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Long noncoding RNA KIF9-AS1 promotes cell
apoptosis by targeting the microRNA-148a-3p/
suppressor of cytokine signaling axis in
inflammatory bowel disease

Jun Yao®’, Ruoyu Gao®’, Minghan Luo®’, Defeng Li?, Liliangzi Guo?, Zichao Yu?, Feng Xiong?,
Cheng Wei?, Benhua Wu2, Zhenglei Xu?, Dingguo Zhang?, Jianyao WangP® and Lisheng Wang?

Objective Inflammatory bowel disease (IBD) is a chronic intestinal disease. This study was attempted to investigate the
effects of long noncoding RNA KIF9-AS1 (KIF9-AS1) on the development of IBD and its underlying mechanism of action.
Methods Quantitative real time PCR (gRT-PCR) was implemented to examine the expression of KIF9-AS1 and microRNA-
148a-3p (MiR-148a-3p). The IBD mouse model was induced by dextran sulfate sodium (DSS). The body weight,

disease activity index (DAI) score, colon length and histological injury were used to evaluate the colon injury. The levels of
proinflammatory cytokines were measured by ELISA. In vitro, IBD was simulated by DSS treatment in colonic cells. Then the
apoptosis of colonic cells was detected by flow cytometry assay. Furthermore, a dual-luciferase reporter assay was used to
demonstrate the interactions among KIF9-AS1, miR-148a-3p and suppressor of cytokine signaling (SOCS3).

Results KIF9-AS1 expression was upregulated in IBD patients, DSS-induced IBD mice and DSS-induced colonic cells,
whereas miR-148a-3p expression was downregulated. KIF9-AS1 silencing attenuated the apoptosis of DSS-induced colonic
cells in vitro and alleviated colon injury and inflammation in DSS-induced IBD mice in vivo. Additionally, the mechanical
experiment confirmed that KIF9-AS1 and SOCSS were both targeted by miR-148a-3p with the complementary binding sites
at 3'UTR. Moreover, miR-148a-3p inhibition or SOCS3 overexpression reversed the suppressive effect of KIF9-AS1 silencing
on the apoptosis of DSS-induced colonic cells.

Conclusion KIF9-AS1 silencing hampered the colon injury and inflammation in DSS-induced IBD mice in vivo, and restrained
the apoptosis of DSS-induced colonic cells by regulating the miR-148a-3p/SOCS3 axis in vitro, providing a new therapeutic

target for IBD. Eur J Gastroenterol Hepatol 33: €922-e932

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.

Introduction

Inflammatory bowel disease (IBD) is a chronic intestinal
disease which mainly includes Crohn’s disease and ulcer-
ative colitis [1]. The etiology of IBD has involved genetic
susceptibility, infectious agents and environmental factors,
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leading to aberrant immune responses to intestinal micro-
biota [2]. IBD is closely associated with fever and fatigue,
loss of appetite, abdominal pain, diarrhea with bleeding
and unintended weight loss [3]. The prevalence of IBD is
high, and the costs of care for both crohn’s disease and
ulcerative colitis have upregulated rapidly [4]. Thus, it is
imperative to explore the mechanisms and targets associ-
ated with the treatment of IBD.

