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Abstract: Background/Objectives: Stevens–Johnson Syndrome and Toxic Epidermal
Necrolysis (SJS/TEN) are rare but severe skin conditions, often triggered by medications,
that can be life-threatening. These conditions frequently affect the eyes, causing ocular
surface disease, which can result in visual impairment or blindness. Although the exact
mechanisms behind SJS/TEN remain unclear, key inflammatory mediators such as IL-1β,
IL-6, and RIPK3 are believed to play critical roles in inflammation, necroptosis, and regula-
tory processes. Investigating these factors offers new insights into the disease’s underlying
mechanisms and potential targets for treatment. This study aims to determine the roles
of IL-1β, IL-6, and RIPK3 in the pathogenesis of SJS/TEN. Methods: The study examined
the expression levels of IL-1β, IL-6, and RIPK3 in skin biopsies from patients with biopsy-
confirmed SJS/TEN, using lichen planus as a positive control and normal skin as a baseline
control. Immunohistochemistry was employed for this analysis. Additionally, the impact
of SJS/TEN patient plasma on mitochondrial function was assessed in platelets and human
corneal epithelial (H-CET) cells. Using a fluorescent plate reader, mitochondrial activity
and superoxide ion levels were measured, comparing plasma from SJS/TEN patients to
normal human plasma. Results: Skin biopsies from SJS/TEN patients showed a signifi-
cantly higher expression of IL-1β, IL-6, and RIPK3 compared to both lichen planus and
normal controls. Furthermore, plasma from SJS/TEN patients significantly reduced platelet
viability and increased mitochondrial and total cellular superoxide ions, as demonstrated
by elevated levels of MitoSOX Red and CellROX Red. Conclusions: These findings suggest
that IL-1β, IL-6, and RIPK3 may contribute to the pathogenesis of SJS/TEN and highlight
their potential as targets for therapeutic intervention.

Keywords: Stevens–Johnson syndrome (SJS); (TEN); SJS/TEN pathogenesis; severe
cutaneous adverse reactions (SCARs); IL-1β; IL-6; RIPK3; cytokines in SJS/TEN; immune
response in skin disorders; inflammatory pathways in SJS/TEN

1. Introduction
Stevens–Johnson Syndrome (SJS) and Toxic Epidermal Necrolysis (TEN) are generally

classified as Severe Cutaneous Adverse Reactions (SCARs), characterized by extensive
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necrosis and detachment of the epidermis. These rare and life-threatening conditions affect
mucocutaneous membranes in over 90% of cases, often leading to complications across
multiple organ systems, including hematological, ophthalmological, and genitourinary
systems [1]. Patients with SJS/TEN typically present with widespread blistering rashes,
high fever, and mucous membrane damage. SJS and TEN exist on a continuum and
are classified based on the percentage of body surface area (BSA) involved. The term
“epidermal necrolysis” is often used to collectively refer to SJS, SJS/TEN overlap, and TEN.

Both conditions are exceptionally rare, with an incidence rate of approximately five to
six cases per million individuals annually, and many patients require hospitalization. The
mortality rate for SJS ranges from 1% to 5%, while TEN has a significantly higher mortality
rate of 20% to 30%. Survivors frequently face long-term complications, such as vision loss
due to pseudo-membrane formation [2].

Examinations of skin sections affected by these conditions show orthokeratosis overly-
ing the remainder of the epidermis with full-thickness necrosis of the keratinocytes. The
underlying dermis consists of mild superficial perivascular and interstitial inflammation
consisting of lymphocytes and eosinophils, consistent with the clinical diagnosis of SJS.

The pathogenesis of epidermal necrolysis is not fully understood. Case studies have
strongly linked SJS/TEN to specific medications, with symptoms typically appearing
1–4 weeks after starting a new drug. Over 200 medications have been implicated, in-
cluding anti-gout agents, antibiotics, antipsychotics, antiepileptics, and nonsteroidal anti-
inflammatory drugs (NSAIDs) [2]. Although the overall risk is low, genetic predispositions
significantly increase susceptibility. Strong associations have been documented between
specific HLA genotypes and SJS/TEN in certain populations, such as HLA-B1502 with
carbamazepine-induced SJS/TEN in Han Chinese, Thai, and Malay populations, and HLA-
B5801 with allopurinol-induced SJS/TEN in Han Chinese, Malay, Thai, European, and
Korean populations [3–6]. In Caucasians, HLA-A31:01 and HLA-B11:01 have been linked
to carbamazepine-induced SJS/TEN [7].

SJS/TEN are believed to be immune-mediated hypersensitivity reactions triggered by
cytotoxic CD8+ T lymphocytes. The activation of these cells and the subsequent release of
cytotoxic proteins lead to widespread epidermal necrolysis. Additional studies have shown
infiltration of natural killer (NK) cells and T-helper type 17 (Th17) cells in skin lesions. In
TEN, T lymphocytes at lesion sites exhibit drug-specific cytotoxicity against allogeneic cells
sharing the same HLA as autologous cells [8].

The secondary activation of cytokine cascades may contribute to clinical variability.
Inflammatory cytokines such as TNF-α and its receptor TNF receptor 1 are reported in
cases of SJS/TEN [1,9,10]. Granulysin, a cytolytic protein produced by cytotoxic T cells,
NK/T cells, and NK cells, is now recognized as a critical mediator of keratinocyte death in
SJS/TEN [8]. Recent studies from our laboratories have explored the roles of IL-13, IL-15,
IL-33, TGF-β, NKG2C, and NLRP3 in SJS/TEN pathogenesis, providing new insights into
the complex immune mechanisms underlying these conditions [7,8,11–15].

