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Lycorine attenuates lipopolysaccharide-induced inflammation and
intestinal epithelial barrier dysfunction in Caco-2 cells through
inhibiting the STING/NF-kB pathway
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Abstract: Lycorine (LYC) is an isoquinoline alkaloid known for its various biological effects like anti-viral and anti-
inflammatory. The purpose of this research was to offer a reference for the clinical application of LYC in inflammatory
bowel disease. The toxicity of LYC on Caco-2 cells was assessed utilizing CCK-8 assay and Lactate dehydrogenase
(LDH) kit. Tunel staining and flow cytometry determined apoptosis, and Elisa kits measured levels of inflammatory
factors. Trans-endothelial electrical resistance (TEER) assay and FITC-dextran assay for Caco-2 cell permeability.
Western blot assessed the levels of inflammation-related and stimulator of interferon genes (STING)/nuclear factor
kappaB (NF-xB) pathway proteins. Caco-2 cell viability and LDH release were not impacted by LYC concentrations
below 20uM and LYC (5, 10 and 20uM) attenuated inflammation and apoptosis in Caco-2 cells induced by
lipopolysaccharide (LPS). LPS decreased TEER values and increased FITC-dextran levels and LYC ameliorated
epithelial barrier dysfunction caused by LPS. LPS activated the STING/NF-kB pathway, which was hindered by LYC.
The protective impact of LYC on Caco-2 cells was reduced by over expression STING. In conclusion, LYC reduced cell
death and inflammation in Caco-2 cells and preserved the integrity of the epithelial barrier by hindering the STING/NF-
kB pathway.

Keywords: Lycorine, intestinal inflammation, epithelial barrier, lipopolysaccharide, stimulator of interferon genes
(STING)/nuclear factor kappaB (NF-«xB) pathway.
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INTRODUCTION

attenuating inflammation are critical
intestinal health.

in protecting

The intestines serve as both the largest organ for digestion

and the primary site for exchanging substances with the
external environment (Zhou et al., 2020). Intestinal
epithelial cells serve as a barrier, preventing harmful
substances and pathogens from entering the body (Chen et
al., 2021). The tight junction (TJ) is vital for upholding
the integrity of the intestinal barrier and the
transmembrane family of proteins (Claudins and
Occludins) and the periplasmic family of proteins (Zonula
Occuludens) are important components of the TJ (Nighot
et al., 2021, Horowitz et al., 2023). An impaired intestinal
barrier may cause toxins to escape from the intestines into
the blood, resulting in disorders like inflammatory bowel
disease (IBD), diabetes mellitus and systemic
inflammatory reactions (Saez et al., 2021, Shen et al.,
2022). IBD has been reported to affect about 3 million
people worldwide and the incidence continues to rise
(Mak et al., 2020). The pathogenesis of IBD is convoluted
and still not incompletely known. Several researches have
demonstrated that IBD is closely associated with impaired
TJ (d'Aldebert et al., 2020, Rohr et al., 2020). Therefore,
maintaining intestinal epithelial cell barrier integrity and
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Stimulator of interferon genes (STING) is present in
various immune cells and in the enteric nervous system,
and its dysregulation affects gastrointestinal motility and
is associated with an impaired intestinal barrier
(Balasubramaniam et al., 2023). Nuclear factor kappaB
(NF-xB) is essential in regulating both the innate and
adaptive immune responses by acting as a transcription
factor (Yu et al, 2020). NF-xB pathway is linked to
numerous illnesses, like cardiovascular disease and cancer,
serving as a key pathway in mediating the inflammatory
response (Lalle ef al., 2021, Cheng et al., 2023). STING
activation causes the stimulation of NF-kB pathway,
subsequently amplifying the inflammatory reaction
(Zhang et al., 2023). Notably, STING/NF-kB pathway is
linked to mediate entero virus infection, resulting in a
range of intestinal diseases and disrupts intestinal
homeostasis (Nigg et al., 2024, Rodwell et al., 2024). It
follows that blocking the STING/NF-kB pathway may be
beneficial in protecting the integrity of the intestinal
barrier.

