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colitis progression in rats via negatively regulating

KHDRBS1
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Abstract Ulcerative colitis (UC) is difficult to be
treated. miRNAs are a group of gene regulators. Study
demonstrated that miR-200b-3p is involved in the
development of UC, but the specific molecular
mechanism is still unclear. A UC model was estab-
lished by injecting acetic acid into rectum of rats,
which were then treated with miR-200b-3p antago-
nists and agonists. Weight change, fecal viscosity and
fecal bleeding were measured to determine disease
activity index. The ratio of colon length to weight was
measured. Colon lesions were detected by H&E
staining. ELISA was used to detect the expression of
TGF-B in colon tissues and IL-10/CRP in serum.
Intestinal epithelial cells (NCM460) were treated by
TNF-o0 to create an inflammatory environment.
MRNA and protein levels of miR-200b-3p,
KHDRBSI, IL-10, IL-6, IL-18, TGF-B, Bcl-2, Bax
and C-capase-3 were detected by qRT-PCR and
Western blot, respectively. TargetScan database and
dual-luciferase reporter assay were conducted to
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predict the targeting relationship between miR-200b-
3p and KHDRBS1. MTT and flow cytometry were
respectively performed to detect cell proliferation and
apoptosis. MiR-200b-3p expression was inhibited,
leading to increased disease activity index and colonic
length—weight ratio, and aggravation of lesions of the
UC rat model. Up-regulation of miR-200b-3p can
relieve inflammation and apoptosis of immune cells in
UC rats. MiR-200b-3p targeted KHDRBS1 and
inhibited its expression. Moreover, KHDRBSI
reversed the effects of miR-200b-3p on apoptosis,
proliferation and inflammation of intestinal epithelial
cells. MiR-200b-3p alleviates UC by negatively
regulating KHDRBSI1.

Keywords miR-200b-3p - KHDRBSI1 - UC -
Apoptosis - Inflammatory response

Introduction

Ulcerative colitis (UC) is an inflammatory bowel
disease (IBD) caused by a combination of genetic,
environmental and immune factors (Khor et al. 2011;
Strober and Fuss 2011). Typical symptoms of UC are
bloody diarrhea, abdominal pain, hematochezia, and
weight loss (Conrad et al. 2014; Xavier and Podolsky
2007). At present, the main therapeutic drugs are
salicylic acid preparations, and surgical treatment is
considered for patients with severe UC (Purrmann and
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Strohmeyer 1989). Intestinal epithelial cells (IECs) are
the main functional cells in the intestinal tract and the
structural basis of the intestinal epithelial barrier
(Vlantis et al. 2016; Zhang et al. 2019). Some studies
proved that intestinal epithelial barrier dysfunction is
the main pathogenic factor leading to UC (Stone
2012). Therefore, studying IECs could help under-
stand the pathogenesis of UC. Current research results
showed that miRNAs affect intestinal epithelial cell
proliferation, apoptosis and inflammatory response,
and are closely related to the occurrence and devel-
opment of UC (McKenna et al. 2010; Nguyen et al.
2010; Peck et al. 2017). However, the specific
molecular mechanism through which miRNA affected
the UC process was unclear.

MiRNAs are a group of short (20-24 nt) non-
coding RNAs that are involved in the regulation of
genes (Xie et al. 2005). In recent years, miRNAs have
been found to be involved in the regulation of cell
apoptosis and inflammation. In particular, some
miRNAs, such as miR-200 family, accelerate disease
progression, showing a strong potential to serve as
biomarkers (Fabbri et al. 2012). Some studies have
found that miR-200 combines with Homeobox 1 and 2
(ZEB1 and ZEB?2) through zinc finger E-box to form
miR-200/ZEB1 or miR-200/ZEB2 axis, regulating
biological functions such as cellular inflammatory
response and apoptosis(Noman et al. 2017). The miR-
200 family consists of miR-200a, miR-200b, miR-
200c, miR-429 and miR-141. Chen et al. suggested
that miR-200b could maintain intestinal epithelial
integrity by inhibiting EMT and promoting prolifer-
ation of IECs (Chen et al. 2013).

KH RNA binding domain containing, signal trans-
duction associated protein 1 (KHDRBS1) also refers
to Sam68, which is a kind of protein-coding gene,
participates in alternative splicing, cell cycle regula-
tion, gene expression and regulation of human
immunodeficiency virus (HIV), and other cellular
processes (Lukong and Richard 2003). KHDRBSI1
promotes apoptosis by destroying the protective effect
of IEC through NF-kB signaling pathway (Qian et al.
2016). Both miR-200b-3p and KHDRBSI1 can influ-
ence the function of IEC, and we speculated whether
there was a regulatory relationship between them.

The purpose of this study was to explore the roles of
miR-200b-3p and KHDRBSI in the development of
UC, and the regulatory relationship between them.
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Methods and materials
Ethics statement

All animal experiments were conducted following the
guidelines of the Chinese Council for Animal Care and
Use. This study was approved by the Experimental
Animal Committee of Huai’an TCM Hospital Affil-
iated to Nanjing University of Chinese Medicine.
Efforts have been made to minimize pain and
discomfort to the animals during the experiments.
The animal experiments were conducted in Huai’an
TCM Hospital Affiliated to Nanjing University of
Chinese Medicine.