Identifying unique biomarkers is crucial for understanding the mechanisms of action
of SJS/TEN. Interleukin-1β (IL-1β) is a central regulator of inflammation, promoting
cytokine cascades, immune cell activation, and apoptosis. Elevated IL-1β has been linked
to inflammatory diseases, autoimmune disorders, and certain cancers. It is produced by
monocytes, macrophages, Langerhans cells, dendritic cells, and keratinocytes. Blocking
IL-1β activity is emerging as a therapeutic strategy [16].

Interleukin-6 (IL-6) is a multifunctional cytokine with both pro- and anti-inflammatory
properties. It is upregulated in SJS/TEN and correlates with disease severity and cutaneous
involvement [17–19]. Higher plasma levels of IL-6 have been observed in TEN patients
compared to controls, implicating its role in systemic inflammation and tissue damage [20].
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The predominant mechanism of cell death in Toxic Epidermal Necrolysis (TEN) is
believed to be apoptosis [21]. However, emerging studies suggest that necroptosis—a form
of programmed cell death characterized by necrosis and inflammation—may also play a
significant role. Receptor-interacting protein kinase 3 (RIPK3), encoded by the RIPK3 gene
in humans, is a key enzyme involved in necroptosis, pro-inflammatory gene expression, and
sustained translation [22–24]. The Ripoptosome complex, which includes RIPK3 and RIPK1,
plays a critical role in keratinocyte cell death pathways. The sensitization of keratinocytes to
RIPK3-mediated necrosis may exacerbate skin inflammation, contributing to inflammatory
skin diseases and chronic inflammation. Notably, RIPK3 expression is highly upregulated
in skin biopsies from TEN patients, suggesting that it may drive pathological damage in
TEN through the activation of programmed necrotic cell death [25].

Mitochondrial damage also appears to be a crucial factor in the pathogenesis of
drug-induced toxicity and TEN [26]. Studies have identified a strong association between
mitochondrial dysfunction and inflammasome activation. The generation of mitochondrial
reactive oxygen species (ROS) is thought to activate the NLRP3 inflammasome, leading
to the production of interleukin-1β (IL-1β). However, autophagic clearance of damaged
mitochondria serves to limit this process [27]. Furthermore, mitochondrial ROS may
amplify inflammation by inducing the production of interleukin-6 (IL-6) and tumor necrosis
factor (TNF) through positive feedback from IL-1β [28]. Additionally, mitochondrial ROS
may promote RIPK3 recruitment into the necrosome via RIPK1 autophosphorylation,
further contributing to necroptosis and inflammation [29].

Understanding the roles of IL-1β, IL-6, and RIPK3 in SJS/TEN pathogenesis is critical
for uncovering novel therapeutic targets. It is hypothesized that these biomarkers, along
with mitochondrial dysfunction, contribute to the pathogenesis of SJS/TEN by impairing
platelet and human corneal epithelial cell function.

2. Methods
2.1. Experimental Design for Skin Biopsy Analysis

This study utilized nine archived, unstained slides from biopsy-confirmed SJS/TEN
patients (Figure 1a) and nine slides from lichen planus (LP) patients, which served as
positive controls (Figure 1b), under a current IRB-approved protocol at Loyola University.
The paraffin-embedded skin samples were sourced from the archives of the Loyola Univer-
sity Medical Center core pathology lab. Each sample was sectioned to a thickness of four
microns using an American Optical Model 820 microtome and mounted onto positively
charged glass slides.

The skin biopsy sections were deparaffinized by washing them three times with xylene
(5 min each), followed by sequential washes in 100% ethanol (2 min twice), 95% ethanol
(5 min), and 70% ethanol (5 min). After a 1 min rinse with distilled water, the slides were
washed in phosphate-buffered saline (PBS) for 5 min. To block nonspecific binding, all slides
were treated with normal goat plasma for 1 h. They were then incubated overnight at 4 ◦C
in a humidified dark box with primary antibodies against IL-1β, IL-6, or RIPK3. Following
incubation, the slides were washed three times with PBS and treated with secondary
anti-rabbit IgG antibodies and diamino-2 phenylindole (DAPI) for nuclear staining for
30 min. After a final PBS wash, the slides were mounted on fluorogel and imaged using a
DeltaVision microscope (manufactured by Zeiss Lattice SIM 5 Super Resolution Microscope,
Jena, Germany) equipped with a digital camera, maintaining consistent exposure times
across all samples.
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Figure 1. (a): Histology sections of SJS patient punch biopsy, stained with H&E at, 10× magnification.
(b) Histology sections of LP patient punch biopsy, stained with H&E, at 10× magnification.

In addition to the SJS/TEN and LP samples, ten skin biopsy slides from patients
without SJS/TEN or any known dermatological conditions served as the normal control
group (NC). All slides underwent identical preparation and analysis.

Deconvolution immunofluorescence (IF) was performed on all samples using the
DeltaVision microscope. The fluorescent intensity sum per punctum was quantified us-
ing Imaris® software (https://imaris.oxinst.com/products/imaris-for-cell-biologists, (ac-
cessed on 18 June 2024–Oxford Instruments, Abingdon, UK), after subtracting background
autofluorescence. The number of puncta and the intensity of IF above baseline were
measured in the 488 nm channel (FITC-stained IL-1β, IL-6, and RIPK3) using the surface
function. Statistical analyses were conducted using GraphPad Prism software v10.