Long noncoding RNAs (IncRNAs) have been proved to
modulate cell function and biological process in intestinal
diseases such as irritable bowel syndrome [ 5], hirschsprung’s
disease [6] and IBD [7]. Notably, numerous IncRNAs
take part in the development of IBD. LncRNA colon can-
cer-associated transcript 1 (CCAT1) inhibits miR-185-3p
expression to promote IBD malignancy [8]. LncRNA H19
overexpression has a destructive effect on intestinal epithe-
lial barrier function in ulcerative colitis patients via reg-
ulating vitamin D receptor signaling [9]. Downregulation
of IncRNA NEAT1 attenuates the inflammatory response
in IBD [10]. Interestingly, IncRNA KIF9-AS1 (KIF9-AS1)
is one of the 10 most high-expressed IncRNAs in Crohn’s
disease pinch biopsies [11]. Wang et al., [12] have discov-
ered that KIF9-AS1 can serve as a potential diagnostic bio-
marker for IBD. However, the underlying mechanism of
KIF9-AS1 in the regulation of IBD is still unknown.
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As Dbiological molecules, microRNAs (miRNAs)
participate in the progress of digestive system diseases
including IBD [13,14]. In addition, multiple miRNAs
have protective effects against IBD. For instance, miR-
122 suppresses NOD2 expression to alleviate inflam-
matory response, lipopolysaccharide (LPS)-induced
apoptosis and intestinal epithelial cell injury in IBD [15].
MiR-223 attenuates pathological intestinal inflammation
via reducing NLPR3 activation in IBD [16]. Furthermore,
miR-148a is regarded as a pivotal regulator in intesti-
nal diseases. MiR-148a acts as a tumor suppressor by
restraining Bcl-2 in colorectal cancer [17]. Interestingly,
miR-148a is downregulated in IBD and protects mice
against IBD and IBD-associated tumors [18]. However,
the specific regulatory relationship between KIF9-AS1
and miR-148a-3p in IBD remains undefined.

Suppressor of cytokine signaling (SOCS3) belongs to
the SOCS family and participates in acute and chronic
inflammation [19]. Existing researches have reported that
SOCS3 is involved in ulcerative colitis pathogenesis, and
is high-expressed in biopsy specimens from patients with
ulcerative colitis [20,21]. Moreover, SOCS3 plays a key
role in the progress of IBD and IBD-related colorectal can-
cer by regulating the function of diverse cytokines [22].
Importantly, SOCS3 inhibition retards the development
of Crohn’s disease by attenuating inflammatory response
[23]. Nevertheless, the relationship between SOCS3 and
KIF9-AS1 in IBD is still unclear.

Herein, we constructed dextran sulfate sodium (DSS)-
induced IBD mice and DSS-induced colonic cell models.
Then we evaluated the role of KIF9-AS1 in DSS-induced
IBD mice. Furthermore, we explored whether KIF9-AS1
controlled the DSS-induced apoptosis of colonic cells via
targeting the miR-148a-3p/SOCS3 axis. Our results may
aid in the identification of potential therapeutic targets for
IBD.

Materials and methods
Clinical specimens

Colonoscopic biopsies were obtained from inflamed
mucosa of the colon of patients with Crohn’s disease
(Crohn’s disease group, #=25) and ulcerative colitis
(ulcerative colitis group, 7=25) in our hospital between
2018 and 2019. In addition, 20 normal colon tissues
from healthy donors were regarded as the normal
group. The diagnosis of Crohn’s disease and ulcerative
colitis met the Copenhagen criteria. The colon tissues
were stored in liquid nitrogen until further analysis.
This study was approved by the ethics committee of our
hospital, and informed consent was obtained from each
individual.

Animals

Thirty-two C57BL/6 mice (6—-8 week-old) were purchased
from Shanghai Laboratory Animal Research Center
(Shanghai, China). Mice were fed standard chow and
water and maintained under temperature-controlled con-
ditions with an artificial 12-h light/dark cycle. The animal
experiments were permitted by the ethics committee of
our hospital.
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The dextran sulfate sodium-induced inflammatory
bowel disease model

Mice were randomly assigned to four groups (n=8):
DSS, sham, DSS+small interfering (si)-KIF9-AS1 and
DSS +si-NC group. Briefly, the mice treated with 2%
DSS for 10days were regarded as the DSS group. The
mice treated with the same volume of PBS for 10days
acted as the sham group. The mice were intraperitone-
ally injected with 100 pl si-KIF9-AS1 or si-negative con-
trol (NC) three times a week for 2 weeks, and they were
treated with 2% DSS for 10days from the second week
of si-KIF9-AS1 (DSS +si-KIF9-AS1 group) or si-NC
(DSS +5si-NC group) injection. The mice were weighted
daily, and the disease activity index (DAI) score, includ-
ing occult blood and stool consistency, were measured
every day until day10. The DAI score was calculated
by combining the bleeding score and stool score. After
10days of DSS treatment, mice were fasting 12h and
subsequently anesthetized by intraperitoneal injection
of sodium pentobarbital (50 mg/kg), and sacrificed by
decapitation. The colon tissues were collected and the
colon length was measured.

