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Effect of H2S on endothelial
barrier function impairment in
anorectal vascular plexus caused
by deoxycholic acid

Han Yan', Ya-Lun Li?', Shao-Rong Pan?, Yuan-Yuan Ma?,
Jing Zhu?, Peng-Yuan Wang?* and Ze-Yang Chen?*

'Endoscopy Center, Peking University First Hospital, Beijing, China, 2Department of Gastrointestinal
Surgery, Peking University First Hospital, Beijing, China

Introduction: As a vascular-related disease, hemorrhoids cause pathological
changes, such as abnormal dilation in the anorectal vascular plexus (AVP), which
may be closely related to injury to vascular endothelial barrier function (VEBF).
Elevated deoxycholic acid caused by a high-fat diet can impair intestinal barrier
function. However, the effect of VEBF impairment in AVP caused by DCA is
unclear. The aim of our study was to investigate the effects of DCA and GYY4137
on the VEBF in AVP and to explore the pathogenesis of hemorrhoids and new
treatment ideas.

Methods: A HUVECs monolayer model and mouse model were generated with
a high DCA concentration and used to investigate the effect of GYY4137 on
SDC-induced VEBF disruption in AVP and the underlying mechanism.

Results: In the HUVECs monolayer model, DCA significantly increased the
permeability of the monolayer and altered the distribution of tight junction
proteins (TJPs) by increasing the levels of myosin light chain kinase and myosin
light chain phosphorylation. GYY4137 pretreatment significantly improved
DCA-induced VEBF dysfunction. GYY4137 can also increase resistance to SDC-
induced VEBF injury and improve the distribution of TJPs in the AVP in mouse
model.

Conclusion: GYY4137 can improve the distribution of TJPs by inhibiting the
activation of the MLCK-P-MLC2 signaling pathway induced by DCA, thereby
protecting the VEBF in AVP, which may be applied to hemorrhoids therapy in
the future.

KEYWORDS

GYY4137, deoxycholic acid, hemorrhoids, anorectal vascular plexus, vascular
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Introduction

Hemorrhoids is one of the common diseases of the anorectal system (1), and its prevalence
varies in different regions of the world, ranging from 14 to 39% (2-4). Hemorrhoids are
commonly associated with bleeding, swelling, mild discomfort, and anal itching (5). The
anorectal vascular plexus (AVP) is the submucosal vascular plexus in the anorectal region. In
patients with hemorrhoids, the AVP is usually located in the submucosa of the lesion, also
known as the “rectal cavernous body” or “hemorrhoidal vascular plexus” (6). The endoscopic
appearance of AVP often manifests as dilated and tortuous blood vessel clusters (7), and recent
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studies have shown that AVP in hemorrhoidal patients can cause
pathological changes, such as increased blood flow, abnormal
dilatation of the blood vessel wall, obvious angiogenesis and edema
(8), which may be closely related to vascular endothelial barrier
function (VEBF) injury, representing a vascular-related disease.

Studies have shown that a high body mass index is a common risk
factor for hemorrhoids (9), especially when individuals are consumed a
high-fat diet, which plays an important role in the development of
hemorrhoids (10). Hyperlipidemia can increase the concentration of
deoxycholic acid (DCA) in the intestine and blood circulation (11). DCA
is a major component of hydrophobic secondary bile acids, and its
cytotoxicity and intestinal barrier destruction have been well reported
(12). It has been shown that DCA or sodium deoxycholate (SDC) induces
changes in the expression and localization of tight junction proteins
(TJPs) in the intestinal epithelium, leading to impairment of intestinal
epithelial barrier function (13). TJPs are also the main connecting
components among vascular endothelial cells and play an important role
in maintaining the permeability and integrity of vessel walls (14).
However, there are no relevant thorough studies on the effect of elevated
DCA induced by hyperlipidemia on VEBF in hemorrhoidal AVP.

Endogenous H2S (hydrogen sulfide), a gas signaling molecule, is
considered to be the third most important gas signaling molecule after
nitric oxide and carbon monoxide (15) and is involved in a variety of
physiopathological processes, such as anti-inflammation (15) and
vasodilation (16). Recent studies have shown that GYY4137, an H2S
donor, can antagonize the reduced expression of TJPs in the intestinal
epithelium induced by endotoxin (17) and can alleviate the disorder
of TJPs arrangement caused by TNF/IFN by inhibiting the activation
of the MLCK-P-MLC2 pathway, thus protecting the function of the
intestinal mucosa (18). However, whether H2S can protect TJPs in the
hemorrhoidal vascular endothelium is unclear.

In this study, we investigated the disruptive and protective effects of
SDC and GYY4137 on anorectal VEBF from cellular, animal, and human
perspectives. Our study may provide new insights for exploring the
pathogenesis of hemorrhoids and provide new ideas for subsequent
treatment of hemorrhoids triggered by SDC-related etiologies.

Materials and methods
Primary reagents

SDC, GYY4137, and FD-40 were purchased from Sigma-Aldrich
Corporation, USA.

The primary antibodies used for Western blotting and
immunofluorescence were as follows: ZO-1 (Invitrogen, Thermo Fisher
Scientific Inc., USA), Occludin (Invitrogen, Thermo Fisher Scientific
Inc., USA), MLC2 (ABclonal Biotechnology Co., Ltd. China), P-MLC2
(Cell Signaling Technology, Inc. China), and MLCK (Abcam, China).

The following secondary immunofluorescence antibodies were
used: Alexa Fluor 488-conjugated goat anti-rabbit IgG (H + L)
(Thermo Fisher Scientific Inc., USA) and Alexa Fluor 647-conjugated
goat anti-mouse IgG (H + L) (Thermo Fisher Scientific Inc., USA).

The primary antibodies used for immunohistochemistry were as
follows: biotin-conjugated mouse IgG polyclonal antibody
(Proteintech Group, Inc. China); Polyclonal antibody for MPO
(Proteintech Group, Inc. China).
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Cell experiment

Cell culture

Human umbilical vein endothelial cells (HUVECs) were used
as experimental cells. The cells were cultured in DMEM
(Dulbecco’s modified Eagle’s medium) supplemented with 10%
fetal bovine serum, penicillin-streptomycin mixture (x100) and
2 mM L-glutamine. HUVECs were cultured at a density of 10°-10°
cells/well in transwell plates (12-well, 12 mm, 0.4 pm), 6-well
plates, and 24-well plates with cell crawlers. After the cells were
completely confluent, the Transwell plates were administered
GYY4137 in the lower chamber and SDC in the upper chamber.
GYY4137 was added to 6-well and 24-well plates first, followed by
SDC. SDC was used to treat cells for 2 h at a concentration of
0.4 mmol/L (see below in the RESULTS section); GYY4137 was
used to treat cells for 48 h at a concentration of 200 pmol/L (this
concentration and duration were based on a previous study by our
group (19)).

