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Abstract. Within the present study, the aim was to examine 
how the expression of retinoic acid‑related orphan receptor γ‑t 
(RORγt) and Foxp3 influences the balance between T helper 17 
(Th17) cells and regulatory T cells (Tregs) in a mouse model 
of Stevens‑Johnson syndrome/toxic epidermal necrolysis 
(SJS/TEN) and to determine the association of this mecha‑
nism with the therapeutic response to a TNF‑α blockade. 
A murine SJS/TEN model was induced and animals were 
assigned to three groups: Disease model, TNF‑α inhibitor 
treatment and healthy control. The analytical methods 
conducted included histopathology (H&E and toluidine blue 
staining), measurement of serum cytokines using ELISA, flow 
cytometric quantification of Th17 and Treg frequencies in 
peripheral blood, immunohistochemical (IHC) evaluation and 
reverse transcription‑quantitative PCR (RT‑qPCR) analysis of 
RORγt and Foxp3 expression in isolated CD3+ T lymphocytes. 
Mice in the model group displayed characteristic histopatho‑
logical features, including widespread epidermal necrosis, 
dense dermal inflammatory infiltration and increased mast 
cell counts. Serum concentrations of IL‑17 and IL‑23 were 
elevated. Immune profiling demonstrated a higher frequency 
of Th17 cells, a lower frequency of Tregs and a consequently 
increased Th17/Treg ratio. Both IHC and RT‑qPCR data 
indicated marked upregulation of RORγt and downregulation 
of Foxp3 at both protein and transcriptional levels. Treatment 
with a TNF‑α inhibitor reversed these changes, resulting in 
ameliorated skin pathology, normalized Th17/Treg balance, 

reduced RORγt and restored Foxp3 expression. The degree of 
Foxp3 restoration and Th17/Treg rebalancing were positively 
correlated with a clinical improvement in skin lesions. Overall, 
disruption of Th17/Treg equilibrium, driven by dysregulation 
of the RORγt/Foxp3 axis within CD3+ T cells, was found to be 
a key mechanism in SJS/TEN pathogenesis. TNF‑α blockade 
exerts its therapeutic effect by transcriptionally reprogram‑
ming T cells, directly suppressing the expression of RORγt 
while promoting the expression of Foxp3. This bidirectional 
regulation corrects the Th17/Treg imbalance. These find‑
ings demonstrate the important immunomodulatory action 
of TNF‑α inhibition and offer preclinical support for its 
use in SJS/TEN, while suggesting potential biomarkers for 
monitoring treatment efficacy.

Introduction

Stevens‑Johnson syndrome (SJS) and toxic epidermal necrol‑
ysis (TEN) are severe, life‑threatening cutaneous adverse 
reactions, most commonly triggered by medications such 
as antibiotics, anticonvulsants and NSAIDs, and character‑
ized by extensive epidermal necrosis and detachment (1‑3). 
Despite its low incidence (1‑2  cases per million annually 
worldwide) (4), SJS/TEN remains a life‑threatening condi‑
tion with mortality rates ranging from 20 to 50%, primarily 
due to secondary infections, electrolyte imbalance and 
multiple organ failure (5). A recent nationwide analysis of 
2,416 patients in the USA confirmed that SJS/TEN is associ‑
ated with significantly increased risks of pneumonia, sepsis 
and respiratory failure requiring intubation, underscoring 
the substantial disease burden even in modern healthcare 
settings  (6). Supportive care, systemic corticosteroids and 
intravenous immunoglobulin (IVIG) constitute the main 
methods of treatment; however, therapeutic efficacy varies 
markedly among patients and their use remains controver‑
sial (7‑10). Corticosteroids broadly suppress inflammation but 
carry notable risks of infection, impaired wound healing and 
gastrointestinal bleeding, with no consensus on optimal dosing 
or timing having been reached (7,9). IVIG, while potentially 
beneficial, has yielded conflicting results across studies, 
primarily due to heterogeneity in patient selection, dosage 
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regimens and disease severity (7,8). These therapeutic uncer‑
tainties and the absence of targeted interventions stem largely 
from an incomplete understanding of SJS/TEN pathogenesis, 
highlighting the need for mechanism‑based approaches such 
as TNF‑α blockades.

