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NF-kB pathway
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ABSTRACT

This study explored the effects of miR-125-5p and interleukin-6 receptor (IL-6 R) on ulcerative
colitis (UC) cell models and mouse models. The sera derived from UC patients and healthy
subjects were collected for expression analysis. UC in vitro models and in vivo model were
constructed and used. Expressions of miR-125-5p, IL-6 R, AK1/STAT3 and NF-«kB pathways, and
inflammatory factors, histopathology and apoptosis were determined by conducting a series of
molecular experiments. The relationship between miR-125-5p and IL-6 R was analyzed by
TargetScan7.2 and verified by dual-luciferase assay. The disease activity index (DAI) score, weight
change, and colon length of the mice were recorded and analyzed. Decreased expression of miR-
125-5p in the sera of UC patients was related to the increased expression of its target gene IL-6 R.
In vitro, up-regulation of miR-125-5p decreased IL-6 R expression, contents of inflammatory factors
in THP-1 cells and cell apoptosis of NCM460, and inhibited the activation of JAK1/STAT3 and NF-
KB pathway. However, down-regulation of miR-125-5p produced the opposite effects to its up-
regulation. IL-6 R overexpression partially reversed the effects of miR-125-5p up-regulation on UC
cell models. In vivo, miR-125-5p overexpression significantly improved the severity of colitis,
including DAI score, colon length, tissue damage, apoptosis, and inflammatory response, in the
mice in the UC group. In addition, miR-125-5p up-regulation significantly reduced the expression
of IL-6 R in the UC mice, and reduced the expression levels of JAK1, STAT3 and p65 phosphoryla-
tion. MiR-125-5p targeting IL-6 R regulates macrophage inflammatory response and intestinal
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epithelial cell apoptosis in ulcerative colitis through JAK1/STAT3 and NF-kB pathway.

Introduction

Ulcerative colitis (UC) is a nonspecific colonic
inflammation, and both UC and Crohn’s disease
are inflammatory bowel diseases (IBDs) [1]. UC,
which mainly occurs at the colonic mucosa or
submucosa, can lead to excessive immune
response in the human body, resulting in the pro-
duction of a large number of inflammatory cyto-
kines and induction of apoptosis of intestinal
epithelial cells [2]. UC is clinically manifestated
as rectal bleeding and severe diarrhea [3]. The
treatment of UC imposes great difficulties and its
incidence is increasing annually [4]. As the patho-
genesis and pathogenic factors of UC are still
unclear, it is particularly urgent to study the
pathogenesis of UC for developing an effective
method to treat UC.

MiRNAs has become biomarkers and potential
therapeutic targets in disease diagnosis and treat-
ment [5,6]. It is now widely acknowledged that
miRNAs play important roles in the pathogenesis
of intestinal diseases, particularly, differentially
expressed miRNAs have been proven to have cri-
tical functions in the colon mucosa, as they can
maintain intestinal mucosal immunity and intest-
inal barrier permeability integrity [7-10]. He et al.
found that miR-301A expression is elevated in
patients with active IBD, and miR-301A can
reduce the expression of BT'GI and the integrity
of mouse colon epithelium, promote inflammatory
response, thereby contributing to tumorigenesis
[11]. Moreover, miR-320a has been found to inhi-
bit the damage of E. coli-induced to the function
of intestinal barriers, and its level is increased in
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blood samples derived from UC mice [12]. A pre-
vious study demonstrated that overexpression of
miR-125 reduces STAT3 phosphorylation in
human intestinal epithelial cells [13]. However,
the understanding of the regulation, biological
effects, and targets of miR-125-5p in UC is cur-
rently limited.

The expression and regulation of interleukin
(IL) 6 and IL6 receptor (IL-6 R) are related to
the occurrence and development of many tumors
[14,15]. At present, abnormal expressions of IL-6
and IL-6 R have been found in tumor tissues of
kidney cancer, prostate cancer, liver cancer, and
esophageal cancer [16,17]. Studies also uncovered
that the expressions of IL-6 and IL-6 R are signifi-
cantly up-regulated in UC patients [18]. IL6, a
typical pro-inflammatory factor, contributes to
the development of UC through the membrane-
bound IL-6 R [19]. Some researchers observed that
miR-21-5p can mediate UC through the IL-6 R/
STAT3 pathway [20], but whether miR-125-5p
also regulated the role of IL-6 R in UC remained
to be determined.

In the current study, based on the study of
Manying Li et al [21], we used lipopolysaccharide
(LPS)-induced acute conjunctivitis cell model and
established a UC mouse model by dextran sodium
sulfate (DSS) treatment, so as to explore the roles
of miR-125-5p and IL-6 R in the development of
UC. The aim of this research was to provide a
research basis for the development of a possible
therapeutic target and molecular basis.

