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Abstract
Stevens–Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are rare severe cutaneous adverse reactions to 
drugs. Granulysin (GNLY) plays a key role in keratinocyte apoptosis during SJS/TEN pathophysiology. To determine if 
GNLY-encoding mutations might be related to the protein’s functional disturbances, contributing to SJS/TEN pathogenesis, 
we performed direct sequencing of GNLY’s coding region in a group of 19 Colombian SJS/TEN patients. A GNLY genetic 
screening was implemented in a group of 249 healthy individuals. We identified the c.11G > A heterozygous sequence 
variant in a TEN case, which creates a premature termination codon (PTC) (p.Trp4Ter). We show that a mutant protein is 
synthesised, possibly due to a PTC-readthrough mechanism. Functional assays demonstrated that the mutant protein was 
abnormally located in the nuclear compartment, potentially leading to a toxic effect. Our results argue in favour of GNLY 
non-synonymous sequence variants contributing to SJS/TEN pathophysiology, thereby constituting a promising, clinically 
useful molecular biomarker.

Introduction

Stevens–Johnson syndrome (SJS) and toxic epidermal 
necrolysis (TEN) are rare severe cutaneous adverse reac-
tions (SCAR) to drugs characterised by exanthema, erosion 
of the skin and mucous membranes, purpura, blistering, 

skin detachment secondary to keratinocyte death, and ocular 
involvement (Duong et al. 2017). Respiratory and gastroin-
testinal systems can sometimes be affected. SJS and TEN 
are considered to be variations of the same hypersensitiv-
ity disorder. Patients are classified as suffering from SJS 
and TEN when < 10% and > 30% of the total body surface 
area (TBSA) are affected, respectively (Roujeau 1997). SJS/
TEN overlap has been used for classifying patients suffering 
10–30% TBSA injury.

All of the disease’s presentations involve high mortal-
ity rates, ranging from 1–5% (SJS) to 30–50% (TEN). SJS 
and TEN are rare disorders since they affect ~ 1.5 to 1.9 
individuals per million inhabitants worldwide per year 
(Harr and French 2010; Letko et al. 2005). At least 200 
drugs to date have been related to the disease’s onset, such 
as allopurinol, nonsteroidal anti-inflammatories, antimi-
crobial sulpha, antiepileptic and antiretroviral molecules 
(Harr and French 2010). SJS/TEN pathophysiology has not 
yet been completely understood, but it has been shown that 
distinct immune system cells and molecules (e.g. CD8-T 
and NK cells, FasL and granulysin cytolytic proteins) are 
key actors in the disease’s pathogenesis (Schwartz et al. 
2013). Specific HLA-B alleles’ genetic associations have 
been linked to the phenotype. For instance, it has been 
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suggested that the HLA-B*1502 subtype in Asian popu-
lations might be a genetic marker for the disease. Chung 
et al. observed a strong correlation between this allele and 
SJS/TEN in Han Chinese individuals who were receiving 
carbamazepine (Chung et al. 2004). Subsequent studies 
involving additional southeastern populations have con-
firmed HLA-B*1502 patients’ susceptibility to carba-
mazepine and further antiepileptic drugs (Fan et al. 2017; 
Man et al. 2007; Tassaneeyakul et al. 2010). Allopurinol 
treatment and HLA-B*5801 have been strongly associated 
with severe adverse drug reactions in Asian (Han Chinese, 
Japanese and Thai) and (to a lesser extent) Caucasians 
populations (Harr and French 2010; Pavlos et al. 2012; 
Yip et al. 2015).

However, these and other HLA associations with spe-
cific drug-induced SJS/TEN phenotypes have been limited 
to specific ethnicities. Furthermore, the exact functional 
mechanism linking HLA polymorphic molecules and T 
cells’ cytotoxic response has not been completely elucidated. 
Polymorphisms in a few other genes have been proposed 
as being potentially related to SJS/TEN, such as EPHX1, 
CYP2C9, CYP2B6 and IKZFI (Caruso et al. 2014; Ciccacci 
et al. 2013; He et al. 2014; Ueta et al. 2015).