Accumulating evidence has suggested that SJS/TEN 
is initiated by a drug‑specific immune response, whereby 
T cell‑mediated cytotoxicity serves an important role in kera‑
tinocyte apoptosis (11‑13). The balance between CD4+ T cell 
subsets is key in immune homeostasis. T helper 17 (Th17) cells, 
defined by the master transcription factor retinoic acid‑related 
orphan receptor γ‑t (RORγt), drive inflammation through secre‑
tion of IL‑17 and related pro‑inflammatory cytokines, including 
IL‑17A, IL‑17F, IL‑21 and IL‑22 (14‑16). By contrast, regulatory 
T cells (Tregs), characterized by expression of the transcription 
factor Foxp3, maintain immune tolerance and suppress exces‑
sive immune activation (17,18). An imbalance of the Th17/Treg 
ratio has been implicated in a number of autoimmune and 
inflammatory diseases, including rheumatoid arthritis, inflam‑
matory bowel disease, multiple sclerosis and psoriasis (19‑21). 
Clinical studies have reported increased Th17 cell frequencies 
and/or impaired Treg function in the peripheral blood and 
skin lesions of patients with SJS/TEN (22‑24), suggesting that 
immune dysregulation may contribute to disease pathogenesis. 
Despite this, the precise role of Th17/Treg imbalances and the 
underlying regulatory mechanisms involving RORγt and Foxp3 
expression remain to be systematically elucidated in a controlled 
experimental setting.

TNF‑α serves as a key inflammatory mediator in SJS/TEN. 
Elevated TNF‑α levels have been detected in patient serum and 
skin lesions and are associated with disease severity (25‑27). 
Accordingly, TNF‑α inhibitors such as etanercept and 
infliximab have emerged as promising alternatives in severe 
SJS/TEN cases, with numerous studies having reported 
favorable outcomes and potentially improved safety profiles 
compared with high‑dose corticosteroids (3,28,29). However, 
treatment responses appear to be inconsistent, and whether 
the therapeutic effect involves transcriptional regulation of 
RORγt and Foxp3 expression to restore Th17/Treg balance 
remains unclear. Elucidating the effects of TNF‑α blockade 
on Th17/Treg equilibrium and their key transcriptional regu‑
lators is important in understanding its therapeutic efficacy, 
predicting treatment response and developing optimized, 
evidence‑based treatment algorithms.

Therefore, the present study aimed to establish a reliable 
SJS/TEN mouse model to investigate the following: i) Whether 
disease progression involves Th17/Treg imbalance and altered 
RORγt/Foxp3 expression; ii)  the correlation between this 
immunologic imbalance and tissue damage/systemic inflam‑
mation; and iii)  whether the therapeutic effect of TNF‑α 
blockade is mediated through correction of this imbalance. 
The present research provided experimental evidence for the 
immunopathogenesis of SJS/TEN and a mechanistic rationale 
for the clinical application of TNF‑α inhibitors as a targeted 
therapeutic strategy.

Materials and methods

Experimental animals and SJS/TEN induction. A total of 24 
male BALB/c mice (6‑8 weeks old; body weight, 20‑25 g) 

were obtained from Hangzhou Hangsi Biotechnology Co., 
Ltd. [license no. SCXK(ZHE)2022‑0005; animal qualification 
certificate no. 20250407Abzz01009990022]. The animals were 
maintained at Deruikang Biotechnology (Zhejiang) Co., Ltd. 
[license no. SYXK(ZHE)2023‑0002] under standard condi‑
tions (22±2˚C; 60‑80% humidity; 12‑h light/dark cycle) with 
ad libitum access to food and water. The SJS/TEN‑like model 
was established through cutaneous sensitization and challenge 
with trichloroethylene (TCE) as previously described (11), 
with the following modifications: i) The sensitization dose was 
reduced from 100 to 50% TCE to minimize systemic toxicity; 
ii)  the challenge frequency was increased from a single 
application to two applications on days 17 and 19 to enhance 
skin lesion severity; and iii) the challenge concentration was 
adjusted from 50 to 30% TCE to balance efficacy and toler‑
ability. Briefly, mice received an initial intradermal injection 
(100 µl) containing equal volumes of 50% TCE in olive oil 
and Complete Freund's Adjuvant. Subsequent sensitization 
was performed on days 4, 7 and 10 by topical application of 
100 µl 50% TCE to shaved dorsal skin, covered with filter 
paper (1x1 cm) and secured with hypoallergenic tape for 24 h. 
Challenge phases were conducted on days 17 and 19 using 
100 µl 30% TCE applied similarly. All experiments were 
repeated three times independently.

Study groups and drug administration. Animals were 
randomly assigned to four experimental groups (n=6/group): 
i) Vehicle control (NC), receiving olive oil instead of TCE 
throughout the procedure; ii) TCE model (M); iii) positive 
control (PC), administered methylprednisolone (4  mg/kg 
through intraperitoneal injection) 24 h before each challenge 
(days 16 and 18); and iv) TNF‑α antagonist treatment group 
(T), administered infliximab (1 mg/kg through intraperitoneal 
injection; MedChemExpress) 24 h before the challenges on 
days 16 and 18. Drug doses were selected based on a previous 
study (24). All groups except NC underwent identical TCE 
exposure.

Clinical evaluation of skin reactions. Cutaneous responses were 
evaluated 24 h post‑final challenge by two independent blinded 
investigators using a standardized scoring system (30,31): 0, 
no visible reaction; 1, scattered mild erythema; 2, moderate 
diffuse erythema with slight edema; or 3, severe erythema with 
pronounced swelling. In cases of disagreement, the final score 
was determined by consensus after discussion between the two 
investigators. Animals displaying scores ≥1 were considered 
sensitization‑positive (TCE+), while scores ≥3 were classified 
as meeting SJS/TEN‑like criteria.