Over the past few decades, natural products derived from
plants have been extensively utilized for treating different
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illnesses, showing great potential especially in anti-
inflammation (Moudgil et al., 2022, Nair et al., 2024).
For example, natural products such as quercetin, luteolin
and paeoniflorin have been shown to have the ability to
reduce inflammation in IBD (Wu et al., 2019, Suga et al.,
2021, Hu et al., 2022). Lycorine (LYC) is an isoquinoline
alkaloid found in Amaryllidaceae, exhibits diverse
biological effects like anti-inflammatory, antiviral, and
anti-cancer properties (Xiao et al., 2022, Di Sotto et al.,
2023). Liang et al. found that LYC could effectively
inhibit bleomycin-induced inflammation and alleviate
pulmonary fibrosis (Liang et al., 2020). According to a
study by Tuo et al, LYC was found to block the
phosphoinositol-3-kinase/protein kinase B/NF-xB
pathway, which in turn reduced Ang Il-induced cardiac
dysfunction and effectively alleviated myocardial
hypertrophy and fibrosis, as well as cardiac inflammation
in mice (Tuo et al., 2024). However, it remains unknown
whether LYC improves intestinal barrier integrity and
alleviates intestinal inflammation.

As a major part of gram-negative bacterial endotoxin,
Lipopolysaccharide (LPS) causes altered permeability of
intestinal epithelial cells and triggers IBD and is
commonly used to induce intestinal epithelial cell injury
models (Stephens ef al., 2020, Chen ef al., 2023a). Caco-2
cells spontaneously differentiate into intestinal epithelial
cells under conventional cell culture conditions, forming a
continuous monolayer that is commonly used to mimic
the intestinal tract in vitro (Lopez-Escalera et al., 2022).
Therefore, we constructed a model of LPS-induced Caco-
2 cell injury to explore whether LYC alleviates cellular
inflammation and intestinal epithelial barrier dysfunction
through the STING/NF-kB pathway. This research sought
to elucidate the functioning of LYC in reducing intestinal
inflammation and to offer valuable insights for the
application of LYC and the management of intestinal
inflammation.

MATERIALS AND METHODS

Cell culture and treatment

Caco-2 cells (SNL-068) were acquired from Sunncell
Biotechnology Co., Ltd.(Wuhan, Hubei, China). Before
testing, cells were grown in a mixture of DMEM medium
(11965092, Gibco, Grand Island NY, USA), 1%
penicillin/streptomycin  double antibiotics (15140122,
Gibco) and 20% fetal bovine serum (A5670701, Gibco).
The interval between fluid changes was 3 days and the
passaging ratio was 1:3. The cell culture temperatures
were all 37°C, containing 5% CO; by volume.

In the LYC cytotoxicity assay, the concentration of LYC
(HY-N0288, Med Chem Express, Monmouth Junction,
NJ, USA) was 2.5, 5, 10, 20, or 40uM and the treatment
time was 24h. In the subsequent Caco-2 cell biological
characterization assay cells were exposed to LPS
(10pg/mL, HY-D1056, Med Chem Express) for 24 h in

the LPS group. Cells in the LPS+LYC group were
exposed to LYC for 2h prior to incubation with LPS
(10pg/mL) for 24 h.

STING overexpression plasmid (STING) and empty
plasmid (Vector) were provided by Sangon Biotech
(Shanghai, China). The plasmids mentioned above were
introduced into Caco-2 cells using Lipofectamine 3000
(L3000150, Invitrogen, Carlsbad, CA, USA), and the
transfection procedure was referred to the instructions.
After a 48-hour transfection period, the RNA was isolated
with Trizol reagent (R0016, Beyotime, Shanghai, China),
while STING level was analyzed to evaluate the
transfection efficiency.