2.2. Experimental Design for Mitochondrial Functioning Assays

Platelets:
From a normal human control, approximately 100,000 platelets were suspended in

0.1 mL of RPMI media, were plated in 96 well plates (clear bottom, NUNC) previously
coated with Poly-D-Lysine (50 µg/mL) and allowed to rest for 30 min. The platelets were
then incubated with MitoSox Red (manufactured by ThermoFischer Scientific, Waltham,
MA, USA) (1 µM) for 30 min and treated with either normal plasma, SJS plasma, or
Innovin (manufactured by Siemens Healthineers Dade, Newark, DE, USA). Innovin (a
thromboplastin reagent) and rhTF are commonly used to trigger the extrinsic pathway of
coagulation. This treatment was used to assess platelet activation in response to tissue

https://imaris.oxinst.com/products/imaris-for-cell-biologists
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factors and served as an additional negative control to ensure the specificity of the observed
response. The changes in MitoSOX Red fluorescence were measured kinetically with a
fluorescence plate reader (Agilent BioTek Cytation 5 – manufactured by Agilent, Santa
Clara, CA, USA). Phase-contrast images of the platelets were captured using the imaging
module of the Cytation 5 at 20× magnification at the end of the experiment.

2.3. H-CET Cells

Human corneal epithelial cell lines (H-CET) were seeded at a density of 5000 cell/0.1 mL
H-CET media in 96-well plates (clear bottom, NUNC). Following 70% confluency, the
cells were labeled with a respective fluorescent ROS detecting dye—MitoSOX Red 1 µM,
CellROX Red 2.5 µM or DCFDA 1 µM. The cells were incubated with the ROX indicator for
30 min and then treated with normal plasma or SJS plasma. The fluorescence of the ROS
indicators was measured using the Cytation 5 fluorescence plate reader after 1 h.

3. Results
IL-1β, IL-6, and RIPK3 are well-established biomarkers that play key roles in various

inflammatory diseases. To examine their expression in SJS/TEN patients, LP patients, and
normal controls, we conducted the experiments described in the previous section. The
findings from these experiments are detailed below.

For each of the three experimental conditions, 10 images were captured from skin
biopsy slides of SJS/TEN, LP, and normal controls. The average number of puncta per
image was analyzed, with all puncta exceeding the background auto-fluorescent inten-
sity when pooled for statistical evaluation. A Kruskal–Wallis test was performed, fol-
lowed by pairwise comparisons using Dunn’s test with a correction for multiple testing
(Figures 2 and 3).
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Figure 2. Representative images captured using Deconvoluted Immunofluorescent (DIF) micros-
copy with a DeltaVision Microscope equipped with a 20× lens and a digital camera. Exposure times 
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Figure 2. Representative images captured using Deconvoluted Immunofluorescent (DIF) microscopy
with a DeltaVision Microscope equipped with a 20× lens and a digital camera. Exposure times were
standardized across all samples. Increased expression of IL-1β, IL-6, and RIPK3 was observed in SJS
and LP skin biopsy slides compared to NC.
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thickness epidermal necrosis. (C): SJS/RIPK3/40×, focal staining of RIPK3 is present in the areas of 
full-thickness epidermal necrosis. (D): NC/IL-6/40×, some bright staining is apparent in the upper 
levels of the epidermis. (E): SJS/IL-6/20×, IL-6 is highlighted at the dermal-epidermal junction, 
where the lichenoid inflammation and interface activity was occurring. (F): LP/IL-6/20×, no signifi-
cant staining is visible in this skin section. 

Figure 3. Additional images of DIF miscroscopy. (A): SJS/IL-1β/40×, IL-1β is highlighted in the
areas of full-thickness epidermal necrosis. (B): SJS/IL-6/40×, IL-6 is highlighted in the areas of
full-thickness epidermal necrosis. (C): SJS/RIPK3/40×, focal staining of RIPK3 is present in the
areas of full-thickness epidermal necrosis. (D): NC/IL-6/40×, some bright staining is apparent in
the upper levels of the epidermis. (E): SJS/IL-6/20×, IL-6 is highlighted at the dermal-epidermal
junction, where the lichenoid inflammation and interface activity was occurring. (F): LP/IL-6/20×,
no significant staining is visible in this skin section.

3.1. IL-1β Puncta Count and Intensities in SJS/TEN, Lichen Planus, and Normal Control
Tissue Samples

A significant difference was observed in the expression of IL-1β within the epithelium
across pooled samples from the SJS/TEN patients (average immunofluorescence [IF] inten-
sity: 1348 a.u.), lichen planus (LP) patients (average IF intensity: 1279 a.u.), and normal
controls (average IF intensity: 1168 a.u.) (p < 0.0001). The SJS/TEN group exhibited a
significantly higher IL-1β intensity compared to the LP group. However, no other pairwise
comparisons showed significant differences.

Similarly, a significant difference was noted in the average number of IL-1β puncta
among the SJS/TEN patients (35 puncta), LP patients (33 puncta), and normal controls
(5 puncta) (p < 0.0001). The SJS/TEN samples displayed significantly more IL-1β puncta
compared to normal controls, but no significant differences were found in other pairwise
comparisons (Figure 4).



Diagnostics 2025, 15, 290 7 of 13

Diagnostics 2025, 15, x FOR PEER REVIEW 7 of 13 
 

 

3.1. IL-1β Puncta Count and Intensities in SJS/TEN, Lichen Planus, and Normal Control Tissue 
Samples 

A significant difference was observed in the expression of IL-1β within the epithe-
lium across pooled samples from the SJS/TEN patients (average immunofluorescence [IF] 
intensity: 1348 a.u.), lichen planus (LP) patients (average IF intensity: 1279 a.u.), and nor-
mal controls (average IF intensity: 1168 a.u.) (p < 0.0001). The SJS/TEN group exhibited a 
significantly higher IL-1β intensity compared to the LP group. However, no other pair-
wise comparisons showed significant differences. 

