
Regular paper

Effect of miR-129-3p on autophagy of interstitial cells of Cajal in 
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Objective: To explore the mechanism by which miR-129-
3p affected the autophagy of interstitial cells of Cajal 
(ICCs) in slow transit constipation tissues through the SCF 
C-kit signaling pathway. Methods: Colon samples from 20 
Slow transit constipation (STC) patients who underwent 
total colectomy plus ileorectal anastomosis or subtotal co-
lon resection plus anti-peristaltic rectal anastomosis were 
collected in our hospital. The colon of 20 non-STC pa-
tients was used as control. The control of this study was 
20 patients undergoing radical surgery for colon cancer 
(left colon cancer) in our hospital. Fifty healthy SPF Kun-
ming mice were purchased from Liaoning Changsheng 
Biotechnology Co., Ltd. Results: The mRNA expression of 
miR-129-3p in the STC group was lower than that in the 
control group (CTLR) (P<0.05). The mRNA expression of 
miR-129-3p in STC group was lower than that in the NC 
group (P<0.05), and mRNA expression in STC+miR-129-
3p group was higher than that in STC+miR-NC group 
(P<0.05). In the first week, the weight of dry and wet fec-
es of the STC group was lower than that of the NC mice 
(P<0.05), and the weight of dry feces and wet feces of the 
STC group was lower than that of the NC group at the 2, 
3, and 4 weeks, STC+miR-129 -3p was higher than that in 
the STC group (P<0.05). Conclusion: The increased expres-
sion of C-kit and SCF regulated by miR-129-3p contrib-
uted to the protection of interstitial cells. Knockdown of 
miR-129-3p expression could inhibit the activation of AKT/
mTOR signaling pathway, reduce cell proliferation activity.
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INTRODUCTION

Constipation is a common functional gastrointestinal 
disease, which is characterized by persistent difficulty in 
defecation, few defecation times or incomplete defeca-
tion (Fuchs et al., 2020). The prevalence rate of consti-
pation in the world ranges from 0.7% to 81%, and the 
prevalence rate of constipation in the elderly is the high-
est. Slow transit constipation (STC) is a chronic and re-
fractory common gastrointestinal disease, affecting 30% 

of patients with chronic constipation in western coun-
tries, and the incidence of STC in young women is 
higher than that in men (Yates, 2020). STC causes in-
tractable constipation, which has little response to con-
servative treatment and tends to be neurodegenerative 
diseases. For some patients with mild STC, constipa-
tion symptoms can be relieved only by high fiber diet 
(Hayashi et al., 2021). However, patients with severe STC 
did not respond to dietary fiber or laxatives. At present, 
it has been proved that interstitial cells of Cajal (ICC) 
are related to the pathogenesis of constipation (Wang 
et al., 2020). ICC is located between nerve endings and 
smooth muscle cells in gastrointestinal tract. ICC is gen-
erally considered as a pacemaker cell and a neuromus-
cular transmission medium of gastrointestinal activity. 
Studies have shown that ICC density in colon of pa-
tients with slow transit constipation is significantly lower 
than that of normal patients (Huang et al., 2018). There-
fore, the decrease of ICC may lead to the lack of slow 
wave activity, which affects the contraction response and 
leads to delayed transmission in patients with slow tran-
sit constipation. The maintenance of ICC requires SCF 
C-kit signal, which indicates that inhibiting this pathway 
can lead to the decrease of ICC number (Maestroni, 
2020). This may lead to the development of STC. How-
ever, there is no investigation report on whether the de-
crease of ICC in STC patients is related to the inhibition 
of SCF C-kit signaling pathway. It is worth noting that 
although a variety of treatment management strategies 
have been formulated, including fiber supplements, pro-
kinetic drugs and biofeedback therapy, total colectomy, 
and ileorectostomy are still the final and most effective 
treatment methods for STC patients (Boonhok et al., 
2021). In addition, STC overlaps with other constipa-
tion subtypes (including irritable bowel syndrome and 
pelvic floor dyssynergia), which highlights the complex 
mechanism involved in STC. Therefore, it is suggested 
to use more molecular biomarkers to treat STC, not just 
histopathological features. The participation of miRNA 
can provide an in-depth understanding of STC patho-
genesis and treatment options. According to reports, 
miR-129-3p is a key miRNA related to the pathogen-
esis of STC (Bae & Kim, 2020). Autophagy is a cellular 
metabolic mechanism, which transports intracellular sub-
stances to lysosomes for degradation and promotes the 
synthesis of new substances. Autophagy disorder occurs 
in the pathogenesis of many diseases, including inflam-
mation, neurodegenerative diseases, and cancer (Junejo 
et al., 2020). Autophagy leads to slow wave rhythm and 
abnormal excitation conduction in gastrointestinal tract, 
which is the key mechanism of many gastrointestinal dis-
eases including STC. Therefore, the study of ICCs from 

