
Clinical Research and Clinical Reports                                                                                                                                                                                          Page 1 of 7 
 

 

 

The potential roles of IL-6 and NKG2C in the pathogenesis of 

Stevens-Johnson Syndrome/Toxic Epidermal Necrolysis  
El-Khateeb Hanin 1*, Shekar Malika 1*, Iqbal O 2,4, Dharan A 3, Campbell E 3, Bu P 4, Mudaliar K 2, Speiser J 2, Bouchard C 4 

1Opthalmology/Pathology, Loyola University Chicago Stritch School of Medicine, Maywood, Illinois, United States 

2Opthalmology/Pathology, Loyola University Chicago Stritch School of Medicine, Maywood, Illinois, United States  

3Microbiology, Loyola University Chicago Stritch School of Medicine, Maywood, Illinois, United States 

4Ophthalmology, Loyola University Health System, Maywood, Illinois, United States 

*Correspondence Author: El-Khateeb Hanin, Shekar Malika, Opthalmology/Pathology, Loyola University Chicago Stritch School of 

Medicine, Maywood, Illinois, United States. 

Received Date: 25 March 2024 Accepted Date: 15 April 2024 Published Date: May 07 2024. 

Citation: El-Khateeb Hanin, Shekar Malika, Iqbal O, Dharan A, Campbell E, Bu P, Mudaliar K, Speiser J and Bouchard C, (2024), 

The potential roles of IL-6 and NKG2C in the pathogenesis of Stevens-Johnson Syndrome/Toxic Epidermal Necrolysis”, Clinical 

Research and Clinical Reports, 3(4); DOI:10.31579/2835-8325/071 

Copyright: © 2024, El-Khateeb Hanin. This is an open-access article distributed under the terms of the Creative Commons Attribution License, 

which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited. 

 

Abstract 

Stevens Johnson Syndrome/Toxic Epidermal Necrolysis (SJS/TEN) are most often drug-induced severe cutaneous 
adverse reactions with increased morbidity and mortality.  Eyes are often involved causing ocular surface disease 
leading to visual impairment and blindness.  The pathogenesis is not completely understood.  HLA-E-specific 
activating receptor CD94/NKG2C are reported to trigger T-cell receptor-independent cytotoxicity in cytotoxic T cells. 
Several cytokines are known to play a role in the pathogenesis of this condition. The role of IL-6 and NKG2C in 

causing ocular surface disease and keratinocyte apoptosis is not fully explored.  Determination of the expression of IL-
6 and NKG2C studied by immunofluorescence microscopy will enable better understanding of their potential roles in 
the pathogenesis of SJS/TEN. It is hypothesized that IL-6 and NKG2C play a crucial role in the pathogenesis of 
SJS/TEN and may correlate with the degree of severity of skin detachment and ocular surface disease. To validate this 
hypothesis, the specific aim is to determine the expression of IL-6 and NKG2C in the skin of patients with biopsy 
confirmed SJS/TEN compared to the lichen planus controls by immunohistochemistry and correlation with severity of 
skin detachment. Under a current, Loyola IRB approved protocol, 12 collected and archived unstained slides of skin 
and blood plasma samples from patients with biopsy confirmed SJS/TEN were used for this study. Deconvolution 

Immunofluorescence (IF) was performed using IL-6 and NKG2C antibodies using a Delta Vision microscope equipped 
with a digital camera.  Human Corneal Epithelial cell cultures was challenged by TNF-α or plasma from patients with 
SJS/TEN and the induced expression of IL-6 and NKG2C was determined using immunofluorescence microscopy. 
Deconvolution immunofluorescence performed on skin biopsy-confirmed SJS/TEN patient slides showed expression 
of IL-6 and NKG2C using a Delta Vision microscope.IL-6 and NKG2C may be involved in the pathogenesis of 
SJS/TEN. Further studies are warranted to establish their roles in the severity of disease. 