Haematoxylin-eosin staining

Colon tissues of mice were fixed in 4% paraformaldehyde
for 24h, embedded in paraffin, cut into 4-pm thick sec-
tions, dewaxed in xylene and rehydrated with ethanol.
Sections were then stained with haematoxylin for 2 min
and with eosin for 2 min. Using light microscopy, the his-
tological injury was observed.

ELISA

The concentrations of tumor necrosis factor-a (TNF-a),
interleukin (IL)-1p and IL-6 in colon tissues of mice were
measured using ELISA kits (Sigma, St. Louis, Missouri,
USA) following the manufacturer’s recommendation.

Cell culture and dextran sulfate sodium-induced colonic
cells

The human colonic epithelial cell lines HT-29 were
purchased from the American Type Culture Collection
(Manassas, Virginia, USA). HT-29 cells were cultured
in DMEM (Invitrogen, Carlsbad, California, USA) with
10% fetal bovine serum (FBS, Invitrogen) at 37 °C con-
taining 5% CO,,. The HT-29 cells were stimulated with
2% DSS for 24h were regarded as the DSS group. The
HT-29 cells without treatment served as the control

group.

Cell transfection

The si-KIF9-AS1, si-NC, miR-148a-3p mimics, miR-
148a-3p inhibitor, miR-NC, pcDNA3.1 SOCS3 (pcD-
NA-SOCS3) and pcDNA-NC were synthesized by
GenePharma (Shanghai, China). DSS-induced HT-29 cells
grown to 85% confluence were transfected or cotrans-
fected with these above agents using Lipofectamine 3000
(Invitrogen). The DSS-induced HT-29 cells in the Blank
group did not receive any transfection.
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Quantitative real time PCR

Total RNA was extracted from tissues and cells using the
TRIzol reagent (Invitrogen). Then, cDNA samples were
attained through reverse transcription using PrimeScript
RT Reagent Kit (TaKaRa, Japan). Next, quantita-
tive real time PCR (qRT-PCR) was conducted on 7500
real-time PCR System (Applied Biosystems, Waltham,
Massachusetts, USA). Relative expression was calculated
by the 2-24Ct method. Glyceraldehyde-3-phosphate dehy-
drogenase, U6 and p-actin were used for the normaliza-
tion of KIF9-AS1, miR-148a-3p and SOCS3, respectively.
The primer sequences were shown in Table 1.

Flow cytometry assay

DSS-induced HT-29 cells were trypsinized and washed
with PBS twice. Then, cells were stained by using Annexin
V-fluorescein isothiocyanate and propidium iodide
(Invitrogen) for 15min in a dark room. Afterward, the
apoptotic cells were observed by MUSE flow cytometer
(Beckman, Miami, Florida, USA).

Western blot

Total proteins were extracted from HT-29 cells and then
transferred into SDS-PAGE. Separated protein was trans-
ferred onto polyvinylidene fluoride membranes, blocked
with 5% skimmed milk, and incubated overnight at 4
°C with the following primary antibodies: anti-SOCS3
(1:1000, SAB4700831MSDS, Sigma), anticaspase-3
(1:1000, ABC495MSDS, Sigma) and anti-B-actin (1:5000,
A5441MSDS, Sigma). Afterward, the membranes were
subjected to horseradish peroxidase-labeled goat anti-
mouse IgG (1:4000, 12-349MSDS, Sigma) secondary anti-
body at 25 °C for 1h. The protein bands were visualized
by exposure to enhanced chemiluminescence solution
and quantified by ImageLab software (Bio-Rad, Hercules,
California, USA).