Vol. 69, No 3/2022
579–586

https://doi.org/10.18388/abp.2020_5877

mailto:sdqchris2019@tmu.edu.cn
https://doi.org/10.18388/abp.2017_


580           2022H. Wang and others

autophagy is of great significance for understanding the 
pathogenesis of STC. The purpose of this study was to 
explore the mechanism of miR-129-3p affecting ICC au-
tophagy in STC through SCF C-kit signaling pathway, 
and to provide new evidence for miRNA treatment of 
STC.

MATERIALS AND METHODS

Human body samples

The present study was approved by the Ethics Com-
mittee of Tianjin Medical University General Hospital 
(No. IRB2020-YX-123-01). Colon specimens were taken 
from 20 STC patients who received total colectomy plus 
rectocele anastomosis or subtotal colectomy plus anti-
peristalsis rectal anastomosis in our hospital. The con-
trol of this study was 20 patients who underwent radi-
cal operation for colon cancer (left colon cancer) in our 
hospital. These control patients had no constipation and 
no colon dilatation. A control specimen was obtained at 
least 5 cm away from the resection edge of the tumor-
free area. Neither the study group nor the control group 
received any drugs that might increase the inflammato-
ry infiltration of lamina propria or mucosa. Both STC 
group and control group used the same area.

Experimental mice

Fifty healthy Specific Pathogen Free (SPF) Kun-
ming mice (6 weeks old, half of them male and half fe-
male) weighing 19±3 g were purchased from Liaoning 
Changsheng Biotechnology Co., Ltd. (Liaoning, China). 
All animals were kept in a laboratory with a tempera-
ture of 20–25°C and a relative humidity of 40–60% un-
der a 12-hour light/dark cycle. All mice were provided 
with common feed and drinking water at will. All experi-
ments followed the nursing and use guidelines of labora-
tory animals in our hospital. The animal study has been 
approved by the ethics committee of Tianjin Medical 
University General Hospital (approval number: IRB2020-
YX-123-01).

Experimental grouping

According to the experimental procedure and research 
purpose, human tissue samples were divided into control 
group NC (samples from patients undergoing radical op-
eration for colon cancer, n=20) and STC group (samples 
from STC patients undergoing colon resection, n=20). 
The experimental mice were divided into NC (fed with 
normal saline water as experimental control, n=15), STC 
(STC model induced by intragastric administration of at-
ropine 0.1 mg/kg and diphenoxylate 10 mg/kg, n=15), 
and STC+miR-NC (negative control of intravenous in-
jection of miR-129-3p on the basis of STC, n=15). ICC 
cultured under normal conditions can be divided into 
CTLR (ICC cultured under normal conditions as experi-
mental control), inhibitor NC (negative control of miR-
129-3p silencing transfection), and mir-129-3p inhibitor 
(ICC transfected with miR-129-3p inhibitor).

STC model establishment and processing

The mouse STC model induced by atropine-diphe-
noxylate was established as described above, with some 
modifications. After adapting to the environment for one 
week, all mice except the control group (Montoya-Ro-
sales et al., 2016) were injected with atropine (0.1 mg/kg) 

– diphenoxylate (10 mg/kg) once a day for 14 consecu-
tive days. The miR-129-3p treated group (STC+miR-NC) 
was injected with miR-129-3p negative control through a 
tail vein, and the STC mice treated with miR-129-3p mi-
metic (STC+miR-129-3p) were injected with miR-129-3p 
suspended in 1 mL PBS through a tail vein at a dose of 
100 μg.

