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Octreotide attenuates intestinal barrier damage by
maintaining basal autophagy in Caco2 cells
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Abstract. The intestinal mucosal barrier is of great impor-
tance for maintaining the stability of the internal environment,
which is closely related to the occurrence and development of
intestinal inflammation. Octreotide (OCT) has potential appli-
cable clinical value for treating intestinal injury according to
previous studies, but the underlying molecular mechanisms
have remained elusive. This article is based on a cell model
of inflammation induced by lipopolysaccharide (LPS), aiming
to explore the effects of OCT in protecting intestinal mucosal
barrier function. A Cell Counting Kit-8 assay was used to
determine cell viability and evaluate the effectiveness of OCT.
Gene silencing technology was used to reveal the mediated
effect of somatostatin receptor 2 (SSTR2). The changes in
intestinal permeability were detected through trans-epithelial
electrical resistance and fluorescein isothiocyanate-dextran
4 experiments, and the alterations in tight junction proteins
were detected using immunoblotting and reverse transcription
fluorescence-quantitative PCR technology. Autophagosomes
were observed by electron microscopy and the dynamic
changes of the autophagy process were characterized by light
chain (LC)3-II/LC3-I conversion and autophagic flow. The
results indicated that SSTR2-dependent OCT can prevent the
decrease in cell activity. After LPS treatment, the permeability
of monolayer cells decreased and intercellular tight junctions
were disrupted, resulting in a decrease in tight junction protein
zona occludens 1 in cells. The level of autophagy-related
protein LC3 was altered to varying degrees at different times.
These abnormal changes gradually returned to normal levels
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after the combined application of LPS and SSTR2-dependent
OCT, confirming the role of OCT in protecting intestinal
barrier function. These experimental results suggest that
OCT maintains basal autophagy and cell activity mediated
by SSTR2 in intestinal epithelial cells, thereby preventing the
intestinal barrier dysfunction in inflammation injury.

Introduction

The intestinal epithelial barrier is one of the most important
immune barriers of defense against invasive symbiotic bacteria
and intestinal pathogens (1). Damage to the intestinal epithelial
barrier may lead to the translocation of bacteria and metabo-
lites into the bloodstream and tissues (2,3). In severe cases, this
translocation may trigger systemic inflammation and multiple
organ dysfunction syndrome (4). Numerous pathological
states, such as ischemia reperfusion injury, inflammation and
cancers, such as liver or pancreatic cancer (5), cause damage
to the intestinal mucosal barrier (6), leading to complexities
in clinical practice and poor patient prognosis (7). Therefore,
current research is focused on exploring novel methods for
protecting and repairing intestinal barrier function.

Octreotide (OCT) is a synthetic octapeptide deriva-
tive of natural somatostatin (8). Results of previous studies
demonstrated that OCT may prevent diarrhea caused by
chemotherapy, intestinal injury caused by severe pancreatitis
and inflammatory bowel disease (IBD) (9-11). Thus, OCT may
exhibit potential in the treatment of intestinal injury.

Somatostatin receptors (SSTRs) are G-protein-coupled
receptors that are widely expressed on cell membranes in
the human brain and kidney (12,13), and in colon tissue (14).
Numerous previous studies on SSTRs have focused on
their use in preventing tumor cell proliferation (15-17).
Somatostatin binds to SSTRs to exert effects on cells (12,18).
Results of previous studies revealed that out of the five
subtypes of SSTRs, subtypes 2, 3 and 5 exhibit a high affinity
for OCT (8,19). Although somatostatin protects the intestinal
mucosal barrier by regulating the expression of tight junction
(TJ) proteins (8,20-23), the specific molecular mechanisms
remain to be fully elucidated.

Autophagy is a process in which cytoplasmic proteins
or organelles are phagocytosed into vesicles that fuse with
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lysosomes. Following the formation of autophagy lyso-
somes, all contents of the lysosome are degraded (24-26).
Physiologically, autophagy is required for cell metabolism
and the renewal of intracellular organelles. Results of previous
studies demonstrated that autophagy in intestinal epithelial
cells is directly associated with TJ and intestinal epithelial
barrier function (27,28).

Lipopolysaccharide (LPS) is unique to the outer membrane
of Gram-negative bacteria and is involved in intestinal
epithelial innate immunity (29). LPS triggers an inflamma-
tory signaling cascade to induce TJ dysfunction, resulting in
intestinal epithelial barrier dysfunction (30,31). Therefore,
the present study aimed to explore the effects of OCT on
autophagy and SSTR function using LPS-induced Caco2 cells.
In addition, the effects of OCT on TJ and intestinal mucosal
barrier function were investigated by western blot and reverse
transcription-quantitative (RT-q)PCR. The present study
provides novel insight into potential methods for the protec-
tion and repair of the intestinal epithelial barrier. Furthermore,
results of the present study may provide a novel theoretical
basis for the treatment of intestinal mucositis in clinical
practice.