Key words: stevens-johnson syndrome; pathogenesis; nkg2c; il-6; immunofluorescence; microscopy 

Introduction 

Stevens-Johnson Syndrome (SJS) and Toxic Epidermal Necrolysis (TEN) 

are classified under the distinct category of Severe Cutaneous Adverse 
Reactions (SCARs). These lesions are uncommon life-threatening severe 
mucocutaneous lesions characterized by necrosis and sloughing of the skin, 
and often associated with multiorgan system involvement leading to 
dermatologic, hematological, ophthalmologic, and genitourinary 
complications. Eyes and skin are most often involved. Eyes may be linked 
to causing severe purulent conjunctivitis and corneal blindness requiring 
amniotic membrane transplantation or corneal transplantation. Regarding 

the skin, toxic epidermal necrolysis is a type IV immune reaction that 
presents with mucocutaneous blistering alongside epidermal detachment 
[32]. This severe skin reaction is classified based on the degree of skin 
detachment. SJS is characterized by skin involvement of less than 10%, 

TEN is defined as skin involvement exceeding 30%, and SJS/TEN overlap 

is identified as skin involvement of 10-30% [17]. The lesions related to this 
syndrome typically manifest as blisters accompanied by mucosal epidermal 
detachment caused by epidermal necrosis with limited dermal inflammation 
[32]. To distinguish these skin lesions from erythema multiforme (EM), 
herpes simplex virus, or mycoplasma infection in children, the distribution 
of the other phenomena has a less widespread distribution compared to SJS 
and TEN [32]. The lesions that first emerge as dusky or purpuric plaques 
form vesicles that appear as targetoid lesions. These lesions start to grow 

and become increasingly confluent. This is followed by painful ulcerations 
with pseudomembranous and necrosis. Following the resolution of SJS, the 
skin may experience hypo- or hyper-pigmentation, abnormal nail growth, 
and paronychia [31-32].  
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The pathogenesis of this condition has yet to be fully understood. 
Numerous associations related to the prevalence of SJS/TEN in Southeast 
Asia have been recorded, including associations with HLA- A*0206, HLA-
B*44:03, HLA-B*1502 (carbamazepine), and HLA-B*5801 (allopurinol) 
genotypes [1-4]. SJS/TEN are considered under the umbrella of immune-
mediated specific hypersensitivity reactions that can become triggered by 
cytotoxic T-lymphocytes [23-25].  In patients with SJS/TEN, it was 
discovered that Cytotoxic T cells and NK cells infiltrated the skin lesions 

[22].  Granule-mediated exocytosis mainly of perforin, granzyme B, and 
Fas/FasL interactions was reported to explain keratinocyte apoptosis [7]. 
Elevated expression of the death cell receptor TNF-α or TNF receptor 1 has 
been reported in numerous studies [4].  The granulysin (15 kDa) form that 
was secreted by the NK cells and cytotoxic T cells was denoted to have 
infiltrated the blister fluid- This in turn demonstrated its role in the 
widespread keratinocyte apoptosis [6]. Interleukin-15 was reported to be 
associated with severity and mortality in SJS/TEN [30]. It was recently 
reported that there may be a potential role for IL-13, IL-15, and granulysin 

in the pathogenesis of T-cell receptors confined by the HLA-1b molecule 
HLA-E [19-20].  In addition, it has also been noted that the HLA-E-specific 
activating receptor CD94/NKG2C can induce T-cell receptor-independent 
cytotoxicity in cytotoxic T cells [19-20].  While the expression of cytokines 
and chemokine receptors present in cutaneous lesions of SJS have been 
previously documented [6-7], their exact roles in the development of skin 
necrosis and skin detachment have not been entirely studied. It has been 
noted that a myriad of cytokines causes apoptosis in both SJS and TEN, 

including but not limited to perforin, granzyme B, and TNF. The cytotoxic 
T cells have the capability of secreting granules that carry granulysin 
perforin, and granzyme B which in turn perforate the membrane resulting 
in mitochondrial damage, and ultimately death. When analyzing bodily 
fluid, such as blister fluid in patients with SJS/TEN in comparison to burn 
patients: The former patients were found to have twenty times more 
granulysin and eight times more granzyme b. As aforementioned, the 
precise mechanism and function that T cells and NK cells play in 

generating these mediators have not been demonstrated [5, 19-20].  

Diagnosis of SJS/TEN has been focused on the overall morphology and 
extent of lesions based on prior drug exposures or illnesses. Currently, it 
remains challenging to identify early SJS/TEN cases due to the initial signs 
and symptoms of drug eruptions mimicking non-severe ones. Histological 
examination has demonstrated efficacy in identifying epidermal necrosis, 
or separation at the dermo-epidermal junction [5]. The myriad of drugs 
involved in the pathogenies, and toxicokinetic that precipitate SJS/TEN 

typically have extended half-lives and are taken systemically. Symptoms 
develop within just a few days to a few months after starting a new drug 
[23].  

