYP2B6*9 has been associated 
with nevirapine-induced SJS/TEN; subjects carrying the 
heterozygous genotype have a ~two fold risk of suffering 
the disease compared to its wild type counterpart, thereby 
arguing in favour of an allele-dose association effect.11

To date, CBZ-induced SJS/TEN has been exclusively 
related to human leukocyte antigen (HLA) alleles (eg, 
HLA-B15:02 and HLA-B*31:01).44 We suggest that, simi-
lar to phenytoin and nevirapine-induced SJS/TEN, reduced 
drug-CBZ clearance associated with CYP2B6*9 may have 
contributed to the phenotype in our SJS/TEN patients. 
Elevated plasmatic drug-CBZ concentration in SJS/TEN 
CYP2B6*9 carriers increases direct interaction with speci-
fic HLA molecules or induces the formation of reactive 
metabolites such as CBZ iminoquinone, previously asso-
ciated with the pathogenesis of CBZ-induced 
hypersensitivity.45,46

Patient SJS-12 displayed the ABCC2-c.1249 G>A 
(SJS-6, SJS-13, SJS-14) variant in a gene (ABCC2) related 
to CBZ transport. Patient SJS-14 was carrier of the 
UGT2B7 *2 allele (c.802T> C) in a gene (UGT2B7) 

Figure 2 Distribution of genomic variants, filtered from specific subsets, found in SJS-TEN patients.
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related to Phase II metabolism. ABCC2-c.1249 G>A 
reduces CBZ transport across the cell membrane and 
clearance while UGT2B7*2 c.802T>C could affect its 
steady-state concentration.47,48 Such CBZ pharmacoki-
netic variations may potentially modify CBZ plasma levels 
thereby contributing to SJS/TEN pathogenesis.

Regarding LTG metabolism, 11 genetic variants were 
identified, some affecting genes (eg, ADRA1A, GABRE, 
CACNA1E, SCN1A, SCN5A and ADRB1) linked to the 
drug’s pharmacodynamics (www.drugbank.ca). Similar to 
that observed for CBZ metabolism, LTG administration 
may contribute to SJS/TEN aetiology via the synthesis of 
LTG-N-oxide and the induction of immunogenic haptens 
triggering T-cell clonal expansion in the skin.10,49

We did not identify sequence variants potentially 
linked with SJS/TEN pathogenesis in the CYP2A6 nor 
CYP2D6 enzymes participating in the formation of 
minor metabolites such as LTG-N-oxide.50 Other genetic 
determinants in CYP2D6 or CYP2A6, such as copy- 
number variations (not analysed in this work), could con-
tribute to the phenotype. It is worth noting that our group 
has recently described a significant distribution (7.7%) of 
CYP2D6 duplications in a Colombian population, which 
may perturb the metabolism of drugs, including LTG.51

LTG is extensively metabolised via UGT1A4, leading 
to the formation of LTG-N-2 and LTG-N-5 glucuronide 
which may affect LTG levels.52,53 Patient SJS-17, who 
was affected by TEN, took LTG combined with valproic 
acid (VPA); the concomitant administration of these drugs 
has been associated with increased LTG serum concentra-
tion. Furthermore, it leads to its decreased clearance due to 
glucuronidation inhibition.54 LTG can be bioactivated in 
the absence of N-glucuronidation, contributing to TEN 
pathogenesis. Interestingly, several reports have supported 
the clinical evidence stating that a combination of LTG 
and VPA can increase susceptibility to SJS/TEN.53,55,56

Regarding metoclopramide, we identified one patient 
(SJS-16) who had developed TEN after taking this drug. 
To date, few cases of metoclopramide-induced SJS/TEN 
have been reported.57,58 SJS-16 carried CYP2D6*10- 
c.100C>T (p.Pro34Ser) and CYP2D6*4-c.506–1G>A 
alleles which are related to impaired enzymatic activity 
determining an intermediate metabolizer phenotype. This 
effect has been linked to ineffective metabolism of 
CYP2D6 substrates and adverse reactions resulting from 
increased drug plasma levels.59,60