Similarly, a significant difference was noted in the average number of IL-1β puncta 
among the SJS/TEN patients (35 puncta), LP patients (33 puncta), and normal controls (5 
puncta) (p < 0.0001). The SJS/TEN samples displayed significantly more IL-1β puncta com-
pared to normal controls, but no significant differences were found in other pairwise com-
parisons (Figure 4). 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

Figure 4. (a–f) IL-1β, IL-6, and RIPK3 expression in LP, SJS/TEN, and NC skin samples. Immuno-
fluorescent puncta above baseline fluorescence for SJS/TEN patients were counted, pooled, and 
Figure 4. (a–f) IL-1β, IL-6, and RIPK3 expression in LP, SJS/TEN, and NC skin samples. Im-
munofluorescent puncta above baseline fluorescence for SJS/TEN patients were counted, pooled, and
compared against pooled data from LP and NC. Experimentation revealed a significant difference in
the expression of the markers in the skin of SJS/TEN, LP, and NC patients.

3.2. IL-6 Puncta Count and Intensities in SJS/TEN, Lichen Planus, and Normal Control
Tissue Samples

A significant difference in IL-6 expression was observed in the epithelium of pooled
samples from SJS/TEN patients (average immunofluorescence [IF] intensity: 299 a.u.),
lichen planus (LP) patients (average IF intensity: 241 a.u.), and normal controls (average IF
intensity: 204 a.u.) (p < 0.0001). The SJS/TEN group exhibited a significantly higher IL-6
intensity compared to both the LP group and normal controls.

In contrast, there was no significant difference in the average number of IL-6 puncta
between SJS/TEN patients (85 puncta), LP patients (75 puncta), and normal controls
(46 puncta) (p = 0.3575).



Diagnostics 2025, 15, 290 8 of 13

3.3. RIPK3 Puncta Count and Intensities in SJS/TEN, Lichen Planus, and Normal Control
Tissue Samples

A significant difference in RIPK3 expression was observed in the epithelium among
the pooled samples from the SJS/TEN patients (average immunofluorescence [IF] intensity:
5590 a.u.), lichen planus (LP) patients (average IF intensity: 1979 a.u.), and normal controls
(average IF intensity: 1345 a.u.) (p < 0.0001). The SJS/TEN group exhibited a significantly
higher RIPK3 intensity compared to both the LP group and normal controls.

There was also a significant difference in the average number of RIPK3 puncta between
the groups: SJS/TEN patients had 43 puncta, LP patients had 10 puncta, and the normal
controls had 4 puncta (p = 0.0204). The SJS/TEN group showed significantly more RIPK3
puncta compared to both the LP group and normal controls.

3.4. Mitochondrial Functioning Assays

Platelets:
As observed in the phase-contrast images, SJS plasma significantly reduced the viabil-

ity of platelets. There was also a significant decrease in MitoSOX fluorescence in platelets
following treatment with SJS plasma (Figure 5).
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Figure 5. Cytotoxic effect of SJS Plasma on Human platelets. (A) Mitosox fluorescence was measured
in MitoSOX labeled platelets following treatment with normal plasma, SJS plasma, and Innovin.
(B) Representative phase contrast images of platelets (20×; Scale bar 100 µm) following treatment
with normal and SJS plasma and Innovin.

4. H-CET
SJS plasma consistently and significantly increased the mitochondrial and total cellular

superoxide ions as indicated by a significant increase in MitoSOX Red and CellROX red.
However, the effect on total cellular ROS as measured by DCFDA was consistent with
normal human plasma from one of the donors (Figures 6 and 7).
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(B) Representative fluorescence images of HCET cells (20×; Scale bar 100 µm) following treatment
with normal plasma, SJS plasma, media and tBHP (positive control). Note: The fluorescent images
were captured after 24 h so the data are not that reliable. The images had variable backgrounds, so
they are not all accounted for with the same intensity. Images at earlier hours need to be taken for
quantitative analysis. If a p-value is less than 0.01, it is flagged with 2 stars (**). If a p-value is less
than 0.0001, it is flagged with four stars (****).

5. Discussion
Stevens–Johnson Syndrome/Toxic Epidermal Necrolysis (SJS/TEN), collectively re-

ferred to as epidermal necrolysis, are rare but highly fatal autoimmune disorders. They
cause systemic complications, including skin necrosis and sloughing, rashes, mucous mem-
brane damage, and hematological, ophthalmological, and genitourinary issues. Research
into these diseases’ pathogenesis has emphasized the importance of cytokines in their
development. Our findings highlight that IL-1β, IL-6, and RIPK3 play pivotal roles in these
disease processes, with significantly elevated expression levels observed in the skin of
SJS/TEN patients compared to those with lichen planus (LP) or normal controls. Addition-
ally, mitochondrial stress tests showed a marked reduction in the oxygen consumption rate
(OCR) of platelets and human corneal epithelial cells (H-CET) exposed to SJS/TEN plasma,
indicating significant mitochondrial dysfunction.

Our findings indicate that IL-1β, IL-6, and RIPK3 may play potential roles in the
disease process, with significantly elevated expression levels in the skin of SJS/TEN patients
compared to those with lichen planus (LP) or normal controls. Mitochondrial stress tests
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further revealed a marked reduction in the oxygen consumption rate (OCR) of platelets and
human corneal epithelial cells (H-CET) exposed to SJS/TEN plasma, signifying substantial
mitochondrial dysfunction.

