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A B S T R A C T

Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are very rare dermato
logic disorders characterized by extensive detachment of the epidermis. Although some drugs, 
infectious agents, HLA genes, malignancy and connective tissue diseases are thought to play a 
role in the development of the disease, the pathogenesis has not been fully elucidated. Type IV 
hypersensitivity reactions are thought to be the underlying cause of these diseases. Inflammatory 
changes such as purulent erosion, ulcers and crusting can be seen in the gastrointestinal system, 
urinary tract and genital mucosa. Some immunologic biyomarkers like as HLA-B* 1502, 
Granulysin and CCL-27 are used in clinical diagnosis, prognosis, treatment, and personalized new 
drug development that could further explain the pathogenesis of SJS and TEN. This review fo
cuses on the pathophysiology of the SJS and TEN and presents it in light of current data on this 
subject. We recommend further in vivo and in vitro studies to unravel the underlying im
munological mechanisms to determine appropriate intervention strategies.

Introduction

Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are dermatologic emergencies characterized by extensive 
detachment of the epidermis [1]. The incidences of SJS and TEN are very rare (3.96–5.03 and 0.94–1.45 per million, respectively) 
[2]. There is a clear female sex predilection with a female to male ratio of 1.5 to 1 [3]. Incidence increases with age and in certain risk 
groups predisposing factors include: the presence of multiple comorbidities, polymedicated individuals, immunosuppression (HIV- 
positive patients), and concomitant use of radiotherapy or chemotherapy [4]. The mortality rates are 4.8–9 % for SJS and 14.8–48 % 
for TEN [1]. In approximately 90 % of cases, the mucous membranes are affected and the rash spreads throughout the body within a 
day. Oral involvement is most common, with mucositis and ulceration occurring in up to 100 % of cases [5,6]. The involvement of the 
eyes often relates to sequelae such as dry eyes, visual acuity, conjunctivitis, corneal erosions, and trichiasis. In severe cases, ocular 
sequelae can reach as far as blindness [6]. The immunopathogenesis of the SJS and TEN has not been fully elucidated. Risk factors for 
the development of SJS/TEN include drugs, infection agents, genetic hypersensitivity, type IV allergic reactions, connective tissue 
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disorders, psoriasis, systemic lupus erythematosus (SLE), epilepsy, malignancy, cerebrovascular diseases, and diabetes mellitus [7]. In 
15–30 % of cases, an etiological cause cannot be determined [8].

Drugs

More than 200 drugs have been associated with the onset of SJS/TEN. Antiseizure medications such as phenytoin, carbamazepine, 
phenobarbital, valproic acid and lamotrigine have been reported to be common causes of SJS/TEN [9,10]. Additionally, aminope
nicillins, fluoroquinolones, cephalosporins, sulfonamides (sulfasalazine, sulfadiazine, sulfadoxine, and sulfafurazole) and oxicam- 
type non-steroidal anti-inflammatory drugs (NSAIDs) (meloxicam, piroxicam, and tenoxicam) are known to have a high risk of 
inducing SJS/TEN [11–13]. The majority of the suspect drugs are upper respiratory infection drugs. In addition to conventional 
drugs, herbal remedies and new biologics have been considered as causative agents [14]. A list of drugs that constitute the most 
important risk factors for SJS/TEN is given in Table 1.

Infection agents

Bacterial, viral, fungal and parasitic infectious agents have been previously reported to cause SJS/TEN. The reported viral diseases 
include herpes simplex virus (HSV), HIV, coxsackievirus, influenza, hepatitis, lymphogranuloma venereum, and smallpox. Bacterial 
agents include group A beta-hemolytic streptococcus, the bacilli of diphtheria, brucellosis, typhoid fever and tularemia, mycobacteria 
and mycoplasma. Fungal causes include paracoccidioidomycosis, dermatophytosis and histoplasmosis. Protozoan parasites malaria 
and trichomonas were also related. In children, enteroviruses and Epstein-Barr virus are possible causative agents [1,15,16].