Model mice with ulcerative colitis

A total of 60 male Wistar rats (6 weeks) weighing
200 £ 20 g were used in this study. The animals were
obtained from the Nanjing Institute of Model Zoology
(China). All the rats were raised in polypropylene
cages and fiven free access to food (23% protein and
4% fat) and water. The laboratory temperature was
maintained at 21 °C, with humidity of 45-55% and
day-night light cycle of 12 h. Domestication began
one week before the experiment and the animals were
fasted for 24 h before the experiment. For modeling,
50 rats were given abdominal anesthesia with 50 mg/
kg ketamine and fasted overnight (they were able to
drink water freely). A flexible 6F polypropylene
catheter lubricated with K-Y glue was inserted into
the rat colon 6-8 cm in to the anal canal. 2 ml of acetic
acid (AA) (3% by volume/volume in 0.9% saline) was
slowly injected into the distal colon. The animals
remained in the Trendelenburg supine position for
30 s to prevent the solution from draining.

Both the agonist and antagonist of miR-200b-3p
were purchased from RIBOBIO Biotech (China). The
rats were randomly divided into 6 groups (10 rats/
group) and treated as follows: Group 1 (control
group): untreated rats; Group 2 (Model group): UC
rats; Group 3 (Model4+agomiR-NC group): UC rats
were injected with 5 nmol miR-200b-3p agomiR
negative control for 3 days; Group 4 (Model+agomiR
group): UC rats were injected with 5 nmol miR-200b-
3p agomiR for 3 days; Group 5 (Model4-antagomiR-
NC group): UC rats were injected with 10 nmol miR-
200b-3p antagomiR negative control for 3 days;
Group 6 (Model+antagomiR-NC group): UC rats
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were injected with 10 nmol miR-200b-3p antagomiR
for 3 days. The rats were cultured for another 24 h
under laboratory conditions and then sacrificed by
cervical dislocation.

Disease activity index (DAI) and colon weight/
length ratio

The DAI could reflect the severity of the disease. The
main indicators are scores of weight loss percentage,
fecal viscosity and fecal bleeding specifically as
follows: weight loss percentage (0, none; 1, 1-5%; 2,
5-10%; 3, 10-15%; 4, > 15%), defecate viscosity (0,
nomal; 2, loose stool; 4, diarrhea), and defecate
haemorrhage (0, normal; 2, slight bleeding; 4, overt
bleeding). DAI value is equal to the mean of the three
scores. After sacrifice, the rat colons were removed,
and the weight and length of the colon were measured.

H&E staining

The colon of each animal was removed from the anal
margin to the colonic cecum junction, then fixed with
10% neutral buffered formalin, and paraffin-embed-
ded. The colon tissue was cut into 5 pm sections. The
slices were rinsed in xylene for 10 min twice, and then
in 95% alcohol for 3 min twice, followed by rinsing in
80% alcohol for 1 min. Next, the slices were then
washed by distilled water for 1 min, stained with
sappanwood semen (C0105, Beyotime Biotechnol-
ogy, China) for 10 min, rinsed in running water for 3 s
(s), then treated by 1% hydrochloric acid glycol for
3 s, washed with running water for 10 s, and then
rinsed in running water for 10 min. Subsequently, the
slices were stained with Eosin (0.5%) (C0105, Bey-
otime Biotechnology, China) for 2 min, and rinsed in
distilled water for 2 s, then in 80% glycol for 3 s. The
slices were added with 95% alcohol for 3 min twice,
and treated by anhydrous ethanol for 5 min twice, then
transferred to xylene for 5 min twice. Finally, the
slices were sealed by neutral gum. The cytoplasm and
nucleus were red and blue-purple, respectively.

ELISA assay

ELISA assay kits (TGF-3: ab119558, abcam, USA;
IL-10: ab214566, abcam, USA; CRP: ab256398,
abcam, USA) were used to detect the content of
TGF- in colon tissues of rats and the content of IL-10

and CRP in blood of rats. Colon tissues of rats were
rinsed with pre-cooled saline, dried by filter paper and
weighed. 0.86% pre-cooled normal saline was added
to the tissues, which were then fragmented by a tissue
homogenizer into 10% tissue fluid at 10,000 rpm/min.
The tissue fluid or serum was then transferred to a
centrifuge tube for later use. The experiment was
performed at room temperature (20-25 °C) for
30 min. Six concentrations were used in correspond-
ing groups, and blank group and sample group for
testing were also set. Briefly, 100 pL of standard
solution was added into blank micropores, while 100
pL of distilled water was added to the blank control
holes. The remaining micropores were added with 100
pL samples for testsing. Then 50 pL of enzyme-
labeled solution was added to each hole of the standard
group and the sample group. Next, the label plate was
sealed with seal paper and incubated in a wet box at
37 °C for 1 h. After incubation, each well was filled
with diluted washing solution, then stood for 15-30 s,
the enzyme label plate was fully cleaned for 5 times,
and the water absorbent paper was thoroughly patted
dry. 50 pL of chromogenic solution A and 50 pL of
chromogenic solution B was added to each hole for
reaction at 25-37 °C in the dark for 10-15 min. 50 pL
termination liquid was added to stop the reaction.
Finally, OD value of each hole at a wavelength of
450 nm was measured with a microplate reader
(Molecular Devices, Shanghai, China).

TargetScan database

TargetScan 7.2 (http://www.targetscan.org/vert_72/)
was used to predict targeted binding genes of miR-
200b-3p to select an appropriate candidate gene.