Materials and methods
Ethics statement

Both clinical and animal studies were approved by
the Ethics Committee of Shanghai Ninth People’s
Hospital, Shanghai JiaoTong University School of
Medicine (XH201712031) and the Institutional
Animal Care and Use Committee of Shanghai
Ninth People’s Hospital, Shanghai JiaoTong
University School of Medicine (D201907011). All
the subjects were fully informed of the whole
study. All animal studies were conducted following
the regulations of standard animal care and
laboratory guidelines.

Sera specimens, cell and culture

The sera in this study were collected from 20 active UC
patients who received colonoscopy and from 19
healthy subjects at our hospital between January
2018 and December 2019. The patients were all patho-
logically confirmed as having UC. The serum speci-
mens were obtained from the UC patients and healthy
subjects, and quickly stored at —80°C. Patients con-
firmed as having UC were included. Healthy subjects
without other illness confirmed by a medical exam-
ination were enrolled as healthy controls. Patients with
polar outbreak type and chronic persistent type of UC,
with more severe illness, infectious bowel disease or
Crohn’s disease, ischemic bowel disease or radiation
enteritis were excluded. Moreover, subjects during
pregnancy, patients with allergies, mental illnesses or
other major diseases were also excluded. In addition,
the included UC patients were not treated with other
drugs, and their clinical manifestations were consis-
tent. The clinical data of the patient are shown in
Table 1.

THP-1 (TIB-202, American Type Culture
Collection, USA) and NCM460 normal colonic
epithelial ~ cells  (http://www.jennio-bio.com/,
GuangZhou Jennio Biotech Co., Ltd, CA) were
used in the current study. The cells were cultured
following the requirements of the company. All
the cells were cultured in RPMI-1640 Medium
(30-2001, ATCC, USA) containing 10% Fetal
Bovine Serum (FBS) (30-2020) in a 5% CO, incu-
bator at 37°C. When the cells of third generation
reached a concentration of logarithmic growth
stage, they were used for follow-up study.

Co-culture and cell transfection

The co-cultivation system of THP-1 and NCM460
cells was established as previously described and

Table 1. The relationship between miR-125-5p expression and
Ulcerative Colitis clinical characteristics.

miR-125-5p expression

Variable n=20 Low (n = 15) High (n = 5) P value
Gender 0.500
Male 10 7 3
Female 10 8 2
Age 0.704
<60 12 9 3
>60 8 6 2
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appropriately adjusted. To set up a co-culture model,
NCM460 cells were cultured in a 6-well at a density of
2 x 10 cells/well for 17 to 20 days to obtain a com-
plete monolayer and seeded in the upper Transwell
chamber. THP-1 cells were cultured in a 6-well plate
at a density of 1.5 x 10° cells/ well, treated by 10 ng/
mL PMA and 0.3% bovine serum albumin for
48 hours (h) and seeded in the upper Transwell
chamber. After confirming that THP-1 cells had dif-
ferentiated into macrophages, the Transwell chamber
used to culture the NCM460 cells for 17 to 20 days
was placed in culture wells for culturing the macro-
phage-like THP-1 cells. Lipopolysaccharide (LPS) was
then added into the lower chamber at a final concen-
tration of 100 ng/ ml. The agomiR-NC, antagomiR-
NC, agomiR-125-5p and antagomiR-125-5p groups
were transfected into THP-1 cells before co-culture.
The agomiR-125-5p/agomiR-NC and IL-6 R/NC
overexpression plasmids were co-transfected into
THP-1 cells 48 h after co-transfection, and then
further co-cultured. Finally, the two cell lines were
co-cultured for 24 h. All the plasmids were con-
structed by outsourcing of Genepharma Co., Ltd.
(Shanghai, CA). In addition, the cells were transfected
according to the instructions of Lipofectamine 3000
(L3000015, ThermoFisher, USA).

Real-time quantitative PCR (qRT-PCR)

Real-time quantitative PCR was performed to
detect gene expression, with B-actin and U6 as
internal controls. The relative expression of the
target gene was calculated using the 2744
method [22]. All primer sequences were
shown in Table 2. In short, the total RNAs of
each test sample were extracted. The specific
procedures were conducted strictly by referring
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quantitative analysis, and the same amount of
RNA was from each group was used for per-
forming reverse transcription (One-Step
PrimeScript RT-PCR Kit, RR064A, Japan). The
conditions were described as follows: pre-dena-
turation at 95°C for 10 min, denaturation at 95°
C for 15 s, annealing at 60°C for 1 min, for a
total of 40 cycles. After amplified by PCR, each
detection sample was quantified using a real-
time quantitative PCR kit (A46113, Applied
Biosystems, USA). Each sample was set up
with additional 3 parallel samples and the
experiment was operated in triplicate.

Bioinformatics prediction

TargetScan 7.2 (http://www.targetscan.org/vert_
72/) was used to predict the binding site of miR-
125-5p and IL-6 R.