Several molecular mediators have been described for 
SJS/TEN pathophysiology, such as granulysin (GNLY), 
TNF-α, Fas–Fas ligand interaction, TNF-related apoptosis-
inducing ligand (TRAIL), and perforin–granzyme B (Har-
ris et al. 2016). GNLY has been shown to play a key role 
in keratinocyte apoptosis since its expression was higher 
than that for other cytotoxic proteins in SJS/TEN-affected 
individuals’ blister fluids from skin lesions (Chung et al. 
2008). Interestingly, GNLY has also been shown to have 
proinflammatory activator and chemoattractive properties 
which may contribute towards the SJS/TEN phenotype (Finn 
et al. 2011). GNLY has been found to be high in SJS/TEN 
patients’ plasma (before the onset of skin detachment or 
mucosal lesions) which has enabled it to be used as a poten-
tial biomarker for the disease’s early phases (Abe et al. 2009; 
Yang et al. 2017). However, the exact mechanisms underlin-
ing GNLY overexpression and toxicity contributing to the 
SJS/TEN phenotype are yet to be discovered.

The present study has hypothesised that GNLY-encod-
ing mutations might be related to the protein’s structural/
functional disturbances, thereby contributing to SJS/TEN 
pathogenesis. We thus sequenced GNLY’s coding region in 
a group of 19 Colombian SJS/TEN patients. We identified 
the c.11G > A heterozygous sequence variant in a woman 
affected by TEN, which creates a premature termination 
codon (PTC) (p.Trp4Ter). We show that a mutant protein is 
synthesised, possibly due to a PTC-readthrough mechanism. 
Functional in vitro assays demonstrated that the mutant pro-
tein was abnormally located in the nuclear compartment, 
potentially leading to a toxic effect.

Our results argue in favour of GNLY non-synonymous 
sequence variants contributing to SJS/TEN pathophysiology, 
thereby constituting a promising, clinically useful molecular 
biomarker.

Materials and methods

Patients and controls

The clinical features defined by Roujeau were used for 
the patients’ diagnostic classification (2). Nineteen (SJS-1 
through SJS-19) patients were included in the present study: 
5 SJS, 2 SJS/TEN and 12 TEN (Table 1). They attended 
the Hospital Simón Bolívar (Bogotá, Colombia) or the Fun-
dación Valle de Lili (Cali, Colombia). Two patients belonged 
to the same family (a woman SJS-18 and her son SJS-19). 
Eleven drugs were associated with the symptoms’ onset: 
carbamazepine (4 cases), lamotrigine (3), contrast media (2), 
sulfadoxine/pyrimethamine (2, the familial case), codeine/
paracetamol (1), cephalexin (1), sulphonamide (1), phe-
nytoin (1), trimethoprim/sulfamethoxazole (1), metoclo-
pramide (2) and Urtica dioica (1) (Table 1). Two groups of 
individuals (GP1 and GP2), lacking antecedents of adverse 
reactions to drugs, were created to screen the c.11G > A 
(p.Trp4Ter) variant. GP1 consisted of 99 Colombian indi-
viduals who had taken phenytoin for at least 6 months while 
GP2 included 150 healthy women from the Valledupar area 
(a northern region of Colombia).

The Universidad del Rosario (Code: DVG-098) and Fun-
dación Valle de Lili’s (Code: P-515) Ethical Committees 
approved the study. The clinical investigation followed Hel-
sinki Declaration guidelines (1975, as revised in 1996). All 
patients had signed informed consent forms.

GNLY sequencing and in silico analysis

Genomic DNA was isolated from whole-blood samples from 
all patients and GP1–GP2 individuals, using the standard 
salting-out procedure.

The complete GNLY encoding region (5 exons, 
ENST00000263863) was amplified by PCR using exon-
flanking primers. The amplicons were then purified and 
directly sequenced using internal oligonucleotides enabling 
intron-exon boundaries to be studied. Genetic screening of 
GP1-GP2 individuals was used for c.11G > A (p.Trp4Ter), 
by implementing an identical protocol to that used with 
patients. Primer sequences and PCR conditions are avail-
able upon request. Sequence variants’ minor allele fre-
quencies (MAF) were screened in the Genome Aggrega-
tion Database (gnomAD) (gnomad.broadinstitute.org). The 
c.11G > A (p.Trp4Ter) variant allele frequency identified 
in the patient was compared to that regarding GP1-GP2 
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individuals. Chi-square tests were used for calculating allele 
frequencies’ significant differences between case (SJS-3) and 
control individuals. The Clustal Omega tool (https​://www.
ebi.ac.uk/) was used for aligning GNLY proteins from dif-
fering mammalian species (Pan troglodytes, Ovis aries, Bos 
taurus and Sus scrofa). SIFT and PolyPhen2 computational 
tools were used for assessing the c.356 C > T (p.Thr119Ile) 
sequence variant’s potentially harmful effect.

