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Regulation of innate immune
response by miRNAs up-regulated
in Stevens-Johnson syndrome with
severe ocular complications

Mayumi Ueta™, Hiromi Nishigaki, Hokoru Yoshioka, Shigeru Kinoshita & Chie Sotozono

Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are severe mucocutaneous
disorders characterized by extensive tissue necrosis; they are often accompanied by severe ocular
complications (SOC). The regulatory role of microRNAs (miRNAs) in modulating immune responses in
SJS/TEN is not fully understood, particularly in relation to chronic SOC. We explored the expression
profiles of specific miRNAs and their potential impact on the regulation of key innate immune genes

in patients with SJIS/TEN with SOC. We analyzed plasma samples from 100 patients with chronic stage
SJS/TEN with SOC and 92 healthy controls to examine the expression levels of eight specific miRNAs
(let-7a-5p, let-7d-3p, let-7e-5p, miR-146a-5p, miR-130a-3p, miR-151a-3p, miR-151a-5p, miR-27b-

3p) using quantitative RT-PCR (RT-qPCR). In addition, we subjected mononuclear cells from 12 SJS/
TEN patients and 9 controls to RT-qPCR to assess the expression of the innate immune-related genes
IFI44L, TNFSF10, AIM2, RSAD2, CXCL10, TRIM22, IFI27, and IFIT2. Significant upregulation of 4
miRNAs (let-7a-5p, let-7e-5p, miR-146a-5p, and miR-27b-3p) was observed in the plasma of SJS/TEN
patients; this correlated with the increased expression of TLR3, RIG-1, and MDAS5. Furthermore, MDAS5,
IFl44L, RSAD2, CXCL10, and IFIT2 were also significantly up-regulated in the mononuclear cells from
these patients, indicating a systemic modulation of immune response genes. Our findings demonstrate
that specific miRNAs are up-regulated in SJS/TEN with SOC and associated with the upregulation of
critical immune response genes, suggesting their involvement in the pathogenesis and persistence of
SOC. These miRNAs and their target genes may serve as potential biomarkers or therapeutic targets in
managing SJS/TEN with SOC.
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Abbreviations

RT-gPCR  Quantitative RT-PCR

TLR3 Toll like receptor 3

RIG-I Retinoic acid-inducible gene-I

MDA5 Melanoma differentiation-associated gene 5

IF144L Interferon-induced protein 44-like

TNFSF10 Tumor necrosis factor (ligand) superfamily, member 10
AIM2 Absent in melanoma 2

RSAD2 Radical S-adenosyl methionine domain containing 2

CXCL10 Chemokine (C-X-C motif) ligand 10

TRIM22 Tripartite motif containing 22

IF127 Interferon, alpha-inducible protein 27

IFIT2 Interferon-induced protein with tetratricopeptide repeats 2

Stevens-Johnson syndrome (SJS)/toxic epidermal necrolysis (TEN) is an acute inflammatory vesiculobullous
reaction affecting the mucosa of the ocular surface, oral cavity, genitals, and the skin. Severe ocular complications
(SOC) are observed in about half of the SJS/TEN patients diagnosed by dermatologists and in burn units.
Ophthalmologists often treat SOC not only in the acute- but also in the chronic stage' ™.
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Cold medicines, such as NSAIDs and multi-ingredient cold medications, were identified as the main causative
drugs for SJS/TEN with SOC">-7. We also reported that single nucleotide polymorphisms (SNPs) in Toll-like
receptor 3 (TLR3)3-19, prostaglandin-E receptor 3 (PTGER3)!"!2, and the IKZF1 gene'*!* are significantly
associated with cold medicine related SJS/TEN with SOC.

Interestingly, these genes have been reported to regulate mucocutaneous inflammation, including
inflammation of the ocular surface. Allergic dermatitis and conjunctivitis were significantly down-regulated
in TLR3 KO mice!>!¢, while they were significantly up-regulated in EP3 KO mice!”!8. Tkzfl Tg mice, in which
the Ik1 isoform was introduced into cells expressing keratin 5, not only spontaneously developed dermatitis,
blepharoconjunctivitis, and inflammation of the paronychia and oral cavity, allergic dermatitis was also
significantly up-regulated in the Tkzfl Tg mice'”. These findings suggest the role of common mechanisms in the
pathogenesis of SJS/TEN with SOC and of allergic diseases such as allergic dermatitis and conjunctivitis.