Dual-luciferase activity assay

The IL-6 R fragment was inserted into the
pmirGLO vector (E1330, Promega, CA, USA) as
a wild-type IL-6 R plasmid (IL-6 R-WT), and the
mutated binding site of IL-6 R fragment was
inserted into the pmirGLO vector as a mutant
IL-6 R plasmid (IL-6 R-MUT). The HEK293T
cells were simultaneously transfected with
agomiR-125-5p and IL-6 R-WT or IL-6 R-WT.
48 h after the transfection, dual-luciferase reaction
intensity of each group of cells was measured
using a kit (FR201-01, TransGen Biotech, CA).

Enzyme-linked immunosorbent assay (ELISA)

Cell supernatants or mouse colon tissue homoge-

to the instructions of TRIzo Reagent nates were collected from each group. ELISA was
(15,596,026, Thermo Fisher, USA). Then, the performed to detect the expressions of interleukin-
total RNA of each sample was subjected to 6 (IL-6, PI330-human/PI326-mouse), IL-1§
Table 2. All primer in this study.

ID Forward sequence(5X-3K) Reverse sequence(5X-3KX)
IL-6 R CATTGCCATTGTTCTGAGGTTC AGTAGTCTGTATTGCTGATGTC
B-actin GTGGGCGCCCCAGGCACCA CTCCTTAATGTCACGCACGATTT
miR-125-5p TGTGAGTCGTATCCAGTGCAA GTATCCAGTGCGTGTCGTGG

U6 AGCCCGCACTCAGAACATC GCCACCAAGACAATCATCC

IL-6 R-m GCCACCGTTACCCTGATTTG TCCTGTGGTAGTCCATTCTCTG
B-actin-m GTGACGTTGACATCCGTAAAGA GCCGGACTCATCGTACTCC
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(PI305-human/PI301-mouse), and tumor necrosis
factor a (TNF-a, PT518-human/PT512-mouse) in
each test samples. Briefly, the supernatant was
centrifuged to remove the precipitate, then added
to the coated antibody microwells, and diluted. A
horseradish peroxidase-labeled detection antibody
was added to the supernatant for further incuba-
tion at room temperature for 20 min in the dark.
After washing, the substrate was added and incu-
bated in the dark at room temperature for another
20 min. The reaction was terminated by adding
stop solution, and the OD value of each well was
measured at 450 nm using a microplate reader
(GX71, Olympus, Japan). The specific operation
was based on the ELISA kit instructions. All the
kits were purchased from Beyotime.

Flow cytometry

The cells of each group were digested by 0.25%
trypsin, and the cells were collected and washed 3
times with pre-cold phosphate buffer. The cells
were adjusted to a density of 1 x 10* cells/ml by
binding buffer, 100 pl of the cell suspension was
added to the test tube, and then 5 pl of Annexin V
and 10 ul of PI (APOAF, Sigma, Germany) were
supplemented to the cells and incubated together
for 15 min in the dark. Flow cytometry (FACScan,
BD Biosciences, USA) and flow Jo V10 software
(BD Biosciences) were used for the detection and
analysis of cell apoptosis in each group.

Western blot analysis

Changes in related protein expressions were deter-
mined by Western blot. The specific operation
began with total protein extraction, SDS-PAGE
gel preparation, followed by protein loading,
separation electrophoresis, and membrane trans-
fer. Subsequently, primary antibody incubation
and secondary antibody incubation were per-
formed, followed by color development and
photography. B-actin was used as a reference pro-
tein. Protein expressions were analyzed using a gel
imaging system. RIPA lysate (P0013, Beyotime,
CA), PVDF membrane (Immobilon-P Transfer
Membrane, EMD Millipore Corporation, MA),
ECL kit (SL1350-100 ml, Coolaber, China), and
Image] (version 5.0, Bio-Rad, USA) were used in

this experiment. The primary antibodies used were
as follows: IL-6 R (1/1000, sc-373,708, 80 kD,
Santa Cruz), JAK1 (1/1000, ab133666, 133 kD,
Abcam), p-STAT3 (1/2000, ab76315, 88 kD,
Abcam), STAT3 (1/5000, ab119352, 88 kD,
Abcam), p-p65 (1/2000, ab86299, 60 kD, Abcam),
p65 (0.5 pg/ml, ab16502, 64 kD, Abcam), B-actin
(1 pg/ml, ab8226, 42 kD, Abcam). Secondary anti-
bodies were Anti-Mouse IgG (1:5000, ab205719)
and Anti-Rabbit IgG (1:5000, ab205718).