Dual-luciferase reporter gene experiment

The 3’-UTR sequences of rat whole-genome tran-
scripts was obtained from National Center for
Biotechnology Information (https://www.ncbi.nlm.
nih.gov/). The 3’-UTR of KHDRBS1 with highly
conserved binding sites of miR-200b-3p including the
sequence of binding sites was 5'-GGGCCCTAA-
TAATTAAATTTTCAGTTATTTCTCGAC-3'. The
3’UTR sequence was inserted into the pcDNA 3.1
vector [PO157, Miaolingbio, China (http://www.
miaolingbio.com/)] by Apaland Xholdouble diges-
tion to construct the recombinant double-luciferase
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reporter vector pcDNA 3.1. Meanwhile, the core
sequence of miR-200b-3p binding sites was mutated
through the DNA synthesis to generate plasmid
pcDNA 3.1-Mut containing mutant KHDRBS1 3'UTR
(5-GGGCCCTAATAATTAAATTTTAGUCGCGT

CTCGAC-3"). MiR-200b-3p sequence (5'-UAAUAC
UGCCUGGUAAUGAUGA-3') was constructed into
pCMV-miR vector to form miR-200b-3p overex-
pressed plasmid. NCM460 cells (ATCC, Shanghai,
China) were inoculated into a 12-well plate at a den-
sity of 50% and cultured in an incubator with 5% CO,
at 37 °C for 16 h. When cell fusion degree reached
about 70%, the luciferase reporter plasmid was
transfected. Six co-transfection groups were divided

as follows: KHDRBSI-3'UTR-NC+miR-200b-3p
group; KHDRBSI-3'UTR-NC+mirRNA-NC group;
KHDRBS1-3'UTR-WT+miR-200-b-3p group; KHD
RBS1-3’'UTR-WT+mirRNA-NC group; KHDRBS1-
3’'UTR-MU+miR-200-b-3p group; KHDRBSI1-3'U
TR-MU-+mirRNA-NC group. 1 ug of 3'UTR dual-
luciferase plasmid and 0.4 pg of miRNA plasmid were
transfected into the paired cells, respectively. After
transfection for 6 h, the culture medium was changed
and then the cells were continued to be incubated with
5% CO, at 37 °C. Luciferase activity was measured by
Dual Luciferase ® Reporter Assay system (Molecular
Devices) for 48 h after transfection.

Table 1 The primer Gene Primer sequence Species
sequences were used for
qRT-PCR in this study GAPDH 5-GATTGTTGCCATCAACGACC-3’ Rat
5'-GTGCAGGATGCATTGCTGAC-3’
GAPDH 5'-CCACTCCTCCACCTTTGAC-3' Human

5'-ACCCTGTTGCTGTAGCCA-3'
Bax 5'-AGGGTTTCATTCCAGGATCGAGC-3' Rat
5'-AGGCGGTGAGGACTCCAGCC-3’

Bax 5'-CACAACTCAGCGCAAACATT-3'

Human

5'-ACAGCCATCTCTCCATGC-3'
Bcl-2 5'-CGGGAGAACAGGGTATGA-3' Rat
5'-CAGAGACAGCCAGGAGAA-3'

Bcl-2 5'-GAAGCACAGATGGTTGATGG-3' Human
5'-CAGCCTCACAAGGTTCCAAT-3'

miR-200b-3p 5'-GCGGCTAATACTGCCTGGTAA-3' Rat
5'-GTGCAGGGTCCGAGGT-3’

miR-200b-3p 5'-TGCGGGTGCTCCGCTCCGCAGC-3' Human
5'-CAGTGCACGCTCCGA-3’

u6 5'-CGCTTCGGCAGCACATATACTA-3’ Rat
5'-CGCTTCACGAATTTGCGTGTCA-3’

U6 5'-CGCTTCACGAATTTGCGTGTCAT-3' Human
5'-GCTTCGGCAGCACATATACTAAAAT-3'

KHDRBS1 5'-ACACCAGTAAGGGGAGCCATC-3’ Human
5'-CTTCGTAACTTTGTTCTGCGTAT-3’

IL-6 5'-AACGATGATGCACTTGCAGA-3’ Human
5'-GAGCATTGGAAATTGGGGTA-3’

IL-10 5'-GAAGACCCTCAGGATGCGCC-3’ Human
5'-CCAAGGAGTTGTTTCCGTTA-3'

IL-18 5'-AAATACCTGTGGCCTTGGGC-3' Human
5'-CTTGGGATCCACACTCTCCAG-3’