Immunopathogenesis

Drug antigen presentation, HLA and T-cell receptors

HLA and a drug form a complex before being loaded with peptides inside the cell, thus altering the peptide that binds to HLA and 
is displayed on the cell surface for T cell recognition [17]. This change in the cell surface peptide associated with a particular HLA 
leads to the activation of different T cells [18]. The drug's repeated binding to amino acid residues specific to the HLA molecule may 
explain the allele specificity of the drug [19]. This change in the bound peptide repertoire is a plausible explanation for drug-induced 
hypersensitivity [20]. T cells lack self-reactivity but have the potential to recognize foreign antigens. Some self-peptides are never 
encountered during T-cell development, but exposure can occur under pathological conditions [21]. This results in immune system 
false hyperactivity where self-peptides are perceived as foreign by the immune system [22]. The most influential event in im
munopathogenesis is the tripartite interaction between a peptide presented by the major histocompatibility complex (MHC) on an 
antigen-presenting cell (APC) and a T cell receptor (TCR) expressed on a CD8 + (cytotoxic) T cell [23]. Human leukocyte antigen 
alleles play a role in presenting antigens to T cells and activating the immune response. It has been proposed that the drug/metabolite 
is presented by HLA molecules with HLA restriction predisposed to an inappropriate immune response and subsequent adverse drug 
reaction [24]. Pharmacogenomic studies have shown some data on genetic predisposition to SJS/TEN. Despite the strong HLA 
predisposition to drug hypersensitivities, it remains unknown whether particular TCR participate in the recognition of small drug/ 
peptide-HLA complexes [25,26]. Ko et al. showed increased expression in peripheral blood mononuclear cells (PBMC) in subjects 
with the susceptible HLA allele (HLA-B*1502) that modifies CBZ-specific cytotoxicity in SJS/TEN compared to healthy subjects in an 
in vitro study investigating the expression levels of TCR profile. This study suggests that TCR plays an important role in the pa
thogenic mechanism of SJS/TEN [27].

Table 1 
Some drugs associated with a risk of SJS/TEN. 

Abacavir Oxcarbazepine

Acetic acid- type NSAIDs Oxicam- type NSAIDs
Allopurinol Pantoprazole
Andtamoxifen Pembrolizumab
Atezolizumab Penicillin- type antibiotics
Carbamazepine Phenobarbital
Cephalosporin- type antibiotics Phenytion
Durvalumab Sertraline
Fluoroquinolone- type antibiotics Sulfa- containing antimicrobials
Ipilimumab Sulfasalazine
Lamotrigine Tetracycline- type antibiotics
Macrolide- type antibiotics Thalidomide
Nevirapine Vemurafenib
Nivolumab
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CD8 + T lymphocytes

SJS and TEN are specific drug hypersensitivity reactions in which cytotoxic T lymphocytes (CTL) play a role in the initiation 
phase. CD8 + T lymphocytes are crucial to the pathogenesis of SJS/TEN [2]. A study by Le Cleach et al. showed that infiltration of 
CD8 + T lymphocytes with monocytes/macrophages was dominant at the dermal-epidermal detachment site of TEN patients [24]. In 
maculopapular rashes, CD4 + T lymphocytes were reported to be the most common and drug-specific T cells [28]. These CD8 + T 
cells express common cutaneous leukocyte antigen (CLA) and are also capable of drug-specific cytotoxic activity by granzyme B [29].

Th17 cells

Th17 cells produce IL-17 and IL-2227. SJS/TEN patients have more IL-17-producing CD4 + T cells than healthy individuals [30]. 
Th17 cells that settle in the skin may affect inflammation and skin damage by regulating the recruitment of neutrophils and other 
inflammatory leukocytes [31]. Th17 cells can change their phenotype and become T-reg cells [32]. In SJS/TEN patients, Th17 cells 
decrease while T-reg cells increase. In addition, neutropenia, which causes higher mortality in TEN patients, may be due to the effect 
of Th17 cells on neutrophils. It has been shown that the number of Th17 cells decreases when the disease resolves [33,34].

T-reg cells

T-cell activation occurs through decreased T-reg cell function and upregulation of T-cell activation by monocytes. CD8 + T-cells 
are not specific to TEN but are seen in other drug reactions [19]. Accordingly, the function of T-reg cells in increasing the activation 
of CD8 + cells may be a determining factor in TEN [32]. Increased activation of CD8 + T-cells can cause severe epidermal damage. 
The number of T-reg cells in TEN patients does not appear to differ from normal patients, but their function is impaired in the acute 
phase of TEN [35].