Materials and methods

Cell culture and treatment. The human colon adenocarcinoma
cell lines Caco2 and Sw480 were obtained from Professor
Zunling Li and the identity of the cell lines was confirmed
by short tandem repeat sequencing. Cells were initially
purchased from the American Type Culture Collection. Caco2
cells were cultured in minimum essential medium (including
non-essential amino acid; cat. no. PM150410; Sigma-Aldrich;
Merck KGaA) containing 20% fetal bovine serum (Thermo
Fisher Scientific, Inc.) and stored at 37°C under 5% CO, with
saturated humidity. Sw480 cells were cultured in DMEM (cat.
no. RNBL7920; Sigma-Aldrich; Merck KGaA) containing
10% fetal bovine serum and stored under the same conditions.
They were passaged once every other day and cells in the loga-
rithmic growth phase were used for experimental research.

OCT and LPS treatment in vitro. The treatment method for
LPS (cat. no. L4391; Sigma-Aldrich; Merck KGaA) for the two
cell lines was performed by adding it to the corresponding
culture medium with a final concentration of 100, 50, 10, 1
and 0.1 ug/ml for different durations. OCT (cat. no. HY-17365;
MedChemExpress) with a final concentration of 10,20 or 50 yM
was added to the corresponding culture medium 2 h before the
addition of LPS. Caco?2 cells were inoculated into a 96-well
plate with an initial density of 5x10* cells/well and Sw480
were inoculated with an initial density of 6x10* cells/well.
In subsequent experiments, the cells were divided into three
groups: Control, 50 pg/ml LPS and 10 xuM OCT. The control
group was left untreated. For the LPS + OCT group, cells were
first pretreated with OCT for 2 h and then coincubated with
LPS for 24 h, and then various indicators were detected.

Interference with SSTR2 using small interfering (si)RNA.
Cells were inoculated into a six-well plate at a density of
5x10° cells/per well and they were allowed to adhere to the
bottom of the wells and grow to 50-70% confluence. The

instructions provided by the manufacturer of GP-transfect
mate (Suzhou Jima Gene, Co., Ltd.) were followed to transfect
the cells and the medium was changed 4-6 h after transfec-
tion. The total RNA or protein were extracted for detection
at 48-72 h after transfection. The siRNA sequences were
synthesized by Jima Gene Co., Ltd. The siRNA sets were as
follows: Negative Control, 5'-UUCUCCGAACGUGUCACG
UTT-3' (sense) and 5~ ACGUGACACGUUCGGAGAATT-3'
(anti-sense); SSTR2-Homo-1097 5'-GCUCCUCUAAGAGGA
AGAATT-3' (sense) and 5'-UUCUUCCUCUUAGAGGAG
CTT-3' (anti-sense); SSTR2-Homo-1264 5'-GUCCUCACC
UAUGCUAACAAT-3' (sense) and 5'-UGUUAGCAUAGG
UGAGGACTT-3' (anti-sense); SSTR2-Homo-1049 5'-GCU
ACCUGUUCAUUAUCAUTT-3' (sense) and 5'-AUGAUA
AUGAACAGGUAGCTT-3' (anti-sense).

Cell viability assay. A CCK-8 kit (cat. no. C0038; Beyotime
Institute of Biotechnology) was used to detect the viability
of the cells treated with the drug. Cells with a density of
5x10* cells/well were seeded into a 96-well plate and cultured
for 24 h until they exhibited adherent growth according to the
instructions in the manual, and the cells were then stimulated
with drugs for 24 h at 37°C. Subsequently, the cells were
incubated with CCK-8 solution for 1 h at 37°C and the absor-
bance at 450 nm was detected with a microplate reader. Each
experimental condition in each group was set up in three wells.
Although the control group had three repeated experiments,
it has been normalized as a reference standard for activity
calculation.