TGF-B 5'-ACTGCTGTGTTCGTCAGCTC-3’ Human

5'-ACCTTGCTGTACTGCGTGTC-3’
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Fig. 1 The expression of miR-200b-3p was down-regulated in
UC rats. A The expression of miR-200b-3p in each group was
detected by qRT-PCR. (n = 10, * vs. Control; * vs. Model+
agomiR-NC; " vs. Model+antagomiR-NC. P <0.05 P <
0.001; " P < 0.001). B Effect of miR-200b-3p on disease
activity index (DAI) in each group rats. (n = 10, " vs. Control;
# vs. Model+agomiR-NC; vs. Model4-antagomiR-NC.
P <0.001; P < 0.001; ¥*P < 0.001). C Colon weight/
length ratio in each group rats. (n = 10, * vs. Control; * vs.
Model+agomiR-NC; " vs. Model+antagomiR-NC. P <0.01;
P < 0.001; P < 0.01). D H&E staining identified the effect
of miR-200b-3p on the pathological status of colon in each
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group rats. E and F ELISA was used to detect the effect of miR-
200b-3p on the expressions of related inflammatory factors in
each group rats. (n = 10, * vs. Control; * vs. Model+agomiR-
NC; " vs. Model+antagomiR-NC. P < 0.01; "'P < 0.001;
P < 0.001; P <0.01; P <0.001). Group: Control
group; Model group; Model+agomiR-NC group; Model+ago-
miR group; Model4-antagomiR-NC group; Model+antagomiR
group. gRT-PCR quantitative reverse transcription polymerase
chain reaction, H&E hematoxylin and eosin staing, ELISA
enzyme-linked immuno sorbent assay, TGF-f transforming
growth factor beta, IL-10 interleukin 10, CRP, C-reactive
protein
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Cell culture and treatment

Intestinal epithelial cell line NCM460 was cultured in
DMEM medium containing 90% DMEM (high glu-
cose) (12,491-015, Gibco, USA, 10%FBS 10,099-141,
Gibco, USA), 100 IU/ml streptomycin and 100 TU/ml
penicillin (15070063, Gibco, USA) in an incubator
with 5% CO, at 37 °C. The cells were divided into 7
groups for treatment as follows: blank group (normal
NCM469 cells), TNF-a group (treatment with 0.5 ng/
mL TNF-a (HY-P1860, MCE, China) at 37 °C), TNF-
a+MC group (treatment with 4 pg of miR-200b-3p
mimic control plasmid at 37 °C on the basis of the
TNF-a group), TNF-a+M group (treatment with 4 pg
of miR-200b-3p mimic plasmid at 37 °C on the basis
of the TNF-a group), TNF-0+NC group (treatment
with 4 pg of KHDRBSI1 negative control plasmid at
37 °C on the basis of the TNF-a group), TNF-
o + KHDRBS1 group (treatment with 4 pug of
KHDRBSI1 plasmid at 37 °C on the basis of the
TNF-o group), and TNF-a4+M+KHDRBSI1 group
(treatment with 4 pg of miR-200b-3p mimic plasmid
and 4 pg of KHDRBSI1 plasmid at 37 °C on the basis
of the TNF-a group).

Cell transfection

The sequences of miR-200b-3p mimics were 5'-
TAATACTGCCTGGTAATGATGAC-3" and 5'-
UCAUCACCACCAGGCAGUAUUA-3’ (antisence).
KHDRBSI1 plasmid was constructed as above. Lipo-
fectamine 2000 (lipo2000) (11,668-027, Invitrogen,
USA) was used to transfect the plasmid. Follow the
instructions for transfection procedures, simply,
NCM460 cells were planted in a 6-well plate with
2 x 10° cells/well and cultured in a low-serum
medium. Transfection began the next day when the
cell fusion rate reached above 90%. 50 pL Opti-MEM
medium (31,985-070, Gibco, USA) was added to A
and B centrifuge tube. 10 pL 1ipo2000 was added to
tube A and 4 pg plasmid (miR-200b-3p mimic
plasmid and KHDRBSI1 plasmid) was added to tube
B, and then let stand for 5 min. Subsequently, tube A
and tube B was mixed and let stand for 20 min. Add
into the corresponding cell hole for further culture.
After 6 h, the culture medium was replaced with
normal medium and continued in the incubator with
5% CO, at 37 °C.
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Fig. 2 MiR-200b-3p promoted the expressions of apoptosis-p
related proteins in UC rats. A Western blot analysis of
C-Caspase-3, Bcl-2 and Bax expressions in each group rats.
B-D The signal intensities of C-Caspase, Bcl-2 and Bax were
determined. (n = 10, " vs. Control; # vs. Model+agomiR-NC; "

vs. Model+antagomiR-NC. "P<0.05 “P<001; TP<

0.001; ™P < 0.01). E and F qRT-PCR analysis of Bcl-2 and
Bax expression in each group rats. (n = 10, *vs. Control; * vs.
Model+agomiR-NC; " vs. Model+antagomiR-NC. "P < 0.05;
"P < 0.001; 7P < 0.001; P < 0.01; P < 0.001). Group:
Control group; Model group; Model4-agomiR-NC group; Mod-
el4-agomiR group; Model+antagomiR-NC group; Model+-an-
tagomiR group. Bcl-2 B cell lymphoma/lewkmia-2, Bax Bcl-2
associated X protein

qRT-PCR

Colons of rats or IECs were collected. Total RNA of
tissues/cells was extracted with TRIzol (15,596-018,
Invitrogen, USA), and miRNA of tissues/cells was
extracted with MiRcute miRNA isolation kit (DP501,
Tiangen, China). All RNA and miRNA were quanti-
fied by enzyme marker (Molecular Devices). Then
1 pg of RNA was reverse-transcribed using the first
cDNA synthesis kit (RR0O47AA, TaKaRa, Japan). The
20 umol/L system for qRT-PCR consisted of 2 pL
¢cDNA, 10 pL SYBR Premix Ex Tagll™ (2 x)
(RRO36A, TaKaRa, Japan), and 0.2 mol/L for each
primer. Finally, the system was filled with sterile
distilled water. ABI 7500 sequencing detection system
(Biosystems, Foster City, USA) was used for qRT-
PCR amplification of cDNA. The reaction conditions
were: 95 °C 30 s; followed 40 cycles at 95 °C 30 s, at
60 °C 3 s. Primers of Bax, Bcl-2, KHDRBS1, TGF-§,
IL-10, IL-1, IL-6, miR-200b-3p, U6 and GAPDH in
rat or human were shown in Table 1. The mRNA
expressions of Bax, Bcl-2, KHDRBS1, TGF-f, IL-10,
IL-1 and IL-6 were normalized to that of GAPDH,
while miR-200b-3p mRNA expression was normal-
ized to that of U6.