ICC isolation and culture

Mice were killed by cervical dislocation. The large in-
testine of rats (from 2 cm below cecum to rectum) was 
taken out and opened along the mesenteric boundary. 
Cold phosphate buffered saline solution (PBS) (HyClone, 
USA) containing 2% antibiotics/antifungal agents (Beyo-
time, Shanghai) was used to remove the lumen contents, 
and the mucosa tissues were removed by acute dissec-
tion under dissecting microscope. Intestinal muscles (ex-
cluding mesentery and blood vessels) were equilibrated 
in digestive juice (pH 7.0, containing 1.3 mg/ml type 
II collagenase, Sigma, USA) at 37°C for 3 hours. Sin-
gle cells were obtained by gently stirring in a centrifuge 
tube for 5 minutes, and the dispersed cells were filtered 
through a 200 μm filter. The dispersed cells were cul-
tured in M199 growth medium (Gibco, USA) contain-
ing 10% fetal bovine serum (Gibco, USA) and 25 ng/
mL mouse stem cell factor (Sigma, USA) in an incubator 
humidified by 5% CO2 at 37°C. All experiments of ICC 
cluster were carried out after 72 hours of culture.

Cell transfection

The miR-129-3p inhibitor was purchased from Ri-
bobio Corporation (Guangzhou, China). Lipofectamine 
3000 reagent was used for cell transfection according 
to the manufacturer’s instructions. QRT-PCR was per-
formed to verify the transfection effect.

Reverse transcription polymerase chain reaction

Colon tissue and ICC were homogenized with Trizol. 
Total RNA (500 ng) was reverse transcribed into cDNA 
using PrimeScript RT Master Mix (Dalian, China). These 
procedures were strictly in accordance with the manu-
facturer’s agreement. CDNA was amplified by ABI 7500 
system using DNA binding dye SYBR Green. Glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) was used 
as an internal reference gene, and 2–ΔΔCt method was 
used to evaluate the change of mRNA expression.

Comparison of weighing mouse feces

Animal feces were collected and counted during the 
experiment. The wet weight of feces was recorded im-
mediately after collection, and the dry weight of feces 
was recorded after drying in a drying oven for 3 hours, 
and the dry weight and wet weight of feces of experi-
mental mice were compared.

Evaluation of intestinal pass rate

The intestinal transit rate was calculated as follows: 
intestinal transit rate (%)=A/B×100% (A: the length 
between the pyloric sphincter and the carbon-stained 
intestinal end; B: full length of intestine (distance from 
pylorus) rectum).

Western blot analysis

Colon tissue samples and ICC were homogenized 
and lysed in sodium dodecyl sulfate (SDS) polyacryla-
mide gel electrophoresis sample buffer. The mixture 
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was boiled and centrifuged at 12 000 rpm for 20 min-
utes, and the supernatant was collected. An equal 
amount of protein (30 μg) was separated from each 
sample on 10% SDS polyacrylamide gel, transferred 
to a polyvinylidene fluoride membrane and incubat-
ed with 5% bovine serum albumin for 1 hour. The 
membrane was probed with primary antibody at 4°C 
overnight. Next, the membrane was washed and in-
cubated with horseradish peroxidase-linked secondary 
antibody. Enhanced chemiluminescence kit (Millipore) 
was used to detect immune response signals.

Determination of cell viability and apoptosis

The activity of ICC in different groups was esti-
mated by cell counting kit-8 (CCK-8). In this study, 
flow cytometry (BD FACSVia) used a scattered-light 
gate, i.e., a combined FSC and SSC (lateral scattered-
light) gate was more commonly used. Its biggest ad-
vantage is that it can eliminate the interference of de-
bris or noise. The phylum cell population can be set 
according to the different cell distribution on the FSC 
vs SSC scatter plot. The number of cells detected by 
flow cytometry was 5000 per time.