Measurement of the transepithelial
electrical resistance (TEER) of vascular
endothelial cells

The TEER of each well was measured before and after reagent
administration using a Millocell ERS-2 resistance meter (World
Precision Instrument, Inc., USA), and each well was measured 3 times
at different positions to obtain the average value. Three replicate wells
were set up for each group.

Permeability of FD-40 in a monolayer cell
model

Before and after reagent administration, the monolayer was rinsed
with phosphate buffered saline (PBS) solution on a Transwell plate,
and 1 mg/mL FD-40 solution diluted with Hank’s equilibrium salt
solution was added to the upper chamber for 1 h. 100 uL of the
solution was taken from the lower chamber, and the absorbance of
FD-40 was measured at an excitation wavelength of 492 nm and an
emission wavelength of 520 nm using a Synergy H1 Hybrid Reader.
At the same time, FD-40 was diluted at a continuous ratio, and an
absorbance-concentration standard curve was drawn to determine the
concentration of FD-40.

Western blot

Total protein was extracted from HUVECs seeded in 6-well
plates, and the protein concentration was determined via the BCA
method. Protein samples were added to each well of the precast
gel for electrophoresis, and the separated proteins were transferred
to a PVDF membrane. The membrane was blocked with 5% BSA
for 1.5 h at room temperature, after which the primary antibody
was added, and the mixture was incubated at 4 °C overnight.
Subsequently, the membrane was incubated with the secondary
antibody (1:5000 dilution) at room temperature for 1 h. Finally,
the membrane was imaged with an enhanced chemiluminescence
(ECL) reagent on a GeneGnome imaging system.
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Immunofluorescence of ZO-1 and Occludin in
HUVECs monolayer cell models

6-well plates were discarded from the medium, rinsed with PBS,
added with methanol at —20 °C overnight, fixed with acetone at —20 °C
for 1 min, then blocked with 1% BSA for 1 h at room temperature,
incubated with mouse anti-human Occludin (1:150) and rabbit anti-
human ZO-1 (1:150) primary antibody working solution overnight at 4
°C, and then incubated with Goat Anti Mouse IgG (H&L)-Alexa Flour
488 and Goat Anti Rabbit IgG (H&L)-Alexa Flour 647 secondary
antibody working solution at room temperature, protected from light for
1 h. Finally, the slices were blocked with DAPI and stored in the dark.
Fluorescence was observed under a confocal microscope.

RT-PCR

RNA was extracted with chloroform as an alternative, isopropyl
alcohol, and an RNA solubilizer. A reverse transcription reaction
system was prepared, which were gently mixed and centrifuged.
Reverse transcription was completed on the PCR instrument. The
products were completely amplified on a fluorescent quantitative PCR
instrument. (detailed procedure in Table 1).

Animal experiment

Animals

Male C57BL/6 mice (4 weeks old) were purchased from SiPeiFu
and housed in the isolation unit of the Laboratory Animal Center
of Peking University First Hospital. For the SDC treatment, an
aqueous solution of 0.2% SDC was used to feed the mice; for the

TABLE 1 Detailed procedure of RT-PCR test conditions.

Component Volume

Reverse transcription 5 x SweScript All-in-One 4pL
reaction system SuperMix for gPCR
gDNA Remover 1uL
Total RNA * 10 pL
RNase free water Add to 20 pL

Reverse transcription 25°C 5 min
42°C 30 min
85°C 5s

PCR amplification

Stage 1 Stage 2

(40 cycles)

Stage 3 (Melting
curve)

95°C, 30 s pre-
95 °C, 15 s denaturation 65 °C — 95 °C

denaturation

Acquire fluorescence
60 °C, 30s annealing / signal once for every
extension 0.5 °C of temperature

increase.
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GYY4137 treatment, the mice were injected intraperitoneally with
50 mg/(kg/d) GYY4137 twice a week for 3 weeks before sacrifice.
The subgroups were as follows: control group (no treatment with
SDC or GYY4137), SDC group (treatment with SDC only),
GYY4137 group (treatment with GYY14137 only), and
SDC + GYY4137 group (treatment with both SDC and GYY4137).
The mice were sacrificed after a total of 12 weeks. After sacrifice, the
anorectal tissues were removed from the mice, frozen and fixed for
subsequent experiments. All procedures were approved by the
Ethics Committee of Peking University First Hospital (approval No.
J2022096).

IgG immunohistochemistry of mouse
anorectal tissue

Mouse tissues were routinely sliced and then antigenically
retrieved with sodium citrate antigen repair solution (pH 6.0) in a
microwave oven. The slices were blocked with an endogenous
myeloperoxidase blocker for 10 min and then sealed with 1% BSA at
36.8 °C for 1 h. Afterward, the sections were incubated with a Biotin-
conjugated Mouse-IgG Polyclonal antibody (1:200) overnight at 4
°C. Then, the sections were incubated with enzyme-labeled goat anti-
mouse/rabbit IgG polymer for 30 min at room temperature. Then, the
sections were stained with DAB reagent for 45 s and hematoxylin for
3 min. The slices were sequentially placed in 70, 85, 95, and 100%
alcohol and xylene for transparency. The slices were sealed with
neutral resin. Three perivascular fields of the same size were selected
from each group, and the number of positive IgG signals was counted.

Immunofluorescence of ZO-1 and Occludin in
mice anorectal tissues

Mouse tissues were routinely sliced and then antigenically
repaired with EDTA antigen repair solution (pH 8.0) in a microwave
oven. The slices were incubated with rabbit anti-human ZO-1 (5 pg/
mL) and mouse anti-human Occludin (3 pg/mL) primary antibody
working solution overnight at 4 °C and then incubated with Alexa
Fluor 488-conjugated goat anti-rabbit IgG (H + L) (4 pg/mL) and
Alexa Fluor 647-conjugated goat anti-mouse IgG (H + L) (4 pg/mL)
at 36.8 °C in the dark for 1 h. DAPI was added, and the samples were
observed under a confocal microscope.