Thus, abnormal innate mucosal immunity may contribute to the ocular surface inflammation seen in SJS/
TEN with SOC>70,

Elsewhere we reported that miR-628-3p, up-regulated in the plasma of patients in the chronic stage of SJS/
TEN with SOC, negatively regulates innate immunity by suppressing pattern recognition receptors (PRRs) such
as TLR3, RIG-I, and MDA-5%'. We also documented that let-7a-5p was significantly up-regulated in atopic
dermatitis with or without severe allergic conjunctivitis, and that this miRNA positively regulates important
innate immune-related genes including TLR3, RIG-I, and MDAS52. 1t also positively regulates STAP1, IFI44L,
CXCL11, TNFSF10, AIM2, RSAD2, IFITM1, CXCL10, CCL8, TRIM22, HERCS5, IFI27, IFIT2, GBP4, IFIT1,
TNFSF13B, and USP41%2, which are reportedly down-regulated by the miR-628-3p mimic?!.

Thus, because innate immune-related genes were positively regulated by let-7a-5p and negatively regulated
by miR-628-3p, we suspect that the balance between let-7a-5p and miR-628-3p contributes to the development
of ocular surface inflammation?!-?2,

MicroRNAs (miRNAs), small noncoding RNAs consisting of about 22 nucleotides in their mature form,
function as endogenous regulators of many genes. They typically bind to complementary sequences in the
untranslated regions of target mRNAs, inhibiting their expression. miRNAs play roles in cell and tissue functions,
including immune response, apoptosis, cell differentiation, and they are involved in the pathogenesis of various
human diseases?.

Compared to the controls, not only miRNA-let-7a-5p but also let-7d-3p, let-7e-5p, miR-146a-5p, miR-130a-
3p, miR-151a-3p, miR-151a-5p, and miR-27b-3p are significantly upregulated in patients with severe atopic
keratoconjunctivitis?2.

Based on our hypotheses that abnormal innate mucosal immunity contributes to the ocular surface
inflammation seen in SJS/TEN with SOC, and that common mechanisms play a role in the pathogenesis of SJS/
TEN with SOC and allergic diseases, we investigated miRNA let-7a-5p, because we suspected that it positively
regulates important innate immune-related genes, e.g. TLR3, RIG-1, and MDA5?% We also examined let-7d-3p,
let-7e-5p, miR-146a-5p, miR-130a-3p, miR-151a-3p, miR-151a-5p, and miR-27b-3p which, compared to the
controls, were significantly upregulated in severe atopic keratoconjunctivitis patients®.

To investigate the function of the miRNAs significantly up-regulated in the plasma of SJS/TEN with SOC
patients, we used their mimic-transfected THP-1 cells and subjected the dsRNA receptors TLR3, RIG-I, and
MDAS and innate immune-related genes, e.g. IFI44L, TNFSF10, AIM2, RSAD2, CXCL10, TRIM22, IFI27, and
IFIT2 to quantitative RT-PCR.

Materials and methods

Human plasma

This study was approved by the institutional review board of Kyoto Prefectural University of Medicine. All
experimental procedures were conducted in accordance with the tenets of the Declaration of Helsinki. Written
informed consent was obtained from all participants after they were given a detailed explanation of the research
purpose and experimental protocols.

Quantitative miRNA PCR

As previously reported®!?>?*, we utilized TagMan MicroRNA Reverse Transcription Kits (Applied Biosystems,
Vilnius, Lithuania) for the reverse transcription (RT) reaction. Quantitative miRNA PCR assays were performed
on a StepOne Plus instrument (Applied Biosystems) following the manufacturer’s instructions. The specific
primer and probe mix included in predesigned Tagman microRNA assays were let-7a-5p, ID: 000377; let-
7d-3p, ID: 001178; let-7e-5p, ID: 002406; miR-146a-5p, ID: 000468; miR-130a-3p, ID: 000454; miR-151a-3p,
ID: 002254; miR-151a-5p, ID: 002642; and miR-27b-3p, ID: 000409 (Applied Biosystems). We normalized the
expression of miRNA using spike-in cel-miR-39 (miR-39, ID: 000200, P/N: 4440887; Applied Biosystems).