Tissue and blood sample preparation. Following anesthesia 
with 2% isoflurane for induction and 1.5‑2% isoflurane for 
maintenance, mice were euthanized through cervical disloca‑
tion 24 h after the final challenge. No animals reached the 
pre‑determined humane endpoints (including ≥20% body 
weight loss, severe lethargy or respiratory distress) prior to the 
scheduled endpoint. A total of ~100 µl blood was collected 
through retro‑orbital puncture from each animal. Serum was 
obtained by centrifugation at 3,000 x g for 15 min at 4˚C and 
stored at ‑80˚C. Dorsal skin specimens (1x1 cm) were divided, 
with one segment being fixed in 4% paraformaldehyde 
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(in 0.1 M phosphate buffer, pH 7.4) at 4˚C for 24 h for histo‑
logical processing, and another being flash‑frozen in liquid 
nitrogen and stored at ‑80˚C for molecular analyses (32).

Histopathological and immunohistochemistry (IHC) 
examinations. Paraffin‑embedded skin sections (5 µm) were 
processed for H&E staining. Briefly, sections were stained 
with hematoxylin for 5  min at room temperature, rinsed 
under running tap water for 10  min, counterstained with 
eosin for 2 min at room temperature, and then dehydrated 
using graded alcohols and xylene before mounting. Five 
random microscopic fields (magnification, x200) per section 
were analyzed for epidermal necrosis, dermal edema and 
inflammatory cell infiltration using an Olympus BX53 light 
microscope (Olympus Corporation). Mast cell quantification 
was performed using toluidine blue staining (33), with sections 
stained in 0.5% toluidine blue solution for 20‑30 min at room 
temperature. All positively stained cells were counted in five 
non‑overlapping high‑power fields (magnification, x400). For 
IHC, sections underwent antigen retrieval in citrate buffer 
(pH 6.0) by heating at 95‑100˚C for 20 min in a water bath, 
followed by cooling at room temperature for 30 min. Sections 
were then washed three times with phosphate‑buffered saline 
(PBS, pH 7.4) for 5 min each, followed by overnight incuba‑
tion (16‑18 h) at 4˚C with the primary antibodies: Anti‑RORγt 
(1:200; cat. no. ab207082; Abcam) and anti‑Foxp3 (1:150; cat. 
no. 12653S; Cell Signaling Technology, Inc.). Endogenous 
peroxidase activity was blocked with 3% H2O2 in PBS for 
10 min at room temperature. Sections were then incubated 
with HRP‑conjugated secondary antibodies (goat anti‑mouse 
IgG; 1:500; cat. no. RGAM001; Proteintech Group, Inc.; and 
goat anti‑rabbit IgG; 1:500; cat. no. GAR0072; MultiSciences 
Biotech) for 1  h at room temperature. Visualization was 
performed using 3,3'‑diaminobenzidine as the chromogen (34). 
The number of positive cells per high‑power field (magnifica‑
tion, x400) was counted in five random fields.

Serum cytokine profiling. Commercial ELISA kits (Shanghai 
Enzyme‑linked Biotechnology Co., Ltd.) were employed 
according to manufacturers' protocols to quantify circulating 
levels of IL‑17, IL‑23, IL‑10 and TGF‑β1. The ELISA kit 
cat. nos. were as follows: IL‑17 (cat. no. ml‑063129), IL‑23 
(cat. no. ml‑063140), IL‑10 (ml‑037873) and TGF‑β1 (cat. 
no. ml‑002115). The detection ranges were 15.6‑500 pg/ml for 
IL‑17, 7.8‑250 pg/ml for IL‑23, 31.2‑1,000 pg/ml for IL‑10 and 
62.5‑4,000 pg/ml for TGF‑β1. The limits of detection were 
<9.4, <4.7, <18.8 and <37.5 pg/ml, respectively. The intra‑assay 
coefficients of variation (CV) were <9% and inter‑assay CV 
were <11% for all kits, as certified by the manufacturer. A stan‑
dard volume of 50 µl serum supernatant per sample was used 
for each assay. All samples were run in duplicate. Absorbance 
was measured at 450 nm using a microplate reader (BioTek; 
Agilent Biotechnologies).

