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5,6,7

1

Department of Gastroenterology, The Aﬃliated Hospital of Southwest Medical University, Luzhou 646000, China
Nuclear Medicine and Molecular Imaging Key Laboratory of Sichuan Province, Luzhou 646000, China
3
Department of Gastroenterology, Ya’an People’s Hospital, Ya’an 625000, China
4
Department of Pathology, The Aﬃliated Hospital of Southwest Medical University, Luzhou 646000, China
5
Department of Cardiovascular Surgery, The Aﬃliated Hospital of Southwest Medical University, Luzhou 646000, China
6
Cardiovascular and Metabolic Diseases Key Laboratory of Luzhou, Luzhou 646000, China
7
Key Laboratory of Medical Electrophysiology,
Ministry of Education & Medical Electrophysiological Key Laboratory of Sichuan Province,
(Collaborative Innovation Center for Prevention of Cardiovascular Diseases) Institute of Cardiovascular Research,
Southwest Medical University, Luzhou 646000, China
2

Correspondence should be addressed to Juyi Wan; wanjuyi@yeah.net
Xiaolin Zhong and Ou Chen contributed equally to this work.
Received 18 November 2020; Revised 31 January 2021; Accepted 8 February 2021; Published 2 March 2021
Academic Editor: Tingtao Chen
Copyright © 2021 Xiaolin Zhong et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Objectives. To investigate the eﬀects of cytotoxin-associated gene A- (CagA-) positive Helicobacter pylori on proliferation, invasion, autophagy, and expression of miR-125b-5p in colon cancer cells. Methods. Colon cancer cells were cocultured with
H. pylori (CagA+) to analyze the eﬀects of H. pylori on miR-125b-5p and autophagy. Colon cancer cells infected with H. pylori
(CagA+) were mimicked by transfection of CagA plasmid. The eﬀects of CagA on the proliferation, invasion, and autophagy of
colon cancer cells were analyzed. Cell counting kit-8 (CCK-8), clone formation, and Transwell assays were used to detect cell
viability, proliferation, and invasion ability, respectively. Proteins and miRNAs were detected by western blotting and qPCR,
respectively. Results. H. pylori (CagA+) inhibited expression of miR-125b-5p and promoted autophagy in colon cancer cells. MiR125 b-5p was underexpressed in colon cancer cells after CagA overexpression. CagA promoted colon cancer cell proliferation,
invasion, and autophagy. Overexpression of miR-125b-5p inhibited the proliferation, invasion, and autophagy of colon cancer
cells and reversed the eﬀects of CagA. Conclusion. H. pylori (CagA+) infection may promote the development and invasion of
colon cancer by inhibiting miR-125b-5p.

1. Introduction
Colon cancer is a common digestive tract tumor that usually
occurs in people aged 40–50 years. According to a report,
colon cancer is one of the most common tumors in China,
and survey statistics show that the incidence of colon cancer
among young people is increasing [1–3]. Despite tremendous breakthroughs in the detection and treatment of colon
cancer, the 5-year survival rate of colon cancer patients is
still not satisfactory. Indeed, more than 50% of patients with

colon cancer have distant metastasis at diagnosis, which is an
important factor leading to poor prognosis [4, 5].
Helicobacter pylori (H. pylori) is the major virulence
factor of chronic gastritis and peptic ulcers, which are closely
related to the pathogenesis of gastric mucosa lymphoid
tissue lymphoma and gastric cancer [6–8]. In recent years, it
has been found that H. pylori may be associated with the
pathogenesis of colon cancer and polyps. Zumkeller et al.
ﬁrst discovered through metastasis analysis that H. pylori
infection is potentially linked to the pathogenesis of colon
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cancer and adenomatous polyps [9]. Teimoorian et al. also
found that H. pylori is associated with colon cancer and
adenomatous polyps [10]. The genotype diﬀerences of
H. pylori strains are important factors leading to diﬀerent
clinical outcomes after infection. There is also a higher risk of
serious clinical consequences of infection with cytotoxinassociated gene A- (CagA-) positive H. pylori than with the
negative strain [11–13].
MicroRNAs (miRNAs), small noncoding singlestranded RNAs, consist of approximately 22 nucleotides
encoded by an endogenous gene. miRNAs can directly bind
to target messenger RNA (mRNA) by recognizing and
complementing the 3′-untranslated region (UTR). miRNAs
lead to gene degradation or translation, thus downregulating
the expression of target genes [14, 15]. Regulation of
posttranscriptional gene expression of miRNAs plays important roles in tumorigenesis, metastasis, and drug resistance [16–18]. H. pylori may regulate the proliferation of
gastric cancer cells by inhibiting miR-152 and miR-200b
[19]. The level of miR-490-3p is also associated with the
prognosis of patients with gastric cancer caused by H. pylori
[20]. However, the mechanism of H. pylori-induced colon
cancer is still unclear.
In this study, it was found that CagA-positive H. pylori
might promote the proliferation, invasion, and autophagy of
colon cancer cells by inhibiting miR-125b-5p, thereby inducing colon cancer.