Patient SJS-5 had suffered from various SJS episodes 
apparently related to the administration of contrast 

medium and TS. Recurrent risk for SJS-TEN has been 
estimated at 7% and it has been linked to potential genetic 
determinants.61 Genomic analysis of SJS-5 only included 
genes belonging to TS metabolism, as contrast medium 
molecular pathways have not yet been precisely described. 
This patient carries the heterozygous NAT2-c.341T>C (p. 
Ile114Thr) and NAT2-c.803G>A (p.Arg268Lys) variants 
defining the NAT2*5C allele and determining the inter-
mediate acetylator phenotype. Interestingly, it has been 
stated that impaired acetylation capacity leads to sulpho-
namide hypersensitivity and SJS/TEN.62,63 Interestingly, 
patient SJS-5 also carried a variant in TCF3, a gene 
belonging to the TF subset, arguing in favour of the con-
tribution of both frequently occurring and rare variants to 
the disease’s pathogenesis (see below). Our study did not 
identify frequent variants in genes related to pyrimetha-
mine-sulfadoxine metabolism which may have been due to 
the size of the present SJS/TEN cohort and/or to the 
potential contribution of other yet-to-be discovered genetic 
determinants.

Regarding rare variants, we identified only one can-
didate in the PH subset (CYP2D6-c.1346C>A, p. 
Ala449Asp) (patient SJS-16). At protein level, Ala449 is 
strictly conserved during the evolution of mammalian 
species, thereby arguing in favour of its functional role 
(Supplementary Figure 1). This feature agrees with the 
results from in silico analysis (SIFT and PolyPhen) pre-
dicting a potentially harmful effect. It has been shown 
recently that this variant confers decreased activity 
(44.4%) on the CYP2D6 protein due to heme binding 
perturbation.64 Patient SJS-16 also carried common poly-
morphisms in CYP2D6 (CYP2D6*10 and CYPY2D6*4) 
related to decreased activity, compared to the reference 
CYP2D6.1 wild type protein.65 These findings indicated 
that rare and common variants in CYP2D6 might con-
tribute to severe metoclopramide-induced ADRs.

TF and AE Gene Subset Analysis
Regarding the TF subset, we filtered 11 different variants 
located in 9 genes (Table 2). Although all these changes 
may have represented potential genetic determinants con-
tributing to the phenotype, 5 variants (SP1-c.809A>G, 
MGA-c.3650A>G, TCF3-c.1154G>A, DLX6-c.779C>T 
and ZNF395-c.700C>G) were of particular interest, as 
they were not included in GnomAD databases or in the 
C population (data not shown). Furthermore, they involved 
residues which were conserved during mammalian evolu-
tion (ie, at protein level), suggesting possible functional 
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impact (Supplementary Figure 1). Theoretically, the effect 
conferred by these variants should contribute to the onset/ 
maintenance of the SJS-TEN skin/mucosae phenotype, as 
our computational approach was aimed at identifying 
TFBS enrichment regarding gene promoters having tran-
scriptional disturbances during the disease’s acute phase.16 

This could have been caused by a combination of direct 
(target promoter transactivation/repression) or indirect 
dysregulation of target genes belonging to a complex lat-
ticework of transcriptional regulation.

Amongst TFs carrying rare sequence variants, TCF3 
(also known as TCF7L1, E2A and E47) is a relevant 
candidate as a future marker for SJS-TEN as it plays 
a key role during skin development, stem cell homeostasis 
and malignancy (see below). TCF3 is a member of the 
E protein family of helix-loop-helix transcription factors, 
which have a C-terminal bHLH domain involved in 
E-protein dimerisation and binding to DNA at CANNTG 
motifs located on target gene promoters.66–68 These factors 
also have two transcription activation domains located in 
the protein’s N-terminal (TAD1) and central (TAD2) 
regions, playing a key role in target gene regulation.69,70 

Interestingly, the p.Gly385Asp variant in patient SJS-5 
was located in the TAD2 domain, near the highly con-
served LDEAI (L397 to I401) sequence which directly binds 
to the KIX domain of the CBP/p300 transcriptional co- 
activator.67 The p.Gly385Asp variant implies a significant 
local change in the protein’s physicochemical properties as 
glycine is a tiny non-polar positively charged amino acid 
while aspartic acid is negatively charged. This change may 
therefore lead to local energetic disturbances between resi-
dues perturbing the native protein’s state which might 
affect macromolecular transcriptional complexes’ struc-
ture/function (eg, EA2/CBP300/p300).