Animal and modeling

To detect the effect of miR-125-5p on ulcerative
colitis in vivo, we used mice to establish a disease
model. 3 CRISPR-Pro-ILR6 knockout mice
(weighting 18-22 g) purchased from Cyagen
Biotechnology Co., LTD (China) were used to set
up a UC animal model. A total of 60 C57BL/6
mice (6-8 weeks old, weighting 18-22 g) were
used in this experiment. UC animal model was
induced by dextran sodium sulfate (DSS). The
mice were randomly divided into 6 groups
(n = 10). All the mice except the Sham group
were induced with colitis by administrating drink-
ing water containing 5% DSS for 7 consecutive
days. agomiR-125-5p, agomiR-NC, antagomiR-
125-5p, and antagomiR-NC were ordered from
RiboBio (Guangzhou, China). The mice in the
Sham group received normal diet and saline injec-
tion; the mice in the UC group received 5% DSS
drinking water for 7 consecutive days [21,23]; the
mice in UC + agomiR-NC and (4) UC + agomiR-
125-5p groups received were injected with 100 pL
agomiR-125-5p or agomiR-NC via tail vein 3 times
a week. One week later, 5% DSS was orally admi-
nistered into the mice for 7 consecutive days.
agomiR-125-5p and agomiR-NC doses were used
at 2 mg/ml. Changes in mouse body weight were
recorded. 8 days after the colitis induction, the
mice were sacrificed by cervical dislocation under
anesthesia [30 mg/kg sodium pentobarbital
(intraperitoneal, B5646-50 mg, ApexBio, USA)],
and their colons were collected for analysis and
measured for colon length. The proximal colon
was cut from 10 to 15 mm, rinsed in physiological
saline at 4°C, fixed by 4% paraformaldehyde, dehy-
drated, and then paraffin-embedded.



Disease activity index (DAI) score

The mice were scored by DAI according to the aver-
age of three parameters, which are stool consistency,
stool blood and percent weight loss. The specific
scoring system is as follows: weight loss percentage:
0,1-5% =1, 5-10% = 2, 10-20% = 3, > 20% = 4. Stool
consistency: well-formed pellets = 0, soft but still-
formed = 1; very soft = 2; diarrhea = 3. Fecal blood:
0 = no blood, 1 = positive blood occult blood,
2 =Dblood stains in the stool, 3 = major rectal bleeding.

Hematoxylin-eosin (H&E) staining

The paraffin blocks were routinely dewaxed, and then
stained by hematoxylin for 7 min and by eosin for
1 min for pathological examination (H&E staining,
C0105, Beyotime, CA). Morphological changes of
colonic tissues of the mice were observed under eye-
pieces (CKX53, OLYMPUS, Japan) after neutral gum
sealing.

Transferase-mediated dUTP nick-end labeling
(TUNEL) assay

To observe the apoptotic DNA fragments in the colon
tissues of the mice in each group, TUNEL staining
was performed according to the instructions of the kit
(11,684,795,910, Roche, Switzerland). The tissue sec-
tions were routinely dehydrated and incubated with
proteinase K for 15 min at 37°C. The sections were
then added to the TUNEL solution and incubated for
60 min, subsequently counterstained with hematox-
ylin at 37°C for 5 to 30 min and then sealed. Finally,
under a microscope (CKX53, OLYMPUS, Japan), 10
random areas of the sections were observed for ana-
lysis and the percentage of TUNEL positive cells was
calculated.

Immunohistochemistry (IHC)

The paraffin sections of the mouse colon tissues were
dewaxed, blocked by 3% H,0, at room temperature,
and trypsin was used for antigen retrieval. The sec-
tions were incubated with IL-6 R primary antibody
(2.5 pg/ml, ab133666, Abcam) at room temperature.
Next, the secondary antibody Anti-Rabbit IgG
(ab205718) was added to the sections and incubated
together at room temperature, rinsed in PBS,
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developed by DAB solution, followed by counter-
staining with hematoxylin and mounting. Each sec-
tion was observed from five high-power fields under a
microscope, and the expression of IL-6 R of each
group was measured using Image Pro Plus 6.0 image
analysis software (Media Cybernetics, USA).

Immunofluorescence

Fluorescence microscopy (BX61, Olympus, Japan)
was applied to observe the transfer of P65 in
mouse intestinal epithelial cell nucleus. After
model building, we took tissues of model mice
and fixed them in 4% formaldehyde for 24 hours.
We made pathological sections (the same step as
H&E staining). The tissue sections were incubated
with 0.2% Triton X-100 for 10 min, then blocked
the serum for 20 min at 37°C, added with the
primary antibody for an overnight incubation at
4°C. Then the tissues were incubated with the
secondary antibody for 1 hour at 37°C, and the
nucleus was stained with DAPI (C1002, Beyotime
Biotechnology, China). Next, the 100 ul stationary
liquid were used to fix the tissue section. After
fluorescence staining for 1 h, the fluorescence
microscope is used to observe tissue sections.

Statistical analysis

The data were expressed as mean * standard
deviation (SD). Statistical analysis was performed
using SPSS v18.0 software. Comparisons among
multiple groups were performed using one-way
analysis of variance, whereas comparisons between
two groups were conducted using Student’s .
P < 0.05 was defined as statistically significant.
The correlation between IL-6 R and miR-125-5p
was analyzed by Pearson correlation coefficient.