Dual-luciferase reporter assay

The potential binding sites of KIF9-AS1 and miR-148a-3p
or SOCS3 and miR-148a-3p were predicted by Starbase or
TargetScan, respectively. KIF9-AS1 and SOCS3 with wild
type (wt) or mutant type miR-148a-3p-binding sites were
generated and fused to the psiCHECK-2 vectors (YouBio,
Hunan, China). HT-29 cells were co-transfected with the
above luciferase vectors and miR-NC or miR-148a-3p
mimics using Lipofectamine 3000 (Invitrogen).

Table 1. Primers sequences

Name of primer Sequences (5-3)

KIF9-AS1-F AGTCCTTCCCATTCACAGGG
KIF9-AS1-R GCCCTCTTCTTCCTCCACAT
GAPDH-F TGTTCGTCATGGGTGTGAAC
GAPDH-R ATGGCATGGACTGTGGTCAT
miR-148a-3p-F AGCAGTTCAGTGCACTACAG
miR-148a-3p-R GCAGGGTCCGAGGTATTC
Ue-F GCTTCGGCAGCACATATACTAAAAT
UB-R CGCTTCACGAATTTGCGTGTCAT
SOCS3-F ACCTTCAGCTCCAAAAGCGAGTAC
SOCS3-R CGCTCCAGTAGAATCCGCTCTC
p-actin-F ACACCTTCTACAATGAGCTG
p-actin-R CTGCTTGCTGATCCACATCT

GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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Statistical analysis

Data statistical analysis was performed using GraphPad
Prism 7.0 (GraphPad, San Diego, California, USA). Data
were presented as mean=SD. The differences between
two groups or among multiple groups were assessed by
Student’s #-test or one-way analysis of variance followed
by Tukey’s post hoc test. Differences were considered sta-
tistically significant at P<0.05.

Results

KIF9-AS1 was upregulated while miR-148a-3p was
downregulated in inflammatory bowel disease

To demonstrate whether KIF9-AST1 is differently expressed
in IBD patients (Crohn’s disease patients and ulcera-
tive colitis patients), qRT-PCR was implemented. The
KIF9-AS1 expression in both Crohn’s disease patients and
ulcerative colitis patients was markedly increased by con-
trast to the normal healthy donors (P<0.01, Fig. 1a and
b). In addition, the miR-148a-3p expression in patients
with Crohn’s disease and ulcerative colitis and normal
healthy donors was evaluated. The miR-148a-3p expres-
sion in both the Crohn’s disease and ulcerative colitis
group was lower than that in the normal group (P<0.01,
Fig. 1c and d).

The colon injury and inflammation were enhanced in
dextran sulfate sodium-induced inflammatory bowel
disease model

We established a DSS-induced IBD model in mice. As
shown in Fig. 2a, the bodyweight of the DSS-induced
mice was gradually declined during the 10days (P<0.01).
Meanwhile, the DAI score in the DSS group displayed a
gradual elevation compared to the sham group (P<0.01,
Fig. 2b). Additionally, the colon length of mice was con-
siderably decreased after DSS treatment (P <0.01, Fig. 2c).
Furthermore, the concentrations of proinflammatory
cytokines TNF-a, IL-6 and IL-1f3 were obviously increased
in colon tissues of DSS-induced IBD mice (P<0.01,
Fig. 2d-f). Hematoxylin-eosin staining was used to assess
histological injury of colon tissues. As shown in Fig. 2g,
the folds disappeared with purulent and necrosis, and the
intestinal wall was thickened, and recess and goblet cells
were disappeared with the infiltrated mononuclear cells in
the DSS group. Interestingly, the KIF9-AS1 expression was
enhanced, whereas miR-148a-3p expression was inhibited
in colon tissues of DSS-induced IBD mice (P <0.01, Fig. 2h
and 1).