Flow cytometric immunophenotyping. Peripheral blood mono‑
nuclear cells (PBMCs) were isolated from ~100 µl whole blood 
using Ficoll‑Paque PLUS density gradient centrifugation (cat. 
no. 17‑1440‑02; Cytiva) (32). Furthermore, ~1x106 cells per 
sample were used for staining. For Th17 cell identification, 
cells were stimulated with phorbol 12‑myristate 13‑acetate 

(50 ng/ml) and ionomycin (1 µg/ml) in the presence of brefeldin 
A (10 µg/ml) for 5 h. Following stimulation, cells were fixed 
and permeabilized using the BD Cytofix/Cytoperm™ Kit (cat. 
no. 554714; BD Biosciences) according to the manufacturer's 
instructions. Cells were then stained with anti‑CD4‑FITC 
(clone RM4‑4, 0.125 µg/test; cat. no. 11‑0043‑82; Thermo 
Fisher Scientific, Inc.) and anti‑IL‑17A‑PE (clone 9L713, 
10 µl/test; cat. no. TMAY‑03535P; TargetMol) for 30 min at 4˚C 
in the dark (35). Tregs were identified using anti‑CD4‑FITC 
(clone RM4‑4; cat. no.  11‑0043‑82; Invitrogen; Thermo 
Fisher Scientific, Inc.), anti‑CD25‑APC (clone PC61.5; cat. 
no. 17‑0251‑82; Invitrogen; Thermo Fisher Scientific, Inc.) 
and anti‑Foxp3‑PE (clone PCH101; cat. no.  12‑4771‑82; 
Invitrogen; Thermo Fisher Scientific, Inc.) antibodies using 
the Foxp3/Transcription Factor Staining Buffer Se (cat. 
no. 00‑5523‑00; eBioscience™; Thermo Fisher Scientific, Inc.). 
All antibodies were used at a 1:50 dilution following lot‑specific 
titration optimization. Compensation was performed using the 
LongCyte™ flow cytometer (Beijing Cenglang Biotechnology 
Co., Ltd.) with automated software based on single‑color 
controls. Furthermore, ≥10,000 events in the lymphocyte gate 
were acquired using a BD FACSCelesta™ flow cytometer (BD 
Biosciences). Th17/Treg ratios were calculated from CD4+ T 
cell subsets. All flow cytometry experiments were repeated 
three times independently. Data were analyzed using FlowJo™ 
software (v10.10; BD Biosciences).

CD3+ T cell isolation and purification assessment. CD3+ T 
lymphocytes were positively selected from PBMCs using 
the EasySep Mouse CD3 Positive Selection Kit II (Miltenyi 
Biotec, Inc.) following the manufacturer's protocol. Typically, 
5x106 PBMCs yielded 2‑3x106 CD3+ cells. Purity verifica‑
tion was performed through flow cytometric analysis using 
anti‑CD3ε‑APC antibody staining (clone 145‑2C11; cat. 
no. 130‑119‑807; Miltenyi Biotec GmbH) for 30 min at 4˚C in 
the dark; only preparations >95% purity (determined by anal‑
ysis of 5,000 events) were utilized for subsequent experiments.

Gene expression analysis by reverse transcription‑quantita‑
tive PCR (RT‑qPCR). Total RNA was extracted from ~1x106 
purified CD3+ T cells using the FastPure® Cell/Tissue Total 
RNA Isolation Kit V2 (cat. no. RC112‑01; Nanjing Vazyme 
Biotech Co., Ltd.) according to the manufacturer's instruc‑
tions. RNA concentration and purity were determined by 
NanoDrop spectrophotometry (A260/A280 ratio >1.8; Thermo 
Fisher Scientific, Inc.). After quality verification, 1 µg RNA 
was reverse‑transcribed into cDNA using the PrimeScript™ 
RT Reagent Kit with gDNA Eraser (cat. no. RR047A; Takara 
Bio, Inc.) at 37˚C for 15 min, following the manufacturer's 
protocol. cDNA synthesis efficiency was ≥90% and genomic 
DNA removal efficiency was >99% as verified by no‑RT 
controls. qPCR was performed using TB Green Premix Ex 
Taq II (Takara Bio, Inc.) in a 20 µl reaction volume containing 
2 µl cDNA template. The dynamic range was 7 orders of 
magnitude and PCR efficiency was 95‑105% (determined by 
a standard curve slope of ‑3.3 to ‑3.5). Reactions were run on 
an Applied Biosystems 7500 Real‑Time PCR System (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) under the following 
conditions: 95˚C for 30 sec, then 40 cycles of 95˚C for 5 sec and 
60˚C for 30 sec. Melting curve analysis demonstrated primer 
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specificity. All reactions were performed in triplicate with Cq 
standard deviation <0.3. The primer sequences used were as 
follows: RORγt forward: 5'‑GAC​CCA​CAC​CTC​ACA​AAT​
TGA‑3' and reverse: 5'‑AGT​AGG​CCA​CAT​TAC​ACT​GCT‑3'; 
Foxp3 forward: 5'‑CCC​AGG​AAA​GAC​AGC​AAC​CTT‑3' and 
reverse: 5'‑TTC​TCA​CAA​CCA​GGC​CAC​TTG‑3'; and GAPDH 
(loading control) forward: 5'‑AGG​TCG​GTG​TGA​ACG​GAT​
TTG‑3' and reverse: 5'‑TGT​AGA​CCA​TGT​AGT​TGA​GGT​
CA‑3'. Relative expression was determined using the 2‑ΔΔCq 
method normalized to GAPDH (36).