Flow cytometry uses a threshold gate. FSC (Forward 
scattered light) is the most commonly used threshold 
parameter. FSC was positively correlated with cell size. 
By setting a threshold value with FSC, signals of other 
impurities such as cell debris below this threshold can 
not be processed. 1) Removal of cell debris: Establish 
a forward scattering (FSC) VS. A side-scattering (SSC) 
dot plot, and various photomultiplier tube devices are 
adjusted to ensure that all the cell populations to be 
analyzed are within the visual range of the dot plot. 
If necessary, the FSC threshold needs to be set and 
adjusted to exclude most of the cell debris, bubbles, 
and laser background noise from the analysis area (all 
should be located in the FSC-LOW area). Next, cir-
cle the area around the population of cells of interest 
(R1) in the FSC vs SSC point plot, which can be re-
ferred to as “R1-FSC vs SSC”. Negative control: 2) to 
apply the appropriate fluorescence dye cell, it is rec-
ommended that you divide the cells in the two test 
tubes, one of the test tubes with fluorescently labeled 
antibodies dye cells of interest, and the other in vitro 
application type with fluorescent antibody as the cor-
responding negative control to help in the analysis for 
more accurate region of positive signals and negative 
fluorescence background. 3) Exclusion of dead cells: 
Cells are stained with markers such as Propidium Io-
dide (PI) or 7-AAD, which measure cell activity, to 
distinguish living cells from dead cells. First build the 
FSC vs “cell active staining” dot plot and then set 
“Region 1-FSC vs SSC” on this dot plot. The Viable 
cell population was then circled and called “Region 
2-Viable”. 4) If appropriate, the Viable was stained 
with a shared marker. In some cases, it was possible 
to dye a marker that was expressed both in the cell of 
interest and in other cells (such as CD45, which was 
expressed in all leukocytes). Although this step is not 
necessary, it can be helpful in analyzing some rare cell 
types. First, an FSC vs “shared marker” dot plot was 
established, and “Region 2-Viable” was set on the dot 
plot. Then, all cell populations expressing this Marker 
were circled and set as “Region 3-shared Marker”. 5) 
Set up the necessary fluorescence analysis point map 
and apply the corresponding fluorescence homotype 
negative control to help distinguish the positive signal 
from the background fluorescence signal.

EdU incorporation analysis

The assay of 5-ethynyl-2’-Deoxyuridine (EdU) in-
corporation was carried out 48 hours after transfection 
according to the manufacturer’s instructions using the 
Cell-Light EdU Apollo567 in vitro imaging kit (RiboBio, 
Guangzhou, China). The image was taken under a fluo-
rescence microscope.

Statistical analysis

The normality of data distribution and the homo-
geneity of variance was tested. The data in this study 
are all SPSS 20.0 statistical analysis software. Firstly, 
the normality of the data is detected. The data of 
this study is in line with the normal distribution; The 
measurement data are expressed by mean ± standard 
deviation (±S.D.), the inter group comparison adopts 
one-way ANOVA or repeated measurement ANOVA, 
and the inter group comparison adopts LSD-t test; 
The counting data were expressed as percentage (%), 
and the comparison between groups was expressed as 
percentage (%) χ2 analysis; P<0.05 means the differ-
ence is statistically significant.

RESULTS

The expression of mir-129-3p in colon tissue of STC 
patients decreased

The expression of miR-129-3p in tissue samples was 
analyzed by qRT-PCR. The expression of miR-129-
3p in STC group was lower than that in CTLR group 
(P<0.05). The data showed that the expression of miR-
129-3p in colon tissue of STC patients was lower (Fig. 
1).

Note: the mRNA expression of miR-129-3p in STC 
group was lower than that in CTLR group (P<0.05). The 
data showed that the expression of miR-129-3p in colon 
tissue of STC patients was lower.

mRNA expression analysis of miR-129-3p in 
experimental mice

The mRNA expression of miR-129-3p in STC 
group was lower than that in NC group (P<0.05), 
while the mRNA expression of STC+miR-129-3p 
group was higher than that of STC+miR-NC group 
(P<0.05) (Fig. 2).

Note: the mRNA expression of miR-129-3p in STC 
group was lower than that in NC group (P<0.05), and 
the mRNA expression in STC + miR-129-3p group was 
higher than that in STC + miR-nc group (P<0.05).