Western blot

The RIPA (PO013B, Beyotime Biotechnology, China)
lysis buffer containing protease inhibitor (P1030,
Beyotime Biotechnology, China) and phosphatase
inhibitor (P1081, Beyotime Biotechnology, China)
was added to the cells or tissues, and the whole cell/
tissues extract was obtained after lysis at 4 °C for
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30 min. BCA protein quantitative kit (P0012, Bey-
otime Biotechnology, China) was used to quantify the
protein concentration of each sample. The protein was
purified by sodium dodecyl sulfate/polyacrylamide gel
electrophoresis (POO12A, Beyotime Biotechnology,
China), and then transferred to polyvinylidene fluoride
membrane (PVFD) (ISEQ00010/IPVH00010, MILLI-
PORE, USA). The maker (PR1910/PR1920, Solarbio,
China) was used to mark the molecular weight of the
protein. The membrane was blocked by 5% skimmed
milk (232,100, BD, USA) for 1 h, cleaned by TBST
for 5 min, and then reacted with primary antibodies
(Bcl-2: ab59348, 1:800, abcam; Bax: ab32503,
1:5000, abcam; C-caspase-3: ab49822, 1:500, abcam;
KHDRBSI1: ab76471, 1:20,000, abcam; IL-6: ab9770,
1:500, abcam; IL-10: ab33471, 1:1500, abcam; TGF-
B: abl179695, 1:1000, abcam; IL-1B: ab205924,
1:1000, abcam; GAPDH: ab181602, 1:10,000, abcam)
and incubated at 4 °C overnight. On the second day,
the membrane was taken out and primary antibodies
were recovered. Then TBST was cleaned for 4 times
5 min each time. The cleaned membrane was then
incubated in secondary antibodies (Goat Anti-Rabbit
IgG H&L: ab6721, 1:10,000, abcam; Goat Anti-Rat
IgG H&L: ab97057, 1:5000, abcam) for 1 h. At the
end of incubation, TBST was used for washing for 6
times 5 min for each time. Finally, the enhanced
chemiluminescence Advanced System (Bio-Rad, CA,
USA) was used to visualize the membrane by adding
the enhanced chemiluminescence solution
(WBKLS0500, MILLIPORE, USA). Development
results were analyzed by Image J (1.8.0, National
Institutes of Health, Germany).

MTT assay

Cell proliferation was measured by MTT (ST316,
Beyotime Biotechnology, China). In short, IECs were
first seeded into 6-well plates at 5000 cells/well for
24 h. Then, TNF-a, and plasmid were separately
added into each group of cells as previously described.
The cells were then added with MTT (20 pL 5 mg/ ml)
and incubated at 37 °C for 4 h. Next, the supernatant
was removed and DMSO (100 pL/well) was added to
the cells. Finally, absorbance at 570 nm was measured
with a microplate reader (Molecular Devices, Shang-
hai, China).
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Flow cytometry

Cell apoptosis was detected by flow cytometry and the
cells were processed using the Annexin V-FITC
Apoptosis Kit (556,547, Becton,Dickinson and Com-
pany, USA), according to the manufacturer’s instruc-
tion. Briefly, the cells were collected in a centrifuge
tube and added with 500 pL of pre-cooled 1 x PBS
(4 °C). The cells were resuspended twice and cen-
trifuged at 2000 rpm/ min for 5-10 min. After
discarding the supernatant, the cells were resuspended
in 100 pL 1 x Binding Buffer and then transferred to
a test tube. Subsequently, Annexin V-FITC (5 uL) and
PI (5 pL) were added to the tube at room temperature
and in the dark for 30 min. After the cells were added
with 400 pL of 1 x Binding Buffer, and another
resuspension, the cells apoptosis was finally detected
with a CytoFLEX LX Flow cytometer (Beckman
Coulter, CA, USA).

Data analysis

The results were expressed as mean £ SD. Differ-
ences among multiple groups were compared using
one-way ANOVA, and then Tukey’s test was per-
formed. Kruskal-wallis nonparametric test and Neme-
nyi test were used to analyze data with skewed
distribution or variance heterogeneity. P < 0.05 was
considered as statistically significant. SPSS.19.0
(IBM, NY, USA) was used for data analysis.