MPO immunohistochemistry of mouse anorectal
tissue

The primary antibody was incubated with MPO (1:100). The rest
of the procedure was the same as that for IgG immunohistochemistry.
Assessment method: Three visual fields were selected according to the
degree of staining from light to deep and were assigned scores of 1, 2,
and 3. Three visual fields were selected from each group, and each field
was scored by three medical workers with a pathological background.
The average score was taken as the staining score of the field.

Human tissue experiment
Immunofluorescence of ZO-1 and Occludin in human
anorectal tissues

Surgical excision specimens from 3 patients with mixed
hemorrhoids of clinical grade ITI-IV who underwent “external peeling
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and internal ligation” and 3 normal anorectal tissue specimens from
3 patients without hemorrhoidal disease who underwent “anorectal
subjected to TJP
The method used for mouse tissue

resection” for other diseases were
immunofluorescence.
immunofluorescence was the same as that described above. The
patients have signed the informed consent, and the experiment has
been approved by the Ethics Committee of Peking University

First Hospital.

Statistical analysis

The measurement results are expressed as the mean + standard
error of the mean (SEM) and were analyzed for differences using t
tests and one-way analysis of variance (ANOVA). p <0.05 was
considered to indicate statistical significance. Statistical analysis was
performed using GraphPad Prism 8.0 software.

Results

Effects of GYY4137 and SDC on monolayer
cell models of HUVECs

Effect of SDC on TEER values

DMEM was used to dilute SDC at different concentrations
(0 mmol/L, 0.4 mmol/L, 0.8 mmol/L, 1.2 mmol/L, 1.6 mmol/L,
2.0 mmol/L, and 2.4 mmol/L). 0.5 mL DCA was applied on
HUVECs monolayer cells in the upper chamber of transwell at
different times (O h, 0.5h, 1 h,2h,4h, 8, 16 h, 32 h, 48 h), and
TEER values were measured at the corresponding time periods. As
shown in Figure 1A, the TEER did not significantly change with
respect to the concentration of SDC within 0-1 h. At 2 h, the TEER
decreased significantly, but no significant decrease was observed
for a specific concentration of DCA. As shown in Figure 1B,
compared with that in the initial state, the TEER in each
concentration group decreased significantly at 2h, but the
difference among the different concentration groups was not
obvious. To ensure that the cells maintained good activity,
we selected the lowest concentration and the shortest action time
that caused the most significant decrease in the TEER to construct
the vascular endothelial cell injury model; i.e., 0.4 mmol/L SDC
acted on the monolayer of HUVEC:s for 2 h.

Protective effect of GYY4137 against
SDC-induced barrier injury

The TEER of each group was measured, and the changes in TEER
before and after administration were compared to determine the
changes in VEBF in the endothelial monolayer cell model. As shown
in Figure 2, the TEER of the SDC group decreased significantly, after
GYY4137 was added, the TEER increased.

The concentration of FD-40 in the lower transwell chamber was
measured before and after administration, and the change trend
reflected the change in barrier function in the vascular endothelial
monolayer model. As shown in Figure 3, compared with that in the
control group, the FD-40 permeability in the SDC group was
significantly greater, and the FD-40 permeability was significantly
lower after GYY4137 was added.
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FIGURE 1

The TEER of different concentrations of SDC at different times.

(A) Different concentrations of SDC (0.4-2.4 mmol/L) were used to
treat HUVEC monolayers at different times (0—-48 h). TEER decreased
significantly when the processing time reached 2 h. (B) The TEER of
cells treated with different concentrations of SDC for 2 h. At 2 h, the
TEER decreased significantly in all the groups, but there was no
significant difference among the different concentration groups. *
Compared with that in the control group (SDC concentration was 0),
the TEER in the treatment group was significantly lower (p < 0.05).

210 "
3 ——
7]
©
o e
w £
m b
F2 05
o *
2
©
8
0.0 | T
soc - o+ -+
GYY4137 . - + +

FIGURE 2

The TEER of different groups. Compared with that in the control
group, the TEER in the SDC group was significantly lower. Compared
with that in the SDC group, the TEER in the SDC + GYY4137 group
was significantly greater. * vs. control group, p < 0.05; # vs. SDC
group, p < 0.05.

Effects of GYY4137 and SDC on TJPs

Western blotting was performed on two TJPs, ZO-1 and Occludin,
to assess their expression. As shown in Figure 4, compared with those
in the control group, the expression of Occludin and ZO-1 in the SDC
group was slightly lower; however, the expression of Occludin and
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FIGURE 3

The FD-40 of different groups. Compared with that in the control
group, FD-40 permeability was significantly greater in the SDC
group. Compared with that in the SDC group, the FD-40
permeability in the SDC + GYY4137 group was significantly lower. *
vs. control group, p < 0.05; # vs. SDC group, p < 0.05.

Z0-1 in the GYY4137 + SDC group was slightly greater than that in
the SDC group, but the differences were not statistically significant.

RT-PCR was performed on Occludin and ZO-1, and the results are
shown in Figure 5. The results indicated that there was no significant
difference in Occludin or ZO-1 mRNA expression among the groups.

The distribution of ZO-1 and Occludin was tested by
immunofluorescence. As shown in Figure 6, compared with those in
the control group, the fluorescence of ZO-1 and Occludin in the SDC
group was wrinkled and discontinuous, and their brightness was
reduced. After the addition of GYY4137, the fluorescence profile
recovered, and the fluorescence intensity increased. These indicates
that SDC can disorganize the distribution of TJPs, while GYY4137 can
antagonize the damage caused by SDC.

Effects of GYY4137 and SDC on the activation of
the MLCK-P-MLC2 signaling pathway

Western blotting was performed for MLC2, P-MLC2 and
MLCK. As shown in Figure 7, there was no significant difference in
the expression of MLC2 among the groups. However, P-MLC2 and
MLCK were significantly increased in the SDC group, and P-MLC2
and MLCK were significantly decreased after GYY4137 was added.

Effects of GYY4137 and SDC on the
va_scular endothelium of anorectal tissue in
mice

Effects of GYY4137 and SDC on permeability

IgG immunohistochemistry can reflect the VEBE, and the more
IgG exudates around blood vessels, the higher the vascular
permeability. The results are shown in Figure 8. With the same visual
field size, a small amount of IgG was observed around blood vessels
in the control group and GYY4137 group. IgG staining was
significantly increased in the SDC group. The perivascular IgG
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concentration was significantly lower in the SDC + GYY4137 group
than in the SDC group. These findings indicated that the AVP VEBF
phenotype of SDC-treated mice was significantly impaired, while
GYY4137 significantly alleviated SDC-induced VEBF damage.