Western blot analysis. First, cells were cultured in six-well
plates at a density of 1x10° cells/well. After 24 h of cell adhe-
sion and growth, LPS and OCT were added to pretreat the
cells. The whole-cell protein was extracted according to the
instructions provided by the RIPA manufacturer, and the cell
pellet was resuspended using a RIPA mixture (cat. no. R0020;
Beyotime Institute of Biotechnology) containing PMSF
(cat. no. PO100) and phosphatase inhibitor (cat. no. P1082;
Beyotime Institute of Biotechnology), followed by 30 min of
incubation in an ice bath, during which repeated pipetting was
performed every 5 min to ensure full cells lysis. Following
centrifugation at 12,000 x g for 20 min, the extracted protein
was obtained as the supernatant. The protein concentration
was then measured by using a Nanodrop 2000c (Thermo
Fisher Scientific, Inc.). Protein samples (10-20 ug) were then
separated on 10 or 12% gels using SDS-PAGE. The protein
in the gel was then transferred to a nitrocellulose membrane
and the nonspecific binding sites on the membrane were
blocked for 2 h at room temperature with 5% non-fat milk.
The membranes were incubated with primary antibody
overnight at 4°C, and subsequently, they were incubated with
horseradish peroxidase-labeled secondary antibody for 1 h at
room temperature. Finally, the enhanced luminescent agent A
solution and stabilizer B solution (cat. no. BL520B1/BL520B2;
Biosharp) were mixed in a 1:1 ratio to visualize the protein
bands. The primary antibodies included the following:
Antibodies against microtubule-associated protein 1 light
chain 3B (LC3; cat. no. ab192890; 1:1,500 dilution; Abcam),
zona occludens 1 (zo-1; cat. no. 10019107; 1:1,500 dilution;
Proteintech Group, Inc.), GAPDH (cat. no. AF7021; 1:8,000
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dilution; Affinity Biosciences), SSTR2 (cat. no. YT-5740),
SSTR3 (cat. no. YN-2540), SSTRS5 (cat. no. YN-2541; all
1:1,000 dilution; ImmunoWay Biotechnology), goat-anti
mouse (cat. no. orb229658; 1:8,000 dilution; Biorbyt) and goat
anti-rabbit (cat. no. ZB-2301; 1:8,000 dilution; Zhongshan
Jingiao Biotechnology Co., Ltd.). The intensity of the bands
was quantified using ImagelJ software version 1.49 (National
Institutes of Health).

LC3 double label adenovirus transfection. The target cells
were inoculated onto a 24-well plate at a concentration of
1x10° cells/well, and it was ensured that the cell convergence
rate is between 50 and 70% when cells were transfected with
the Ad-monomeric red fluorescence protein (mRFP)-green
fluorescence protein (GFP)-LC3 adenovirus (Hanheng
Biotechnology Co., Ltd.) the next day. According to the
instructions and technical guidance, the virus was added to
the culture medium, left to incubate for 3 h at 37°C, and the
medium was then replaced with fresh culture medium. After
24 h, GFP and RFP expression may be observed, and cell fixa-
tion, sealing (mounting medium antifading; Beijing Solarbio
Technology Co., Ltd.) and imaging analysis may be performed
from 36 to 48 h. Laser confocal microscopy imaging (Leica
Microsystems GmbH) was used to capture and manually count
autophagic dots. Images were captured using a x40 objective
and the experiment was repeated three times; during each
repetition, three views were selected to count the fluorescent
dots.

Immunofluorescence. Cells were diluted to a density of 5x10*
after cell counting and seeded on cover glasses in a 24-well
plate in advance. After transfecting cells in a 24-well plate
with Ad-mRFP-GFP-LC3 adenovirus for 48 h, they were fixed
with 4% paraformaldehyde for 15 min at room temperature
and then washed three times with PBS. The supernatant was
then discarded and sterilized forceps were used to remove the
cover glasses. Using a drop of mounting medium with anti-
fading (cat. no. 20210427; Beijing Solarbio Technology Co.,
Ltd.) the cover glasses were mounted on slides. Digital image
acquisition was performed using laser confocal microscopy
(Leica Microsystems GmbH).

RT-gPCR. Cells were seeded into six-well plates at a density
of 1x10° cells/well, allowed to attach to the bottom of the wells
and then incubated with the indicated concentrations of OCT
and/or LPS. Total RNA was extracted using RNAiso plus (cat.
no. AM33539A; Takara Biotechnology Co., Ltd.) according to
the instructions in the manual. RT was then performed using
the Evo M-MLV RT Mix kit (cat. no. AG11728) and 500 ng
of RNA quantified by the Nanodrop system 2000c (Thermo
Fisher Scientific, Inc.) was reverse-transcribed into cDNA.
The next step was real-time PCR quantification of tight liga-
tion gene mRNA using SYBR Advantage gPCR Premix (cat.
no. AG11701; Takara Bio, Inc.). A two-step program was chosen
for qPCR. In step 1, the temperature was set to 95°C for 30 sec
for 1 cycle. In step 2, the temperature was set to 95°C for 5 sec
and 60°C for 30 sec for 40 cycles. The relative mRNA expres-
sion was determined by the 2°24% calculation method (32).
GAPDH was used as a housekeeping gene for mRNA. The
target primer sequences were synthesized by Sangon Biotech.