Results

Effects of miR-200b-3p on lesions
and inflammation in UC rats

In order to explore the expression of miR-200b-3p in
UC, we established a model of UC by injecting AA
into rectum of rats (Saber et al. 2019). As shown in
Fig. 1A, the expression of miR-200b-3p in the UC
model group was significantly lower than that in the
control group (P < 0.001). In addition, we injected the
antagonists and agonist of miR-200b-3p in vivo
through systematic administration. The agonist up-
regulated the expression of miR-200b-3p in colon
tissues of rats with UC, while antagonists downreg-
ulated the expression of miR-200b-3p (Fig. 1A).
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«Fig. 4 MiR-200b-3p alleviated TNF-o-induced apoptosis and
TNF-a-inhibited proliferation through KHDRBS1. A The
expression of miR-200b-3p in each group was detected by
qRT-PCR. (n = 3, " vs. Blank; * vs. TNF-0+MC; ¥ vs. TNF-
o+KHDRBS1. P < 0.001; P < 0.001; P < 0.001).
B gRT-PCR analysis of KHDRBS1 expression in each group
(n =3, * vs. Blank; * vs. TNF-0+MC; " vs. TNF-a+M; ¥ ys.
TNF-0+NC; * vs. TNF-a+KHDRBSI. P < 0.001;
#p < 0.001; P <0.001; P <0.001; P < 0.001).
C Western blot analysis of KHDRBS1 expression in each
group. D The signal intensities of KHDRBS1 were quantified.
(n =3, " vs. Blank; ¥ vs. TNF-0+MC; " vs. TNF-0+M; ¥ vs.
TNF-0+NC; * vs. TNF-a+KHDRBSI. ““P < 0.001;
P < 0.001; P <0.001; "P <0.001; P < 0.001).
E Cells viability was measured by MTT in each group (n = 3,
* vs. Blank; * vs. TNF-04+MC; "~ vs. TNF-0+M; * vs. TNF-
o+NC; * vs. TNF-0+KHDRBS1. ““P < 0.001; **P < 0.001;
Hp < 0.001; "P < 0.001; P < 0.001). F Apoptotic pro-
gression was determined by Flow cytometric analysis. G The
results were expressed as percentages of positive mean
values = SD (n = 3, *vs. Blank; # vs. TNF-0+MC; " vs.
TNF-0+M; ¥ vs. TNF-0+NC; ¥ vs. TNF-o+KHDRBSI.
P <0.001; P <001; P <0001; “P<00L;
$3%p < 0.001). Group: Blank group; TNF-o group; TNE-
a+MC group; TNF-04+M group; TNF-a+NC group; TNF-
a+KHDRBS1 group; TNF-a+M+KHDRBS1 group. gRT-
PCR quantitative reverse transcription polymerase chain reac-
tion, KHDRBS1 KH RNA binding domain containing, signal
transduction associated 1, MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide, 7NF-o tumor necrosis factor-o.

DALI score was used to assess the effect of miR-
200b-3p on the disease activity index of rats. The
disease activity index of UC rat model was signifi-
cantly increased, as compared with the control group.
miR-200b-3p agonist could effectively reduce the
severity of UC (P < 0.001), as compared with the UC
group. However, miR-200b-3p antagonists signifi-
cantly increased the severity of UC (P < 0.001)
(Fig. 1B).

As can be seen from Fig. 1C, AA in the UC group
led to a significant increase in colon weight/length
ratio compared with normal animals (P < 0.001).
MiR-200b-3p agonist significantly offset the increase
of colon weight/length ratio (P < 0.01), as compared
with the UC group. However, miR-200b-3p antago-
nists further promoted the increase of colon length—
weight ratio (P < 0.01), as compared with the UC
group.

The results of H&E staining showed that in addition
to bleeding, edema and severe neutrophil infiltration
(deep to muscle layer), the rats in the UC group also

showed the characteristics of hemorrhagic ulcerative
enteritis, accompanied by extensive intestinal crypt
necrosis. The rats with treatment of miR-200b-3p
agonist showed a marked reduction of lesions. As
expected, miR-200b-3p antagonists significantly
increased lesions in UC rats (Fig. 1D).

TGF-p, IL-10, and CRP are all involved in inflam-
matory response. The previous experiment demon-
strated that TGF-$ and CRP expression is increased
and IL-10 expression is decreased under inflammation
(Motoyama et al. 2009). TGF-f in rat tissues and IL-
10 and CRP in serum were detected by ELISA, and the
results showed that TGF-f and CRP levels were
increased and IL-10 level was decreased in UC rats,
suggesting the occurrence of inflammation. In addi-
tion, up-regulation of miR-200b-3p reduced TGF-3
expression and increased CRP and IL-10 levels. The
down-regulation of miR-200b-3p showed opposite
results (Fig. 1E-G).