The impact of GYY4137 and SDC on TJs

Immunofluorescence staining for Occludin and ZO-1 was
performed, and the results are shown in Figure 9. Compared with
those in the control group, the fluorescence of both Occludin and
Z0-1 in the SDC group was wrinkled and discontinuous, and the
fluorescence intensity was significantly weakened. However, compared
with that in the SDC group, the fluorescence continuity in the
SDC + GYY4137 group was significantly strengthened, and the
fluorescence intensity was significantly restored. This suggests that
SDC disrupts the distribution of TJPs, whereas GYY4137 antagonizes
the SDC-induced distribution abnormalities.

Effects of GYY4137 and SDC on inflammation
MPO is an indicator of inflammation, which often accumulates

in the of blood vessels. The of MPO

immunohistochemistry are shown in Figure 10. A small amount of

walls results
MPO staining was observed in the vascular wall of the control
group and the GYY4137 group, indicating that there was no obvious
inflammation in the blood vessels; in the SDC group, there was a
significant increase in MPO staining; and in the SDC + GYY4137
group, MPO staining was significantly weakened compared with
that in the SDC group, indicating that inflammation in the blood
vessels was alleviated.

Effects of GYY4137 and SDC on AVP in
patients with hemorrhoids and normal
controls

Effects of GYY4137 and SDC on TJPs

The immunofluorescence results of the human tissue specimens
are shown in Figure 11. The results showed that the continuity of both
Z0-1 and Occludin fluorescence in normal tissues was significantly
greater than that in hemorrhoids tissues, and the fluorescence
intensity was significantly greater than that in hemorrhoids tissues. It
is suggested that the distribution of TJPs in the AVP region of
hemorrhoids is more disordered than that in normal tissues.

Discussion

Obesity induced by a high-fat diet is an independent risk factor
for the development of hemorrhoids (9), and the development of
hemorrhoids is closely related to VEBF injury. High concentrations of
DCA induced by hyperlipidemia can reduce the expression of
intestinal TJPs and alter the localization of TJPs (20), which in turn
can disrupt the intestinal barrier (21). TJPs also exist in the
endothelium of blood vessels. Therefore, an elevated DCA
concentration may also have an injurious effect on the VEBF of
AVP. Our study showed that SDC can alter the distribution of TJPs in
AVP endothelial cells and impair barrier function in both cellular and
animal models and that GYY4137 can ameliorate the damaging effect
of SDC on VEBE
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FIGURE 4
The expression of Occludin and ZO-1 in different groups. Compared with those in the control group, the expression of Occludin and ZO-1 in the SDC

group was slightly lower. Compared with those in the SDC group, the expression of Occludin and ZO-1 in the SDC + GYY4137 group was slightly
greater. However, the differences were not statistically significant.
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FIGURE 5
The RT-PCR of Occludin and ZO-1 in different groups. mRNA levels of Occludin and ZO-1 did not significantly differ among the groups.

In our study, a monolayer cell model of HUVECs was used to  barrier model were selected for SDC in our study, which is similar
investigate the effect of SDC on VEBF, and we found that SDC  to the findings of previous reports of SDC at a concentration of
could increase the permeability of the vascular endothelial 100 pM (22) and a 1 h duration of action (23). Similarly, Chen ZY
monolayer. The lowest concentration (0.4 mmol/L) and the et al. (19) showed that the application of 2.0 mmol/L SDC for
shortest duration of action (2 h) required to impair the monolayer ~ 30 min could significantly affect the permeability of the Caco-2
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FIGURE 6
The fluorescence of Occludin and ZO-1 in different groups. Compared with those in the control group, the fluorescence continuity of Occludin and
ZO-1in the SDC group was decreased, and the fluorescence intensity was decreased. Compared with that in the SDC group, the fluorescence
continuity in the SDC + GYY4137 group was improved, and the fluorescence intensity was restored.

monolayer cell model. So a certain concentration of SDC
significantly increased the permeability of monolayer cells
in vitro, both in epithelial and endothelial cell models. According
to the Western blot results, the expression of Occludin and ZO-1
was slightly decreased in the SDC group, but the difference was
not statistically significant. However, we considered that SDC
possibly decreased the expression of TJPs; only the decrease in
TJPs was not obvious due to the short duration of action of
SDC. A prolonged duration of action may lead to a significant
decrease in TJPs, as shown in Zeng HW et al’s study (24). After
treating Caco-2 cells with 0.25 mM and 0.3 mM SDC for 15 h, the
Occludin levels decreased by 78 and 87%, respectively, relative to
those in the control group.

Using an animal model, we assessed the effect of SDC on AVP
permeability in mice via IgG immunohistochemistry. Macromolecular
IgG, which is supposedly located in blood vessels, leaked significantly
outside the vasculature in the SDC group, confirming that SDC
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resulted in increased AVP permeability and impaired VEBF in mice.
Immunofluorescence staining of cellular and animal TJPs revealed
that SDC can significantly alter the distribution of TJPs, demonstrating
that SDC can indeed cause damage to AVP VEBE. Previous studies
have shown that SDC can alter various structural elements of TPs,
leading to injury of barrier function (25, 26). Wang ZW (22) et al.
reported that DCA induces increased permeability in a Caco-2
monolayer cell model through activation of ERK1/2 and dynamic
disruption of downstream TJ structures. Chen ZY (19) et al.
demonstrated that SDC affects the expression and distribution of TJPs
through the MLCK-P-MLC2 pathway, which in turn causes damage
to the barrier function of intestinal epithelial cells. Our findings
corroborate these results, confirming that SDC can have a similar
damaging effect on the endothelium of AVP. We also applied
immunohistochemical staining for MPO to evaluate the inflammation
of AVP in mice. Neutrophils are important inducers of endothelial cell
hyperpermeability (27), and MPO is a marker of leukocyte infiltration
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vs. the SDC group, p < 0.05).

The expression of MLCK-P-MLC2 in different groups. (A) No significant difference in the expression level of MLC2 was found among the groups.

(B) Compared with that in the control group, P-MLC2 expression was significantly greater in the SDC group. Compared with that in the SDC group,
P-MLC2 expression was lower in the GYY4137 + SDC group. (C) The MLCK level in the SDC group was significantly greater than that in the control
group. Compared with that in the SDC group, the MLCK expression in the GYY4137 + SDC group was decreased (* vs. the control group, p < 0.05; #
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(28). We found that SDC could significantly exacerbate the aggregation
of MPO and leukocytes in the vessel wall, which laterally indicated
that DCA could somewhat aggravate the vascular inflammation of
hemorrhoidal AVP.