This study assessed the expression of IL-6 and NKG2C in both the skin and 
blood of patients with SJS/TEN utilizing immunohistochemistry 
techniques.  The levels of IL-6 and NKG2C was correlated with the extent 
of skin detachment in these patients by referencing the information 
available in their patient charts.  Furthermore, induced expression of IL-6 
and NKG2C by TNF-alpha or plasma from confirmed SJS/TEN patients, in 

corneal epithelial cells and keratinocyte cell cultures were studied. The 
precise role of IL-6 and NKG2C in the pathogenesis is not fully known.  
This study is designed to study the roles of IL-6 and NKG2C in the 
pathogenesis of Stevens-Johnson Syndrome. The hypothesis postulates that 
IL-6 and NKG2C are vital factors in the pathogenesis of SJS/TEN. This 

further suggests that the interplay of IL-6 and NKG2C may serve as notable 
indicators influencing the severity spectrum of both skin and ocular 
manifestations observed in SJS/TEN cases. Further investigation into the 
intricate relationship between the cytokine immune factors and the clinical 
outcomes of SJS/TEN could provide valuable insights into the underlying 
mechanisms and potential biomarkers for disease progression. 

Materials and Methods 

Immunofluorescence Microscopy- Utilization of Skin Biopsy Slides 

Under a current, Loyola institutional review board (IRB) protocol, 12 
collected and archived unstained slides of skin and blood plasma samples 
from patients with biopsy-confirmed SJS/TEN were utilized. In addition, 4 
collected and archived Lichen Planus slides were used for controls in the 
study. All tissue samples underwent de-identified prior to the initiation of 

the experiment.  

All the slides used for the experiment were stored and processed similarly. 
The segments of the skin biopsies on the slides underwent deparaffinization 
by utilizing three washes with xylene for 5 minutes each. Following this, 
the slides underwent rehydration through the utilization of a progressive 
ethanol gradient. This gradient followed the respective order: They were 
subjected to two washes utilizing 100% ethanol (EtOH) for 2 minutes each, 
followed by a single wash in 95% EtOH for 5 minutes, and ultimately, they 

were washed in 70% ethanol for 5 minutes. Subsequently, the biopsy slides 
were rinsed utilizing distilled water for 1 minute and washed for 5 minutes 
in the phosphate buffer solution (PBS). Next, the slides were blocked with 
normal goat serum for precisely 1 hour, and then were treated with either 
IL-6 or NKG2C- the primary antibody and incubated overnight within a 
humidified container at 4oC. Following the one-hour incubation period, the 
biopsy slides underwent 3 washes with PBS and then treated with the 
secondary anti-rabbit IgG, fluorescein isothiocyanate (FITC), and diamino-

2 phenylindole (DAPI) antibodies for 30 minutes. After washing with PBS, 
slide covers were mounted with fluorogel. For each slide stained with 
primary antibody, an additional control slide was prepared. The slides were 
then incubated with 10% NDS instead of IL-6 or NKG2C primary antibody 
and stained with secondary rabbit anti-rabbit IgG, FITC, and DAPI 
antibodies. The primary objective of the control slides was further to 
enhance the understanding of SJS/TEN pathology and compare the levels 
of background auto-fluorescence across all tissue samples. 

Images were captured using a DeltaVision microscope equipped with a 

digital camera, utilizing deconvolution and immunofluorescence. The 
settings and exposure times were maintained consistently across the 
entirety of the sample pool. 

Results 

IL-6 and NKG2C are two crucially recognized cytokines that play a 
significant role in inflammatory diseases associated with dermatology, and 
ophthalmology-related inflammatory diseases. In our endeavor to delve 
deeper into the expression of IL-6 and NKG2C in patients with SJS/TEN 
and LP, we took the initiative to complete the aforementioned experiment, 
the findings of which are depicted below.  

IL-6 and NKG2C intensities in SJS/TEN, Lichen Planus, and Normal 

Control Tissue Samples 
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Figure 1: Representative images obtained through immunofluorescent microscopy and deconvolution. A total of 12 SJS/TEN and 4 Lichen planus 

skin biopsy samples were analyzed utilizing immunofluorescence microscopy. The above images display a total of 4 samples from SJS. Among 

them, 2 contained IL-6 cytokines, while the other 2 contained NKG2C samples. Comparative analysis was performed between them and the 

control, where Lichen Planus lacked the anti-IL-6 or anti-NKG2C primary antibody. All scale bars were standardized to 10 µm. 
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Figure 2: Representative images taken utilizing an immunofluorescent (IF) microscopy equipped with a DeltaVision microscope and a digital 

camera. Exposure times were kept constant across all samples. 