The primer sets were as follows: 3-actin forward, 5'-CCTGGA
CTTCGAGCAAGAGATGG-3' and reverse, 5'-CAGGAA
GGAAGGCTGGAAGAGTG-3"; GAPDH forward, 5'-GCA
CCGTCAAGGCTGAGAAC-3'and reverse, 5" TGGTGAAGA
CGCCAGTGGA-3'"; TNF-a forward, 5'-CCTCTCTCTAAT
CAGCCCTCTG-3' and reverse, 5'-GAGGACCTGGGAGTAG
ATGAG-3'; IL-6 forward, 5'-ACTCACCTCTTCAGAACG
AATTG-3" and reverse, 5'-CCATCTTTGGAAGGTTCAGGT
TG-3'"; ZO-1 forward, 5-GCGGATGGTGCTACAAGTGAT
G-3" and reverse, 5-GCCTTCTGTGTCTGTGTCTTCATA
G-3'; occludin (OCLN) forward, 5"TACGGAAGTGGCTAT
GGCTATGG-3" and reverse, 5-CTTTGCTGCTCTTGGGTC
TGTATAG-3'; and claudin (CLDN)I1 forward, 5-TGGTGG
TTGGCATCCTCCTG-3' and reverse, 5S"-TCATCGTCTTCC
AAGCACTTCATAC-3'.

Trans-epithelial electrical resistance (TEER). The TEER
measurements across Caco-2 cell monolayers were performed
using a Millicell ERS instrument (EMD Millipore). Cells were
seeded with a density of 1x10* per well in a 24-well Transwell
plate (cat. no. 02822019; Corning, Inc.), ensuring that the
liquid levels on the apicl (AP) sides and basolateral (BL) sides
were at level. The fluid was changed every other day until the
cells formed a tight junction on the 21st day. Before using the
resistance meter, it was cleaned and set to zero with alcohol
and PBS. The positive and negative electrodes were inserted
into the orifice plate according to the manufacturer's instruc-
tions until the resistance meter was able to read smoothly and
count. The resistance value Q2 and percentage of each well were
calculated according to a formula, with 3 composite wells in
each group to reduce experimental errors. The TEER values
of these cells after treatment were recorded. Resistance due
to the cell monolayers was determined in the presence and the
absence of OCT after subtracting the contribution of the blank
filter. TEER was calculated as follows: TEER=(R1-R0) x A
(©2), where R1 and RO represent the TEER readings from the
wells with cells and the no-cell background wells, respectively.
A (cm?) represents the surface area of the cell monolayer on
the insert.

The percentage change in TEER was calculated as follows:
TEER%=TEERtest/TEERinitial x100.

Cell permeability. The cells were seeded into 24-well
Transwell plates at a density of 1x10° cells/well. Cells were
cultured to simulate the tight junction structure of small
intestinal epithelial cells. Prior to detection, Hank's balanced
salt solution containing 1 mg/ml FITC-Dextran4000 (FD4;
cat. no. HY-128868A; MedChemExpress) was added to the
AP side of the cells and PBS was added to the BL side. FD4
(0.1 mg/ml) was added to the basal media in the Transwell
chamber. Media were collected from the Transwell insert after
3 h. The fluorescence signal (excitation at 485 nm and emis-
sion at 538 nm) was measured and the FD4 concentration was
calculated based on fluorescence intensity.

Transmission electron microscopy (TEM). Observation of
Caco-2 cell autophagosomes was performed using a Leica
TEM (Leica Microsystems GmbH). Cells were collected
in 1.5-ml centrifuge tubes, fixed with glutaraldehyde (cat.
no. G6257; Merck & Co., Inc.) solution overnight at 4°C after
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two washes of PBS, followed by fixation with 1% osmic acid
for 1-2 h at 4°C, three washes with PBS and gradient dehy-
dration for 15 min per gradient. The next step was to use a
gradient permeation of the embedding agent, followed by a
37°C permeation of the pure embedding agent overnight.
After heating and polymerization at 70°C for at least 24 h, the
sections were double stained with lead citrate and acetic acid
peroxide oil, and then observed using a Leica TEM (Leica
Microsystems GmbH).

Statistical analysis. All experiments were conducted three
parallel experiments. The results in each figure are expressed
as the mean + standard error of the mean. GraphPad Prism
8 software (GraphPad; Dotmatics) was used for statistical
analysis. P-values were calculated using one-way analysis of
variance with Tukey's post-hoc test. P<0.05 was considered to
indicate a statistically significant difference.