Studies have shown that H2S can be involved in a variety of
physiopathological processes, such as anti-inflammation (15),
vasodilatation (16), and the promotion of healing of damaged
tissues (29). Moreover, GYY4137 can inhibit the atherosclerotic
modification of LDL (30), block monocyte adhesion caused by
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endothelial cell activation (31), and inhibit thrombosis and
platelet aggregation (32). As a new H2S donor, GYY4137 can
release H2S stably for a long time (17, 33). Chen SW et al. reported
that GYY4137 could alleviate intestinal function injury by
inhibiting the decrease in the expression and abnormal
distribution of TJPs caused by endotoxin or TNF-a (17). Chen ZY
et al. (19) found that GYY4137 can reduce intestinal barrier
dysfunction caused by SDC by inhibiting the activation of the
MLCK-P-MLC2 pathway. In our study, we found that GYY4137
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Immunofluorescence staining of ZO-1 and Occludin in mouse AVP tissue. Compared with those in the control group, the continuity of Occludin and
Z0O-1 was discontinuous, and the fluorescence intensity was weakened in the SDC group; compared with those in the SDC group, the continuity of
Occludin and ZO-1 was greater, and the fluorescence intensity was restored in the SDC + GYY4137 group.

Occludin

could significantly reduce the increase in permeability of a
HUVECs monolayer cell model induced by SDC and could
significantly ameliorate the SDC-induced distribution disorder of
TJPs at both the cellular and animal tissue levels. The increase in
immunofluorescence intensity also suggested that GYY4137 could
probably increase the expression of TJPs. These findings suggested
that GYY4137 can have a similar protective effect on VEBF of
AVP in addition to protecting intestinal epithelial function.
We also found that GYY4137 can reduce vascular inflammation
caused by SDC through immunohistochemical staining of MPO,
which reflects the anti-inflammatory effect of GYY4137 on the
AVP endothelium; its anti-inflammatory mechanism may
be related to the direct inhibitory effect of H2S on the activation
of NK-Kb (34), which warrants further exploration.

We subsequently explored the potential pathways and
mechanisms underlying the effects of SDC and GYY4137 on the

Frontiers in Medicine

VEBF of AVP. Studies have shown that myosin light chain kinase
(MLCK) plays an important role in regulating the distribution of
TJPs. MLCK can phosphorylate myosin light chain 2 (MLC2) at
threonine 18 and/or serine 19 (35), resulting in actin contraction
and cytoskeletal remodeling, thereby pulling TJPs and causing
their distribution to be disrupted (36-38). The results of our
cellular studies showed that the expression of MLCK and P-MLC2
was significantly increased in the SDC group but was decreased
when GYY4137 was added, suggesting that SDC can promote
MLC2 phosphorylation by increasing the expression of MLCK,
thus affecting the distribution of TJPs, while GYY4137 restored
the distribution of TJPs by downregulating the phosphorylation
of MLC2. However, it has been shown that, in addition to MLCK,
the RhoA/ROCK pathway is involved in the phosphorylation of
MLC2. RhoA can activate its downstream Rho-kinase (ROCK),
which subsequently phosphorylates and inhibits myosin light
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FIGURE 10
Immunohistochemical staining of MPO in the vascular wall of mouse AVP. (A) Different staining intensities were defined as 1, 2 and 3 points.
(B) Compared with that in the control group, the blood vessel wall MPO in the SDC group was significantly deeper, and the MPO activity was
significantly weakened after GYY4137 was added. (C) * vs. the control group, p < 0.05; # vs. the SDC group, p < 0.05.

chain phosphatase, leading to increased phosphorylation of MLC2
and contraction of actomyosin (39). This topic remains to
be explored next.

We also performed immunofluorescence staining of TJPs in
human tissue specimens. We found that, compared with that of
normal AVP, the distribution of TJPs fluorescence in the AVP of
hemorrhoidal patients was discontinuous, and the fluorescence
intensity was significantly reduced. Pathological changes such as
abnormal vascular wall dilatation, edema, and tension disorders
in AVP of hemorrhoids[40] may be closely related to the
distribution disorder and abnormal expression of TJPs, and these
results are consistent with our cell and animal experiments.

VEBF disorders are associated with the pathogenesis of a
variety of diseases, including cardiovascular disease (40), brain
dysfunction (41), and lung disease (42). Mao et al. (43) reported
that exosomal miR-375-3p increased the permeability of
pulmonary vascular endothelial cells, contributing to the
transendothelial migration of small-cell lung cancer cells. Liu MM
et al. (44) found that the diammonium glycyrrhizinate lipid ligand
ameliorated lipopolysaccharide-induced acute lung injury by
modulating vascular endothelial barrier function. Zhang R et al.
(45) found that activation of protease-activated receptor-2
inhibited VE-cadherin expression and impaired cardiovascular
VEBE Hemorrhoids, as vascular diseases, involve pathological
changes such as dilatation of the AVP wall, abnormal tension, and
thin-wall-like changes that are closely related to VEBF injury. A
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study by Qiao et al. (46) revealed that in a rat hemorrhoidal
model, Sanhuang ointment could effectively reduce the vascular
permeability of AVP and reduce the leakage of body fluids from
vessels to tissues through its anti-inflammatory effect. Combined
with our findings, we hypothesize that hyperlipidemia can
increase the level of DCA in the blood, which leads to the
disturbance of the distribution of TJPs among the endothelial cells
of the AVP through the MLCK-P-MLC2 pathway, which may
be accompanied by a decrease in the expression of TJPs, leading
to VEBF injury of the hemorrhoidal AVP and thus contributing
to the development of hemorrhoids.

However, there are several limitations. First, we did not
investigate whether prolonged action of SDC on HUVECs could have
a significant effect on ZO-1 and Occludin expression. Second, we did
not investigare the long-term effects of GYY4137. Third, we failed to
isolate the vascular components of animal tissues for Western blot
analysis to detect the expression of TJPs. Fourth, whether H2S can
produce protective effects in human tissues has not been investigated.
All of the above factors need to be further explored.