Cell Counting Kit-8 (CCK-8) assay

Caco-2 cells were seed into 96-well cell culture plates
(1.5x10* cells/well). When the cells were completely
adhesion, the original medium was discarded and 200uL
of medium containing LYC or/and LPS was dispensed
into each well, followed by a 24-hour cell culture period.
Introduced 20puL of CCK-8 reagent (C0038, Beyotime)
into every well. Following a 2-hour incubation at 37°C,
the ODuso values were determined by using a microplate
reader (1410101, Thermo Fisher Scientific, Waltham, MA,
USA).

Lactate dehydrogenase (LDH) assay

By utilizing the LDH Cytotoxicity Assay Kit (C0016,
Beyotime), the cytotoxicity was detected. Cells were
inoculated into 96-well cell culture plates (2.0x10*
cells/well). Upon reaching 80% confluence, the original
medium was discarded and 200uL of a new medium with
LYC or/and LPS was introduced. After 24 h of incubation
and centrifugation, a mixture was prepared by combining
120pL of supernatant with 60ul of LDH assay working
solution, followed by a 30-minute incubation period in
darkness. Subsequently, the OD49y value was determined
to calculate the relative LDH release from the cells.

Flow cytometry

After various treatments, Caco-2 cells were gathered,
rinsed twice with PBS and carefully combined with 500
pL of Binding Buffer. Following this, SuL of Annexin-V-
FITC (HY-K1073, Med Chem Express) and SuL of
propidium iodide (ST1569, Beyotime) were introduced
and left to incubate for 15 min in a light-free environment.
Cell apoptosis was identified through flow cytometry (BD
FACS Calibur TM, BD biosciences, San Jose, CA, USA).

TUNEL staining

Caco-2 cells from different treatment groups were
exposed to 4% paraformaldehyde (P1110, Solarbio,
Beijing, China) for half an hour, followed by the addition
of PBS containing 0.3% Triton X-100 (P0096, Beyotime)
and left to incubate for 5 min. Following two rinses using
PBS, TUNEL assay solution (C1086, Beyotime) was
gently added drop wisely to evenly cover the cells and
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Fig. 1: LYC attenuates apoptosis in Caco-2 cells induced by LPS

incubated for 1.5 h away from light. Subsequently, added
DAPI staining solution (D9542, Sigma-Aldrich, St. Louis,
MO, USA) and left to incubate for 10 min without light.
After sealing the slides with anti-bursting agent (P0126,
Beyotime), inverted fluorescence microscope (DM IL
LED, Leica, Heidelberg, Germany) was used to observe
and photograph.

ELISA

Utilizing interleukin 1B (IL-1B) (PI303, Beyotime), tumor
necrosis factor alpha (TNF-a) (PT516, Beyotime) and
interleukin 6 (IL-6) ELISA Kit (PI328, Beyotime) to
assess the secretion levels of inflammatory factors in cell
supernatants from different groups. The ELISA well plate
was filled with the cell culture supernatant and incubated
for 2h. After two washes with PBS, added the
corresponding antibody and left to incubate for 1h. After
that, added HRP-labeled Streptavidin and incubated for
20 min in the darkness, then incubated with TMB solution
for 30 min away from light. After adding and thoroughly
mixing termination solution, the ODasso value was
measured and used to calculate the concentration.