IL-1β, IL-6, and RIPK3 were expressed in all three groups—SJS/TEN, LP, and normal
controls—with significantly higher levels observed in the SJS/TEN group. This suggests
these cytokines and inflammasomes, which are typically involved in cell death regulation
(e.g., pyroptosis) and tissue repair, could play a critical role in epidermal necrolysis [30].
Elevated IL-6 levels in LP patients, consistent with previous studies [31], served as a
positive control for the experiments. Although cytokines were elevated in normal controls
and LP patients, their expression was markedly higher in SJS/TEN patients, underscoring
their relevance to disease pathogenesis.

Despite these findings, the role of IL-1β remains unclear when considered alongside
results from Huyen et al. [32], which showed significantly higher IL-1β concentrations
in normal control plasma than in SJS/TEN plasma. This discrepancy may arise from
IL-1β being released by necrotic keratinocytes during disease progression, with levels
diminishing as re-epithelialization occurs. Healthy keratinocytes may also produce and
store more IL-1β than necrotic keratinocytes. Further research is needed to determine the
timing of IL-1β upregulation.

The upregulation of IL-6 in SJS/TEN patients has been corroborated by multiple
studies. Stern et al. observed that elevated IL-6 levels correlate with the extent of cuta-
neous involvement and clinical course severity [19]. IL-6 has also been implicated in the
inflammatory pathogenesis of SJS, which tends to be more severe than TEN. Tear cytokine
assessments in chronic SJS patients revealed a significant upregulation of IL-6 compared to
controls [33], and its chronic elevation has been associated with corneal and conjunctival
epithelial damage [34].

Recent work by Kim et al. [35] supports a key role for RIPK3 in SJS/TEN pathogenesis.
The study showed that RIPK3 is significantly upregulated in TEN skin lesions, leading to
reactive oxygen species (ROS) generation, mixed lineage kinase-like protein activation, and
necroptotic cell death of keratinocytes. These findings suggest that necroptosis effectors,
alongside apoptotic pathways, contribute to epidermal cell death in TEN. RIPK3 inhibitors,
which are currently being developed in preclinical testing, may offer therapeutic potential
for SJS/TEN patients.

Mitochondrial ROS (mtROS) is increasingly recognized as a critical signal for NLRP3
inflammasome activation, which precedes IL-1β production. While ROS from NADPH
oxidase has been implicated in inflammasome activation [35], other studies have shown that
inhibiting NADPH oxidase does not always affect inflammasome activity [36]. Evidence
suggests that mtROS generated by mitochondrial respiratory chain inhibition plays a
central role in activating the inflammasome [32,34]. Nakahira et al. demonstrated that
dysfunctional mitochondria generate mtROS, which is essential for NLRP3 inflammasome
activation [36].

Our results revealed significantly reduced OCR in platelets and cells from SJS/TEN
patients compared to normal controls, indicative of mitochondrial damage. This dam-
age likely results in increased mtROS, heightened inflammasome activation, and reduced
metabolic function. Given SJS/TEN’s systemic inflammatory nature, these findings high-
light mitochondrial dysfunction as a central mechanism in its pathogenesis.

One limitation of our study is the small sample size, reflecting the rarity of SJS/TEN
and limited availability of biopsy samples. Larger sample sizes would enhance the validity
of these findings. We also recognize the importance of including a primary negative control,
where the primary antibodies are omitted while all other conditions, including the addition
of secondary antibodies, remain unchanged. This would help confirm the authenticity of
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the observed staining pattern. Furthermore, correlating cytokine expression with clinical
presentation proved challenging due to inconsistencies in documentation across patient
records. Standardized measures, such as the Braden scale, total body surface area affected,
and detailed visual assessments, could improve future analyses and facilitate exploration
of the relationship between cytokine expression and disease severity.

6. Conclusions
Our findings demonstrate a statistically significant increase in the expression of IL-1β,

IL-6, and RIPK3 in the skin biopsy samples of SJS/TEN patients compared to those of lichen
planus (LP) patients and normal controls. These results suggest that these biomarkers may
be critical regulators of the pathogenesis of SJS/TEN in the skin.

Additionally, our results indicate that plasma from SJS patients exerts a cytotoxic
effect on platelets and induces reactive oxygen species (ROS) production in H-CET cells.
Furthermore, we observed that SJS plasma significantly impairs the metabolic function
of cells.

Author Contributions: Conceptualization, M.S. and O.I.; Methodology, M.S. and O.I.; Software,
S.K.K.; Formal analysis, C.S., V.R.R. and S.K.K.; Investigation, C.S., V.R.R. and B.Z.; Resources, O.I.;
Data curation, C.S. and V.R.R.; Writing—original draft, C.S.; Writing—review & editing, C.S. and O.I.;
Visualization, C.S.; Supervision, C.B. and O.I.; Project administration, O.I.; Funding acquisition, O.I.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by funding from the National Institute of Health (NIH) and
the National Institute of Allergy and Infectious Diseases (NIAID) through the T35 training grant
(grant number 2T35AI125220-06 AU 523955), sponsored by Dr. Kimberly Foreman, as well as the
Illinois Society for the Prevention of Blindness (ISPB).

Institutional Review Board Statement: The study was conducted in accordance with the Decla-
ration of Helsinki, and approved by the Institutional Review Board of the Protection of Human
Subjects Loyola University Health Sciences Division (protocol code 218677 and date of approval 21
August 2024).

Informed Consent Statement: Not applicable.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors on request.

Acknowledgments: The authors would like to thank the Richard A. Perritt. Charitable Foundation
for their encouragement and support.

Conflicts of Interest: The authors have no conflicts of interest to declare.