Results

The decreased expression of miR-125-5p in UC
patients was related to the increased expression
of its target gene IL-6 R

The expressions of IL-6 R and miR-125-5p were
determined for the analysis of the regulatory
mechanisms and physiological functions of the
two in UC. As shown in Figures 1(a and b),
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compared with the healthy samples, the expression
of IL-6 R in the UC patients was significantly
increased, while the expression of miR-125-5p
was greatly decreased (P < 0.001). Then, the cor-
relation between IL-6 R and miR-125-5p in UC
samples was examined, and we found that the
expressions of miR-125-5p and IL-6 R were sig-
nificantly negatively correlated (r = -0.575, p
= 0.008, Figure 1(c)). Next, we predicted and ver-
ified the targeted binding sites of miR-125-5p and
IL-6 R, and found that miR-125-5p could specifi-
cally target IL-6 R (P < 0.001, Figure 1(d,e)).

Effect of overexpressed miR-125-5p on co-culture
system of THP-1 cells and NCM460 cells in vitro

Here, as a common model to simulate UC in vitro,
a co-culture system of THP-1 cells and NCM460

cells was used for further research [24]. The
expressions of IL-6 R and miR-125-5p in the
THP-1 cells were detected, and we found that
agomiR-125-5p transfection can noticeably reverse
the expression of miR-125-5p previously decreased
by LPS, but antagomiR-125-5p further promoted
the inhibitory effect of LPS on miR-125-5p expres-
sion (P < 0.05, Figure 2(a)). However, agomiR-
125-5p transfection could greatly reverse the IL-
6 R expression increased by LPS, while
antagomiR-125-5p enhanced further promoted
IL-6 R expression increased by LPS (P < 0.05,
Figure 2(b-d)). ELISA was performed to further
detect the effect of miR-125-5p overexpression on
inflammatory factors in the co-culture system. As
expected, agomiR-125-5p transfection significantly
reduced the release of inflammatory factors (IL-6,
IL-1B and TNF-a) in the LPS-induced co-culture
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Figure 1. The decreased expression of miR-125-5p in ulcerative colitis (UC) is related to the increased expression of its target IL-6 R.
(a) The expression of IL-6 R in serum specimens of healthy (n = 19) and UC groups (n = 20) was detected by reverse transcription
real-time quantitative polymerase chain reaction (RT-gPCR). (b) The expression of miR-125-5p in serum specimens of healthy (n = 19)
and UC groups (n = 20) was detected by RT-gPCR. (c) The correlation between IL-6 R and miR-125-5p expression in UC samples was
analyzed by Pearson (r = —0.575, p = 0.008). (d) The binding site of miR-125-5p to IL-6 R was predicted using TargetScan 7.2. (e)
Luciferase assay confirms the targeting relationship between miR-125-5p and IL-6 R. All experiments have been performed in
triplicate. B-actin and U6 were used as controls, respectively. *** P < 0.001 vs. Healthy, *** P < 0.001 vs. agomiR-NC.
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Figure 2. Effects of miR-125-5p overexpression on co-culture system of monocyte cells (THP-1) and human intestinal epithelial cells
(NCM460). (a) After co-cultivation of THP-1 and NCM460 for 24 hours, the expressions of miR-125-5p in THP-1 cells of the Control,
Model, agomiR-NC, agomiR-125-5p, antagomiR-NC, and antagomiR-125-5p groups were detected by reverse transcription real-time
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quantitative polymerase chain reaction (RT-qPCR). (b-d) After co-culture of THP-1 and NCM460 for 24 hours, the expression of IL-6 R
in THP-1 cells of each group was detected by RT-qPCR and Western blot. (e-g) Enzyme-linked immunosorbent assay (ELISA) was used
to determine the contents of interleukin-6 (IL-6), IL-13 and tumor necrosis factor-a (TNF-a) in the supernatant of medium in each
group. (h) After 24-h co-culture of THP-1 and NCM460, the apoptosis of NCM460 cells was detected by flow cytometry. All the
experiments have been performed in triplicate. B-actin and U6 were used as controls, respectively. ** P < 0.01, *** P < 0.001 vs.

Control; ™ P < 0.01, ™ P < 0.001 vs. agomiR-NC; " P < 0.05, ™" P < 0.01,

system, while antagomiR-125-5p promoted the
LPS-induced inflammatory response (P < 0.01,
Figure 2(e-g)).