Epithelial permeability assay

Well-grown Caco-2 cells were gathered and seed in the
chambers of 12-well Transwell plates. The plates were
cultured in a incubator for 8 d until the formation of
tightly connected monolayers (with medium changes
every day), after which the complete medium in the
chambers was replaced with medium containing LYC
or/and LPS. The resistance values of the cells in each
group were determined every 4h using a cell resistivity
meter (Millicell ERS-2, Millipore, MA, USA). Three
different regions were randomly selected for each
measurement and transepithelial electrical resistance
(TEER) values were calculated. TEER = (measured
resistance data - blank data) x the effective area of
Transwell membrane. Caco-2 cells after different
treatments were rinsed with PBS twice, the addition of
100pL of FITC-dextran solution (1mg/mL, HY-128868D,
Med Chem Express) was followed by an incubation
period of 2h at 37°C. The supernatant was obtained after
centrifugation, and the intensity of FITC-dextran
fluorescence was assessed with a micro plate reader.
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(A-C) Examining iNOS and COX-2 levels in Caco-2 cells via Western blot after different treatments. (D-F) The levels of IL-1,
TNF-o and IL-6 in Caco-2 cells after different treatments were determined by Elisa kit. (#P<0.05 vs Control, *P<0.05 vs LPS)

Fig. 2: LYC attenuates inflammation in Caco-2 cells caused by LPS

Immunofluorescence

Caco-2 cells after different treatments were placed in
culture dishes at 2.0x10%mL. Once the cells reached a
density of 50% to 60%, the culture fluid in the dishes was
aspirated, and exposed to 4% paraformaldehyde for 30
min. After exposure to 0.3% Tritonx-100 for 10 min, the
cells were enclosed using 5% bovine serum albumin
(BSA, ST023, Beyotime) for 40 min. After that, placed at
4°C for an overnight incubation with zonula occludens-1
(ZO-1) primary antibody (33-9100, 1:300, Invitrogen) or
Occludin primary antibody (33-1500, 1:100, Invitrogen).
On the following day, after adding FITC-labeled goat
anti-rabbit IgG (31460, 1:10000, Invitrogen), the mixture
was incubated in darkness for 1 h. Finally, exposed to
DAPI solution, kept in darkness for 10 min, and observed
by fluorescence microscopy. Fluorescence intensity was
obtained after processing the images with Image J
software (version 1.54h, Wavne Resband, National
Institute of Mental Health, USA).

qRT-PCR

To isolate total RNA, Caco-2 cells were lysed with Trizol
reagent. The cDNA was obtained through reverse
transcription using AMV reverse transcriptase (2621,
TAKARA, Tokyo, Japan). Utilizing the cDNA as a
template, the target gene was amplified using TB Green
FAST qPCR (CN830S, TAKARA) in a PCR reaction.
The relative expression of STING was calculated using 2
AACt method, with B-actin serving as the internal control.
The following are the primer sequences utilized in this
research: STING: F: 5-“GGGAGTGACACACTTGGAT-
3'; R: 5-"TCCCAGCACCAGTAAAGCTG-3". B-actin: F:

5-TCCTATGGGAGAACGGCAGA-3";
GTCCCCTGAGCTTG-3'.

R: 5-TCCTTT

Western blot

RIPA lysis buffer (PO013B, Beyotime) was utilized for
lysing cells or tissues to extract proteins and the BCA kit
(PO012, Beyotime) was for assessing protein
concentrations. The proteins in the sample underwent
electrophoresis on a 12% SDS-PAGE gels (L4509,
Sigma-Aldrich), shifted to a PVDF membrane
(Invitrogen), followed by blocking with 5% BSA for 2h.
After rinsing the membranes, placed at 4°C for an
overnight incubation with inducible nitric oxide synthase
(INOS) primary antibody (PA1-036, 1:1000, Invitrogen),
cyclooxygenase-2 (COX-2) primary antibody (35-8200,
1:100, Invitrogen), ZO-1 primary antibody (1:200),
Occludin primary antibody (1:1000), Claudin-1 primary
antibody (37-4900, 1:100, Invitrogen), p65 primary
antibody (51-0500, 1:400, Invitrogen) or p-p65 primary
antibody (MAS5-15160, 1:1000, Invitrogen).