Plasmids and constructs

The complete GNLY (NM_006433) coding sequence was 
amplified by PCR and cloned into the pcDNA3.1⁄CT-GFP-
TOPO vector (Thermo Fisher Scientific K482001) (WT 
construct). This plasmid was subjected to site-directed 
mutagenesis (GeneArt kit, Thermo Fisher A13282) to 
introduce the c.11G > A (p.Trp4Ter) sequence change (con-
struct name: M1). The M2 construct, carrying the c.34A > G 
(p.Met12Val) mutation located at the first downstream in-
phase ATG codon (AUG) after the start of the open reading 
frame (ORF), was then created by a similar approach, using 
M1 DNA as template. The M2 construct carries, therefore, 
the p.Trp4Ter and p.Met12Val mutations. Sanger sequencing 
was used for verifying all constructs to exclude potentially 
unexpected variants induced during cloning and site-directed 
mutagenesis.

Cell culture and transfections

Chinese hamster ovary (CHO) cells were grown in DMEM-
F12 (Life Technologies) medium supplemented with foe-
tal bovine serum and 1% penicillin/streptomycin (Invitro-
gen–Gibco). 6 × 106 cells/well were seeded at the bottom 
of 24-well plates (for Western blot, WB) or on coverslips 
(for subcellular localisation) previously placed inside wells 
and transiently transfected, using the FuGENE 6 transfec-
tion reagent (Promega), with 300 ng of WT, M1, M2, or 
pcDNA3.1 (empty vector) plasmids. These experiments 
enabled performing downstream WB and protein subcellu-
lar localisation assays (GFP staining). Non-transfected cells 
were grown to study GNLY basal expression in CHO cells 
by WB assays.

GNLY in vitro subcellular localisation

After 48 h’ transfection, cover slips were washed with 1X 
PBS. The cells were fixed with 4% paraformaldehyde for 
25 min and washed three times with 1X PBS. The cover 
slips were mounted on slides using DAPI for nuclei staining. 
A fluorescent Nikon Eclipse NiE microscope was used for 
visualising the slides and images were captured with a Pho-
tometric (Coolnap EZ) digital camera using NIS-Elements 
Advanced Research software.

Table 1   Patients’ clinical characteristics

ID Age Gender Drug Symptoms Phenotype

Systemic Mucosal involvement Rash/flictenas TBSA 
injury 
(%)

SJS-1 29 Female Acetaminophen/codeine Not referred Oral Yes/not 10 SJS
SJS-2 59 Male Urtica dioica Fever Oral, ocular Yes/not 20 SJS/TEN
SJS-3 59 Female Metoclopramide Fever Oral, ocular Yes/yes 95 TEN
SJS-4 46 Female Lamotrigine Leukocytosis fever Oral, genital Yes/yes 70 TEN
SJS-5 48 Female Contrast medium Not referred Oral, genital Yes/not 10 SJS
SJS-6 68 Female Carbamazepine Fever Oral, ocular genital Yes/yes 80 TEN
SJS-7 15 Female Lamotrigine Leukocytosis fever Oral, ocular genital Yes/yes 80 TEN
SJS-8 37 Male Cephalexin Leukocytosis fever Oral, ocular genital Yes/yes 90 TEN
SJS-9 30 Male Sulfonamide Not referred Oral Yes/not 10 SJS
SJS-10 35 Male Contrast medium Arthralgias Oral Yes/yes 10 SJS
SJS-11 45 Female Phenytoin Leukocytosis fever Oral, ocular Yes/yes 60 TEN
SJS-12 36 Female Carbamazepine Leukocytosis Ocular Yes/not 20 SJS/TEN
SJS-13 5 Male Carbamazepine Leukocytosis fever Oral, ocular Yes/yes 80 TEN
SJS-14 18 Male Carbamazepine Leukocytosis fever Oral, ocular genital Yes/yes 80 TEN
SJS-15 54 Female Trimethoprim/sulfamethoxazole Arthralgias leukocytosis Oral Yes/yes 78 TEN
SJS-16 9 Male Metoclopramide Fever Oral, genital Yes/not 80 TEN
SJS-17 5 Male Lamotrigine Leukocytosis fever Oral, ocular genital Yes/yes 80 TEN
SJS-18 18 Female Pyrimethamine sulfadoxine Fever arthralgias Oral, ocular Yes/yes 80 TEN
SJS-19 1 Male Pyrimethamine sulfadoxine Not referred Ocular Yes/not 10 SJS

https://www.ebi.ac.uk/
https://www.ebi.ac.uk/
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Western blot assays