In summary, we think that GYY4137 (H2S) can ameliorate
SDC-induced VEBF injury of AVP in cellular models and animal
tissues. It improves the distribution of TJPs by inhibiting the
activation of the MLCK-P-MLC2 signaling pathway induced by
SDC, which may be one of the potential mechanisms of its
protective effect. Our study may lead to the development of
treatments for hemorrhoids associated with hyperlipidemia.

frontiersin.org


https://doi.org/10.3389/fmed.2025.1537723
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Yan et al. 10.3389/fmed.2025.1537723

Occludin

(A)

Normal
Hemorrhoid .
(B) Z0-1 Occludin Merged
Normal
Hemorrhoid

©

Normal

Hemorrhoid

FIGURE 11
Immunofluorescence staining of ZO-1 and Occludin in human AVP. Compared with that in normal tissue, the fluorescence continuity of Occludin and
ZO-1in hemorrhoid tissue was interrupted, and the fluorescence intensity was weakened (A—C are three different groups of patients)

Frontiers in Medicine 11 frontiersin.org


https://doi.org/10.3389/fmed.2025.1537723
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Yan et al.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Ethics
Committee of Peking University First Hospital. The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study. The animal study was approved by
the Ethics Committee of Peking University First Hospital. The study
was conducted in accordance with the local legislation and
institutional requirements.

Author contributions

HY: Data curation, Formal analysis, Methodology, Writing —
original draft, Writing - review & editing. Y-LL: Data curation,
Methodology, Writing — review & editing. S-RP: Writing - original
draft, Writing - review & editing. Y-YM: Data curation, Methodology,
Writing - review & editing. JZ: Data curation, Methodology, Writing -
review & editing. P-YW: Data curation, Funding acquisition,
Methodology, Writing - review & editing. Z-YC: Conceptualization,
Funding acquisition, Methodology, Supervision, Writing - review &
editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was supported
by the National High Level Hospital Clinical Research Funding
(Scientific Research Seed Fund of Peking University First Hospital)

References

1. Qureshi WA. Office management of hemorrhoids. Am ] Gastroenterol. (2018)
113:795-8. doi: 10.1038/s41395-018-0020-0

2. Riss S, Weiser FA, Schwameis K, Riss T, Mittlbock M, Steiner G, et al. The
prevalence of hemorrhoids in adults. Int J Color Dis. (2012) 27:215-20. doi:
10.1007/s00384-011-1316-3

3. Lee J-H, Kim H-E, Kang J-H, Shin J-Y, Song Y-M. Factors associated with
hemorrhoids in korean adults: korean national health and nutrition examination survey.
Korean ] Fam Med. (2014) 35:227-36. doi: 10.4082/kjfm.2014.35.5.227

4. Elbatea H, Enaba M, Elkassas G, El-Kalla F, Elfert AA. Indications and outcome of
colonoscopy in the middle of Nile delta of Egypt. Dig Dis Sci. (2011) 56:2120-3. doi:
10.1007/s10620-010-1538-1

5. Sanchez C, Chinn BT. Hemorrhoids. Clin Colon Rectal Surg. (2011) 24:005-13. doi:
10.1055/s-0031-1272818

6. Aigner F, Gruber H, Conrad F, Eder J, Wedel T, Zelger B, et al. Revised
morphology and hemodynamics of the anorectal vascular plexus: impact on the
course of hemorrhoidal disease. Int ] Color Dis. (2009) 24:105-13. doi:
10.1007/500384-008-0572-3

7. Koning MV, Loffeld R]. A survey of abnormalities in the colon and rectum in
patients  with  haemorrhoids. BMC  Gastroenterol. (2010) 10:74.  doi:
10.1186/1471-230X-10-74

8. Lohsiriwat V, Wilson VG, Scholefield JH, Dashwood MR. Regional distribution of
nitric oxide synthase in human anorectal tissue: a pilot study on the potential role for

Frontiers in Medicine

12

10.3389/fmed.2025.1537723

(grant number 2022SF06); and Peking University Medicine Fund of
Fostering Young Scholars’ Scientific & Technological Innovation
supported by the Fundamental Research Funds for the Central
Universities (grant number BMU2022PYB001).

Acknowledgments

Thanks to Wei-Dong Dou for the guidance during the experiment
and writing assistance.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

nitric oxide in haemorrhoids. Curr Vasc Pharmacol. 18:43-9. doi:

10.2174/1570161116666180730101532

9. Peery AF, Sandler RS, Galanko JA, Bresalier RS, Figueiredo JC, Ahnen DJ, et al. Risk
factors for hemorrhoids on screening colonoscopy. PLoS One. (2015) 10:¢0139100. doi:
10.1371/journal.pone.0139100

(2020)

10. Pan X-F, Wang L, Pan A. Epidemiology and determinants of obesity in China.
Lancet Diabetes Endocrinol. (2021) 9:373-92. doi: 10.1016/52213-8587(21)00045-0

11.Lin H, An Y, Tang H, Wang Y. Alterations of bile acids and gut microbiota in
obesity induced by high fat diet in rat model. ] Agric Food Chem. (2019) 67:3624-32.
doi: 10.1021/acs.jafc.9b00249

12. Stenman LK, Holma R, Eggert A, Korpela R. A novel mechanism for gut barrier
dysfunction by dietary fat: epithelial disruption by hydrophobic bile acids. Am J Physiol
Gastrointest Liver Physiol. (2013) 304:G227-34. doi: 10.1152/ajpgi.00267.2012

13. Araki Y, Katoh T, Ogawa A, Bamba S, Andoh A, Koyama S, et al. Bile acid
modulates transepithelial permeability via the generation of reactive oxygen species in
the Caco-2 cell line. Free Radic Biol Med. (2005) 39:769-80. doi:
10.1016/j.freeradbiomed.2005.04.026

14. Dejana E. Endothelial cell-cell junctions: happy together. Nat Rev Mol Cell Biol.
(2004) 5:261-70. doi: 10.1038/nrm1357

15. Cao X, Cao L, Zhang W, Lu R, Bian JS, Nie X. Therapeutic potential of sulfur-
containing natural products in inflammatory diseases. Pharmacol Ther. (2020)
216:107687. doi: 10.1016/j.pharmthera.2020.107687

frontiersin.org


https://doi.org/10.3389/fmed.2025.1537723
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1038/s41395-018-0020-0
https://doi.org/10.1007/s00384-011-1316-3
https://doi.org/10.4082/kjfm.2014.35.5.227
https://doi.org/10.1007/s10620-010-1538-1
https://doi.org/10.1055/s-0031-1272818
https://doi.org/10.1007/s00384-008-0572-3
https://doi.org/10.1186/1471-230X-10-74
https://doi.org/10.2174/1570161116666180730101532
https://doi.org/10.1371/journal.pone.0139100
https://doi.org/10.1016/S2213-8587(21)00045-0
https://doi.org/10.1021/acs.jafc.9b00249
https://doi.org/10.1152/ajpgi.00267.2012
https://doi.org/10.1016/j.freeradbiomed.2005.04.026
https://doi.org/10.1038/nrm1357
https://doi.org/10.1016/j.pharmthera.2020.107687

Yan et al.