On the next day, the membranes were cultured with goat
anti-rabbit IgG (1:10,000) for 2 h after undergoing three
washes. The chemiluminescent agent ECL (34580,
Thermo Fisher Scientific) was evenly dispersed on the
membrane and observed by a gel imaging system (iBright
CL1500, Invitrogen). The grayscale values of each
protein band were obtained after processing the images
with Image J software, and the relative protein level was
quantified by comparison with B-actin (MA1-140, 1:5000,
Invitrogen).
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(A) The TEER values were detected by cytoresistance meter following various treatments. (B) Epithelial permeability of Caco-2 cells
following various treatments were assessed by FITC-dextran method. (C-F) Examining ZO-1, Occludin and Claudin-1 levels after different
treatments through Western blot. (G-I) Immunofluorescence detected the levels of ZO-1 and Occludin. (#P<0.05 vs Control, *P<0.05 vs

LPS)

Fig. 3: LYC attenuates epithelial barrier dysfunction in Caco-2 cells induced by LPS

STATISTICAL ANALYSIS

A minimum of 3 repetitions in each experiment, with the
result being reported as mean value with the standard
deviation. SPSS 26.0 software (IBM SPSS Statistics 26)
and Prism software (Graphpad 9.0) for statistical analysis
of data and image plotting. The Student's #-test was
employed to evaluate the contrast between the two groups,
while one-way analysis of variance (ANOVA) was
utilized to compare multiple groups. P<0.05 denotes
significant difference.

RESULTS

LYC reduces the impact of LPS on apoptosis in Caco-2
cells

CCK-8 assay was employed to determine the impacts of
varying concentrations of LYC treatment on Caco-2 cell

viability for 24h. It was observed that 40uM LYC led to a
marked decline in cell viability, indicating that this
concentration adversely affected cell growth. However,
the cell viability was not notably impacted by LYC as
long as the concentration remained below 20uM (fig. 1A).
Moreover, at concentrations lower than 20uM, LYC did
not show any significant influence on LDH release from
Caco-2 cells, whereas 40uM LYC caused a notable
elevation in LDH release (fig. 1B). Therefore, in
subsequent experiments, we chose 5, 10 and 20uM LYC
to treat Caco-2 cells. After being exposed to LPS for 24h,
a notable decline in the viability of Caco-2 cells was
noted (fig. 1C), and the release of LDH showed a
significant rise (fig. 1D). Whereas the addition of LYC
weakened the impact of LPS, improved cell viability and
reduced LDH release. Flow cytometry findings indicated
that LPS treatment caused a notable higher apoptosis rate
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Fig. 4: LYC hinders the STING/NF-«B pathway in Caco-2 cells

in Caco-2 cells, a effect that was lessened by the addition
of LYC (figs. 1E-1F). The number of Tunel-positive
Caco-2 cells showed a marked increase upon exposure to
LPS, whereas the addition of LYC declined the quantity
of Tunel-positive cells and lessened the effect of LPS
(figs. 1G-1H). These suggested that LYC was able to
attenuate apoptosis in Caco-2 cells with a concentration-
dependent effect.

LYC reduces inflammation in Caco-2 cells caused by
LPS

The levels of inflammation-related proteins iNOS and
COX-2 in Caco-2 cells were detected by Western blot.
Following exposure to LPS, there was a notable rise in
iNOS and COX-2 levels and LYC (5, 10 and 20uM)
suppressed the aberrant expression of inflammation-
related proteins (figs. 2A-2C). Following exposure to LPS,
Elisa findings indicated a marked rise in the secretion
levels of IL-1B, TNF-a and IL-6, which was inhibited by
LYC (figs. 2D-2F). These findings demonstrated that
LYC significantly suppressed inflammation induced by
LPS in Caco-2 cells.