Quantitative RT-PCR of THP-1 cells transfected with miRNA mimics

THP-1 cells were sourced from the JCRB Cell Bank (Osaka, Japan). As previously reported®!??, for transfection
and RT-qPCR, THP-1 cells were cultured as recommended by the manufacturer; 2-day stimulation was with
100 ng/ml PMA (Sigma-Aldrich, Saint Louis, MO). The miRNA mimics and controls for miRNA-let-7d-3p,
let-7e-5p, 146a-5p, 130a-3p, 151a-3p, 151a-5p, and 27b-3p were from Applied Biosystems. The mimics and
their negative controls were mixed with Lipofectamine RNAIMAX (Invitrogen, Carlsbad, CA) and added to the
THP-1 cells for 24 h (80% confluence). Total RNA was isolated using the RNeasy Mini Kit (Qiagen) according
to the manufacturer’s instructions. For the RT reaction, ReverTra Ace (TOYOBO, Japan) was used. RT-qPCR
assays were performed on a StepOne Plus instrument (Applied Biosystems). Primers and probes for TLR3
(Hs00152933), IFTH1 (MDAS5) (Hs00223420), DDX58 (RIG-I) (Hs00204833), IF144L (Hs00915292), TNEFSE10
(Hs00921974), AIM2 (Hs00915710), RSAD2 (Hs00369813), CXCL10 (Hs00171042), TRIM22 (Hs01001179),
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IFI27 (Hs01086373), and IFIT2 (Hs01922738) were purchased from Applied Biosystems. Quantification data
were normalized to the expression of the housekeeping gene GAPDH.

Quantitative RT-PCR of mononuclear cells

Mononuclear cells were isolated using the Lymphoprep™ (Veritas, Japan) according to the manufacturer’s
instructions. Total RNA was isolated using the TRIzol™ Reagent (ThermoFisher, USA) according to the
manufacturer’s instructions. For the RT reaction, ReverTra Ace (TOYOBO, Japan) was used. RT-qPCR assays
were performed on a StepOne Plus instrument (Applied Biosystems).

Data analysis

Data from quantitative miRNA PCR and RT-qPCR assays were expressed as mean =+ standard error (SE). The
assays were evaluated using Student’s t-test performed with Microsoft Excel. We also examined the interactions
between different miRNAs and their target mRNAs using miRNeta (https://www.mirnet.ca/).

Results

Quantitative miRNA PCR analysis

We investigated miRNA-let-7a-5p; it positively regulate key innate immune-related genes such as TLR3, RIG-I,
and MDAS5, and 7 other miRNAs, i.e. let-7d-3p, let-7e-5p, 146a-5p, 130a-3p, 151a-3p, 151a-5p, and 27b-3p
that, compared to the controls, were significantly upregulated in the plasma of patients with severe atopic
keratoconjunctivitis’’. We performed quantitative miRNA PCR assays using plasma samples from SJS/TEN
patients with SOC in the chronic stage (n=100) and healthy controls (1 =92). All 8 miRNAs were significantly
up-regulated in the plasma of SJS/TEN patients compared to the controls (Fig. 1).

RT-qPCR analysis of THP-1 cells transfected with miRNA mimics

We focused on blood cells because some miRNAs were significantly up-regulated in the plasma of our patients.
Our earlier RT-qPCR analysis of THP-1 cells (a monocyte cell line) transfected with the let-7a-5p miRNA mimic
showed significant up-regulation of TLR3, RIG-I, and MDAS5, receptors of dsRNA and critical innate immune-
related genes?2.