Statistical analysis. All experimental data are expressed as 
the mean ± SD. Statistical analyses were performed using 
GraphPad Prism (version 9.0; Dotmatics). Comparisons among 
multiple groups were conducted using one‑way ANOVA tests, 
with inter‑group comparisons analyzed by Tukey's post hoc 
tests. Correlation analyses were performed using Pearson's 
correlation coefficient. Sample size calculations were 
performed based on preliminary data, with n=6 providing 
80% power to detect a 40% difference at α=0.05. P<0.05 was 
considered to indicate a statistically significant difference.

Figure 1. Representative microscopic manifestations of H&E staining of skin tissues in each group (n=6 per group). Magnification, x2, x10 and x40. M, 
trichloroethylene model; PC, positive control; T, TNF‑α antagonist treatment; NC, vehicle control.
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Figure 2. Toluidine blue staining results of samples from different treatment groups (n=6 per group). Scale bars, 50 µm. M, trichloroethylene model; PC, 
positive control; T, TNF‑α antagonist treatment; NC, vehicle control.
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Results

TNF‑α inhibition improves histopathological features. 
H&E staining revealed that TCE exposure induced exten‑
sive epidermal necrosis, architectural disarray and dense 
dermal leukocyte infiltration in the M group (Fig.  1). 
Both PC and T treatments markedly attenuated these 
pathological changes, with the protective effects of TNF‑α 
blockade comparable to those of conventional corticoste‑
roid therapy (37).

TNF‑α blockade normalizes mast cell distribution. Toluidine 
blue staining showed that TCE exposure caused pronounced 
cytomorphological alterations and heterogeneous mast 
cell distribution in the M group (Fig. 2). TNF‑α antagonist 
administration markedly normalized mast cell presentation 
and distribution patterns, indicating effective reversal of 
TCE‑induced mast cell dysregulation.

Caspase‑3 overexpression coincides with Th17/Treg imbal‑
ance. Immunohistochemistry analysis revealed that the M group 

Figure 3. Caspase‑3 expression in skin tissues from each experimental group (n=6 per group). Scale bars, 200 µm. NC, vehicle control; M, trichloroethylene 
model; PC, positive control; T, TNF‑α antagonist treatment.

Figure 4. Comparison of serum (A) IL‑17, (B) TGF‑β1, (C) IL‑10 and (D) IL‑23 levels in each group. Data are presented as the mean ± SD (n=6 per group). 
Statistical significance was determined by one‑way ANOVA with Tukey's post hoc test. *P<0.05, **P<0.01 and ***P<0.001. NC, vehicle control; M, trichloroeth‑
ylene model; PC, positive control; T, TNF‑α antagonist treatment.
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exhibited a significantly higher level of Caspase‑3‑positive 
cells compared with the control group, indicating elevated 
apoptosis in the local tissue microenvironment (Fig. 3). Flow 
cytometric analysis further demonstrated an increased propor‑
tion of Th17 cells and a decreased proportion of Treg cells in 
the M group. Notably, the elevated Caspase‑3 expression coin‑
cided with reduced Treg frequencies, suggesting that enhanced 
apoptosis may contribute to Treg loss. By contrast, despite the 
increased apoptotic signal, the Th17 population was expanded, 
implying that Th17 cell activation and differentiation outweigh 
apoptosis under these conditions. Treatment with the TNF‑α 
inhibitor markedly decreased Caspase‑3‑positive staining, 
restored the Th17/Treg balance, and alleviated tissue inflam‑
mation.

TNF‑α antagonist restores systemic cytokine balance. Serum 
cytokine quantification revealed that IL‑17 and IL‑23 levels 
were significantly elevated in the M group (435.90±35.09 pg/ml 
and 413.33±17.04 pg/ml, respectively) compared with the NC 
group (38.40±13.50 pg/ml and 41.00±8.27 pg/ml), representing 
11.4‑ and 10.1‑fold increases, respectively (both P<0.01; Fig. 4; 
Table I). Moderate increases in IL‑10 and TGF‑β1 were also 
observed. Both therapeutic interventions significantly reduced 
IL‑17 and IL‑23 levels (P<0.01 vs. M), with TNF‑α blockade 
decreasing IL‑17 to 377.02±58.23 pg/ml (a 13.5% reduction) 
and IL‑23 to 374.47±16.32 pg/ml (a 9.4% reduction), while 
maintaining elevated regulatory cytokines, demonstrating 
restoration of immune homeostasis.