Figure 1. qRT-PCR analysis of miR-129-3p expression
Note: the mRNA expression of miR-129-3p in STC group was lower 
than that in CTLR group.
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Comparative analysis of dry weight of mouse feces

The animal feces were collected and dried in a drying 
oven. Before the experiment (0 Week), there was no dif-
ference in the dry feces weight between the experimental 
groups (P>0.05). In the first week, the weight of dry feces 
and wet feces of the STC group was lower than that of 
the NC mice (P<0.05), and the weight of dry feces and 
wet feces of the STC group was lower than that of the 
NC group at the 2, 3, and 4 weeks, STC+miR-129 -3p 
was higher than that in the STC group (P<0.05) (Table 1).

Note: before the experiment (0 week), there was no 
difference in the weight of dry feces among the experi-
mental groups (P>0.05). The weight of dry feces in STC 
group was lower than that in NC group (P<0.05). At 2 
week, 3 week and 4 week, the weight of dry feces in STC 
group was lower than that in NC group, and STC + miR-
129-3p was higher than that in STC group (P<0.05).

Comparative analysis of wet weight of mouse feces

The wet feces of animals were collected and weighed 
immediately. Before the experiment (0 week), there was 

no difference (P>0.05). The feces weight of STC group 
and STC+miR-NC group was lower than that of NC 
group (P<0.05), and STC+miR-129-3p was higher than 
that of STC group and STC+miR-NC group (Table 2).

Note: before the experiment (0 week), there was no 
difference in the fecal weight of mice in each experi-
mental group (P>0.05). The fecal weight of mice in 
1week ~ 4 week STC group and STC+miR-nc group 
was lower than that in NC group (P<0.05), and the 
fecal weight of mice in STC+miR-129-3p was higher 
than that in STC group and STC+miR-nc group.

Effects of miR-129-3p on intestinal passage rate in mice

The intestinal passage rate was analyzed by calculat-
ing the proportion of the length between the pyloric 
sphincter and the end of the charcoal-stained intestine 
in the rectum. The intestinal passage rate of STC group 
and STC+miR-NC group was lower than that of NC 
group (P<0.05), while that of STC+miR-129-3p group 
was higher than STC group and STC+miR-NC group 
(P<0.05). The data showed that miR-129-3p could pro-

Figure 2. qRT-PCR analysis of miR-129-3p expression in mice
Note: the mRNA expression of miR-129-3p in STC group was lower 
than that in NC group, and the mRNA expression in STC+miR-129-
3p group was higher than that in STC+miR-nc group

Table 1. Weighing analysis of dry feces of mice (s)

Group 0 Week 1 Week 2 Week 3 Week 4 Week

NC 1.82±0.24 2.18±0.28 2.40±0.34 2.46±0.33 2.18±0.26

STC 1.92±0.25 1.93±0.30 1.77±0.27 1.61±0.24 1.92±0.22

STC+miR-NC 1.90±0.23 2.08±0.26 1.55±0.23 1.66±0.23 1.91±0.23

STC+miR-129-3p 2.01±0.22 2.03±0.25 1.80±0.22 1.96±0.23 2.01±0.25

F value 14.026 11.583 13.299 13.205 9.145

P value 0.024 0.015 0.005 0.011 0.004

Table 2. Weighing analysis of wet feces of mice (s)

Group 0 Week 1 Week 2 Week 3 Week 4 Week

NC 65.73±5.14 64.42±5.01 71.88±6.38 63.33±5.24 71.65±6.10

STC 62.51±4.27 52.19±3.14 56.67±3.16 50.91±3.15 53.75±3.88

STC+miR-NC 70.3±2,44 47.36±4.82 44.71±3.55 59.62±3.77 62.11±3.64

STC+miR-129-3p 58.82±3.44 63.13±5.81 56.28±5.36 77.01±5.66 66.69±3.41

F value 14,025 11.526 10.025 11.414 12.683

P value 0.172 0.022 0.015 0.031 0.026

Figure 3. Intestinal passage rate of mice
Note: The intestinal passage rate of STC group and STC+miR-nc 
group was lower than that of NC group, and the intestinal pas-
sage rate of STC+miR-129-3p group was higher than that of STC 
group and STC+miR-nc group.
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mote intestinal peristalsis and improve the symptoms 
of constipation (Fig. 3).