LYC reduces the negative effects of LPS on epithelial
barrier in Caco-2 cells

Next, we explored the impact of LYC on epithelial barrier
dysfunction caused by LPS. LPS treatment significantly
decreased TEER values in Caco-2 cells (fig. 3A) and
resulted in increased FITC-dextran levels (fig. 3B),
suggesting that LPS negatively affected the function of
the epithelial barrier. LYC treatment ameliorated the
decline in TEER values and the rise in permeability
caused by LPS, demonstrating a protective influence of
LYC on the intestinal epithelial barrier. Western blot
assay indicated that the levels of ZO-1, Occludin and
Claudin-1 were significantly reduced after LPS treatment,
while the effect of LPS was weakened by the addition of
LYC (figs. 3C-3F). Not only that, by immunofluorescence,
after treating Caco-2 cells with LPS, ZO-1 and Occludin
levels were markedly declined, which was ameliorated by
LYC, in line with the Western blot results (figs. 3G-31).

These findings revealed that treating with LPS caused
elevated cell permeability and disruption of the epithelial
barrier function and LYC shielded the epithelial barrier
against harm caused by LPS.

LYC hinders the STING/NF-kB pathway in Caco-2 cells
To determine the specific mechanisms by which LYC
ameliorated inflammation and protected the epithelial
barrier, the levels of STING/NF-kB pathway proteins
were assessed. After exposure to LPS, the level of STING
and the phosphorylation of p65 were notably increased in
Caco-2 cells, while LYC dose-dependently decreasing the
level of STING and the phosphorylation of p65 (figs. 4A-
4C). This demonstrated that LPS triggered the
STING/NF-kB pathway, whereas LYC inhibited LPS-
induced STING/NF-kB pathway activation.

STING over expression reverses the ameliorative impact
of LYC against Caco-2 cell injury caused by LPS

To delve deeper into the influence of the STING/NF-xB
pathway in Caco-2 cells, we transfected STING over
expression plasmid in Caco-2 cells and assessed the over
expression efficiency of STING. The findings indicated
that the level of STING was notably elevated in Caco-2
cells after transfection with STING and could be used for
subsequent experiments (figs. 5A-5C). LYC (20 uM)
inhibited LPS-induced elevated levels of STING as well
as phosphorylation of p65, whereas transfection of
STING weakened the effect of LYC, suggesting that LYC
can effectively inhibit STING/NF-kB pathway activation
(figs. 5D-5E). In addition, over expression STING
impaired the ameliorative impact of LYC on LPS-induced
reduction in Caco-2 cell viability, caused a further
reduction in cell viability (fig. 5F), while increased the
rate of apoptosis (figs. SH-5I), promoted the release of
LDH (fig. 5G), and elevated the number of Tunel-positive
Caco-2 cells (figs. 5J-5K). Altogether, these findings
suggested that the STING/NF-kB pathway activation
weakened the influence of LYC, demonstrating that LYC
could protect Caco-2 cells from damage caused by LPS
through blocking the STING/NF-kB pathway.
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Fig. 5: STING over expression reverses the ameliorative effect of LYC on LPS-induced Caco-2 cell injury

STING over expression reverses the ameliorative effect
of LYC on inflammation caused by LPS in Caco-2 cells
Caco-2 cells exhibited a notable rise in iNOS and COX-2
levels after being exposed to LPS treatment, while LYC
suppressed the aberrant expression of inflammation-
associated proteins and over expression STING caused a
further elevation in iNOS and COX-2 levels (figs. 6A-6C).
Not only that, LYC suppressed the release of IL-1, TNF-
a, and IL-6 triggered by LPS, whereas over expression
STING reversed the influence of LYC (figs. 6D-6F).
Above results showed that LYC attenuated inflammation
induced by LPS, but over expression STING weakened
this effect, suggesting that LYC could ameliorate
inflammation through hindering the STING/NF-xB
pathway.