We conducted RT-qPCR analyses using THP-1 cells transfected with 7 miRNAs, i.e. let-7d-3p, let-7e-5p,
146a-5p, 130a-3p, 151a-3p, 151a-5p, and 27b-3p, to further confirm their regulatory impact on TLR3, RIG-I,
and MDAS5. Compared to the negative control, the expression of TLR3, MDAS5, and RIG-I was significantly up-
regulated in cells transfected with the let-7e-5p, miR-146a-5p, and miR-27b-3p mimics (Fig. 2, top row). The
expression of MDAS5 and RIG-I, but not of TLR3, was significantly increased in cells transfected with the miR-
151a-5p mimic. Conversely, the expression of TLR3, MDAS5, and RIG-I was significantly down-regulated in cells
transfected with the let-7d-3p and miR-130a-3p mimics (Fig. 2, bottom row).

Elsewhere??, we reported that let-7a-5p could positively regulate STAP1, IF144L, CXCL11, TNFSF10, AIM2,
RSAD2, IFITM1, CXCL10, CCL8, TRIM22, HERCS5, IF127, IFIT2, GBP4, IFIT1, TNFSF13B, and USP41; genes
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Fig. 1. Comparative analysis of miRNA expression levels between SJS/TEN with SOC patients and healthy
controls. This figure displays the quantitative miRNA PCR analysis results for specific miRNAs (let-7a-5p,
let-7d-3p, let-7e-5p, miR-151a-3p, miR-151a-5p, miR-146a-5p, miR-130a-3p and miR-27b-3p) in plasma
samples from two distinct groups: SJS: SJS/TEN with SOC patients, control: healthy controls. Quantification
was performed using miR-39 as an internal control to normalize the data. The Y-axis indicates the fold increase
in specific miRNA expression levels over the control samples. Data points represent the mean + standard error
of the mean (SEM) for patients with SJS/TEN with SOC in the chronic stage (n=100) compared to the healthy
controls (n=92). Statistical significance between the groups is denoted by asterisks: *p < 0.001, **p <0.0001,
and ***p <0.00001, suggesting significant upregulation of miRNAs in the SJS/TEN with SOC patient group
relative to the controls.

SJS/TEN with SOC: Stevens-Johnson syndrome/Toxic Epidermal Necrolysis with Severe Ocular
Complications.

Scientific Reports |

(2025) 15:893

| https://doi.org/10.1038/s41598-025-85528-8 nature portfolio


https://www.mirnet.ca/
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

. Let-7e-5p  miR-146a-5p miR-27b-3p miR-151a-5p
:: * ok *
20 :
TLR3 15
1.0
S0l Wi
0.0
3.0
= %
:“ *% * *kk
MDAS = ’ ‘ ‘
1.0
0.5 ﬂ H ﬂ
0.0
3.0
.z *kk
== *% *kk o
RIGI ;. ’ ’
L0
0.5
“"NC mimic NC mimic NC mimic NC mimic
L2 Let-7d-3p miR-130a-3
Lo| 4 = — -
0.8
TLR3 s
0.4
02 l
0.0
1.2
A N ] wes
0.8
MDAS 06
0.4
0.2 l l
0.0
12
10 = * = * hek
0.8
RIG-I 06
0.4
0.2
0.0
NC mimic NC mimic

Fig. 2. RT-qPCR Analysis of TLR3, MDAS5, and RIG-I Gene Expression in THP-1 Cells Transfected with
Specific miRNAs. This figure shows the results of our RT-qPCR analysis measuring the expression levels of
TLR3, MDAS5, and RIG-I genes in THP-1 cells following transfection with different miRNA mimics: let-7e-5p,
miR-146a-5p, miR-27b-3p, miR-151a-5p, let-7d-3p, and miR-130a-3p. Quantification data were normalized
to the expression of the housekeeping gene GAPDH. The Y-axis represents the fold increase in specific nRNA
levels over the control samples (NC: non-targeting mimic control, mimic; each mimic of let-7e-5p, 146a-