Effects of miR-129-3p on SCF and C-kit protein level in 
STC mice

The expression of SCF and C-kit in colon tis-
sue was analyzed by western blot. The protein level 
of SCF and C-kit in STC+miR-NC group and STC 
group was lower than that in NC group (P<0.05), 
while that in STC+miR-129-3p was higher than that 
in STC+miR-NC and STC group (P<0.05). High ex-
pression of miR-129-3p promoted the expression of 
SCF and C-kit in mouse colon (Fig. 4, Table 3).

Effect of miR-129-3p on SCF and C-kit mRNA expression 
in STC mice

The mRNA expression of SCF and C-kit in co-
lon tissue of mice was analyzed by qRT-PCR. The 
mRNA expression of SCF and C-kit in STC group 
and STC+miR-NC group was lower than that in NC 
group (P<0.05). The mRNA expression of SCF and 

C-kit in STC+miR-129-3p group was higher than that 
in STC+miR-NC group and STC group (P<0.05) (Ta-
ble 4).

qRT-PCR analysis of miR-129-3p mRNA in ICCs

The expression of miR-129-3p mRNA in ICCs was 
analyzed by RT-PCR. The expression of miR-129-
3p mRNA in inhibitor group was lower than that in 
inhibitor NC and CTLR group (P<0.05), which in-
dicated that miR-129-3p transfection was successful 
(Table 5).

The effect of knocking down miR-129-3p on ICC cell 
proliferation

The proliferation activity of ICC cells was detected 
by EDU infiltration method and CCK-8. The experi-
mental data showed that compared with inhibitor NC 
and CTLR groups, the proliferation and viability of 
ICC cells decreased (P<0.05), and the apoptosis rate 
increased (P<0.05), which indicated that knocking 
down miR-129-3p inhibited the proliferation of ICC 
cells and promoted apoptosis (Fig. 5).

Figure 4. western blot analysis of SCF and C-kit expression
Note: The protein level of SCF and c-kit in STC+miR-nc group and 
STC group was lower than that in NC group, the protein level of 
SCF and c-kit in STC+miR-nc group and STC group was higher 
than that in STC+miR-nc group and STC group.

Table 3. Western blot analysis of SCF and C-kit expression (s)

Group SCF C-kit

NC 1.01±0.03 1.02±0.04

STC 0.51±0.01 0.45±0.01

STC+miR-NC 0.64±0.01 0.44±0.01

STC+miR-129-3p 0.88±0.02 0.92±0.03

F value 12.304 11.619

P value 0.004 0.012

Table 4. qRT-PCR analysis of SCF and C-kit expression (s)

Group SCF C-kit

NC 0.96±0.02 1.17±0.05

STC 0.63±0.01 0.7±0.02

STC+miR-NC 0.53±0.01 0.61±0.02

STC+miR-129-3p 0.88±0.02 1.00±0.04

F value 10.583 12.667

P value 0.024 0.008

Table 5. Analysis of miR-129-3p mRNA (s) in ICCs by QRT-PCR

Group miR-129-3p mRNA

CTLR 0.95±0.03

inhibitor NC 0.89±0.03

miR-129-3p inhibitor 0.38±0.01

F value 10.673

P value 0.006

Figure 5. Analysis of apoptosis and proliferation
Note: The experimental data showed that compared with inhibitor NC and CTLR groups, the proliferation and viability of ICC cells de-
creased (P<0.05), and the apoptosis rate increased (P<0.05)
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The effect of knocking down miR-129-3p on the 
expression of apoptosis-related proteins in ICC

The expression of Bax, Bcl-2, and Cleaved caspase-3 
in ICC cells was analyzed by western blot. The expres-
sion of Bax and Cleaved caspase-3 in miR-129-3p in-
hibitor group was higher than that in inhibitor NC and 

Figure 6. Western blot analysis of expression of apoptosis-relat-
ed proteins
Note: The expression of Bax and Cleaved caspase-3 in miR-129-
3p inhibitor group was higher than that in inhibitor NC and CTLR 
group, while the expression of Bcl-2 was lower.