The transfected cells were directly lysed with 1X RIPA and 
boiled in 2X Laemmli buffer. Cell lysate proteins were sep-
arated on SDS-PAGE using 5–13% acrylamide–bisacryla-
mide gels. The proteins were then transferred to nitrocel-
lulose membranes (Biorad-162-0115) which were probed 
using an anti-granulysin monoclonal antibody (sc-27119, 
Santacruz Biotech), followed by incubation with a horserad-
ish peroxidase-conjugated anti-mouse IgG antibody (Sigma 
A0545). The SuperSignal West Pico Chemiluminescent 
substrate system (Thermo Scientific, #34580) was used for 
analysing the antigens.

Results

GNLY sequencing and bioinformatics analysis

Sequencing analysis of the GNLY-encoding regions in SJS/
TEN patients revealed the c.11G > A (p.Trp4Ter, heterozy-
gous) (SJS-3) and c.356 C > T (p.Thr119Ile) non-synony-
mous variants (Table 2). The gnomAD database MAF fre-
quencies were 0.08464 (c.11G > A, rs.10181739) and 0.3798 
(c.356 C > T, rs11127). We did not find the c.11G > A 
sequence variant in GP1 and GP2 individuals. Statistically 
significant differences were identified between the SJS-3 
patient and the GP control groups regarding c.11G > A vari-
ant genotypic frequencies (p = 0.013) (Table 2). Multiple 
protein alignments between species demonstrated that the 
W4 residue and several surrounding C-ter and N-ter amino 
acids had been conserved during mammalian species’ evolu-
tion (Supplementary Fig. 1); on the contrary, the T119 resi-
due had not been strictly conserved during evolution. SIFT 
and PolyPhen2 predictors’ scores were not compatible with 
potentially harmful effects regarding the p.Thr119Ile vari-
ant (SIFT: 0.2219 tolerated, Polyphen2: benign). The GNLY 
c.11G > A variant was submitted to a locus-specfic database 
(https​://datab​ases.lovd.nl/share​d/genes​/GNLY). 

Western blot experiments

Non-transfected cells’ WB (and those transfected with the 
empty vector) was negative, thereby indicating a lack of 
GNLY basal expression in CHO cells (Fig. 1). Experiments 
using protein extracts from WT, M1- and M2-transfected 
cell constructs had bands corresponding to the theoreti-
cal molecular weight of GNLY fused to the GFP protein 
(~ 42 kDa) (Fig. 1).

Protein subcellular localisation

CHO cells transfected with the WT GNLY version revealed 
the protein’s diffuse cytoplasmatic localisation and no cells 
showed GFP nuclear staining (Fig. 2). Transfections with the 
M1 construct led to the GNLY-p.Trp4Ter protein’s exclusive 
nuclear subcellular localisation (Fig. 2).

Table 2   Allele and genotype 
frequencies in patients and 
controls

Sequence variants c. 11G > A c.356 C > T
dbSNP rs.10181739 rs.11127
Protein p.Trp4Ter p.Thr119Ile
Allele frequency Patients GP1 GP2 Patients

G: 97.2%
A: 2.8%

G: 100%
A: 0%

G: 100%
A: 0%

C: 50%
T: 50%

Genotype frequency Patients GP1 GP2 Patients
GG:94.5%
GA:5.5% AA: 0%

GG:100%
A: 0%
p value: 0.0133*

G: 100%
A: 0%
p value: 0.0133*

CC: 33.3%
CT: 33.3%
TT: 33.3%

Fig. 1   Western blot experiments from CHO cells transfected with 
WT and mutant versions of GNLY. WT wild type, M1 GNLY carry-
ing the p.Trp4Ter mutation, M2 GNLY carrying the p.Trp4Ter and 
p.Met12Val mutations, NT non-transfected cells

https://databases.lovd.nl/shared/genes/GNLY
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Discussion