5p, 27b-3p, 151a-5p, let-7d-3p, 130a-3p miRNA). Data are presented as the mean + standard error of the
mean (SEM) from three independent experiments, with each group consisting of four replicates. Statistical
significance is indicated by asterisks: *p <0.05, **p < 0.005, ***p < 0.0005, highlighting differences in gene
expression induced by each miRNA mimic compared to the control.
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that were negatively regulated by the miR-628-3p mimic. To study these effects further, we performed RT-qPCR
analysis of the innate immune-related genes; IFI144L, TNFSF10, AIM2, RSAD2, CXCL10, TRIM22, IFI27, and
IFIT2; using THP-1 cells transfected with the three miRNAs (let-7e-5p, 146a-5p, 27b-3p) that significantly up-
regulated the expression of TLR3, MDAS5, and of RIG-I, and THP-1 cells transfected with two miRNAs (let-7d-3p,
130a-3p) that down-regulated these receptors, respectively. We found that the expression of IFI44L, TNFSF10,
AIM2, RSAD2, CXCL10, TRIM22, IF127, and IFIT2 was significantly up-regulated in cells transfected with the
let-7e-5p, miR-146a-5p, and miR-27b-3p mimics (Fig. 3, left row). Conversely, their expression was significantly
down-regulated in cells transfected with the let-7d-3p and 130a-3p mimics (Fig. 3, right row).

Figure 4 summarizes the potential interactions or competitions among different miRNAs and their target
mRNAs. The data shown were confirmed by quantitative RT-PCR; they are based on our experimental data using
comprehensive gene expression analysis of each miRNA mimic. We also examined the interactions between
different miRNAs and their target mRNAs using miRNeta (https://www.mirnet.ca/) and found interactions
between mir-146a-5p and its target mRNAs, such as RSAD2, IFI127, TRIM22, IFIT1, and IFITM1, and between
mir-130a-3p and IFITMI. Since the database used in miRNeta may include data from various cells and tissues,
we found only a few interactions that matched the experimental data shown in Fig. 4.

Comparison of the expression of the innate immune-related genes in mononuclear cells

We performed RT-qPCR analysis of the innate immune-related genes; IFI44L, TNFSF10, AIM2, RSAD2,
CXCL10, TRIM22, IF127, and IFIT2; using mononuclear cells from 12 SJS/TEN patients with SOC in the chronic
stage and 9 healthy controls. We found that MDA5, IFI44L, RSAD2, CXCL10, and IFIT2 were significantly up-
regulated (Fig. 5).

Discussion

We examined 8 miRNAs, i.e. miRNA-let-7a-5p, let-7d-3p, let-7e-5p, 146a-5p, 130a-3p, 151a-3p, 151a-5p, and
27b-3p, that were significantly upregulated in patients with severe atopic keratoconjunctivitis compared to
controls. These miRNAs were also found to be elevated in the plasma of patients with SJS/TEN with SOC,
suggesting a common pathway of immune modulation across these inflammatory conditions.

As miRNA-let-7a-5p positively regulates key innate immune-related genes such as TLR3, RIG-I, and MDA5%,
we explored the potential regulatory effects of the other 7 miRNAs on these genes. RT-qPCR analysis of THP-
1 cells transfected with each respective miRNA mimic revealed that let-7e-5p, miR-146a-5p, and miR-27b-3p
mimics could positively regulate TLR3, RIG-I, and MDA5. Conversely, let-7d-3p and miR-130a-3p mimics
appeared to negatively regulate these receptors. The miRNAs that positively affected TLR3, RIG-I, and MDA5
also enhanced the expression of other innate immune-related genes such as IFI44L, TNFSF10, AIM2, RSAD2,
CXCL10, TRIM22, IF127, and IFIT2. In contrast, let-7d-3p and miR-130a-3p, which negatively regulated TLR3,
RIG-I, and MDA5, down-regulated these immune-related genes.

As shown in Fig. 4, let-7a-5p, let-7e-5p, miR-146a-5p, and miR-27b-3p up-regulated target mRNAs related
to the innate immune system, e.g., TLR3, MDAS5, RIG-I, IFI44L, TNFSF10, AIM2, RSAD2, CXCL10, TRIM22,
IFI27, and IFIT2. On the other hand, let-7d-3p, miR-130a-3p, and miR-628-3p down-regulated these mRNAs.

The innate immune related genes MDA5, IFI44L, RSAD2, CXCL10, and IFIT2 were significantly up-regulated
in the mononuclear cells from patients with SJS/TEN with SOC.

Our findings suggest that these miRNAs up-regulated in SJS/TEN with SOC, and the innate immune-related
genes MDAS, IFI44L, RSAD2, CXCL10, and IFIT2 contribute to the pathogenesis of SJS/TEN with SOC.