MiR-200b-3p affected expressions of apoptotic
markers in UC rats

Bcl-2 and Bax are two of the most important
regulatory genes with opposite functions during
apoptosis (Yang et al. 1995). C-caspase-3 is the most
critical apoptotic executive protease in the process of
apoptosis (Qiu et al. 2000). We detected the protein
expression levels of Bcl-2, Bax and C-Caspase-3, and
found that the expressions of Bcl-2 and Bax proteins
were consistent with their mRNA expressions. The
protein expression level of C-caspase-3 was signifi-
cantly decreased in UC rats as compared to the control
group. Thus, miR-200b-3p agonist could reduce the
expression of C-caspase-3, and that miR-200b-3p
antagonists could further increase the expression of
C-caspase-3 (Fig. 2A-D). We also detected the
mRNA expression levels of Bcl-2 and Bax in the
colon tissues of UC rats. As shown in Fig. 2E and F,
the mRNA expression level of Bcl-2 was significantly
decreased in UC group, as compared with the control
group. MiR-200b-3p agonist could increase the
expression of Bcl-2 and decrease the expression of
Bax, but the effect of miR-200b-3p antagonist was the
opposite.
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Fig. 5 The effects of miR-200b-3p and KHDRBS1 on
apoptosis-related proteins in vitro. A Western blot analysis of
C-Caspase-3, Bcl-2 and Bax expression in each group. B-D The
signal intensities of C-Caspase, Bcl-2 and Bax were quantified
(n =3, * vs. Blank; ¥ vs. TNF-0+MGC; " vs. TNF-a+M; ¥ vs.
TNF-o+NC; * vs. TNF-0+KHDRBSI. ““P <0.01;
TP <0.001; P <0.001; HP<001; P <0.001;
"P < 0.001; P < 0.01). E and F qRT-PCR analysis of Bcl-
2 and Bax expression in each group rats (n = 3, *vs. Blank; # vs.
TNF-0+MC; " vs. TNF-0+M; ¥ vs. TNF-04+NC; * vs. TNF-
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MiR-200b-3p negatively regulated KHDRBS1

Through TargetScan Human 7.2 (http://www.
targetscan.org/vert_72/), we predicted the binding
target of miR-200b-3p (Fig. 3A). KHDRBS1 was
selected as the candidate molecule in combination
with the score. Dual-luciferase reporter assay was used
to further verify the targeted binding of miR-200b-3p
to KHDRBSI, and the fluorescence intensity of
KHDRBSI1-MUT was significantly higher than that of
KHDRBSI1-WT (P < 0.001) (Fig. 3B). By further
detecting the mRNA and protein expression of
KHDRBSI after up-regulation or down-regulation of
miR-200b-3p, we detected a regulatory relationship
between miR-200b-3p and KHDRBS1. The mRNA
and protein expression levels of KHDRBSI1 were
increased after the down-regulation of miR-200b-3p,
as shown by qRT-PCR and Western blot. When miR-
200b-3p was up-regulated, the results were reversed
(Fig. 3C-E). Figure 4A and B showed that TNF-a
inhibited the expression of miR-200b-3p and pro-
moted the expression of KHDRBS1 (P < 0.001). In
addition, over-expressing both miR-200b-3p and
KHDRBSI1 significantly decreased KHDRBSI
expression, as compared with over-expression of
KHDRBS1 (P < 0.001). Further detection of the
protein expression of KHDRBSI1 in each group
showed consistent result with the mRNA expression,
suggesting a negative regulatory effect of miR-200b-
3p on KHDRBSI1 (Fig. 4C, D). The above results
indicated that miR-200b-3p had a negative regulatory
effect on KHDRBSI.

MiR-200b-3p alleviated TNF-o-induced apoptosis
and TNF-a-inhibited proliferation through
KHDRBS1

MTT results showed that TNF-o decreased cell
proliferation, as compared with the control group.
The proliferation ability of TNF-o+M group was
significantly increased, as compared with the TNF-o
group. However, KHDRBS1 over-expression reversed
the effect of miR-200b-3p over-expression on the
proliferation ability. Over-expressed plasmids of miR-
200b-3p and KHDRBSI1 reversed the effect of
KHDRBSI1 on proliferation (Fig. 4E).

Similarly, TNF-a induced apoptosis, as compared
with the control group. The apoptosis ability of TNF-
o+M group was significantly lower than TNF-o

group. KHDRBS|1 over-expression could reverse the
effect of miR-200b-3p on apoptosis. Addition both of
miR-200b-3p and KHDRBSI1 over-expressed plas-
mids reversed the effect of KHDRBSI1 on apoptosis
(Fig. 4F). To further explore the effects of miR-200b-
3p and KHDRBSI on apoptosis, the expressions of
Bcl-2, Bax and C-Caspase-3 were also detected, and
we found that Bcl-2 expression was down-regulated
after TNF-a stimulation. Over-expression of miR-
200b-3p could up-regulate the expression of Bcl-2.
However, over-expression of KHDRBSI1 further
inhibited the expression of Bcl-2. Moreover, addition
both of miR-200b-3p and KHDRBSI1 over-expressed
plasmids reversed the effect of KHDRBSI on the
expression of Bcl-2. The expression of Bax and
C-Caspase-3 were different from that of Bcl-2
(Fig. 5A-F).

These results suggested that miR-200b-3p allevi-
ated TNF-o-inhibited proliferation and TNF-o-in-
duced apoptosis thorugh negatively regulating
KHDRBSI.