Tcf3 is expressed in mouse skin during development in 
the primordial epithelium and during adult life in the stem 
cell niche.71–73 Tcf3 overexpression impairs epithelial dif-
ferentiation whilst Tcf3 and Tcf4 deletion generates skin 
hyper-proliferation and a long-term inability for self- 
renewal.74 Moreover, Tcf3 promotes keratinocyte migra-
tion thereby enhancing wound healing.75 Interestingly, the 
CBP/p300 protein is also involved in skin homeostasis in 
mice since reduced expression contributes towards creat-
ing a keratinocyte hyperplastic phenotype via Ras-Erk 
signalling induction.76

Such features suggested that the TCF3- p.Gly385Asp 
variant might confer a predisposing transcriptomic environ-
ment facilitating the occurrence of severe cutaneous ADRs. 

Interestingly, patient SJS-5 suffered several ADRs which 
may underline her increased risk of becoming affected by 
SJS-TEN. This TCF3 mutant form might also be involved in 
the severity of skin lesions. Regarding other TFs (eg, SP1, 
MGA, DLX6 and ZNF395) carrying candidate sequence 
variants, it is difficult to propose further potential mechan-
isms related to the phenotype’s aetiology due to the lack of 
sufficient information regarding their role in skin 
homeostasis.

Concluding Remarks and Future 
Directions
The present study proposed and has described (for the first 
time) a large-scale genomic analysis of patients affected 
by SJS-TEN. The genes and variants identified represent 
relevant candidates potentially participating in the dis-
ease’s pathogenesis. Corroborating that proposed by 
others, we found that complex combinations of frequently 
occurring and rare variants participating in particular drug 
metabolism molecular cascades could be associated with 
the phenotype. TCF3 TF may be considered a coherent 
candidate for SJS-TEN that should be analysed in new 
cohorts of patients having ADRs.

The small population size and the lack of functional 
assays for the filtered candidate variants constitute this 
study’s relative limitations. It has been generally assumed 
that the use of small sample size in genomic studies may 
generate weak or unreliable results. This is particularly 
true for large-scale genomic mapping approaches, such 
as genome-wide association studies (GWAS). The present 
approach was slightly different, because we analyzed the 
coding regions of gene subsets potentially enriched by rare 
variants (eg, those selected in the TF and AE gene subsets) 
and performed a downstream astringent bioinformatic var-
iant filtering. As mentioned above, this strategy allows 
determining variants underlying moderate-to-severe func-
tional effects, which are rare in the general healthy popu-
lation as they tend to be negatively selected.

Due to the rarity of the disease, we consider that the 
strategy proposed here provides a relevant description of new 
potential genetic determinants of SJS-TEN. Although WES 
involves analysing millions of nucleotides, non-encoding 
genomic regions may also be relevant and must be analysed 
in future projects. Epigenetic factors and environmental vari-
ables must also be considered as having a relevant effect on the 
disease’s onset, development and severity. Although the 
TCF3-c.1154G>A (p.Gly385Asp) variant may contribute to 
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the phenotype we cannot affirm that it is an absolute genetic 
marker of SJS/TEN. It constitutes an interesting and coherent 
candidate that deserves further analysis. Functional tests, to 
validate its association to the phenotype, and the genotyping of 
largest sets of patients are necessary to establish it as marker 
with clinical significance. We consider that our results consti-
tute a starting point for future studies aimed at SJS-TEN’s 
molecular dissection and proposing new biomarkers which 
can be useful in clinical environments.
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