16.Barton M, Meyer MR. HuR-ry up: how hydrogen sulfide protects against
atherosclerosis. Circulation. (2019) 139:115-8. doi: 10.1161/
CIRCULATIONAHA.118.036854

17.Chen S, Bu D, Ma Y, Zhu J, Sun L, Zuo S, et al. GYY4137 ameliorates intestinal
barrier injury in a mouse model of endotoxemia. Biochem Pharmacol. (2016) 118:59-67.
doi: 10.1016/j.bcp.2016.08.016

18. Chen S-W, Zhu ], Zuo S, Zhang J-L, Chen Z-Y, Chen G-W, et al. Protective effect
of hydrogen sulfide on TNF-a and IFN-y-induced injury of intestinal epithelial barrier
function in Caco-2 monolayers. Inflamm Res. (2015) 64:789-97. doi:
10.1007/s00011-015-0862-5

19. Chen Z, Tang J, Wang P, Zhu J, Liu Y. GYY4137 attenuates sodium Deoxycholate-
induced intestinal barrier injury both in vitro and in vivo. Biomed Res Int. (2019)
2019:1-9. doi: 10.1155/2019/5752323

20. Murakami Y, Tanabe S, Suzuki T. High-fat diet-induced intestinal
Hyperpermeability is associated with increased bile acids in the large intestine of mice.
J Food Sci. (2016) 81:H216-22. doi: 10.1111/1750-3841.13166

21. Edelstein A, Fink D, Musch M, Valuckaite V, Zaborina O, Grubjesic S, et al.
Protective effects of nonionic triblock copolymers on bile acid-mediated epithelial
barrier disruption. Shock. (2011) 36:451-7. doi: 10.1097/SHK.0b013e31822d8del

22. Wang Z, Litterio MC, Miiller M, Vauzour D, Oteiza PI. (—)-Epicatechin and
NADPH oxidase inhibitors prevent bile acid-induced Caco-2 monolayer
permeabilization through ERK1/2 modulation. Redox Biol. (2020) 28:101360. doi:
10.1016/j.redox.2019.101360

23.Tan Y, Qi J, Lu Y, Hu E Yin Z, Wu W. Lecithin in mixed micelles attenuates the
cytotoxicity of bile salts in Caco-2 cells. Toxicol In Vitro. (2013) 27:714-20. doi:
10.1016/j.tiv.2012.11.018

24.Zeng H, Safratowich BD, Cheng W-H, Larson K], Briske-Anderson M.
Deoxycholic acid modulates cell-junction gene expression and increases intestinal
barrier dysfunction. Molecules. (2022) 27:723. doi: 10.3390/molecules27030723

25. Hughes R, Kurth MJ, McGilligan V, McGlynn H, Rowland I. Effect of colonic
bacterial metabolites on Caco-2 cell paracellular permeability in vitro. Nutr Cancer.
(2008) 60:259-66. doi: 10.1080/01635580701649644

26. Raimondi F, Santoro P, Barone MV, Pappacoda S, Barretta ML, Nanayakkara M,
et al. Bile acids modulate tight junction structure and barrier function of Caco-2
monolayers via EGFR activation. Am ] Physiol Gastrointest Liver Physiol. (2008)
294:G906-13. doi: 10.1152/ajpgi.00043.2007

27. Rodrigues SE, Granger DN. Role of blood cells in ischaemia-reperfusion induced
endothelial barrier failure. Cardiovasc Res. (2010) 87:291-9. doi: 10.1093/cvr/cvq090

28.Ding D, Xu S, Zhang H, Zhao W, Zhang X, Jiang Y, et al. 3-Methyladenine and
dexmedetomidine reverse lipopolysaccharide-induced acute lung injury through the
inhibition of inflammation and autophagy. Exp Ther Med. (2018) 15:3516-22. doi:
10.3892/etm.2018.5832

29. Wallace JL, Tanaro A, de Nucci G. Gaseous mediators in gastrointestinal mucosal
defense and injury. Dig Dis Sci. (2017) 62:2223-30. doi: 10.1007/510620-017-4681-0

30. Laggner H, Muellner MK, Schreier S, Sturm B, Hermann M, Exner M, et al.
Hydrogen sulphide: a novel physiological inhibitor of LDL atherogenic modification by
HOCIL. Free Radic Res. (2007) 41:741-7. doi: 10.1080/10715760701263265

31. Perna AF, Sepe I, Lanza D, Capasso R, Zappavigna S, Capasso G, et al. Hydrogen
sulfide reduces cell adhesion and relevant inflammatory triggering by preventing

Frontiers in Medicine

13

10.3389/fmed.2025.1537723

ADAM17-dependent TNF-a activation. J Cell Biochem. (2013) 114:1536-48. doi:
10.1002/jcb.24495

32. Emerson M. Hydrogen sulfide and platelets: a possible role in thrombosis. Handb
Exp Pharmacol. (2015) 230:153-62. doi: 10.1007/978-3-319-18144-8_7

33. Rose P, Dymock BW, Moore PK. GYY4137, a novel water-soluble, H2S-releasing
molecule. Methods Enzymol. (2015) 554:143-67. doi: 10.1016/bs.mie.2014.11.014

34. Wallace JL, Blackler RW, Chan MV, Da Silva GJ, Elsheikh W, Flannigan KL, et al.
Anti-inflammatory and cytoprotective actions of hydrogen sulfide: translation to
therapeutics. Antioxid Redox Signal. (2015) 22:398-410. doi: 10.1089/ars.2014.5901

35. Zahs A, Bird MD, Ramirez L, Turner JR, Choudhry MA, Kovacs EJ. Inhibition of
long myosin light-chain kinase activation alleviates intestinal damage after binge ethanol
exposure and burn injury. Am J Physiol Gastrointest Liver Physiol. (2012) 303:G705-12.
doi: 10.1152/ajpgi.00157.2012