References
1. Roujeau, J.C.; Stern, R.S. Severe adverse cutaneous reactions to drugs. N. Engl. J. Med. 1994, 331, 1272–1285. [CrossRef]
2. Chen, C.-B.; Lee, C.-C.; Wang, C.-W.; Hung, W.-K.; Chung, W.-H. Genetic associations of human leukocyte antigen alleles in

cutaneous delayed drug hypersensitivity reactions: An updated review. Dermatol. Sin. 2023, 41, 183–198. [CrossRef]
3. Chung, W.H.; Hung, S.I.; Hong, H.S.; Hsih, M.S.; Yang, L.C.; Ho, H.C.; Wu, J.Y.; Chen, Y.T. Medical genetics: A marker for Stevens

Johnson syndrome. Nature 2004, 428, 486. [CrossRef] [PubMed]
4. Hung, S.-I.; Chung, W.-H.; Liou, L.-B.; Chu, C.-C.; Lin, M.; Huang, H.-P.; Lin, Y.-L.; Lan, J.-L.; Yang, L.-C.; Hong, H.-S.; et al.

HLA-B*5801 allele as a genetic marker for severe cutaneous adverse reactions caused by allopurinol. Proc. Natl. Acad. Sci. USA
2005, 102, 4134–4139. [CrossRef] [PubMed]

5. Hung, S.-I.; Chung, W.-H.; Jee, S.-H.; Chen, W.-C.; Chang, Y.-T.; Lee, W.-R.; Hu, S.-L.; Wu, M.-T.; Chen, G.-S.; Wong, T.-W.; et al.
Genetic susceptibility to carbamazepine-induced cutaneous adverse drug reactions. Pharmacogenet. Genom. 2006, 16, 297–306.
[CrossRef]

6. Roujeau, J.-C. Immune mechanisms in drug allergy. Allergol. Int. 2006, 55, 27–33. [CrossRef] [PubMed]

https://doi.org/10.1056/NEJM199411103311906
https://doi.org/10.4103/ds.DS-D-23-00082
https://doi.org/10.1038/428486a
https://www.ncbi.nlm.nih.gov/pubmed/15057820
https://doi.org/10.1073/pnas.0409500102
https://www.ncbi.nlm.nih.gov/pubmed/15743917
https://doi.org/10.1097/01.fpc.0000199500.46842.4a
https://doi.org/10.2332/allergolint.55.27
https://www.ncbi.nlm.nih.gov/pubmed/17075283


Diagnostics 2025, 15, 290 12 of 13

7. Iqbal, O. The Role of NLRP3 Inflammasome in the Pathogenesis of Stevens-Johnson Syndrome/Toxic Epidermal Necrolysis. Med.
Res. Arch. 2023, 12, 10–18103. [CrossRef] [PubMed]

8. Chung, W.-H.; Hung, S.-I.; Yang, J.-Y.; Su, S.-C.; Huang, S.-P.; Wei, C.-Y.; Chin, S.-W.; Chiou, C.-C.; Chu, S.-C.; Ho, H.-C.; et al.
Granulysin is a key mediator for disseminated keratinocyte death in Stevens-Johnson syndrome and toxic epidermal necrolysis.
Nat. Med. 2008, 14, 1343–1350. [CrossRef] [PubMed]

9. Nassif, A.; Bensussan, A.; Boumsell, L.; Deniaud, A.; Moslehi, H.; Wolkenstein, P.; Bagot, M.; Roujeau, J.-C. Toxic epidermal
necrolysis: Effector cells are drug-specific cytotoxic T cells. J. Allergy Clin. Immunol. 2004, 114, 1209–1215. [CrossRef] [PubMed]

10. Chave, T.; Mortimer, N.; Sladden, M.; Hall, A.; Hutchinson, P. Toxic epidermal necrolysis: Current evidence, practical management
and future directions. Br. J. Dermatol. 2005, 153, 241–253. [CrossRef] [PubMed]

11. Till, S.D.; Iqbal, O.; Dharan, A.; Campbell, E.; Bu, P. The roles of IL-33 and TGF-β1 in the pathogenesis of Stevens Johnson
syndrome and toxic epidermal necrolysis: Potential biomarkers for disease severity. J. Ophthalmol. Eye Care 2018, 1, 105.

12. Su, S.-C.; Mockenhaupt, M.; Wolkenstein, P.; Dunant, A.; Le Gouvello, S.; Chen, C.-B.; Chosidow, O.; Valeyrie-Allanore, L.; Bellon,
T.; Sekula, P.; et al. Interleukin-15 Is Associated with severity and mortality in Stevens-Johnson Syndrome/toxic epidermal
necrolysis. J. Investig. Dermatol. 2017, 137, 1065–1073. [CrossRef] [PubMed]

13. Sadek, M.; Iqbal, O.; Siddiqui, F.; Till, S.; Mazariegos, M.; Campbell, E.; Mudaliar, K.; Speiser, J.; Bontekoe, E.; Kouta, A.; et al. The
roles of IL-13, IL-15 and granulysin in the pathogenesis of Stevens-Johnson syndrome/toxic epidermal necrolysis. Clin. Appl.
Thromb./Hemost. 2021, 27, 1076029620950831. [CrossRef] [PubMed]

14. Cheng, L. Current Pharmacogenetic Perspective on Stevens-Johnson Syndrome and Toxic Epidermal Necrolysis. Front. Pharmacol.
2021, 12, 588063. [CrossRef]