Fas-FasL interaction

Fas is a cell surface receptor that plays a role in apoptotic pathways and initiates the death signaling cascade leading to apoptotic 
cell death by interacting with its ligand FasL [36]. Cytotoxic T-cells, specifically CD8 + T-cells and NK cells, exhibit the membrane- 
bound death receptor ligand FasL, and contain cytotoxic granules. Lymphocytes are responsible for cell death, either directly or 
indirectly [37,38]. CD8 + T cells and NK cells kill target cells via the Fas-FasL system, which requires direct cell contact [39]. Sayama 
et al. have shown that FasL signaling is functional in human keratinocytes [40]. Increased sFasL levels in the sera of TEN patients 
were shown to be due to shedding of membrane-bound FasL on keratinocytes or PBMC [41,42].

Perforin and granzyme B

Perforin is a member of the serine proteinase family and is a lytic protein that can form pores in the cell membrane [43,44]. 
Perforin/granzyme B has been reported to play an important role in keratinocyte death in SJS/TEN [45]. Activated cytotoxic T 
lymphocytes (CTL) and natural killer (NK) cells produce perforin, which can bind to the target cell membrane, open a channel, and 
promote granzyme B entry into keratinocytes. Once granzyme B enters target cells, it activates the caspase cascade and subsequent 
apoptosis [46–48]. It has been observed that perforin, granzyme B, tumor necrosis factor (TNF)-α, and FasL levels are associated with 
disease severity of drug hypersensitivity, ranging from mild maculopapular rash to severe TEN [49].

Granulysin

Granulysin is a cytotoxic molecule that plays an important role in host defense against pathogens. Granulysin plays a role in 
apoptosis and also has antitumor [50]. A cationic cytolytic protein, 15-kDa granulysin is secreted extracellularly by CTL and NK cells 
via a nongranulocyte exocytotic pathway [43]. The negative charge in the molecule disrupts the positively charged cell membrane 
when binding, and this charge association damages mitochondria, resulting in cell death [51]. The expression level of granulysin 
increases upon T and NK cell activation [52]. Chung et al. reported that granulysin is strongly expressed by blister cells in skin lesions 
and plays an important role in the widespread keratinocyte apoptosis of SJS/TEN [52]. Granulysin has a direct cytotoxic effect on 
keratinocytes at concentrations detected in blister fluids [53]. In addition, granulysin injections into mouse skin were found to result 
in blisters and epidermal necrosis mimicking SJS/TEN [47]. They concluded that high levels of secretory granulysin in vesicular skin 
lesions may explain the histopathology observed in SJS/TEN, where infiltration of sparse dermal mononuclear cells results in 
widespread epidermal necrosis [54]. This suggests that granulysin is an early diagnostic marker of SJS/TEN [46].

Annexin A1 and formyl peptide receptor 1 (FPR1)

Annexin A1 is a molecule that plays a role in many different immune pathways such as inflammation, phagocytosis and pro
liferation and shows its effect by binding to formyl peptide receptor 1 (FPR1) [55]. It has been shown that keratinocyte death in SJS/ 
TEN is triggered by the interaction of increased annexin A1 and FPR1, which may contribute to the pathogenesis of SJS/TEN [56]. In 
susceptible patients exposed to the drug, annexin A1 is secreted from immune cells, which leads to a lethal effect on keratinocytes 
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[57]. Annexin causes a form of programmed cell death by acting on FPR1 on the surface of keratinocytes. Annexin A1/FPR1 have 
been shown as candidate markers of disease formation and have been proposed as therapeutic targets [56].

TNFα, interferon γ (IFNγ) and other cytokines/ chemokines

Monocytes/macrophages produce soluble apoptotic proteins [43]. Monocytes/macrophages are the most abundant cell type in the 
epidermis during TEN and are responsible for expressing the cytokine TNFα [58]. TNFα activates TNF receptor 1 (TNF-R1), which 
also induces apoptosis through the Fas signaling pathway. These may be involved in the epidermal damage associated with TEN [59]. 
Other cytokines/chemokines involved in the pathogenesis of TEN are interleukins (IL2, 5, 6, 10, 12, 13, 15, 18), CCR3, CXCR3, CXC4, 
CXCR10 and CCL27. These cytokines/chemokines have been reported to be elevated in skin lesions and plasma blister fluids [58,60].