STING over expression reverses the ameliorative impact
of LYC on epithelial barrier dysfunction

Finally, we explored whether LYC ameliorated epithelial
barrier dysfunction through hindering the STING/NF-xB
pathway. The findings indicated that LYC treatment

suppressed the abnormal reduction of TEER values
caused by LPS and decreased FITC-dextran levels in
Caco-2 cells, suggesting that LYC could improve LPS-
induced epithelial barrier dysfunction (figs. 7A-7B).
However, over expression of STING weakened the effect
of LYC, decreased TEER values and caused a rise in cell
permeability. The levels of ZO-1, Occludin and Claudin-1
were notably declined following LPS treatment, whereas
LYC attenuated the effect of LPS, but over expression of
STING reversed this phenomenon (figs. 7C-7F). Not only
that, the immunofluorescence findings also indicated that
over expression STING attenuated the effect of LYC,
resulting in a marked reduction of ZO-1 and Occludin
levels (figs. 7G-7I). Above findings confirmed that LYC
ameliorated epithelial barrier dysfunction through
hindering the STING/NF-kB pathway.

DISCUSSION

IBD is a prevalent intestinal disorder affects
approximately 1 percent of the world's population,
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(A-C) Examining the levels of iNOS and COX-2 through Western blot after different treatments. (D-F) The levels of IL-1B, TNF-a
and IL-6 in Caco-2 cells were examined using different Elisa kits. (#P<0.05 vs Vector, *P<0.05 vs LPS +Vector, %P<0.05 vs LPS

+LYC +Vector)

Fig. 6: STING over expression reverses the ameliorative effect of LYC on inflammation in Caco-2 cells

characterized by abdominal pain, bloody stools, diarrhea,
as well as inflammation and ulcers, which can severely
affect quality of life(Guan, 2019, Bruner et al., 2023).
Inhibition of inflammation is considered an important
strategy to slow down the progression of IBD. An
investigation indicated that LYC hindered the generation
of inflammatory cytokines and inhibited the
phosphorylation of NF-«kB, suggesting that LYC can help
prevent and reduce inflammation-related diseases (Wu et
al., 2021). Therefore, in this study, we first screened for
suitable LYC treatment concentrations and found that
concentrations of LYC below 20 uM did not impact the
viability and LDH release of Caco-2 cells. Additionally,
LPS treatment reduced the cell viability, resulting in a
significant increase in LDH release and apoptosis of
Caco-2 cells, whereas LYC attenuated the effect of LPS,
suggesting that LYC could protect Caco-2 cell injury
induced by LPS.

Nitric oxide (NO) synthesis in the organism is dependent
on nitric oxide synthase. Inflammatory cells show a high
level of iNOS and activated iNOS produces large amounts
of NO, causing tissue damage and disruption of tight
junction structures (Kamalian et al., 2020). COX-2, an
essential enzyme involved in inflammation, is activated
by inflammatory cytokines, further promotes the
inflammatory response (Oliveira et al., 2024). TNF-q, a
well-known inflammatory factor, is crucial in advancing
IBD (Wang et al, 2023a). Not only that, pro-
inflammatory factors like IL-6 and IL-1p recruit immune
cells to the infection or injury location to promote

inflammation, and are important mediators of IBD and
tissue injury (Elhag et al, 2022, Chen et al., 2023b).
Evidences suggested that LPS promotes the synthesis of
inflammatory mediators like iNOS, TNF-a and COX-2 in
IBD, leading to immune dysregulation and compromising
the intestinal barrier (Candelli et al., 2021, Wang et al.,
2022). Ge et al. revealed that LYC reduced inflammatory
factors in the bronchoalveolar lavage fluid of mice and
offered defense against acute lung injury induced by LPS
(Ge et al., 2020). In this study, exposure to LPS caused
elevated iNOS and COX-2 levels and promoted the
production of IL-1B, TNF-a, and IL-6 in Caco-2 cells,
aligning with previous study outcomes. LYC treatment
reduced the levels of these inflammatory mediators,
suggesting that LYC can inhibit LPS-mediated
inflammatory responses, suggesting its potential for the
treatment of IBD.