Silencing of KIF9-AS1 reduced the dextran sulfate
sodium-induced apoptosis of colonic cells

To construct the DSS-induced IBD model at the cellular level,
HT-29 cells were stimulated with 2% DSS for 24h. qRT-
PCR discovered that KIF9-AS1 expression was upregulated
in HT-29 cells after DSS treatment (P<0.01, Fig. 3a). To
further demonstrate the biological function of KIF9-AS1 in
IBD in vitro, KIF9-AS1 was downregulated by the transfec-
tion of si-KIF9-AS1 (P<0.01, Fig. 3b). Flow cytometry assay
implied that KIF9-AS1 silencing reduced the apoptosis rate
of DSS-induced HT-29 cells (P<0.01, Fig. 3c). Additionally,
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western blot revealed that the expression of apoptosis-related
protein caspase-3 in DSS-induced HT-29 cells was obviously
inhibited by KIF9-AS1 silencing (P<0.01, Fig. 3d).

MiR-148a-3p suppressed the dextran sulfate sodium-
induced apoptosis of colonic cells

As shown in Fig. 4a, the miR-148a-3p expression was
visibly downregulated in the DSS-induced HT-29 cells
(P<0.01). To verify the regulatory effect of miR-148a-3p
on DSS-induced HT-29 cells, miR-148a-3p expression
was enhanced by the transfection of miR-148a-3p mim-
ics (P<0.01, Fig. 4b). Moreover, miR-148a-3p overex-
pression could considerably attenuate the DSS-induced
apoptosis of HT-29 cells (P<0.01, Fig. 4c). The elevation
of caspase-3 protein expression caused by DSS treatment
in HT-29 cells was markedly down-regulated by miR-
148a-3p overexpression (P <0.01, Fig. 4d).

KIF9-AS1 directly interacted with miR-148a-3p, and
miR-148a-3p directly interacted with suppressor of
cytokine signaling

To demonstrate the deep mechanism by which KIF9-AS1
mediated the progression of IBD in vitro, we used Starbase
to predict the miRNAs interacted with KIF9-AS1 and uncov-
ered that miR-148a-3p binds to complementary sequences
in KIF9-AS1 (Fig. 5a). The relative luciferase activity was
dramatically declined in HT-29 cells cotransfected with
miR-148a-3p mimics and KIF9-AS1 wt compared with
HT-29 cells co-transfected with miR-NC and KIF9-AS1 wt
(P<0.01, Fig. 5b). Interestingly, si-KIF9-AS1 could visibly
upregulate miR-148a-3p expression in HT-29 cells (P<0.01,

—_
Qo

) P <0.01

Relative KIF9-AS1 level
F-9

] L] ] [ L]
0 T T
Normal CcD
(c) P <0.01
s 87
3
& 6 .
o L]
g o8 x
_Qj 4 _‘-—_‘.— Sgm
E Yoo
4] 2_
g LT ...ll
D [ ]
) r r
Normal CcD

www.eurojgh.com €925

Fig. 5¢). In addition, bioinformatics analysis by using
Targetscan exhibited that miR-148a-3p binds to 3'UTR of
SOCS3 mRNA (Fig. 5d). The luciferase activity of HT-29
cells treated with SOCS3 3'UTR-wt reporter was strikingly
inhibited by miR-148a-3p mimics (P<0.01, Fig. Se). Besides,
miR-148a-3p could obviously reduce the protein expression
of SOCS3 in HT-29 cells (P<0.01, Fig. 5f).

KIF9-AS1 promoted the dextran sulfate sodium-induced
apoptosis of colonic cells by targeting miR-148a-3p/
suppressor of cytokine signaling axis

As illustrated in Fig. 6a, the protein expression of SOCS3
in DSS-induced HT-29 cells was markedly enhanced
(P<0.01). SOCS3 expression was obviously upregulated
by the transfection of pcDNA-SOCS3 (P<0.01, Fig. 6b).
To further confirm the molecular mechanism by which
KIF9-AS1 overexpression accelerated the DSS-induced
apoptosis of colonic cells, rescue experiments were per-
formed. As shown in Fig. 6¢ and d, miR-148a-3p inhibi-
tion or SOCS3 overexpression could visibly reverse the
inhibitory effects of KIF9-AS1 silencing on the apopto-
sis rate and caspase-3 protein expression of DSS-induced
HT-29 cells (P<0.01).