Discussion  

Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis are life-

threatening conditions, associated with a myriad of severe clinical 

implications. The diagnosis of SJS/TEN is notably challenging, and there is 

a lack of well-established biomarkers needed for accurate diagnosis or 

prediction of severity. A potential therapeutic approach to mitigate the 

overall occurrence of SJS involves HLA screening before administering 

certain medications [10]. A myriad of studies have concentrated their 

efforts on identifying the specific cytokines and inflammatory mediators 

that contribute to the pathogenesis of SJS [21]. The methodology employed 

in this study and the subsequent outcomes demonstrated that both IL-6 and 

NKG2C were cytokines that played a crucial role in the pathophysiology of 

SJS/TEN, evident by the increased level of expression on skin biopsy slides 

of patients with confirmed SJS/TEN. To date, there has been a limited 

number of studies demonstrating the expression of IL-6 and NKG2C in 

patients with confirmed SJS/TEN. Some studies postulated the potential 

cause involving a hapten-induced immune response where the implicated 

drugs can stimulate cells by directly binding to immune receptors 

reversibly. Conversely, other studies have postulated that a myriad of cell 

death mediators including FasL and regulatory T-cells may also play a role 

in the occurrence of SJS/TEN [1-2].  

NKG2C was identified as a cytotoxic T lymphocyte (CTL) with Natural 

killer (NK))-like activity that responds to HLA-E found in the skin of 

patients with SJS/TEN. This in turn leads to the sensitization of 

keratinocytes to cellular killing [19]. Furthermore, it was found that the 

frequencies of CD94/NKG2C (+) were increased to a great degree in 

patients with SJS/TEN, further confirming its inflammatory role in the 

pathogenesis of this deadly disease [22].  

IL-6 cytokine has shown numerous implications about its upregulation in 

patients with SJS/TEN, in addition to other cytokines in a publication by 

Stern et alIt was observed that not only was there an elevation in this 

cytokine, but it also correlated with the extent of cutaneous involvement 

and the overall clinical course [29]. Elevated levels of the IL-6 cytokine 

suggest that it plays a role in the inflammatory pathogenesis of SJS, and to 

a greater severity than of TEN. Furthermore, the study of cytokines not 

only provides an enhancing contribution to the diagnosis of the disease but  

also aids in providing insight into various therapeutic management 

treatments [14]. A study assessing the diverse expression of tear cytokine 

levels in patients with chronic SJS, to further comprehend the role of 

cytokine alteration in disease development [14]. It was noted that there was 

a significant upregulation of the pro-inflammatory cytokine IL-6 with a p-

value < 0.029 when comparing SJS patients with controls [14].  Another 

study provided additional confirmation, establishing a correlation between 

the chronicity of SJS/TEN and the notable upregulation of IL-6.- this was 

specifically evident in human corneal and conjunctival epithelial cells 

[32,33].  

Gaining insights into the contributions of IL-6 and NKG2C to the 

pathogenesis and persistent inflammatory state in patients with SJS/TEN 

will be instrumental in improving both diagnosis and clinical management. 

Our clinical findings, and extensive research initiative, led us to confidently 

believe IL-6 and NKG2C hold promise as biomarkers used to assess 

disease severity. While these cytokines may not be unique to SJS/TEN 

solely, they have promising indications in the inflammatory pathogenesis 

associated with the disease process, and their clinical significance in skin 

biopsy samples plays a prominent role. These findings warrant a further 

understanding of the currently available treatment types for SJS/TEN. 

Recent work by Narita et al. focused on whether the overexpression of 

cytokines plays a role in therapeutic efficacy. Her study further delved into 

a specific type of plasmapheresis known as double-filtration 

plasmapheresis which uses a double-filtration system to remove more 

specific components of the plasma [21]. It has been further confirmed that 

plasma filtration is a more effective treatment approach for refractory cases 

of SJS/TEN in comparison to glucocorticoids. However, in non-refractory 

SJS/TEN methylprednisolone pulse therapy has shown promising results. A 

study was conducted with 8 patients with confirmed SJS/TEN using the 

Bastuji-Garin criteria, who experienced high fevers, and mucosal lesions 

[11]. Methylprednisolone was provided at a dosage of 1000 mg per day for 

three consecutive days. If no new mucocutaneous lesions were observed on 

the day following the last dose of methylprednisolone, oral prednisolone at 

a dose ranging from 0.8 to 1 mg per kilogram per day was started. The 

results after four days showcased that the mean levels of IFN-α, TNF-α, IL-

6, and IL-10 had decreased compared to their levels before administration. 