MiR-200b-3p alleviated TNF-a-induced
inflammatory response through KHDRBS1

TGF-B, IL-10, IL-6, and IL-1p are important markers
of inflammation. We performed Western blot and
qRT-PCR to detect their protein and mRNA expres-
sions, respectively. TGF-f, IL-6, and IL-1p proteins
expressions were significantly increased after TNF-o
pre-treatment (P < 0.01, P < 0.001). MiR-200b-3p
over-expression reversed the effect of TNF-o
(P <0.01, P<0.001), and over-expression of
KHDRBS1 further promoted the effect of TNF-o
(P < 0.01, P < 0.001). However, both over-expres-
sion of miR-200b-3p and KHDRBSI1 only reversed the
effect of KHDRBSI over-expression (P < 0.01,
P < 0.001) (Fig. 5A, B, D, E). IL-10 protein expres-
sion was the opposite (Fig. 5C). The mRNA expres-
sions of TGF-B, IL-10, IL-6, and IL-1B were
consistent with protein expressions (Fig. SF-I). These
results indicated that miR-200b-3p alleviated TNF-a-
induced inflammatory response by negatively regu-
lating KHDRBSI1 (Fig. 6).
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«Fig. 6 The effects of miR-200b-3p and KHDRBS! on
inflammatory factors in vitro. A Western blot analysis of
TGEF-B, IL-10, IL-6 and IL-1P expressions in each group. B—
E The signal intensities of TGF-f, IL-10, IL-6 and IL-1f were
quantified. (n = 3, s, Blank; # vs. TNF-0+MC; " vs. TNF-
a+M; ¥ vs. TNF-0+NC; # vs. TNF-0+KHDRBS1. “P < 0.01;
#p <0.01; ™ <0001; P <00l

P < 0.001;
Hp <0001, "P<005 P<001; P <0.001;

$p < 0.01; %P < 0.001). F-I qRT-PCR analysis of TGF-B,
IL-10, IL-6 and IL-1f expression in each group rats (n = 3, s,
Blank; # vs. TNF-04+MC; " vs. TNF-04+-M; ¥ vs. TNF-a+NC; *

vs. TNF-0+KHDRBS1. P < 0.01; P < 0.01;

##p < 0.001; P < 0.001; "'P < 0.01; P < 0.001). Group:
Blank group; TNF-a group; TNF-0+MC group; TNF-a+M
group; TNF-0+4NC group; TNF-0+KHDRBSI1 group; TNF-
o+M-+KHDRBS1 group. gRT-PCR quantitative reverse tran-
scription polymerase chain reaction, KHDRBS! KH RNA
binding domain containing, signal transduction associated 1,
TNF-o tumor necrosis factor-o, Bcl-2 B cell lymphoma/
lewkmia-2, Bax Bcl-2 associated X protein, TGF-f transform-
ing growth factor beta, /L-10 interleukin 10, /L-6 interleukin 6,
IL-1p interleukin 1

Discussion

UC is a chronic intestinal inflammatory disease with
unclear etiology, and is one of the most difficult
diseases to be treated in the world (Warren and
Sommers 1949). IECs, which are the main functional
cells in the intestinal tract and the structural basis of
the intestinal epithelial barrier, regulate intestinal
epithelial permeability through the transcellular path-
way (Benjamin et al. 2000). High intestinal perme-
ability is a main cause of UC (Benjamin et al. 2000).
Therefore, studying IEC could help understand UC.
Studies have shown that miR-200b could protect the
intestinal epithelial barrier through transepithelial
membrane pathway (Chen et al. 2013). Our study
found that the expression of miR-200b-3p in colon
tissues of UC rats was significantly decreased, which
was also consistent with previous studies. Further
experiments showed that the down-regulation of miR-
200b-3p could increase the disease activity index of
rats and promote the colon lesions of rats. In addition,
we also detected the expression levels of inflammatory
markers in UC rats, and the results showed that miR-
200b-3p could inhibit the occurrence of inflammatory
response.

It has been found that inflammatory responses
caused apoptosis (Peng et al. 2007). During the
inflammatory response, neutrophils and other holdup

cells are recognized and cleared by macrophages
through apoptotic mechanisms, while the membrane
remains intact to avoid a secondary response (Platt
et al. 2000). Regulating death is an important mech-
anism through which the body regulates the develop-
ment of inflammatory response and prevents the injury
and scar formation of tissues after inflammation. We
hypothesized that miR-200b-3p could reduce apopto-
sis. Bax and Bcl-2 belong to the Bcl-2 gene family (Oh
and Lim 2007). Bcl-2 is an apoptosis suppressor gene.
Bax antagonizes Bcl-2, and promotes cell apoptosis
(Roucou et al. 2002). In addition, C-Caspase-3 is the
ultimate executor of apoptosis (Qiu et al. 2000). By
detecting the expression levels of these genes, we
found that miR-200b-3p could inhibit apoptosis.

The target binding molecules of miR-200b-3p were
predicted by Targetscan database, and the candidate
molecule KHDRBS1 was determined and further
confirmed by double-luciferase reporter gene assay.
KHDRBSI1 is involved in cell inflammation and
apoptosis in several studies (Sun et al. 2018). By
detecting the expression of KHDRBS1, we found that
miR-200b-3p had a negative regulatory effect on
KHDRBSI1. Tumor necrosis factor—ao (TNF-ao) is often
used to create an inflammatory environment (Graham
et al. 2006; Shen et al. 2006). In this study, IEC is also
treated with TNF-a to create inflammatory environ-
ment. Expression of miR-200b-3p in IEC (treated with
TNF-0) was down-regulated. MiR-200b-3p could
alleviate TNF-a-induced apoptosis and inflammatory
response, and TNF-o-inhibited proliferation by nega-
tively regulating KHDRBSI.

In summary, our study firstly proved miR-200b-3p
attenuated UC lesions and reduced disease activity
index. Further investigation revealed that miR-200b-
3p alleviated TNF-o-induced apoptosis and inflam-
matory response through negative regulation of
KHDRBSI1. Based on the above studies, we basically
proved that the regulatory relationship between miR-
200b-3p and KHDRBS1 plays an important role in the
development of UC, which may provide a new idea for
the treatment of UC.
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