Table 6. Western blot analysis of expression of apoptosis-related 
proteins (s)

Group Bax Bcl-2 Cleaved  
caspase-3

CTLR 0.94±0.06 0.98±0.08 0.91±0.06

inhibitor NC 0.96±0.08 0.97±0.06 1.07±0.08

miR-129-3p inhibitor 1.97±0.11 0.55±0.03 1.81±0.12

F value 14.527 9.324 13.891

P value 0.004 0.011 0.005

Figure 7. Expression analysis of autophagy-related proteins
Note: The expression of Beclin1 and LC3BII/I in miR-129-3p inhibi-
tor group was higher than that in inhibitor NC and CTLR groups, 
while the expression of p62 protein was lower.

Table 7. Expression analysis of autophagy-related proteins (s)

Group Beclin1 LC3BII/I p62

CTLR 0.96±0.08 0.89±0.06 0.98±0.06

inhibitor NC 1.01±0.10 0.96±0.08 1.02±0.08

miR-129-3p inhibitor 2.12±0.13 2.37±0.15 0.50±0.01

F value 10.728 13.146 12.853

P value 0.026 0.019 0.014

Figure 8. protein analysis of Akt/ mTOR signaling pathway
Note: The protein level of miR-129-3p inhibitor was lower than 
that of CTLR group.

Table 8. Protein analysis of Akt/ mTOR signaling pathway (s)

Group p/t-PI3K p/t-AKT p/t-mTOR

CTLR 0.96±0.08 1.20±0.09 1.07±0.08

inhibitor NC 1.17±0.08 1.12±0.08 1.10±0.08

miR-129-3p inhibitor 0.40±0.01 0.54±0.01 0.41±0.01

F value 10.553 14.372 11.093

P value 0.006 0.025 0.017

CTLR group (P<0.05), while the expression of Bcl-2 was 
lower (P<0.05) (Fig. 6, Table 6).

Knocking down miR-129-3p promoted autophagy of 
ICC cells

The expression of autophagy-related proteins Beclin1, 
LC3BII/I, and p62 was analyzed by western blot. The 
expression of Beclin1 and LC3BII/I in miR-129-3p in-
hibitor group was higher than that in inhibitor NC and 
CTLR groups (P<0.05), while the expression of p62 pro-
tein was lower (P<0.05) (Fig. 7, Table 7).

Knocking down miR-129-3p inhibited the activation of 
AKT/mTOR signaling pathway

The expression of AKT/mTOR signaling pathway 
in ICC was analyzed by western blot. The protein level 
of miR-129-3p inhibitor was lower than that of CTLR 
group (P<0.05). The results showed that knocking down 
miR-129-3p inhibited AKT/mTOR signaling pathway 
(Fig. 8, Table 8).

DISCUSSION

In this study, we proved that the high expression of 
miR-129-3p can effectively promote defecation and colon 
activity in STC model induced by atropine and diphe-
noxylate in mice. This was mediated by up-regulating the 
expression of SCF C-kit signaling pathway and promot-
ing ICC activity. In ICC culture, knocking down miR-
129-3p can increase the autophagy level of cells. Western 
blot analysis showed that the expression of Beclin1 and 
LC3BII/I in miR-129-3p inhibitor increased, while the 
expression of p62 decreased, indicating that autophagy 
was enhanced. This was also the reason for the decline 
of cell proliferation and cell viability. At the same time, 
it was found that this regulation was completed by af-
fecting Akt/mTOR signaling pathway. Protein analysis 
of apoptosis factors showed that the expression of Bax 
and Cleave Caspase-3 increased, and the expression of 
anti-apoptosis factor Bcl-2 decreased in miR-129-3p in-
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hibitor, which fully indicated that miR-129-3p expression 
regulated ICC autophagy level, and then affected cell 
proliferation and apoptosis. The mRNA expression level 
of miR-129-3p decreased in human tissue samples and 
STC models of mice, which indicated that miR-129-3p 
was closely related to the STC.