Treg frequency is restored by TNF‑α blockade. Flow cytometry 
demonstrated a significant reduction in Treg cell proportion in 
the M group (5.58±1.46%) compared with NC (13.05±0.64%), 
representing a 57.2% decrease (P<0.01). Both TNF‑α antago‑
nist and methylprednisolone treatments significantly reversed 
this reduction (P<0.001 vs. M), restoring Treg frequencies to 
8.85±0.88% (2.27‑fold increase) and 11.7±0.36% (2.10‑fold 
increase), respectively, to levels comparable with NC (Fig. 5A; 
Table I). Representative dot plots showed the proportions of 
CD4+CD25+Foxp3+ Treg cells within the CD4+ gate were 12.4% 
in NC, 4.57% in M, 11.2% in PC and 8.82% in T group, demon‑
strating significant Treg reduction following TCE exposure and 
partial restoration after TNF‑α antagonist treatment (Fig. 5B).

Th17 expansion is attenuated by TNF‑α antagonist treatment. 
Proportion of Th17 cells was significantly increased in the M 
group (11.64±1.93%) relative to the NC group (3.11±0.61%), 
representing a 3.74‑fold increase (P<0.01), consistent with 
elevated serum IL‑17 levels. TNF‑α antagonist treatment 
reduced Th17 cell frequencies to 7.92±1.32% (32.0% reduction 
vs. M; P<0.01), indicating partial normalization rather than 
complete correction, as levels remained elevated compared 
with NC (3.11±0.61%) and the PC group (4.57±0.38%; Fig. 6A; 
Table I). Representative dot plots showed the proportions of 
CD4+IL‑17A+ Th17 cells within the CD4+ gate were 2.16% in 
NC, 12.5% in M, 4.88% in PC and 7.62% in T group, demon‑
strating marked Th17 expansion after TCE exposure and 
partial attenuation by TNF‑α antagonist treatment (Fig. 6B).

Magnetic bead sorting yields high‑purity CD3+ T cells. Flow 
cytometric analysis showed that the proportion of CD3+ T 
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Figure 5. (A) Comparison of the proportion of Tregs in peripheral blood of each group. (B) Representative flow cytometry plots of Tregs in the peripheral 
blood of each group. Data are presented as the means ± SD (n=6 per group). Statistical significance was determined by one‑way ANOVA with Tukey's post 
hoc test. ***P<0.001. Tregs, regulatory T cells; NC, vehicle control; M, trichloroethylene model; PC, positive control; T, TNF‑α antagonist treatment; SSC‑A, 
side scatter area; FSC‑A, forward scatter area.
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Figure 6. (A) Proportion of Th17 cells in the peripheral blood of each group. (B) Representative flow cytometry plots of Th17 cells in the peripheral blood of 
each group. Data are presented as the means ± SD (n=6 per group). Statistical significance was determined by one‑way ANOVA with Tukey's post hoc test. 
***P<0.001. Th17, T helper 17; NC, vehicle control; M, trichloroethylene model; PC, positive control; T, TNF‑α antagonist treatment; SSC‑A, side scatter area; 
FSC‑A, forward scatter area.
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cells increased from 53.0% in pre‑sorted PBMCs to 93.1% 
in post‑sorted populations, determining high‑purity CD3+ T 
cell isolation (>95%) suitable for subsequent qPCR analysis 
(Fig. 7).

TNF‑α blockade reverses RORγt/Foxp3 transcriptional 
imbalance. RT‑qPCR analysis of purified CD3+ T cells revealed 
that RORγt mRNA expression was significantly upregulated 
in the M group (4.66±0.51 fold‑change) compared with the NC 
group (1.00±0.05), representing a 4.66‑fold increase (P<0.01), 
while Foxp3 mRNA expression was markedly downregu‑
lated (0.15±0.02 fold‑change) compared with the NC group 

(1.00±0.08), representing an 85% reduction (P<0.01; Fig. 8; 
Table I). TNF‑α antagonist treatment significantly suppressed 
RORγt expression to 2.24±0.34 fold‑change (52.0% reduction 
vs. M; P<0.01) and elevated Foxp3 expression to 0.53±0.07 
fold‑change (3.5‑fold increase vs. M; P<0.01), restoring both 
transcriptional factors to levels not significantly different from 
NC.

Discussion

Within the present study, a key development in understanding 
the immunopathogenesis of SJS/TEN was established by 

Figure 7. Flow cytometry analysis of the proportion of CD3+ T cells before and after magnetic bead sorting (n=6 per group). SSC‑A, side scatter area; FSC‑A, 
forward scatter area.
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demonstrating that disease progression is driven by disrup‑
tion of the Th17/Treg balance through dysregulation of the 
RORγt/Foxp3 transcriptional axis. The present findings 
revealed that TNF‑α blockade restored this immune equi‑
librium, providing a novel mechanistic explanation for its 
therapeutic efficacy, distinguishing the present study from 
previous descriptive clinical reports (11,38,39).

The central innovation of this research lies in connecting 
specific transcriptional regulation within CD3+ T cells to 
clinical pathology through controlled experimental evidence. 
While prior clinical studies have noted altered Th17/Treg 
ratios in patients with SJS/TEN (38,40‑42), the present study 
uniquely demonstrated the causative role of RORγt/Foxp3 
dysregulation in driving this imbalance and established TNF‑α 
blockade as a targeted corrective intervention. This represents 
a notable conceptual advancement beyond existing literature 
that primarily describes cytokine profiles without elucidating 
upstream regulatory mechanisms (3,23).