36. Drolia R, Tenguria S, Durkes AC, Turner JR, Bhunia AK. Listeria adhesion protein
induces intestinal epithelial barrier dysfunction for bacterial translocation. Cell Host
Microbe. (2018) 23:470-484.¢7. doi: 10.1016/j.chom.2018.03.004

37. Buckley A, Turner JR. Cell biology of tight junction barrier regulation and mucosal
disease. Cold Spring Harb Perspect Biol. (2018) 10:9314. doi: 10.1101/cshperspect.a029314

38. Shen L, Black ED, Witkowski ED, Lencer W1, Guerriero V, Schneeberger EE, et al.
Myosin light chain phosphorylation regulates barrier function by remodeling tight
junction structure. J Cell Sci. (2006) 119:2095-106. doi: 10.1242/jcs.02915

39. Shen Q, Rigor RR, Pivetti CD, Wu MH, Yuan SY. Myosin light chain kinase in
microvascular endothelial barrier function. Cardiovasc Res. (2010) 87:272-80. doi:
10.1093/cvr/cvql44

40.Sek AC, Xie Z, Terai K, Long LM, Nelson C, Dudek AZ, et al. Endothelial
expression of endothelin receptor a in the systemic capillary leak syndrome. PLoS One.
(2015) 10:e0133266. doi: 10.1371/journal.pone.0133266

41.Wang C, Fei Y, Xu C, Zhao Y, Pan Y. Bone marrow mesenchymal stem cells
ameliorate neurological deficits and blood-brain barrier dysfunction after
intracerebral hemorrhage in spontaneously hypertensive rats. Int J Clin Exp Pathol.
(2015) 8:4715-24.

42. Good RB, Gilbane AJ, Trinder SL, Denton CP, Coghlan G, Abraham DJ, et al.
Endothelial to mesenchymal transition contributes to endothelial dysfunction in
pulmonary arterial hypertension. Am ] Pathol. (2015) 185:1850-8. doi:
10.1016/j.ajpath.2015.03.019

43.Mao S, Zheng S, Lu Z, Wang X, Wang Y, Zhang G, et al. Exosomal miR-375-3p
breaks vascular barrier and promotes small cell lung cancer metastasis by targeting
claudin-1. Transl Lung Cancer Res. (2021) 10:3155-72. doi: 10.21037/tlcr-
21-356

44. Liu M-M, Zhou ], Ji D, Yang J, Huang Y-P, Wang Q. Diammonium glycyrrhizinate
lipid ligand ameliorates lipopolysaccharide-induced acute lung injury by modulating
vascular endothelial barrier function. Exp Ther Med. (2021) 21:303. doi:
10.3892/etm.2021.9734

45. Zhang R, Ge J. Proteinase-activated Receptor-2 modulates Ve-cadherin expression
to affect human vascular endothelial barrier function. J Cell Biochem. (2017)
118:4587-93. doi: 10.1002/jcb.26123

46.Yu Q, Zhao Y, Zhang X, Li W, Zhang H, Piao S, et al. The beneficial effect of
Sanhuang ointment and its active constituents on experimental hemorrhoids in rats. J.
Ethnopharmacol. (2024) 319:117173. doi: 10.1016/j.jep.2023.117173

frontiersin.org


https://doi.org/10.3389/fmed.2025.1537723
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1161/CIRCULATIONAHA.118.036854
https://doi.org/10.1161/CIRCULATIONAHA.118.036854
https://doi.org/10.1016/j.bcp.2016.08.016
https://doi.org/10.1007/s00011-015-0862-5
https://doi.org/10.1155/2019/5752323
https://doi.org/10.1111/1750-3841.13166
https://doi.org/10.1097/SHK.0b013e31822d8de1
https://doi.org/10.1016/j.redox.2019.101360
https://doi.org/10.1016/j.tiv.2012.11.018
https://doi.org/10.3390/molecules27030723
https://doi.org/10.1080/01635580701649644
https://doi.org/10.1152/ajpgi.00043.2007
https://doi.org/10.1093/cvr/cvq090
https://doi.org/10.3892/etm.2018.5832
https://doi.org/10.1007/s10620-017-4681-0
https://doi.org/10.1080/10715760701263265
https://doi.org/10.1002/jcb.24495
https://doi.org/10.1007/978-3-319-18144-8_7
https://doi.org/10.1016/bs.mie.2014.11.014
https://doi.org/10.1089/ars.2014.5901
https://doi.org/10.1152/ajpgi.00157.2012
https://doi.org/10.1016/j.chom.2018.03.004
https://doi.org/10.1101/cshperspect.a029314
https://doi.org/10.1242/jcs.02915
https://doi.org/10.1093/cvr/cvq144
https://doi.org/10.1371/journal.pone.0133266
https://doi.org/10.1016/j.ajpath.2015.03.019
https://doi.org/10.21037/tlcr-21-356
https://doi.org/10.21037/tlcr-21-356
https://doi.org/10.3892/etm.2021.9734
https://doi.org/10.1002/jcb.26123
https://doi.org/10.1016/j.jep.2023.117173

	Effect of H2S on endothelial barrier function impairment in anorectal vascular plexus caused by deoxycholic acid
	Introduction
	Materials and methods
	Primary reagents
	Cell experiment
	Cell culture
	Measurement of the transepithelial electrical resistance (TEER) of vascular endothelial cells
	Permeability of FD-40 in a monolayer cell model
	Western blot
	Immunofluorescence of ZO-1 and Occludin in HUVECs monolayer cell models
	RT–PCR
	Animal experiment
	Animals
	IgG immunohistochemistry of mouse anorectal tissue
	Immunofluorescence of ZO-1 and Occludin in mice anorectal tissues
	MPO immunohistochemistry of mouse anorectal tissue
	Human tissue experiment
	Immunofluorescence of ZO-1 and Occludin in human anorectal tissues
	Statistical analysis

	Results
	Effects of GYY4137 and SDC on monolayer cell models of HUVECs
	Effect of SDC on TEER values
	Protective effect of GYY4137 against SDC-induced barrier injury
	Effects of GYY4137 and SDC on TJPs
	Effects of GYY4137 and SDC on the activation of the MLCK-P-MLC2 signaling pathway
	Effects of GYY4137 and SDC on the vascular endothelium of anorectal tissue in mice
	Effects of GYY4137 and SDC on permeability
	The impact of GYY4137 and SDC on TJs
	Effects of GYY4137 and SDC on inflammation
	Effects of GYY4137 and SDC on AVP in patients with hemorrhoids and normal controls
	Effects of GYY4137 and SDC on TJPs

	Discussion

	References