The decrease in the number and viability of ICC cells 
is related to the pathogenesis of many human diseases, 
such as chronic unexplained nausea and vomiting, small 
intestinal obstruction, streptozotocin-induced diabetes, 
and gastric dysrhythmia in STC (Li et al., 2021; Mawani 
et al., 2019; Kawahara et al., 2021; Kim et al., 2020; Yu 
et al., 2020; Cangemi et al., 2019). ICC plays an impor-
tant role in regulating intestinal movement by acting as 
a pacemaker for gastrointestinal muscles (De Pablo-Fer-
nandez et al., 2019). The maintenance of ICC phenotype 
and function in gastrointestinal system depends largely 
on signal cascade, which is mediated by the expression 
of tyrosine kinase receptor C-kit protein on cell surface 
(Yan et al., 2020). Previous reports have shown that C-
kit is a specific marker of ICC. Studies have shown that 
ICC cells and stem cell factors (SCF) are closely related 
to the C-kit/SCF signaling pathway (Xu et al., 2018). 
SCF is the natural ligand of C-kit, which is expressed 
in various tissues of the body, but mainly produced by 
stromal cells in bone marrow (Chen et al., 2021). C-kit 
is a transmembrane protein. It promotes the develop-
ment and differentiation of ICC and maintains its nor-
mal physiological function (Barroso-Chinea et al., 2020). 
C-kit labeling indirectly reflects the quantity and density 
of ICC. There are two isoforms of SCF, namely soluble 
SCF (sSCF) and membrane-bound SCF (mSCF), which 
are important to ICC function. However, mSCF has a 
more lasting effect on ICC (Cornet-Masana et al., 2019). 
In addition to increasing the number of ICC, sSCF can 
partially reverse the pathological ICC changes in diabetic 
mice. Our study found that miR-129-3p can promote 
the activation of SCF C-kit signaling pathway, which 
proved that miR-129-3p can effectively inhibit the loss 
of ICC cells and the decrease of SCF C-kit expression 
in the pathogenesis of STC. Our use of ICC cells iso-
lated from STC mice also directly showed that knocking 
down miR-129-3p can significantly reduce ICC prolif-
eration activity. Therefore, we assumed that SCF C-kit 
pathway was damaged by STC, which led to the decrease 
of ICC, which may contribute to the etiology of STC. 
Previous studies have shown that miR-129-3p can affect 
Beclin-1 gene to inhibit autophagy (Liu et al., 2019). Be-
clin-1 is the first effector identified in the initial stage 
of autophagy. It interacts with phosphatidylinositol 3-ki-
nase to form a protein complex, which can recruit au-
tophagy marker LC3 and start autophagy flow. In this 
study, it was found that knocking down miR-129-3p up-
regulated Beclin-1 and lc3bii/I in ICC (Pan et al., 2019). 
Autophagy is a highly conservative multi-step process, 
which is regulated by many autophagy-related genes. In 
autophagy network, mammalian target protein of rapa-
mycin (mTOR) can be activated by phosphatidylinositol 
3-kinase (PI3K) and serine/threonine kinase (Akt), thus 
inhibiting autophagy (Gao et al., 2020). In this study, 
we studied ICC autophagy, Akt/mTOR signal and ap-
optosis, including an increase in autophagy, promoting 
apoptosis, and reducing the cell proliferation activity. 
And proved that miR-129-3p knockdown inhibited Akt/
mTOR-related autophagy pathway, enhanced autophagy 
and enhanced Caspase-3-mediated ICC apoptosis.

CONCLUSION

To sum up, it was found that the increased expres-
sion of C-kit and SCF regulated by miR-129-3p was 
helpful to protect ICCs. Knocking down the expression 
of miR-129-3p could hinder the activation of SCF C-kit 
and AKT/mTOR signaling pathway, induce the increase 
of autophagy, promote apoptosis and reduce the cell 
proliferation activity, indicating that miR-129-3p was a 
key miRNA related to STC. At the molecular level, the 
mechanism of miR-129-3p participating in ICCs in STC 
was explored.
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