Members of the let-7 miRNA family, including let-7a-5p, let-7d-3p, and let-7e-5p, have roles in regulating
immune responses and inflammation?®. Interestingly, while let-7a-5p and let-7e-5p positively regulate key innate
immune receptors, let-7d-3p exhibits an opposite effect. This suggests that these miRNAs family members might
contribute to the heightened immune reactivity observed in SJS/TEN with SOC.

MiR-146a-5p has been associated with the negative regulation of the NF-«B pathway and with inflammation?.
MiR-27b-3p plays a significant role in the regulation of inflammation?’. Both revealed a complex role in our
study by upregulating immune responses, suggesting that depending on the cellular context and environmental
cues, their functions include pro- and anti-inflammatory actions.

MiR-130a-3p plays a significant role in inflammation, particularly in the context of metabolism-related
inflammation?8. MiR-130a-3p and let-7d-3p down-regulated the expression of TLR3, RIG-I, and MDAS,
while let-7a-5p and let-7e-5p up-regulated their expression. This suggests that their regulatory mechanism or
mechanisms temper excessive immune responses in SJS/TEN with SOC.

The differential regulation of innate immunity-related genes by miRNAs, e.g. let-7a-5p, hsa-let-7e-5p, miR-
146a-5p, and miR-27b-3p, which up-regulate TLR3, RIG-I, and MDAS5, and by miR-130a-3p and let-7d-3p,
which down-regulate these genes, illustrates the complexity of immune responses in SJS/TEN with SOC (Fig. 4).
This intricate regulation underscores the delicate balance necessary for maintaining immune homeostasis.
Disruption of this balance can lead to severe clinical manifestations, such as SJS/TEN with SOC.

Analysis of an association between the levels of each miRNA and clinical data such as the patients’ age of
onset, the interval between onset and sample collection, and the grade of conjunctival invasion into the cornea
revealed no significant differences. We cannot rule out the possibility that yet unknown factors play a complex
role in the levels of each miRNA.

Genes such as [F144L, TNFSF10, AIM2, RSAD2, CXCL10, TRIM22, IF127, and IFIT2 are crucial components
of the innate immune system, and their dysregulation might contribute to the severe inflammatory responses
observed in SJS/TEN with SOC. The regulation of these genes by miRNAs highlights the complex genetic
landscape of SJS/TEN and underscores their importance in mediating immune responses.

IFI144L (Interferon-Induced Protein 44-Like) and IFIT2 (Interferon-Induced Protein with Tetratricopeptide
Repeats 2) are induced by interferons and play crucial roles in the antiviral response?®>°. IFIT2 enhances the
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Fig. 3. RT-qPCR analysis of innate immune-related gene expression in THP-1 cells transfected with specific
miRNA mimics. This figure displays the results of RT-qPCR analysis assessing the expression of innate
immune-related genes in THP-1 cells transfected with different miRNA mimics: hsa-let-7e-5p, miR-146a-5p,
miR-27b-3p, let-7d-3p, and miR-130a-3p. The quantification data were normalized to the expression of the
housekeeping gene GAPDH. The Y-axis indicates the relative increase in specific mRNA levels compared to
the control samples (NC: non-targeting mimic control, mimic; each mimic of let-7e-5p, 146a-5p, 27b-3p,
let-7d-3p, 130a-3p miRNA). Data are presented as the mean + standard error of the mean (SEM) for each
group (n=4), derived from three representative experiments. Statistical significance is indicated by asterisks:
*p<0.05, p <0.005, ***p < 0.0005, it demonstrates significant changes in gene expression induced by each
miRNA mimic relative to the control.
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Fig. 4. Interaction and competition among miRNAs and their target mRNAs in SJS/TEN with SOC. This
figure illustrates the potential interactions and competitions between various miRNAs and their target mRNAs,
as identified in plasma samples from patients with SJS/TEN with SOC. The study revealed that 8 miRNAs were
up-regulated in these plasma samples, in addition to the previously identified miR-628-3p. Target mRNAs were
confirmed by RT-qPCR, utilizing comprehensive gene expression analysis of mimics for each of the 9 miRNAs
involved. Hexagons represent the eight up-regulated miRNAs in SJS/TEN with SOC. MiRNA-151a-3p was
excluded because it showed no interaction with the examined target mRNAs. Green circles indicate the 11
target mRNAs examined in the context of all 9 miRNA mimics used in this study. Gray circles represent target
mRNAs identified in preliminary experiments using mimics of 5 or 6 miRNAs.
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type I interferon signaling pathway, presenting an antiviral response?, while IF144L negatively modulates
innate immune responses following viral infections®’. IFIT2 mediates apoptosis*!. RSAD2 (Radical S-adenosyl
Methionine Domain Containing 2), also known as viperin, is a key enzyme in innate immune responses, it is
highly expressed in many cell types in response to viral infection and inflammatory stimuli*!. The upregulation
of these genes in SJS/TEN with SOC might reflect an exacerbated immune response to viral or drug-induced
stress, potentially leading to widespread tissue damage.