SJS/TEN constitute medical emergencies, as they are 
potentially fatal. The GNLY protein’s central role in these 
diseases’ pathogenesis and previously described specific 
genetic markers’ lack of clear-cut aetiological association, 
led us to suspect that GNLY-encoding variants may contrib-
ute to the phenotype. This study has described, for the first 
time, the molecular analysis of a cohort of Latin-American 
(Colombian) SJS/TEN patients. The phenotype was sus-
pected to have originated in most of these patients after the 
administration of molecules belonging to groups previously 
related to SJS/TEN, such as anticonvulsants (carbamazepine, 
phenytoin, lamotrigine), antibiotics (sulfadoxine, cephalexin, 
trimethoprim/sulfamethoxazole), nonsteroidal anti-inflam-
matory drugs (NSAIDs) (paracetamol) and non-therapeutic 
agents/chemicals (contrast agent) (Dodiuk-Gad et al. 2015; 
Fakoya et al. 2018; Rodriguez-Martin et al. 2019).

The SJS/TEN phenotype in individual SJS-2 was prob-
ably due to having taken an Urtica dioica (stinging or 
common nettle) extract used here for treating rheuma-
toid arthritis. Although it has been shown that the leaves 
of this plant contain molecules typically related to aller-
gic reactions (i.e. histamine, serotonin, acetylcholine and 
5-hydroxytryptamine), to the best of our knowledge, this 
is the first description of a life-threatening response after 

its consumption (Esposito et al. 2019; Kregiel et al. 2018). 
Interestingly, we have identified two related individuals 
(mother, SJS-18, and her son, SJS-19) affected by TEN and 
SJS. Pt-SJS18 took sulfadoxine/pyrimethamine as toxoplas-
mosis treatment during breastfeeding, which led to TEN. 
Shortly afterwards her son displayed the onset of similar 
signs, probably due to the drug being transmitted through 
breast milk. This familial case underlines the fact that phe-
notype in these individuals may have had a common molecu-
lar (genetic) origin. However, they did not display GNLY 
sequence variants, suggesting that variants in other genes 
may contribute towards the disease’s onset.

GNLY direct sequencing revealed that patient (SJS-3) 
was a carrier of the c.11G > A (p.Trp4Ter) non-synony-
mous variant, and another 12 patients carried c.356 C > T 
(p.Thr119Ile) (Table 2). We consider that the c.356 C > T 
variant was not related to the phenotype, as public SNP data-
bases gave 0.3798 MAF, therefore, arguing in favour of a 
frequently occurring non-functional polymorphism.

On the contrary, the c.11G > A variant (predicted to cre-
ate a premature stop codon at residue W4) had low MAF 
(0.008464). Since the Colombian population consists of a 
particular ethnical and genetic admixture, we screened this 
variant in individuals from two groups of control individu-
als (GP1 and GP2). It is worth noting that although GP2 
individuals were not taking any particular medication, they 

Fig. 2   GNLY subcellular localisation. WT wild type, M1 GNLY carrying the p.Trp4Ter mutation, M2 GNLY carrying the p.Trp4Ter and 
p.Met12Val mutations
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did come from the same area as patient SJS-3, which helped 
us to explore whether c.11G > A might have been occur-
ring frequently among a population having a specific genetic 
background. The lack of this variant in both control groups 
and its theoretically drastic nature in structural terms led us 
to implement functional in vitro assays.

Cells have a surveillance system (the nonsense-mediated 
mRNA decay system—NMD) which degrades mRNAs car-
rying PTCs. The NMD system starts functioning when the 
translation machinery encounters a PTC. This mechanism 
is efficient when the stop signal is located more than 50–55 
nucleotides upstream of the last exon–exon junction (Maquat 
2004; Nagy and Maquat 1998). However, exceptions to such 
rule have been reported since transcripts may be degraded 
even when a PTC is located less than 55 nucleotides from 
an exon–exon union, or be unaffected when a PTC is located 
upstream (Brogna and Wen 2009; Lindeboom et al. 2016; 
Maquat 2004). It has been shown that NMD efficiency 
decreases when a PTC is located in close proximity to the 
start codon (< 200 nucleotides); remarkably, PTCs located 
in an ORF’s first 100 nucleotides are rarely targeted by the 
NMD system (Lindeboom et al. 2016). Different mecha-
nisms have been evoked in such cases, leading to NMD 
insensitivity, such as RNA stabilisation and translation re-
initiation at a downstream AUG codon (Lindeboom et al. 
2016; Silva et al. 2008; Zhang and Maquat 1997).