The present study made three distinctive contributions 
to the field: First, providing experimental validation of 
the ‘immunological imbalance hypothesis’ in SJS/TEN 
pathogenesis through controlled animal studies, offering 
stronger causal evidence compared with previous obser‑
vational human studies  (43,44); second, identifying the 
RORγt/Foxp3 axis as a specific molecular target for 
therapeutic intervention, moving beyond broad immunosup‑
pressive approaches (28,45); and third, revealing that TNF‑α 
blockade functions through immunomodulation rather than 
simple anti‑inflammatory action, explaining its improved 
efficacy in a number of refractory cases compared with 
conventional treatments (46‑48).

Compared with related studies investigating cortico‑
steroid or IVIG therapies that broadly suppress immune 
responses (49,50), the present findings suggest a more targeted 
approach focused on rebalancing specific T cell subsets. This 
represents a paradigm shift from non‑specific immunosup‑
pression toward precision immunomodulation in SJS/TEN 
management. The therapeutic mechanism identified in the 
present study, namely simultaneous suppression of RORγt and 
restoration of Foxp3, differs from the broad‑spectrum effects 
of conventional treatments, potentially explaining variable 
clinical responses observed in practice, including inconsistent 
effects on mortality reduction and heterogeneous outcomes 
across different patient populations (47,48).

The present study advances the field by providing a 
mechanistic framework that bridges clinical observations 
with molecular immunology (19,25). The demonstration that 
TNF‑α blockade can improve clinical outcomes in SJS/TEN, 
with evidence suggesting immunomodulatory effects on T 
cell responses, extends current understanding of its mode of 
action and supports its strategic use in SJS/TEN manage‑
ment (46,47). Furthermore, the present findings suggested that 
monitoring Th17/Treg ratios and RORγt/Foxp3 expression 
could provide predictive biomarkers for treatment response, 
addressing a marked clinical need for personalized therapeutic 
strategies (23,28).

Beyond the established Th17/Treg imbalance, the present 
histopathological findings revealed marked mast cell accumu‑
lation and degranulation in TCE‑exposed skin lesions, which 
were markedly attenuated by TNF‑α blockade. Mast cells are 
increasingly recognized as key effectors in severe cutaneous 
adverse reactions, capable of releasing pro‑inflammatory 
mediators including TNF‑α, IL‑17 and proteases that exacer‑
bate tissue damage (51,52). Notably, mast cell‑T cell cross‑talk 
has been shown to potentiate Th17 polarization and sustain 
local inflammation (53). The present study therefore proposes 
that mast cell infiltration contributes to the inflammatory 
milieu that reinforces RORγt‑driven Th17 differentiation, 
creating a positive feedback loop that amplifies skin injury. 
The observed reduction in mast cell density following TNF‑α 
antagonist treatment suggests that its therapeutic effects 
extend beyond direct T cell modulation to include interrup‑
tion of mast cell‑driven inflammatory cascades, likely by 
neutralizing pre‑formed TNF‑α stored in mast cell granules 
and suppressing mast cell‑dependent cytokine amplification 
loops  (54,55). These findings position mast cells as both 
contributors to SJS/TEN pathology and potential ancillary 
targets for therapeutic intervention.

The observed shifts in Th17 and Treg frequencies call 
into question whether they result from altered differentiation, 
survival or trafficking of T cells. The present transcriptional 
data, particularly the reciprocal changes in RORγt and Foxp3 
mRNA expression, suggest that altered lineage commitment is 
a primary mechanism. The 4.66‑fold upregulation of RORγt 
and the 85% reduction of Foxp3 in CD3+ T cells suggest the 
transcriptional reprogramming favored Th17 polarization at the 
expense of Treg development. These findings were consistent 
with studies showing that RORγt and Foxp3 antagonistically 
regulate CD4+ T cell differentiation (39,56). However, it should 
be acknowledged that the present data cannot fully exclude 
contributions from enhanced apoptosis of Tregs or preferential 
recruitment of Th17 cells to inflamed skin. Indeed, reduced 
Treg proportions may also reflect increased susceptibility 
to activation‑induced cell death in the highly inflammatory 
microenvironment (57), while elevated tissue homing recep‑
tors (such as C‑C chemokine receptor types 4 and 6) on Th17 
cells could promote their accumulation in lesions (58). Future 
studies incorporating Ki‑67 proliferation assays, Annexin V 
apoptosis staining and analysis of chemokine receptor expres‑
sion profiles are warranted to further investigate the relative 
contributions of differentiation, survival and trafficking to the 
Th17/Treg imbalance in SJS/TEN.