CXCL10, achemokine induced by interferons, plays a crucial role in the innate immune response by enhancing
defence mechanisms through the recruitment and activation of natural killer cells in the central nervous system
during viral infections™. Its upregulation in SJS/TEN with SOC might be essential for controlling the migration
of immune cells to sites of inflammation, which can either exacerbate or mitigate the disease process.

TNFSF10 (Tumor Necrosis Factor Superfamily Member 10), also known as tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL), plays a significant role in the innate immune response. It involves the
non-secretory apoptotic cytotoxic mechanism of natural killer- and dendritic cells®>. The regulation of TRAIL
suggests a mechanism by which cellular apoptosis is either promoted or inhibited.

AIM2 (Absent in Melanoma 2) is crucial in the innate immune response, particularly in recognizing
cytoplasmic DNA and initiating the inflammasome complex>*. It may play a vital role in triggering inflammatory
responses in SJS/TEN with SOC.

TRIM22 (Tripartite Motif Containing 22) is significant in the context of viral infections®. IFI27, a type I
interferon-stimulated gene, counteracted innate immune responses by interfering with RIG-I signaling; it is
crucial for the antiviral defence®.

The modulation of these genes by the miRNAs we identified hints at a complex interplay between viral
defence, cell survival, and apoptosis pathways that may become dysregulated in SJS/TEN with SOC.

The regulation of genes such as IFI44L, TNFSF10, AIM2, RSAD2, CXCL10, TRIM22, IFI27, and IFIT2 by
miRNAs highlights the complex genetic landscape of SJS/TEN with SOC. Our findings underscore the critical
role these genes play in mediating the immune responses characteristic of SJS/TEN with SOC.
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Fig. 5. RT-qPCR analysis of innate immune-related gene expression in mononuclear cells derived from SJS/
TEN with SOC patients and controls. This figure presents the results of RT-qPCR analysis measuring the
expression of innate immune-related genes in mononuclear cells from SJS/TEN patients with SOC in the
chronic stage (n=12) compared to the healthy controls (n=9). The expression data were normalized to the
housekeeping gene GAPDH. The Y-axis indicates the relative increase in specific mRNA levels over control
samples. Data are expressed as the mean + standard error of the mean (SEM). Statistical significance is denoted
by an asterisk (*p <0.05), highlighting differences in gene expression between the two groups.

Because some innate immune related genes such as MDAS5, IFI44L, RSAD2, CXCL10, and IFIT2, were
significantly up-regulated in the mononuclear cells of patients with SJS/TEN with SOC, the up-regulated
miRNAs and those genes might strongly contribute to the pathogenesis of SJS/TEN with SOC.

An understanding of the regulation of these genes by miRNAs may yield therapeutic targets. Modulating
the expression of these genes through miRNA-based therapies might help control the immune response and
prevent the progression of ocular and skin complications in SJS/TEN with SOC. However, there are limitations
in the sample size, particularly of mononuclear cells from these patients, and the cross-sectional nature of our
study limits our ability to draw causal inferences about the role of these miRNAs in disease progression. Further
studies are needed to explore the direct impact of these genes on the clinical outcomes of SJS/TEN and of their
interactions with other signaling pathways.
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