KIF9-AS1 silencing alleviated the colon injury and
inflammation in dextran sulfate sodium-induced
inflammatory bowel disease model

To further demonstrate whether KIF9-AS1 is associated
with the progress of IBD in vivo, mice were intraperito-
neally injected with si-NC and si-KIF9-AS1. As exhib-
ited in Fig. 7a, KIF9-AS1 silencing could visibly increase
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Fig. 1. KIF9-AS1 was upregulated while miR-148a-3p was downregulated in inflammatory bowel disease (IBD). (a) KIF9-AS1 expression in patients with
Crohn’s disease (CD) and normal healthy donors were measured by quantitative real time PCR (qRT-PCR). P<0.01 vs. normal; (b) gRT-PCR was performed
to confirm the KIF9-AS1 expression in patients with ulcerative colitis (UC) and normal healthy donors. P<0.01 vs. normal; (c) gRT-PCR was used to detect
the expression of miR-148a-3p in crohn’s disease patients and normal healthy donors. P<0.01 vs. normal; (d) the miR-148a-3p expression in UC patients

and normal healthy donors was measured by gRT-PCR. P<0.01 vs. normal.



€926 European Journal of Gastroenterology & Hepatology December 2021 @ Volume 33 © Number S1
(a) -e~ Sham (b) -~ Sham (C)
= DSS 2.0 % DSS - 101
. 1104 _
.E‘ 1.5 o E 8+
@ . — ok
E 100 ot _ e £m -
£ 904 3 101 8
E * ke = 4.
N o
o ] *% &
= 807 - 3 08 8 2
70 T T T T . T 0.0- 0
0 2 4 6 8 10 0 2 4 6 8 10 Sham DSS
Days after DSS induction Days after DSS induction
(d) (e) )
= . =
E 200- 2 4001 £ 60- .
g T B E)
= a &
@ 150+ & 300 0
g 8 2 404
[} 3 ]
0 0 ]
 100- 2 200+ 2
c
o 5 S
S 3 g 207
S 50- 8 1001 S
£ c £
o - (.-}
T [1-] -
: L 5, = | N
= Sham DSS Sham DSS+si-NC = Sham DSS
(i)
_ 57 < 1.57
g &
2 44 -3
b <
2, g 1.0
o -
[ D
X 2 L -
s 057
; B 1- 2
i Pl o 7] =
Sham DSS o ]
E 0.0
Sham DSS Sham Dss

Fig. 2. The colon injury and inflammation were enhanced in dextran sulfate sodium (DSS)-induced inflammatory bowel disease (IBD) model. (a) Bodyweight
change in the sham group and the DSS group. “P<0.01 vs. sham; (b) disease activity index (DAI) score of mice in the sham group and the DSS group.
“P<0.01 vs. sham; (c) colon length of mice in the sham group and the DSS group. “P<0.01 vs. sham; (d-f) the concentrations of tumor necrosis factor-a
(TNF-a), interleukin (IL)-6, and IL-1p in colon tissues were determined by ELISA. “"P<0.01 vs. sham; (g) the histological injury of colon tissues was observed
by hematoxylin-eosin (HE) staining; (h) quantitative real time PCR (qQRT-PCR) was used to detect the expression of KIF9-AS1 in colon tissues. “"P<0.01 vs.
sham; (i) the expression of miR-148a-3p in colon tissues was demonstrated using gRT-PCR. “P<0.01 vs. sham.