As can be seen in Figure 2(h), in the co-culture
system agomiR-125-5p transfection greatly reduced
NCM460 apoptosis induced by LPS, while
antagomiR-125-5p promoted LPS-induced NCM460
cell apoptosis. Furthermore, as shown in Figure 3, we
examined the effects of miR-125-5p on the JAK1/
STATS3 signaling pathway and NF-kB signaling path-
way. Western blotting showed that the levels of JAKI,
p-STAT3 and p-p65 increased significantly in the
model group, while agomiR-125-5p transfection can
significantly reverse the expressions of these proteins
in the model group, and antagomiR-125-5p promoted
the expressions of these proteinsin the model group
(Figure 3(a-h), P < 0.05), indicating that agomiR-125-
5p transfection can significantly reverse the LPS-
induced activation of the JAK1/STAT3 pathway in
intestinal epithelial cells and at same time inhibited
the activation of the NF-kB pathway, however,
antagomiR-125-5p aggravated LPS-induced activa-
tion of JAK1/STAT3 pathway and p65
phosphorylation.

IL-6 R overexpression partially reversed the
effect of miR-125-5p overexpression on the co-
culture system of THP-1 cells and NCM460 cells in
vitro

The above studies showed that miR-125-5p over-
expression played a key role in the co-culture system
of THP-1 cells and NCM460 cells, therefore, the role
of IL-6 R was studied by performing rescue experi-
ment. After the transfection of IL-6 R overexpression
plasmid into the cells, the transfection efficiency of
IL-6 R was significantly improved in the IL-6 R
group (52%) (P < 0.05, Figure 4(a-c)). Additionally,
IL-6 R overexpression greatly enhanced the expres-
sions of inflammatory factors, and noticeably
reversed the effect of agomiR-125-5p on inhibiting
THP-1 cells from releasing inflammatory factors (P

AAN

P < 0.001 vs. antagomiR-NC.

< 0.01, Figure 4(d-f)). As shown in Figure 4(g), IL-
6 R overexpression promoted apoptosis of NCM460
cells, and at the same time significantly reversed the
inhibitory effect of agomiR-125-5p on the apoptosis
of NCM460 cells (P < 0.05).

To further determine the possible molecular
pathways of IL-6 R and miR-125-5p in UC,
Western blot results showed that IL-6 R overex-
pression significantly reversed the effects of miR-
125-5p overexpression on JAK1/STAT3 and NF-
kB pathways in NCM460 cells (P < 0.05, Figure 5
(a-h)). Specifically, the expressions of JAKI, p-
STAT3, and p-p65 were increased in the IL-6 R
group, but decreased in the agomiR-125-5p + NC
group, and were sharply lower in the agomiR-125-
5p + IL-6 R group than in the IL-6 R group.

Effect of miR-125-5p agomiR on the UC mouse
model in vivo

In vitro experiments showed that miR-125-5p specifi-
cally targeted IL-6 R to regulate the inflammatory
response in macrophages, but reduced the apoptosis
of intestinal epithelial cells. To further confirm the
physiological and pathological effects of miR-125-5p
in vivo, a UC mouse model was set up by the induction
from sodium dextran sodium sulfate (DSS) in the
subsequent experiments. We recorded the body
weight changes of the mice in each group for 7 con-
secutive days, and observed that compared with the
Sham group, the weight of mice in the UC group was
sharply reduced during the model construction, but
was greatly improved by miR-125-5p overexpression
(P < 0.001, Figure 6(a)). As shown in Figure 6(b), the
DALI score of the UC group was significantly higher
than that of the Sham group, but miR-125-5p over-
expression greatly lowered the DAI score of the mice
in the UC group (P < 0.001). Importantly, the colon
length in the UC group was noticeably shorter, but
agomiR-125-5p injection significantly increased the
length of colons in the UC group (P < 0.01, Figure

6(c)).
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Figure 3. (a-h) Western blot was used to detect the expressions of JAK1, p-STAT3, STAT3, p-p65 and p65 in the Control, Model,
agomiR-NC, agomiR-125-5p, antagomiR-NC, and antagomiR-125-5p groups. All the experiments have been performed in triplicate. -

actin was used as a control. *** P < 0.001 vs. Control; *P < 0.05, ¥ P < 0.01, ¥ P < 0.001 vs. agomiR-NC; " P < 0.05, ""

antagomiR-NC.

The H&E staining experiment demonstrated
that the colon tissue structure was complete in
the Sham group, but the UC group showed
crypt damage, goblet cell loss, monocyte infil-
tration, and severe mucosal destruction. The
UC+agomiR-NC  group showed diffused
damage at the crypt structure, loss of goblet
cells, and massive neutrophil infiltration.
Meanwhile, inflammatory cell infiltration was
less and the colon structure was intact without
obvious ulcers in UC+agomiR-125-5p, suggest-
ing that miR-125-5p overexpression

P < 0.01 vs.