Results

OCT prevents LPS-induced intestinal epithelial cell injury in
Caco2 and Sw480 cells. The effects of different concentra-
tions of LPS on cell viability were measured in both Caco2
and Sw480 cells. The results indicated that after 24 h of incu-
bation, 100 and 50 pg/ml LPS markedly decreased the cell
viability in these two cell lines (Fig. 1A). A lower concentra-
tion of 50 ug/ml LPS was chosen for subsequent experiments.
To determine whether OCT exerted any effects on the cells,
they were incubated with 10, 20 and 50 M OCT for 24 h, and
cell viability was evaluated. The results suggested that OCT
had no significant effect on the viability of these two cell lines
(Fig. 1B). According to previous referenced results, 10 uM
OCT is often used as the optimal concentration for processing
cells (33). Thus, 50 ug/ml LPS and 10 uM OCT were selected
for use in subsequent experiments, and Caco2 and Sw480 cells
were both pre-treated with 10 uM OCT 2 h prior to treatment
with 50 pg/ml LPS for 24 h. Of note, pre-treatment with
10 uM OCT significantly improved the cell viability compared
with that of cells treated with LPS alone (Fig. 1C). TNF-o and
IL-6 are two important pro-inflammatory cytokines that are
significantly increased in IBD and the expression of these
gene was measured using RT-qPCR. As indicated in Fig. 1D,
LPS significantly induced the secretion of TNF-a and IL-6
in Caco2 and Sw480 cells. In addition, OCT inhibited the
effects of LPS on TNF-a and IL-6 expression. Collectively,
these results suggested that OCT may attenuate LPS-induced
intestinal epithelial cell injury and inflammation in vitro.

OCT inhibits intestinal epithelial cell Caco2 damage by regu-
lating SSTR2. To investigate which SSTR subtype has a role in
the OCT-mediated protection of intestinal epithelial cells, the
protein expression levels of SSTR2, -3 and -5 were examined.
The results demonstrated that the expression levels of SSTR2
were significantly increased following OCT treatment, while
no significant differences in SSTR3 and SSTRS5 expression
were observed (Fig. 2A and B). Thus, it was hypothesized that
OCT may protect intestinal epithelial cells through binding
to SSTR2. SSTR2 knockdown was subsequently performed
using siRNA transfection (Fig. 2C). The highest level of
transfection efficiency was observed following transfection

with siRNA-1264 thus, siRNA-1264 was selected for use
in subsequent experiments. The results demonstrated that
OCT treatment did not reverse the LPS-induced reduction
in Caco2 and Sw480 cell viability following SSTR2 knock-
down (Fig. 2D). Furthermore, in SSTR2 knockdown cells,
OCT treatment did not reverse the LPS-induced increase in
pro-inflammatory cytokine expression levels (Fig. 2E).

OCT protects against LPS-induced intestinal epithelial
barrier dysfunction in Caco2 cells. To further explore the
effects of OCT on LPS-induced intestinal epithelial barrier
dysfunction, the integrity and permeability of the intestinal
epithelium were evaluated using TEER and FD4 assays
in Caco?2 cells. After 24 h of incubation, the resistance and
permeability of cells in the control group remained at a stable
level. In addition, the results revealed a significant decrease
in resistance and a significant increase in FD4 permeability
following LPS treatment. It was also demonstrated that cells
pre-treated with OCT exhibited higher TEER values (Fig. 3A)
and lower levels of FD4 permeability (Fig. 3B) as compared
with cells treated with LPS alone. Following SSTR2 knock-
down, OCT pre-treatment did not rescue TEER values or
FD4 permeability in Caco2 cells, suggesting that OCT may
preserve monolayer integrity in Caco2 cells via SSTR2.

RT-qPCR was used to investigate the expression levels of
TJ proteins (Fig. 3C). The results suggested that the expression
level of zo-1 was decreased after treatment with LPS; however,
it was rescued after the combined treatment with LPS and
OCT. No similar changes were observed in the expression
of the other two tight junction molecules. Subsequently, zo-1
protein expression levels were evaluated using western blot-
ting (Fig. 3D), and the results obtained were comparable with
those observed using RT-qPCR.

OCT maintains basal levels of autophagy in Caco2 cells
through SSTR2. Previous studies revealed that autophagy has
an important role in maintaining the intestinal epithelial barrier
by regulating TJ proteins (34,35). To determine the protective
mechanisms of OCT in intestinal TJ barrier function, the forma-
tion of autophagosomes and autophagolysosomes in Caco2 cells
was observed using TEM. The results indicated that intestinal
epithelial cells exhibited a basal level of autophagy under normal
physiological conditions; however, autophagy levels were signif-
icantly decreased following LPS treatment for 24 h. By contrast,
levels of autophagy returned to baseline following treatment
with OCT (Fig. 4A). Collectively, these results suggested that
autophagy in Caco2 cells may have a role in the OCT-induced
protection of the intestinal epithelial barrier.