A number of limitations should be acknowledged. First, 
while the present murine model provided valuable mechanistic 

Figure 8. mRNA expression levels of (A) RORγt and (B) Foxp3 in purified 
CD3+ T cells measured by reverse transcription‑quantitative PCR. Data are 
presented as the mean ± SD (n=6 per group). Statistical significance was 
determined by one‑way ANOVA with Tukey's post hoc test. ***P<0.001. NC, 
vehicle control; M, trichloroethylene model; PC, positive control; T, TNF‑α 
antagonist treatment; RORγt, retinoic acid‑related orphan receptor γ‑t.
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insights, it could not fully replicate the complex genetic and 
pharmacological factors involved in human SJS/TEN (22,59). 
Second, the sample size (n=6 per group) was relatively modest, 
which may have limited the statistical power of detecting smaller 
effect sizes; however, it was sufficient to demonstrate significant 
differences in primary outcomes based on preliminary power 
calculation. Third, only male mice were used in the present 
study to minimize hormonal variability, but this introduced a 
sex bias; future studies should aim to include female cohorts to 
assess potential sex‑dependent differences in disease pathogen‑
esis and treatment response. Fourth, it should be acknowledged 
that infliximab, a chimeric monoclonal antibody targeting 
human TNF‑α, exhibits limited cross‑reactivity with murine 
TNF‑α (60). To address this potential limitation, the dosage 
and administration regimen employed in the present study 
were carefully selected based on prior reports demonstrating 
functional efficacy of infliximab in murine inflammatory 
models (61,62). In addition, the observed therapeutic effects, 
including significant suppression of RORγt expression, 
restoration of Foxp3 levels and rebalancing of the Th17/Treg 
ratio, provide functional validation of its biological activity 
in the present experimental context. Despite this, it should 
be acknowledged that the use of species‑specific anti‑murine 
TNF‑α antibodies (such as etanercept or anti‑mouse TNF‑α 
monoclonal antibody) would be more pharmacologically 
appropriate for future mechanistic studies. Fifth, while signifi‑
cant changes in Treg proportions were observed, functional 
suppression assays to directly assess Treg suppressive capacity 
were not performed. Such assays (including in vitro co‑culture 
suppression tests) would provide more definitive evidence for 
Treg dysfunction in SJS/TEN and its restoration by TNF‑α 
blockade and should be incorporated in future investigations. 
Finally, the focus on CD4+ T cells, while revealing important 
mechanisms, does not exclude potential contributions from 
other immune cell populations, including cytotoxic CD8+ T 
cells and γδ T cells, which warrant further investigation (11,63).

The present study recommends that future research should: 
i) Validate the present findings in clinical cohorts through 
prospective biomarker studies (23,28); ii) investigate the inter‑
action between TNF‑α blockade and other immunomodulatory 
therapies to optimize combination strategies (48,64); iii) explore 
the potential of targeting the RORγt/Foxp3 axis with more 
specific pharmacological agents (14,17); and iv) examine genetic 
polymorphisms that might influence individual responses to 
TNF‑α blockade in patients with SJS/TEN (22,65).

In conclusion, the present study demonstrated that SJS/TEN 
pathogenesis involves dysregulation of the RORγt/Foxp3 tran‑
scriptional axis, leading to severe Th17/Treg imbalance. In the 
TCE‑exposed model group, the Th17/Treg ratio increased to 
2.10±0.68 from 0.24±0.05 in normal controls. Molecular anal‑
ysis further demonstrated this imbalance, showing a 4.66‑fold 
upregulation of RORγt mRNA and a reduction of Foxp3 mRNA 
to only 15% of control levels in CD3+ T cells. This cellular 
dysregulation was accompanied by a pronounced inflamma‑
tory response. Serum levels of IL‑17 and IL‑23 increased to 
435.90±35.09 pg/ml and 413.33±17.04  pg/ml respectively, 
~11.4‑fold and 10.1‑fold increases over control levels. IL‑10 
levels also increased, with the highest level observed in the 
PC group (16.35±0.39 pg/ml). TNF‑α blockade effectively 
corrected these pathological changes. Treatment restored the 

Th17/Treg ratio to 0.90±0.19, suppressed RORγt expression by 
52% (2.24±0.34 fold‑change) and elevated Foxp3 expression 
by 3.5‑fold (0.53±0.07 fold‑change). Inflammatory cytokines 
showed partial reductions, with IL‑17 and IL‑23 decreasing to 
377.02±58.23 pg/ml and 374.47±16.32 pg/ml respectively, while 
IL‑10 levels remained elevated at 12.64±0.41 pg/ml. These 
integrated findings provide evidence that TNF‑α blockade 
ameliorates SJS/TEN by restoring immune homeostasis 
through transcriptional reprogramming of the RORγt/Foxp3 
axis, downregulating RORγt expression while upregulating 
Foxp3 expression, thereby rebalancing the Th17/Treg equilib‑
rium. The present data establish a clear mechanistic rationale 
for TNF‑α‑targeted therapy and identified potential biomarkers 
for monitoring therapeutic response.
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