Other molecules

ELISA showed that α-defensin expression in mononuclear cells, including monocytes, NK cells and T cells, was higher in blister 
fluid compared with concurrent plasma samples [61]. Lipocalin-2 is associated with the early phase of programmed cell death in SJS/ 
TEN [62]. Another study showed that RIP3 expression was also increased in necroptotic keratinocytes and serum RIP3 levels were 
elevated in the acute phase of SJS/TEN patients [63].

Genetics

The incidence of SJS/TEN varies by country, in part because of individual genetic differences and different prescribing patterns. 
Genetic predisposition may be explained by the possibility that specific drug-associated HLA alleles increase the likelihood of de
veloping SJS/TEN [64]. A strong association between HLA-B* 1502, SJS and carbamazepine was demonstrated by Chung et al. in Han 
Chinese [65]. This high association led to further studies on Hong Kong Han Chinese, a similar ethnic group that has shown serious 
side effects to antiepileptic drugs [66]. A cohort study reported from Thailand demonstrated sensitivity to carbamazepine in in
dividuals with HLA-B* 1502 [67]. However, a smaller study from India showed a weak correlation between HLA-B* 1502 and 
carbamazepine-induced severe drug allergy [68]. A genetic correlation could not however be shown in Caucasian, Japanese and 
Europeans [69–71]. Severe cutaneous reactions in HLA-B* 1502 subjects were not only associated with the drug carbamazepine, but 
also, to a lesser extent (lower odds ratio), with phenytoin and lamotrigine [66]. Ozeki et al. found that HLA-A* 31:01 was also 
associated with carbamazepine-induced SJS/TEN [72]. All Han Chinese patients with a severe adverse drug reaction to allopurinol 
were shown to be HLA-B* 5801 positive [73]. A strong association between SJS/TEN and HLA-B* 5801 was found in Japanese and 
Thai patients [67,70]. Abacavir, a nucleoside reverse transcriptase inhibitor used to treat HIV infection, has been reported to induce 
SJS/TEN in patients carrying HLA-B* 57:01 [74,75]. HLA-B∗38 has been associated with sulfamethoxazole or lamotrigine, and HLA- 
B∗73 has been associated with oxicam nonsteroidal anti-inflammatory drugs [71]. miRs are small non-coding RNAs, on average only 
22 nucleotides long, and have the function of regulating gene expression [76]. They are known to be involved in immune response, 
cell growth and differentiation, organogenesis, growth control and apoptosis [77]. miR-18a-5p has been observed to be increased in 
keratinocytes of TEN patients. The level of miR-18a-5p in the serum correlates with areas of erythema or erosion, suggesting its 
involvement in the pathogenesis of TEN [78].

Other medical causes

Certain diseases have been associated with the development of STS/TEN, such as Crohn's disease, ulcerative colitis, systemic lupus 
erythematosus, graft versus host disease (GVHD), and cancers. Reported cases of malignancy include non-Hodgkin lymphoma, fi
brillary astrocytoma, breast carcinoma, and cervix carcinoma [13].

Conclusion

As a summary of the studies conducted so far, it can be considered that specific HLA types are not only a genetic marker but also 
play a functional role in the pathogenesis of the SJS/TEN. They are very rare diseases, and because of the high risk of death, 
especially in the more severe cases of TEN, it is vital that we find therapeutic approaches that will halt disease progression and 
promote recovery. The discovery of new genes and regions that play a role in the development of SJS/TEN brings us one step closer to 
understanding its etiopathogenesis. The development of practical clinical guidelines based on genetic risks will guide clinicians in the 
follow-up and treatment of the disease. Despite many in vivo or in vitro studies, the pathophysiology of SJS/TEN is still not fully 
understood. Current models show upregulation of proapoptotic systems after drug-mediated keratinocyte damage. The early in
itiating phase of TEN, which precedes the activation of proapoptotic mechanisms, should be further elucidated. The determination of 
biomarkers that can target early events in the disease process can help predict prognosis and determine targeted therapies. This 
review aims to close the gap in this regard by focusing on the pathophysiology of the disease. We recommend further studies to better 
understand the underlying immunological mechanisms to determine appropriate intervention strategies.
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