As autophagy is a dynamic process, changes in the levels of
autophagy were observed at different time-points. Results of the
western blot analysis revealed that the ratio of LC3-II/GAPDH
expression reached a maximal level after treatment for 6 h,
and thereafter, the expression levels were reduced following
prolonged LPS treatment. Low levels of LC3-II expression
were observed in Caco2 cells following incubation for 24 h
(Fig. 4B). Of note, the ratio of LC3-II/GAPDH expression also
declined following OCT treatment and returned to baseline
following incubation for 24 h (Fig. 4C). However, following
SSTR2 knockdown, OCT treatment did not restore the levels
of autophagy in Caco2 cells (Fig. 4D).
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Figure 1. OCT attenuates intestinal epithelial cell injury induced by LPS in Caco2 and Sw480 cells. (A) Caco2 cells (left) and Sw480 cells (right) were
incubated with LPS (0-250 pug/ml) for 24 h. (B) Caco2 cells (left) and Sw480 cells (right) were incubated with OCT (0-50 #M) for 24 h. (C) Caco?2 cells (left)
and Sw480 cells (right) were pretreated with OCT (10 M) for 2 h and then stimulated with LPS (50 yg/ml) for 24 h. A CCK-8 assay was then used to detect
the cell viability. (D) TGF-a and IL-6 expression in Caco2 cells and Sw480 cells were determined by reverse transcription-quantitative PCR. "P<0.05, “P<0.01,
“"P<0.001, ""P<0.0001 as indicated. LPS, lipopolysaccharide; OCT, Octreotide; CKK-8, Cell Counting Kit-8.

OCT regulates changes in autophagy in Caco?2 cells. Caco2 cells
were transfected with the Ad-mRFP-GFP-LC3 adenovirus to
assess potential changes in autophagy. In this system, the GFP
signal is quenched in the acidic environment of lysosomes, whilst
the mRFP signal remains stable. Therefore, autolysosomes and
autophagosomes are labelled red or yellow, respectively (36).
Utilizing this fluorescence peculiarity, the autophagy flux in each
drug treatment group was monitored (Fig. 5A). The numbers of
yellow and red dots were significantly increased following LPS
treatment alone, reaching a maximal value after 6 h, before
declining after 24 h (Fig. 5B). Pre-treatment with OCT also
increased the numbers of yellow and red dots after 6 h, and these
levels returned to baseline after 24 h (Fig. 5C). Of note, these
results were comparable with those obtained in the western blot
analysis of LC3-II protein expression (Fig. 4B and C).

Collectively, these results suggested that OCT may protect
against LPS-induced intestinal epithelial barrier dysfunction
via SSTR2. These changes may be closely associated with
autophagy in intestinal epithelial cells.

Discussion

Somatostatin analogues are widely used in clinical prac-
tice (37) and are considered a safe and effective treatment
option for acromegaly and acute pancreatitis (38). OCT, a
somatostatin analogue, reduces damage to the intestinal
mucosal barrier (39), prevents chemotherapy-induced diar-
rhea and other refractory diarrhea (40), and alleviates IBD
and intestinal mucosal barrier injury (41). However, the
mechanisms underlying the protective effects of OCT in
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Figure 2. OCT alleviates intestinal epithelial cell damage by regulating SSTR2. (A and B) Caco2 cells were pretreated with 10 xM OCT for 2 h and then stimu-
lated with 50 yg/ml LPS for 24 h. The protein expression levels of SSTR2, SSTR3 and SSTRS were determined by western blot analysis. (A) Representative
western blots and (B) quantified expression levels. (C) Detection of SSTR2 gene interference efficiency by RT-qPCR. (D) The Cell Counting Kit-8 assay was
used to detect the viability of Caco2 cells (left) and Sw480 (right) treated with LPS (50 pg/ml) and OCT (10 #M) after interfering with SSTR2 expression.
(E) TGF-a and IL-6 in Caco2 and Sw480 cells were determined by RT-qPCR. "P<0.05, “'P<0.01, ““P<0.001, “"*P<0.0001 as indicated; ns, no significance.
RT-qPCR, reverse transcription-quantitative PCR; LPS, lipopolysaccharide; OCT, Octreotide; NC, negative control; si, small interfering RNA; SSTR, soma-

tostatin receptor.

intestinal epithelial cells have remained elusive. Therefore,
further investigations are required to determine the regulatory
mechanism of OCT in intestinal epithelial cells and to explore
novel targets for the treatment of diseases that cause intestinal
mucosal damage.