The PTC was located near (fourth codon) the first AUG 
codon in the present case, 42 base pairs upstream of the first 
exon–exon junction, suggesting a downstream re-initiation 
codon potentially leading to the synthesis of a shorter ver-
sion of the GNLY protein lacking the N-terminal region. 
The GNLY sequence carries three in-phase AUG codons 
downstream from the beginning of the ORF, located at posi-
tions 34 (codon 12; CD-12), 235 (codon 79; CD-79) and 
331 (codon 111; CD-111) (Supplementary Fig. 2). Our WB 
experiments did not reveal weight differences of GNLY from 
cells transfected with WT or M1 constructs, which lead us to 
discard that the CD-79 and CD-111 3´ in-phase AUG codons 
could have led to translation re-initiation (Fig. 1). Since the 
first in-phase AUG codon (CD-12) was located very near (34 
nucleotides) to the start of the ORF, potential differences in 
protein weight compared to the WT version may be difficult 
to detect by WB (Supplementary Fig. 1). We thus created the 
M2 construct carrying the c.11G > A (p.Trp4Ter) mutation 
and replaced the AUG (Met12) codon in position 34 with a 
GUG codon (Val12). Intriguingly, we did not observe differ-
ences in GNLY molecular weight regarding cells transfected 
with M1 or M2 plasmids, which led us to discard a trans-
lation restart at the first downstream AUG codon (Fig. 1). 
These findings suggested that PTC-readthrough could have 
been involved in the translation of the GNLY-p.Trp4Ter 
mutant form. This mechanism enables the ribosome to pass 

through the stop codon and continue translation in the same 
phase (Dabrowski et al. 2015).

It should be noted that some rules regarding translation 
termination efficiency have linked the stop codon nucleotide 
environment to readthrough occurrence. An example would 
be particular motifs located immediately at 5´ (adenine at 2 
positions upstream of the UAG codon) and 3´ (e.g. CAA, 
CUAG, CAR​YYA​, CARNBA, CAA​UUA​) from the stop 
codon (Cridge et al. 2018; Dabrowski et al. 2015; Loughran 
et al. 2018; Pacho et al. 2011). Although the c.11G > A 
(p.Trp4Ter) mutation was not located in such a genomic con-
text, PTC-readthrough was plausible because several excep-
tions to these rules have been described (Namy et al. 2003; 
Williams et al. 2004). Molecular stop codon readthrough 
is based on termination codon recognition via eukaryotic 
release factor 1 (eRF1) and near-cognate tRNA (nc-tRNA) 
location in the ribosome. This mechanism leads to inaccu-
rate stop codon decoding; nc-tRNA usage seems to be non-
stochastic, but the challenge lies in accurately predicting the 
nature of the residue which will become incorporated during 
a termination codon readthrough. Glutamine, tryptophan, 
tyrosine and lysine incorporation at the stop codon has been 
described for UAG codons (as it is the case in the present 
study) (Blanchet et al. 2015; Fearon et al. 1994; Feng et al. 
1990; Nilsson and Ryden-Aulin 2003).

Theoretically, introducing one of these residues at the 
protein’s N-terminal region may change its local (and global) 
physicochemical properties, leading to functional distur-
bances. Interestingly, our in vitro functional experiments 
highlighted the fact that the GNLY-p.Trp4Ter mutation led 
to the protein’s abnormal subcellular mislocalisation, which 
became translocated to the nucleus (Fig. 2). This phenom-
enon has been described previously for an alternative form 
of GNLY (a 9 kDa version lacking the N-terminal region) 
which had apoptotic properties (Takamori et  al. 2005). 
Indeed, GNLY is synthesised as a 15-kDa precursor and 
processed to an active 9 kDa cytotoxic form (Chung et al. 
2008; Hanson et al. 1999). Our results have thereby argued 
strongly in favour of changes in the GNLY N-terminal region 
do lead to protein conformational/functional disturbances, 
contributing to SJS/TEN’s molecular origin. Indeed, the 
GNLY c.11G > A mutation could be a susceptibility-related 
genetic factor triggering severe reactions to drugs or defence 
against viruses, such as SJS/TEN. Although many genetic, 
epigenetic and environmental factors might interact to origi-
nate these complex phenotypes, we consider that other yet-
to-be-discovered GNLY sequence variants might contribute 
to the disease’s aetiology.

We consider that future sequencing studies of GNLY-
encoding regions in SJS/TEN patients should provide new 
insights into these diseases’ aetiology and enable new, 
potential predictive biomarkers to be described.
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