15. Mockenhaupt, M.; Viboud, C.; Dunant, A.; Naldi, L.; Halevy, S.; Bavinck, J.N.B.; Sidoroff, A.; Schneck, J.; Roujeau, J.-C.; Flahault, A.
Stevens-Johnson Syndrome and toxic epidermal necrolysis: Assessment of medication risks with emphasis on recently marketed
drugs. The EuroSCAR-study. J. Investig. Dermatol. 2008, 128, 35–44. [CrossRef] [PubMed]

16. Dinarello, C.A. Immunological and inflammatory functions of the interleukin-1 family. Annu. Rev. Immunol. 2009, 27, 519–550.
[CrossRef] [PubMed]

17. Tanaka, T.; Narazaki, M.; Kishimoto, T. IL-6 in inflammation, immunity, and disease. Cold Spring Harb. Perspect. Biol. 2014, 6,
a016295. [CrossRef] [PubMed]

18. Stern, R.S.; Divito, S.J. Stevens-Johnson Syndrome and Toxic Epidermal Necrolysis: Associations, Outcomes, and Pathobiology—
Thirty Years of Progress but Still Much to Be Done. J. Investig. Dermatol. 2017, 137, 1004–1008. [CrossRef] [PubMed]

19. Correia, O.; Delgado, L.; Barbosa, I.L.; Campilho, F.; Fleming-Torrinha, J. Increased interleukin 10, tumor necrosis factor α, and
interleukin 6 levels in blister fluid of toxic epidermal necrolysis. J. Am. Acad. Dermatol. 2002, 47, 58–62. [CrossRef] [PubMed]

20. Hanin, E.-K.; Malika, S.; Iqbal, O.; Dharan, A.; Campbell, E.; Bu, P.; Mudaliar, K.; Speiser, J.; Bouchard, C. The potential roles of
IL-6 and NKG2C in the pathogenesis of Stevens-Johnson Syndrome/Toxic Epidermal Necrolysis. Clin. Res. Clin. Rep. 2024, 3, 1–7.

21. Paul, C.; Wolkenstein, P.; Adle, H.; Wechsler, J.; Garchon, H.; Revuz, J.; Roujeau, J. Apoptosis as a mechanism of keratinocyte
death in toxic epidermal necrolysis. Br. J. Dermatol. 1996, 134, 710–714. [CrossRef] [PubMed]

22. Newton, K.; Dugger, D.L.; Wickliffe, K.E.; Kapoor, N.; de Almagro, M.C.; Vucic, D.; Komuves, L.; Ferrando, R.E.; French, D.M.;
Webster, J.; et al. Activity of protein kinase RIPK3 determines whether cells die by necroptosis or apoptosis. Science 2014, 343,
1357–1360. [CrossRef] [PubMed]

23. Zhang, D.-W.; Shao, J.; Lin, J.; Zhang, N.; Lu, B.-J.; Lin, S.-C.; Dong, M.-Q.; Han, J. RIP3, an energy metabolism regulator that
switches TNF-induced cell death from apoptosis to necrosis. Science 2009, 325, 332–336. [CrossRef] [PubMed]

24. Najjar, M.; Saleh, D.; Zelic, M.; Nogusa, S.; Shah, S.; Tai, A.; Finger, J.N.; Polykratis, A.; Gough, P.J.; Bertin, J.; et al. RIPK1 and
RIPK3 Kinases Promote Cell-Death-Independent Inflammation by Toll-like Receptor 4. Immunity 2016, 45, 46–59. [CrossRef]
[PubMed]

25. Kim, S.K.; Kim, W.-J.; Yoon, J.-H.; Ji, J.-H.; Morgan, M.J.; Cho, H.; Kim, Y.C. Upregulated RIP3 expression potentiates MLKL
phosphorylation-mediated programmed necrosis in toxic epidermal necrolysis. J. Investig. Dermatol. 2015, 135, 2021–2030.
[CrossRef] [PubMed]

26. Wei, S.; Ma, W.; Zhang, B.; Li, W. NLRP3 Inflammasome: A Promising Therapeutic Target for Drug-Induced Toxicity. Front. Cell
Dev. Biol. 2021, 9, 634607. [CrossRef]

27. Sorbara, M.T.; Girardin, S.E. Mitochondrial ROS fuel the inflammasome. Cell Res. 2011, 21, 558–560. [CrossRef]
28. Bulua, A.C.; Simon, A.; Maddipati, R.; Pelletier, M.; Park, H.; Kim, K.-Y.; Sack, M.N.; Kastner, D.L.; Siegel, R.M. Mitochondrial

reactive oxygen species promote production of proinflammatory cytokines and are elevated in TNFR1-associated periodic
syndrome (TRAPS). J. Exp. Med. 2011, 208, 519–533. [CrossRef]

29. Zhang, Y.; Su, S.S.; Zhao, S.; Yang, Z.; Zhong, C.-Q.; Chen, X.; Cai, Q.; Yang, Z.-H.; Huang, D.; Wu, R.; et al. RIP1 autophosphory-
lation is promoted by mitochondrial ROS and is essential for RIP3 recruitment into necrosome. Nat. Commun. 2017, 8, 14329.
[CrossRef] [PubMed]