LPS treatment of Caco2 cells is widely used to simulate
intestinal mucositis in vitro (31,32,42). The present study
aimed to determine the effects of OCT in LPS-treated Caco2
cells, using Sw480 cells for confirmation Results of the present
study revealed that the LPS-induced reduction in cell viability
was inhibited following OCT pre-treatment in Caco2 and

Sw480 cells, suggesting that OCT may exert a protective role
on the intestinal inflammatory environment. However, the role
of OCT in the protection of intestinal epithelial cell injury
remains unclear.

Somatostatin exerts its biological effects through interacting
with SSTRs, which belong to the G-protein-coupled receptor
superfamily of receptors (43,44). To date, five SSTR subtypes
have been identified, namely SSTRI-5, with all five subtypes
widely expressed in human tissues (14.,43). Results of a previous
study revealed that SSTR2 methylation may act as a prognostic
indicator in colon cancer (45). SSTR1 and SSTR2 are expressed
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at high levels in the colon of patients with IBD and ulcerative
colitis (46.47). Of note, OCT binds to SSTR2 and SSTRS5 with
high affinity, and to SSTR3 with a low affinity (48). OCT does
not bind to SSTR1 or SSTR4 (8). Giuliani (48) previously
reported that long-acting injectable SSTR ligands, OCT and
Lantenside, are suitable as first-line treatment options for patients
with acromegaly (49). In addition, Valencak et al (23) reported
that DOTA-Tyr OCT is commonly used in clinical practice
for the treatment of neuroendocrine tumors, and exerts effects
via binding with SSTR2 (23). In addition, results of a previous
study demonstrated that OCT may be used to effectively treat

patients with thymic epithelial tumors expressing SSTR2 (50).
Somatostatins are used for the inhibition of inflammatory
responses in clinical practice (51). Of note, the 2A subtype of
SSTRs is used in the treatment of IBD, and the regulation of
nerve transmission, proliferation and apoptosis (46). According
to previous literature research, knockdown of SSTR is mostly
concentrated in tumor model studies (52,53). For example,
knockout of SSTR subtypes can improve the sensitivity of the
body to induce neurological diseases (54). Downregulation of
SSTR expression can promote the migration and invasion of
cancer cells (55); however, knockdown models of SSTR are
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analysis at different time-points from 0 to 24 h. "P<0.05, “P<0.01, ™"
OCT, Octreotide; NC, negative control.

rare in inflammatory diseases. In the present cell experiments,
the expression of SSTR2 was interfered with and there was no
impact on other cellular functions. Thus, the potential protective
effects of OCT in intestinal epithelial cells were explored in the
present study. Results of the present study revealed that SSTR2
expression was significantly increased following OCT treatment
in Caco?2 cells. In addition, the LPS-induced reduction in cell
viability was not reversed following OCT pre-treatment and
SSTR2 knockdown in Caco2 and Sw480 cells, suggesting that
the protective effects of OCT were inhibited following SSTR2
knockdown. Collectively, these results suggested that OCT
may attenuate LPS-induced intestinal epithelial injury through
regulation of SSTR2.

P<0.0001 as indicated; ns, no significance. LC, light chain; LPS, lipopolysaccharide;

Damage to intestinal epithelial cells is directly associated
with the function of the intestinal mucosal barrier (56). The
defensive role of the intestinal epithelial barrier is dependent
on intercellular TJs (57). Of note, formation of TJ protein
complexes, including OCLN and zo-1, is crucial for main-
taining the intestinal mucosal barrier (1). In addition, results
of a previous study revealed that TJ destruction and high levels
of mucosal permeability are induced by LPS (58). Results
of a previous study revealed that somatostatins may mediate
recovery from LPS-induced intestinal epithelial barrier
dysfunction through regulation of CLDN4 (59). However, the
specific molecular mechanisms or signaling pathways involved
were not revealed. Results of the present study demonstrated
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that OCT treatment reversed intestinal barrier dysfunction
in LPS-treated Caco?2 cells, as evidenced by elevated TEER
values, decreased FD4 flux and increased zo-1 protein expres-
sion. However, the effects of OCT were reversed following
SSTR2 knockdown. These results suggested that OCT may
preserve intestinal mucosal barrier function and protect intes-
tinal epithelial cells via SSTR2.