significantly improved colon tissue damage in
the mice in the UC group (Figure 6(d)).
Compared with the Sham group, the apoptosis
of colon tissues of the mice in the UC group
was noticeably increased, and overexpression of
miR-125-5p could greatly reduce the amount of
the cell apoptosis (Figure 6(e)). In addition, the
contents of inflammatory factors in mouse
colon tissues were significantly higher in the
UC group than in the Sham group, and greatly
less in the UC + agomiR-125-5p group than in
the UC group (P < 0.01, Figure 7(a-c)).
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agomiR-125-5p+NC, agomiR-125-5p+IL-6 R group was detected by reverse transcription real-time quantitative polymerase chain
reaction (RT-qPCR) and Western blot. (d-f) Enzyme-linked immunosorbent assay (ELISA) was used to determine the contents of
interleukin-6 (IL-6), IL-1B and tumor necrosis factor-a (TNF-a) in the supernatant of medium in each group. (g) After 24-h co-culture
of THP-1 and NCM460, the apoptosis of NCM460 cells in each group was detected by flow cytometry. All the experiments have been
performed in triplicate. B-actin was used as a control. * P < 0.05, ** P < 0.01 vs. NC; *P < 0.05, * P < 0.01, ** P < 0.001 vs. IL-6 R; " P
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All the experiments have been performed triplicate. ** P < 0.01, *** P < 0.001 vs. Sham; * P < 0.01, #* P < 0.001 vs. UC + agomiR-
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miR-125-5p agomiR affected UC mouse models
through IL-6 R in vivo

In order to further clarify whether IL-6 R and
miR-125-5p had the same regulatory effects in
vivo, the expression of miR-125-5p in the colon
tissues of the mice in each group was determined.
As shown in Figure 7(d), as compared with the
Sham group, the expression of miR-125-5p in the
colon tissues of the mice in the UC group was
significantly reduced, which, however, was greatly
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TNF-a (pg/mg protein)
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increased by agomiR-125-5p injection (P < 0.001).
The data also revealed that the expression of IL-
6 R in the colon tissues of the mice in UC group
was significantly higher than that in Sham group,
and agomiR-125-5p injection noticeably reduced
the expression of IL-6 R (Figure 7(e)). As expected,
the results obtained here supported those of
Western blot (P < 0.01, Figure 8(a-i)). We also
found that compared with the Sham group, the
expression of JAK1 and the levels of STAT3 and
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Figure 7. MiR-125-5p agomiR affects the expression of inflammatory factors, miR-125-5p and IL-6 R in ulcerative colitis (UC) mouse
model. (a-c) The expression of interleukin-6 (IL-6), IL-1B and tumor necrosis factor-a (TNF-a) in the colon tissue homogenates of mice
in the Sham, UC, UC + agomiR-NC, and UC + agomiR-125-5 groups was measured using enzyme-linked immunosorbent assay
(ELISA). (d) The expression of miR-125-5p in the colon tissues of each group of mice was detected by reverse transcription real-time
quantitative polymerase chain reaction (RT-qPCR). (e) The expression of IL-6 R in colon tissues of mice in each group was detected by
immunohistochemistry. Magnification x 200, Scale = 100 pm. All experiments have been performed in triplicate. *** P < 0.001 vs.

Sham; # P < 0.01, ** P < 0.001 vs. UC + agomiR-NC.
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p65 phosphorylation were significantly increased
in the UC group, and agomiR-125-5p injection
could greatly reverse the activation of JAK1/
STAT3 and NF-kB pathways in the UC group. In
addition, we found that compared with overex-
pression of miR-125-5p, IL-6 R silencing can also
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achieve the same effect of improving UC as over-
expression of miR-125-5p did.
Immunofluorescence detection of p65 metastasis
showed that the p65 content in the nucleus of the
UC and UC+agomiR-NC groups was increased
significantly, and that the overexpression of miR-
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Figure 8. (a-i) Western blot was used to detect the expressions of IL-6 R, JAK1, p-STAT3, STAT3, p-p65 and p65 in colon tissues of
mice in Sham, UC, UC + agomiR-NC, UC + agomiR-125-5 and UC + silL6R groups. All the experiments have been performed in

triplicate. *** P < 0.001 vs. Sham; * P < 0.05, * P < 0.01, ** P < 0.001 vs. UC;
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P < 0.001 vs. UC + agomiR-NC.
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Figure 9. Fluorescence microscopy (BX61, Olympus, Japan) was used to observe the transfer of p65 in mouse intestinal epithelial cell
nucleus. We found that within 1 h of staining, p65 translocation was found in the UC group and the UC+ agomiR-NC group.

125-5p could sharply reduce the nuclear content of
p65 (Figure 9).