https://doi.org/10.18103/mra.v12i1.4939
https://www.ncbi.nlm.nih.gov/pubmed/39026932
https://doi.org/10.1038/nm.1884
https://www.ncbi.nlm.nih.gov/pubmed/19029983
https://doi.org/10.1016/j.jaci.2004.07.047
https://www.ncbi.nlm.nih.gov/pubmed/15536433
https://doi.org/10.1111/j.1365-2133.2005.06721.x
https://www.ncbi.nlm.nih.gov/pubmed/16086734
https://doi.org/10.1016/j.jid.2016.11.034
https://www.ncbi.nlm.nih.gov/pubmed/28011147
https://doi.org/10.1177/1076029620950831
https://www.ncbi.nlm.nih.gov/pubmed/33560872
https://doi.org/10.3389/fphar.2021.588063
https://doi.org/10.1038/sj.jid.5701033
https://www.ncbi.nlm.nih.gov/pubmed/17805350
https://doi.org/10.1146/annurev.immunol.021908.132612
https://www.ncbi.nlm.nih.gov/pubmed/19302047
https://doi.org/10.1101/cshperspect.a016295
https://www.ncbi.nlm.nih.gov/pubmed/25190079
https://doi.org/10.1016/j.jid.2017.01.003
https://www.ncbi.nlm.nih.gov/pubmed/28411832
https://doi.org/10.1067/mjd.2002.120473
https://www.ncbi.nlm.nih.gov/pubmed/12077582
https://doi.org/10.1111/j.1365-2133.1996.tb06976.x
https://www.ncbi.nlm.nih.gov/pubmed/8733377
https://doi.org/10.1126/science.1249361
https://www.ncbi.nlm.nih.gov/pubmed/24557836
https://doi.org/10.1126/science.1172308
https://www.ncbi.nlm.nih.gov/pubmed/19498109
https://doi.org/10.1016/j.immuni.2016.06.007
https://www.ncbi.nlm.nih.gov/pubmed/27396959
https://doi.org/10.1038/jid.2015.90
https://www.ncbi.nlm.nih.gov/pubmed/25748555
https://doi.org/10.3389/fcell.2021.634607
https://doi.org/10.1038/cr.2011.20
https://doi.org/10.1084/jem.20102049
https://doi.org/10.1038/ncomms14329
https://www.ncbi.nlm.nih.gov/pubmed/28176780


Diagnostics 2025, 15, 290 13 of 13

30. Latz, E. The inflammasomes: Mechanisms of activation and function. Curr. Opin. Immunol. 2010, 22, 28–33. [CrossRef] [PubMed]
[PubMed Central]

31. Rhodus, N.L.; Cheng, B.; Ondrey, F. Th1/Th2 cytokine ratio in tissue transudates from patients with oral lichen planus. Mediat.
Inflamm. 2007, 2007, 19854. [CrossRef] [PubMed] [PubMed Central]

32. Huyen, T.T.; Phuong, P.T.M.; Lan, P.T.; Vinh, N.T.H.; Doanh, L.H. Plasma Levels of Interleukin-1 Beta are Decreased in Patients
with Stevens-Johnson Syndrome and Toxic Epidermal Necrolysis at the Time of Hospitalization. Open Access Maced. J. Med.
Sci. 2024, 12, 93–97. Available online: https://oamjms.eu/index.php/mjms/article/view/11800 (accessed on 25 July 2024).
[CrossRef]

33. Koduri, M.A.; Prasad, D.; Upadhyaya, S.; Jaffet, J.; Shanbhag, S.S.; Basu, S.; Singh, V. Differential expression of tear film cytokines
in Stevens-Johnson syndrome patients and comparative review of literature. Sci. Rep. 2021, 11, 18433. [CrossRef]

34. Zimmermann, S.; Sekula, P.; Venhoff, M.; Motschall, E.; Knaus, J.; Schumacher, M.; Mockenhaupt, M. Systemic Immunomodulating
Therapies for Stevens-Johnson Syndrome and Toxic Epidermal Necrolysis: A Systematic Review and Meta-analysis. JAMA
Dermatol. 2017, 153, 514–522. [CrossRef] [PubMed]

35. Panayotova-Dimitrova, D.; Feoktistova, M.; Leverkus, M. RIPping the Skin Apart: Necroptosis Signaling in Toxic Epidermal
Necrolysis. J. Investig. Dermatol. 2015, 135, 1940–1943. [CrossRef] [PubMed]

36. Kelley, N.; Jeltema, D.; Duan, Y.; He, Y. The NLRP3 Inflammasome: An Overview of Mechanisms of Activation and Regulation.
Int. J. Mol. Sci. 2019, 20, 3328. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.coi.2009.12.004
https://www.ncbi.nlm.nih.gov/pubmed/20060699
https://pmc.ncbi.nlm.nih.gov/articles/PMC2844336
https://doi.org/10.1155/2007/19854
https://www.ncbi.nlm.nih.gov/pubmed/17497029
https://pmc.ncbi.nlm.nih.gov/articles/PMC1847474
https://oamjms.eu/index.php/mjms/article/view/11800
https://doi.org/10.3889/oamjms.2024.11800
https://doi.org/10.1038/s41598-021-97575-y
https://doi.org/10.1001/jamadermatol.2016.5668
https://www.ncbi.nlm.nih.gov/pubmed/28329382
https://doi.org/10.1038/jid.2015.159
https://www.ncbi.nlm.nih.gov/pubmed/26174536
https://doi.org/10.3390/ijms20133328

	Introduction 
	Methods 
	Experimental Design for Skin Biopsy Analysis 
	Experimental Design for Mitochondrial Functioning Assays 
	H-CET Cells 

	Results 
	IL-1 Puncta Count and Intensities in SJS/TEN, Lichen Planus, and Normal Control Tissue Samples 
	IL-6 Puncta Count and Intensities in SJS/TEN, Lichen Planus, and Normal Control Tissue Samples 
	RIPK3 Puncta Count and Intensities in SJS/TEN, Lichen Planus, and Normal Control Tissue Samples 
	Mitochondrial Functioning Assays 

	H-CET 
	Discussion 
	Conclusions 
	References