Intestinal mucosal barrier function, particularly TJ func-
tion, is closely associated with autophagy. Results of a previous
study revealed that autophagy plays an important role in main-
taining intestinal epithelial barrier function through alteration
of TJ protein dynamics (27). TJ dysfunction in the intestinal
epithelium and defective autophagy are factors that potentiate
IBD (60). Thus, research is focused on the potential interaction
between autophagy and TJ proteins. Results of a previous study
revealed that autophagy induced the degradation of CLDNI,

which reduced the permeability of the intestinal epithelial
TJ (61). Furthermore, autophagy is closely associated with
CLDN proteins (62). Results of a previous study revealed that
CLDN proteins are associated with increases in intestinal TJ
permeability, which has a role in the intestinal pathological
process (63).

Autophagy is an evolutionary mechanism that degrades
cytoplasmic components, and is essential for a variety
of physiological and pathological processes. Autophagy
is associated with the occurrence and development of
IBD (60), although the underlying mechanisms remain
elusive. Results of a previous study demonstrated that
defects in autophagy may exacerbate intestinal inflamma-
tion in genetically-modified mouse models (64). The results
indicated the protective effects of autophagy in intestinal
epithelial cells. Intestinal epithelial cells lacking autophagy
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may cause epithelial barrier dysfunction. In addition, resto-
ration of the autophagic process may ameliorate intestinal
inflammation both in humans and mouse models (65).
Therefore, autophagy exhibits potential as a target for regu-
lating inflammatory response in intestinal epithelial cells.
To further investigate the protective mechanisms of OCT
mediated by SSTR2 in intestinal epithelial cells, autophagy
was observed in the present study.

A basal level of autophagy is typically required for the
maintenance of cell physiology. However, levels of autophagy
are increased in response to numerous pathological processes,
such as hypoxia, inflammation, infection and tumor formation,
where cells attempt to survive against stress responses (66).
Foerster et al (67) previously proposed that the crosstalk
between cell stress pathways and autophagy may restore
intestinal homeostasis (67). Thus, basal levels of autophagy
are required for cell homeostasis.

Results of the present study revealed that the number of
autophagolysosomes and autophagosomes was decreased
following LPS treatment in Caco2 cells, whereas the pretreat-
ment of OCT blunted the effects induced by LPS. Thus,
autophagy may have a key role in the OCT-mediated protec-
tion of intestinal epithelial cells.

Of note, >20 autophagy-related genes (ATGs) have a
role in autophagy. LC3 belongs to the ATGS8 family and is
a labeled protein molecule on the membrane of autopha-
gosomes in higher eukaryotes. Following the formation of
autophagosomes, LC3-I is coupled with phosphatidyletha-
nolamine to form LC3-II, and subsequently localized in
the inner and outer membranes of autophagosomes (68).
LC3-II remains stable on the autophagosome membrane
until it fuses with the lysosome, meaning that the level of
LC3-II expression is indicative of the number of autophago-
somes. Wang et al (69) previously reported that the extent
of transformation from LC3-I to LC3-II was increased
as IBD severity increased in patients, suggesting that
the severity of intestinal inflammation is associated with
autophagy levels (69). The most common methods used
for autophagy detection are western blot analysis of LC3
conversion (LC3-II/LC3-I) and the observation of LC3
point-like aggregates using fluorescence microscopy (70).
In the present study, to determine the effects of OCT on
autophagy, changes in LC3 dynamics in Caco2 cells were
monitored from O to 24 h. The results demonstrated that
LC3-II protein expression levels were increased to the
maximal level after treatment with LPS for 6 h, which may
be indicative of a self-protective mechanism in intestinal
epithelial cells when responding to pathological stress. After
12 h of LPS treatment, LC3-II protein expression levels
were reduced and levels of autophagy reached the lowest
point following LPS treatment for 24 h. However, levels of
autophagy returned to basal levels following pre-treatment
with OCT, highlighting that physiological autophagy was
maintained following OCT treatment. In addition, results
of the present study revealed that the regulatory effects of
OCT on autophagy were inhibited following SSTR2 knock-
down.

OCT is a synthetic analogue of somatostatin and exerts
effects in cells by binding to SSTRs. Results of the present
study revealed that basal autophagy levels in Caco2 cells

are associated with OCT-mediated SSTR2 activation,
leading to increased cell viability and improvements in
barrier function.

In conclusion, the present study suggested that
OCT-mediated SSTR2 activation may preserve intestinal
mucosal barrier function by regulating autophagy in intestinal
epithelial cells. Thus, OCT exhibits potential in the treatment
of intestinal inflammation. In addition, the present study may
provide a novel theoretical basis for the treatment of intestinal
mucosal injury caused by various pathological states. However,
the present study has limitations. For instance, further inves-
tigations into the molecular mechanisms underlying SSTR
activation are required to identify the upstream components
of the SSTR signaling pathway. In addition, the regulatory
effects of OCT on the SSTR signaling pathway require further
verification in vivo.
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