the bodyweight of DSS-induced mice (P<0.01). In con-
trary, the DAI score of DSS-induced mice was noticea-
bly reduced by KIF9-AS1 knockdown (P<0.01, Fig. 7b).
In addition, si-KIF9-AS1 could strikingly increase the
colon length of DSS-induced mice (P<0.01, Fig. 7c).
Furthermore, silencing of KIF9-AS1 could obviously
downregulate the concentrations of TNF-a, IL-6 and
IL-1p in colon tissues of DSS-induced IBD mice (P<0.01,
Fig. 7d-f). Notably, KIF9-AS1 silencing obviously down-
regulated the KIF9-AS1 expression while upregulated the
miR-148a-3p expression in DSS-induced mice (P<0.01,
Fig. g and h). Moreover, the protein expression of SOC83
in DSS-induced mice was considerably downregulated by
KIF9-AST1 silencing (P<0.01, Fig. 7i).

Discussion

The IBD is a chronic and relapsing inflammatory disorder
of the intestinal tract [24]. In this study, the bodyweight
and colon length were decreased, whereas the DAI score,
histological injury and concentrations of proinflamma-
tory cytokines were increased in DSS-induced IBD mice.

Previous studies have verified that the bodyweight and
colon length were declined, while the DAI score, his-
tological injury and inflammation were elevated in the
DSS-induced IBD model [25-27]. All above data indi-
cated that the DSS-induced IBD model in mice was con-
structed successfully. Enhanced expression of IncRNAs,
such as IncRNA DQ786243 [28], IncRNA MALAT1 [29]
and LINC00657 [30] has been uncovered in IBD. Here,
KIF9-AS1 expression was elevated in IBD patients, DSS-
induced IBD mice, and DSS-induced colonic cells. Above
all, we suspect that KIF9-AS1 may be a regulator of IBD.

Imbalance in the intracellular events that regulate apop-
tosis may accelerate the pathogenesis of IBD [31]. Colonic
lamina propria and epithelium from ulcerative colitis
patients display higher rates of apoptosis than controls
[32]. LncRNAs have been proved to take part in the reg-
ulation of intestinal epithelial cell apoptosis and inflam-
mation in IBD [33]. LncRNA BC012900 overexpression
promotes apoptosis and also elevates the caspase-3 activ-
ity of intestinal epithelial cells in ulcerative colitis [34].
LncRNA ANRIL facilitates the injury of the ulcerative
colitis model by accelerating the apoptosis and suppressing
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Fig. 3. Silencing of KIF9-AS1 reduced the dextran sulfate sodium (DSS)-induced apoptosis of colonic cells. (a) The expression of KIF9-AS1 in HT-29 cells
was examined by quantitative real time PCR (qRT-PCR). "P<0.01 vs. control; (b) gRT-PCR was used to evaluate the transfection efficiency of si-NC and
si-KIF9-AST in HT-29 cells. “"P<0.01 vs. si-NC; (c) flow cytometry assay was used to determine the apoptosis rate of HT-29 cells after DSS treatment.
“P<0.01 vs. si-NC; (d) the expression of apoptosis-related protein caspase-3 in DSS-induced HT-29 cells was detected by western blot. “P<0.01 vs.

si-NC.

the proliferation of LPS-treated fetal human cells in vitro
[35]. In this study, KIF9-AS1 silencing reduced the apop-
tosis rate and protein level of caspase-3 in DSS-induced
colonic cells. We hypothesize that KIF9-AS1 silencing may
protect against IBD by attenuating the apoptosis of DSS-
induced colonic cells iz vitro. In support of this hypothesis,
we investigated the biological effects of KIF9-AS1 in DSS-
induced IBD mice and found that KIF9-AS1 silencing not
only increased the body weight and colon length but also
decreased the DAI score, histological injury and inflamma-
tion in DSS-induced IBD mice. The function of KIF9-AS1
was similar to IncRNA NEAT1. LncRNA NEAT1 knock-
down suppresses the injury and inflammatory response of
colon tissues, as well as elevates the bodyweight and colon
length of DSS-induced IBD mice [10]. Taken together, we

indicate that KIF9-AS1 silencing has a protective effect
against IBD in both vitro and vivo.