In addition to a sustained inflammatory response,
intestinal barrier dysfunction is a crucial pathogenesis of
IBD(Cheng et al., 2022). The health of the organism
relies heavily on the integrity of the intestinal barrier, and
TEER serves as a crucial measure of barrier integrity
(Schoultz et al, 2020). This study found that LPS
treatment decreased TEER values and led to increased
intracellular FITC-dextran levels, suggesting that LPS
resulted in impaired epithelial barrier and increased cell
permeability, while LYC significantly ameliorated LPS-
induced epithelial barrier dysfunction. The selective
permeability barrier formed by the intestinal monolayer of
epithelial cells not only supports nutrient absorption and
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(A) The TEER values were detected by cytoresistance meter following various treatments. (B) After different treatments, the
epithelial permeability of Caco-2 cells was assessed by FITC-dextran method. (C-F) Examining ZO-1, Occludin and Claudin-1 levels
through Western blot after different treatments. (G-I) Immunofluorescence examined the levels of ZO-1 and Occludin. (#P<0.05 vs
Vector, *P<0.05 vs LPS +Vector, %P<0.05 vs LPS +LYC +Vector)

Fig. 7: STING over expression weakens the ameliorative effect of LYC on epithelial barrier dysfunction in Caco-2 cells

waste excretion, but also prevents the entry of harmful
substances from the outside world and TJ is essential for
the formation of this barrier (Suzuki, 2020, Dunleavy et
al., 2023). Among them, ZO-1 interacts with Occludin,
Claudin-1, etc. to create strong connections, which
collaborate with intracellular signaling proteins to activate
relevant pathways to maintain barrier integrity (Chelakkot
et al., 2018). The results of this research showed that LPS
treatment caused a notable decline in ZO-1, Occludin and
Claudin-1 levels, whereas the effect of LPS was
weakened by the addition of LYC, which suggests that
LYC has a shielding impact on the epithelial barrier
against harm caused by LPS.

of researches the

A growing number highlights

involvement of the STING/NF-kB pathway in the
inflammatory processes of different diseases, including
cerebral ischemia/reperfusion, cancer and heart failure
(Wang et al., 2023b, Yu et al., 2023, Wang et al., 2024).
STING/NF-kB signaling activation triggers multiple
intestinal diseases including IBD (Nigg et al., 2024,
Rodwell and Chtarbanova, 2024). In addition, NF-xB
signaling enhances the transcription of different
inflammatory cytokines like IL-6, IL-8, and TNF-a. p65
is a key member in NF-kB signaling(Giridharan et al.,
2018). This study investigated if LYC shields Caco-2
cells by hindering the STING/NF-kB pathway, given its
significance in inflammation. The outcomes of this
research showed that LPS exposure caused a rise in
STING level and p65 phosphorylation level in Caco-2
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cells, indicating that LPS activated the STING/NF-xB
pathway. In contrast, LYC attenuated the effect of LPS,
suggesting that LYC blocked STING/NF-kB pathway
activation. Not only that, we transfected STING over
expression plasmid in Caco-2 cells and discovered that
over expression STING impaired the ability of LYC to
alleviate cellular inflammation and epithelial barrier
integrity. This further confirmed that LYC ameliorated
LPS-induced inflammation and epithelial barrier
dysfunction through suppressing the STING/NF-kB
pathway.

CONCLUSION

In summary, LYC attenuated apoptosis and inflammation
caused by LPS and protected the epithelial barrier in
Caco-2 cells. Notably, the STING/NF-kB pathway
activation impaired the protective impact of LYC,
confirming that LYC protects Caco-2 cells through
hindering the STING/NF-kB pathway. This research
provides some theoretical basis for elucidating the
mechanism of action of LYC in attenuating intestinal
inflammation through the LPS-induced Caco-2 cell model.
However, extensive animal researches are required in the
future to verify its safety and efficacy in vivo.
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