However, only the reductions in IFN-α and IL-6 were statistically 
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significant [11]. In addition, IVIG was another therapeutic regimen that 

utilized antagonistic monoclonal antibodies to target the FAS in the FAS-

Fas ligand relationship [8]. Given the involvement of ocular, oral, 

dermatological, and more, complications tend to vary greatly, and the 

timing of therapeutic interference is critical. Per Kumar et. al. early referral 

to an ophthalmologist is critical to assess ocular involvement such as 

corneal scarring, or corneal xerosis [15]. If disease spread is mild, 

lubricants and topical steroids can do the job. However, severe involvement 

requires gas-permeable scleral contact lens therapy and amniotic membrane 

transplantation [15]. Furthermore, a multicenter retrospective study further 

stated that the use of systemic glucocorticoids was linked to a reduced 

likelihood of extensive disease in individuals with body surface area (BSA) 

involvement of greater than 30% [16]. The myriad of implications 

regarding treatment courses, whether supportive or intensive, may prove 

beneficial in the long term; However, further research on the matter is 

imperative. 

Immunological responses to SJS/TEN from an ophthalmologic or 

dermatological perspective are vast. Numerous studies have demonstrated 

the next critical step to ensure the patient's skin, eye, and organ 

manifestations don’t worsen is by understanding the predictive probability 

based on past studies, as well as unique symptomatology to the disease 

such as the Nikolsky sign [31]. Furthermore, it has been noted most if not 

all drug eruptions are linked to T-cell mediated delayed hypersensitive, 

with the varying sequelae resulting from the activation of varying cytokines 

such as IL-6 and NKG2C- the two cytokines implicated in our study [24-

25, 27]. Overall, Pharmacogenetic studies have established a clear link 

between human leukocyte antigen allotype and TEN. Human leukocyte 

antigen testing should be performed on patients before the administration of 

a drug known to be implicated in the pathogenesis of SJS/TEN [27].  In a 

study published in 2020, a systemic review was conducted by numerous 

ophthalmologists, dermatologists, ob/gyn, and infectious disease doctors 

who were experts in the matter of SJS/TEN pathophysiology, and long-

term treatment outcomes. They became participants in developing 

statements for supportive care in patients with this condition utilizing the 9-

point Likert scale questionnaires regarding 135 statements and statements 

that received greater than 6.5/9 on the scale were included in the guideline. 

This initiative aimed to gather experts in the field of SJS/TEN to develop 

guidelines that prioritize meeting the long-term needs of patients and 

improving their outcomes [28]. This study can be linked to our own study 

by acquiring specific symptoms that will not only aid in the diagnoses of 

patients with biopsy-confirmed SJS/TEN, but also aid in their future 

treatment process.  

Overall, to date, various cytokines have been implicated in the pathogenesis 

of SJS/TEN, and more often then not usually correlating to a specific 

clinical finding such as retinal detachment, skin necrosis, pancreatic injury, 

or renal failure seen in the pediatric population with SJS/TEN [13]. In a 

study conducted by Gao et al. it was discovered that IL-18 overexpression 

was implicated in acute pancreatic injury [9]. Furthermore, some studies 

went to the extent of categorizing lesions related to SJS/TEN according to 

the pattern of erythema multiforme, assessing whether this aids in 

identifying cases using this nosological framework [3].  

Conclusion 

Overall, our results showcased an increase in the expression of IL-6 and 

NKG2C expression in the skin biopsy slides of patients with confirmed 

SJS/TEN in comparison to the Lichen planus (LP) controls. We can 

conclude that both IL-6 and NKG2C are key components and regulators 

involved in the detrimental outcomes of SJS/TEN. The pathogenesis 

remains complex and incompletely understood. Various genetic 

associations have been identified, highlighting the importance of individual 

susceptibility to certain drugs or infections. While cytokines such as IL-6 

and NKG2C have been implicated in the pathogenesis, their precise roles 

and interactions remain to be fully understood. Early recognition is crucial 

due to the rapid progression of symptoms leading to significant morbidity 

and mortality. The ongoing study into the expression and function of IL-6 

and NKG2C in SJS/TEN pathogenesis represents a significant step in truly 

understanding these conditions. The correlation between cytokine levels 

and clinical outcomes helps serve as potential biomarkers for disease 

progression and aids in the development of targeted therapies. Further 

exploration of the intricate immune mechanisms involved in SJS/TEN 

promises to enhance our ability to predict, diagnose, and clinically manage 

these conditions in an effective manner. 
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