Increasing evidence has exhibited that multiple miR-
NAs are downregulated and play a pivotal role in the regu-
lation of IBD. MiR-125a is downregulated in IBD patients
and restrains intestinal mucosal inflammation by modu-
lating ETS-1 [36]. MiR-200b facilitates the proliferation
of intestinal epithelial cells in IBD patients by decreasing
SAMD?2 [37]. MiR-320 contributes to the maintenance of
intestinal homeostasis through controlling NOD2 expres-
sion in IBD patients [38]. Notably, miR-148a alleviates
colon injury and inflammation and inhibits cell apopto-
sis in the DSS-induced IBD mice [18]. Here, we observed
that miR-148a-3p was downregulated in IBD patients,
DSS-induced IBD mice and DSS-induced colonic cells.
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MiR-148a-3p overexpression declined the apoptosis rate
and protein level of caspase-3 in DSS-induced colonic cells.
Our results suggest that miR-148a-3p protects against
IBD through inhibiting apoptosis of DSS-induced colonic
cells in vitro. Certain IncRNAs have been shown to inter-
act with miRNAs, participating in the regulation of IBD.
LncRNA CRNDE facilitates cell apoptosis by repressing
miR-495 in IBD [39]. LncRNA CCAT1 accelerates IBD

malignancy by destroying the intestinal barrier by inhibit-
ing miR-185-3p [8]. LncRNA ANRIL silencing attenuates
the development of ulcerative colitis by downregulat-
ing miR-323b-5p [35]. In this study, miR-148a-3p was
regarded as a target of KIF9-AS1, and KIF9-AS1 silenc-
ing enhanced the miR-148a-3p expression. We assume
that KIF9-AS1 influences IBD through regulating miR-
148a-3p. Interestingly, the rescue experiment exhibited
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that miR-148a-3p knockdown strikingly reversed the
effect that si-KIF9-AS1 exerted. Taken together, KIF9-AS1
may promote apoptosis of DSS-induced colonic cells by
suppressing miR-148a-3p.

It has been documented that SOCS3 can promote the
development of intestinal diseases. For instance, SOCS3
overexpression leads to the destruction of mucosal home-
ostasis in a model of chronic inflammation [40]. SOCS3
enhances the vulnerability of intestinal epithelial cells dur-
ing remission and can predict mucosal relapse in ulcerative
colitis patients without any signs of mucosal inflamma-
tion [41]. Here, SOCS3 protein expression was elevated in
DSS-induced colonic cells and suggesting that SOCS3 may
have a promoting effect on the progression of IBD. Some
miRNAs exert their function through targeting SOCS3
in inflammatory diseases. LncRNA GASS accelerates
M1 macrophage polarization in childhood pneumonia
via modulating miR-455-5p/SOCS3 axis [42]. MiR-19b
attenuates intestinal inflammation in Crohn’s disease via
inhibiting intestinal SOCS3 [23]. Additionally, certain
miRNAs can achieve antiapoptotic effect by targeting
SOCS3 [43,44]. In this study, SOCS3 was a target of miR-
148a-3p, and miR-148a-3p overexpression inhibited the
SOCS3 protein expression. Considering the interaction of
KIF9-AS1/miR-148a-3p, we hypothesize that KIF9-AS1
may mediate SOCS3 expression in IBD. Notably, the
rescue experiment displayed that SOCS3 overexpression
reversed the reduction effects on the apoptosis rate and
protein level of caspase-3 caused by KIF9-AS1 silencing in
DSS-induced colonic cells. To sum up, KIF9-AS1 promotes

the apoptosis rate and protein level of caspase-3 in DSS-
induced colonic cells through regulating miR-148a-3p/
SOCS3 axis.

In summary, we discovered that KIF9-AS1 expression
was increased in IBD. Additionally, KIF9-AS1 silencing
exerted the protective role against IBD in mice. Moreover,
KIF9-AS1 silencing restrained DSS-induced apoptosis of
colonic cells via targeting miR-148a-3p/SOCS3 axis. Our
research may give a new therapeutic target for IBD.
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