Discussion

The current study found that IL-6 R was abnor-
mally high-expressed and miR-125-5p was low-
expressed in the serum specimens of UC patients.
Exosomes are important vectors for miRNA trans-
port, and studies have increasingly found that
miRNAs derived from exosomes play an impor-
tant regulatory role in biological functions [25,26].
Therefore, we speculated that the source of miR-
125-5p in the serum of UC patients might be from
exosomes. Further investigation revealed that IL-
6 R expression can be inhibited by specific targeted
binding of miR-125-5p. In in vitro experiment, we
established an acute conjunctivitis cell model, and
observed that IL-6 R overexpression was asso-
ciated with inflammatory release in macrophages
and increased apoptosis of intestinal epithelial
cells, but miR-125-5p wup-regulation partially
reversed the role of IL-6 R. In in vivo experiments,
we found that miR-125-5p up-regulation signifi-
cantly increasebody weight and colon length, and
greatly reduced the infiltration of inflammatory
cells and the production of pro-inflammatory

mediators in the serum and colon. At the same
time, the above changes were accompanied by
reduced expression of IL-6 R and inhibition of
JAK1/STAT3 and NF-kB pathway activation.

A large number of basic and clinical studies
have shown that under the influence of environ-
mental factors, genetically susceptible patients
could develop abnormal intestinal immune
response, which will cause abnormal activation of
immune cell dysfunction, ultimately leading to the
incidence of UC, and that the intestinal mucosal
immune homeostasis is the direct cause of UC
[19,27]. Studies increasingly demonstrated that
anti-inflammatory and  regulating immune
response can effectively improve the excessive
immune and inflammatory response in UC
patients [28]. Previously, it has been found that
IL-6 R is high-expressed in UC patients [18],
which was also verified in our experiments,
because we also observed that IL-6 R may play a
pro-inflammatory role in UC. At present, it has
been widely acknowledged that miRNAs targeting
the transcription of proteins to encode the intest-
inal barrier and its receptors [29]. miRNAs can
affect the secretion of downstream inflammatory
factors or participate in the development and dif-
ferentiation of the immune system through



2562 (&) D.YAO ET AL

specific interaction with target gene sequences,
thus participating in the occurrence and develop-
ment of chronic inflammatory responses [30]. Our
study showed that miR-125-5p expression was
reduced in UC patients, which was consistent
with the findings from previous studies.
However, past research did not examine the role
and mechanism of miR-125-5p and IL-6 R in UC
[18]. We found that miR-125-5p and IL-6 R were
negatively correlated and there was a target bind-
ing relationship between the two, indicating that
miR-125-5p may inhibit the inflammatory
response through inhibiting IL-6 R expression.

Study discovered abnormal expression profiles
of miRNAs in a variety of diseases, including in
UC [9]. The abnormal expression of miRNA in
UC cells can suppress or activate the expressions
of target genes [7,31]. Our results indicated that
miR-125-5p overexpression inhibited the expres-
sion of IL-6 R in UC. It has been found that up-
regulation of miR-21 expression causes Rho-
mRNA degradation to increase intestinal epithelial
permeability, disrupt the intestinal mucosal bar-
rier, and increase inflammation [32]. Cytokines
play an important role in mediating and regulating
immune and inflammatory responses, and are clo-
sely related to the pathogenesis of UC [4]. The
imbalance between the pro-inflammatory cytokine
and anti-inflammatory cytokine is considered to
be a crucial factor leading to the pathogenesis of
UC [27]. Researchers observed that NF-kB is the
“master switch” for the expressions of various
proinflammatory mediator genes [33]. In addition,
the JAK1/STAT3 pathway is an important signal-
ing pathway regulating biological behaviors such
as cell growth, apoptosis, differentiation, and
migration. In cell apoptosis, mitochondrial path-
way apoptosis is a critical biological process regu-
lated by the JAK1/STAT3 signaling pathway [34].
We found that in UC cell models, up-regulating
miR-125-5p expression inhibited the inflammatory
response and activation of JAK1/STAT3 and NF-
kB pathways, reduced the apoptosis of intestinal
epithelial cells, but overexpression of IL-6 R can
partially reverse the effect of miR-125-5p, suggest-
ing that miR-125-5p targeting IL-6 R improved
inflammatory response and over-immunity in the
UC cell model.

Parallel experiments in vivo have been pre-
viously performed. Studies found that miR-19a
expression was significantly reduced and TNF-a
expression was greatly increased in DSS-treated
mouse colitis and in colon tissue of UC patients
[35]. In this study, we also used the DSS-induced
UC mouse model for investigation. Interestingly,
miR-125-5p overexpression was found to notice-
ably ameliorate the severity of colitis in the mice in
the UC group, which was supported by reduced
DALI score, tissue damage, apoptosis, and inflam-
matory response. It should be noted that miR-125-
5p up-regulation significantly reduced the expres-
sion of IL-6 R in the UC mice and the expression
of JAK1, STAT3 and p65 phosphorylation in colon
tissues of the UC mice.

In conclusion, the current study was the first
to report that miR-125-5p targeting IL-6 R inhi-
bits inflammatory response in UC and reduces
the apoptosis of intestinal epithelial cells, and
such a mechanism may contribute to the patho-
logical development of UC through JAK1/STAT3
and NF-kB pathways. However, at present, the
sample size of patients in our study was small,
which therefore requires future study in depth.
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