2. Materials and Methods
2.1. Cell Culture and Plasmid Transfection. Colon cancer cell
lines DLD-1 and SW620 (American Type Culture Collection, USA) were cultured in RPMI-1640 medium containing
10% fetal bovine serum (FBS, Thermo Fisher, Waltham,
USA), 50 U/mL penicillin, and 50 μg/mL streptomycin
(15070063, Thermo Fisher, Waltham, USA).
Standard H. pylori (CagA+, VacA+) NCTCl1637 was
provided by the Chinese Center for Disease Control and
Prevention. An H. pylori suspension with a concentration of
1 × 105 CFU/mL was added at a ratio of 200 : 1 when colon
cancer cells were grown to 80% conﬂuence. Cell changes were
observed at 24 h after coculture, and the expression of CagA
protein was detected by western blotting. The autophagyrelated proteins LC3B-II/LC3B-I, Beclin-1, and miR-125b-5p
were detected by western blotting and qPCR, respectively.
H. pylori (CagA+) infection was simulated by transfection of the CagA plasmid (GenePharma). Transfection
was carried out according to the kit instructions. The miR125b-5p mimic overexpresses miR-125b-5p by plasmid
transfection. Colon cancer cell lines DLD-1 and SW620 were
divided into four groups: mimic-NC + OE-NC (miR-125b5p negative control + CagA negative control), mimic-miR125b-5p + OE-NC (miR-125b-5p overexpression + CagA
negative control), mimic-NC + OE-CagA (miR-125b-5p
negative control + CagA overexpression), and mimic-miR125b-5p + OE-CagA (miR-125b-5p overexpression + CagA
overexpression). For diﬀerent experimental groups, 2 μL of
LipofectamineTM 2000 (Invitrogen, Waltham, USA),
40 pmol of CagA plasmid, miR-125b-5p plasmid and

negative control (NC) (GenePharma) were mixed in 50 μL of
serum-free medium at room temperature for 15 min. The
lipid compounds were diluted in 300 μL of serum-free
medium and 600 μL of medium containing FBS to produce a
1 mL volume mixture and incubated with the cells at 37°C
with 5% CO2 for subsequent experiments.
2.2. QPCR. Total RNA was obtained using TRIzol (Invitrogen, Waltham, USA). The concentration and purity of the
RNA were detected by a NanoDrop2000 spectrophotometer
(NanoDrop Technologies, Wilmington, DE, USA). One
microgram of RNA was reverse transcribed using a reverse
transcription cDNA kit (Thermo Fisher Scientiﬁc, Waltham,
USA) for the synthesis of cDNA. SYBR Green PCR Master
Mix (Roche, Basel, Switzerland) was used to conduct the
qPCR experiments using a PCR Detection System (ABI
7500, Life Technology, USA). The PCR cycle was as follows:
pretreatment at 95°C for 10 min, followed by 40 cycles of
94°C for 15 s, 60°C for 1 min, 60°C for 1 min, and 4°C for
preservation. Comparative cycle threshold (2−ΔΔCt) analysis
was employed to determine the expression of the RNAs
[21, 22]. The expression levels of GAPDH and U6 were used
for normalization. Primer sequences of the genes used in this
work are described in Table 1.
2.3. Cell Counting Kit-8 (CCK-8) Assay. The cells were adjusted to a density of 2 × 104 cells/mL and inoculated in 96well plates (100 μL per well). Forty-eight hours after transfection, 10 μL of CCK-8 (Beyotime Institute of Biotechnology, Beijing, China) was added and cultured at 37°C for
2 h. The optical density (OD) at 450 nm was measured by a
microplate reader (Tecan Inﬁnite M200 Microplate Reader;
LabX, Männedorf, Switzerland) to calculate the relative cell
viability.
2.4. Clone Formation Experiment. A total of 1 × 103 cells
were inoculated per well into 6-well plates. The cells were
cultured in a 5% CO2 incubator for 2 weeks at 37°C. After
aspirating the medium, 500 μL of methanol solution was
added to each well to ﬁx the cells for 15 min, and then 1 mL
of crystal violet dye solution was added for 20 min. An
automatic image analyzer was used to scan and photograph
the cells, and the clone formation numbers were tested.
2.5. Transwell Assay. A total of 3 × 104 cells were transferred
into the upper chambers of a Transwell apparatus (8 μm, BD
Biosciences, CA, USA). The bottom chamber was ﬁlled with
a complete medium supplemented with 10% FBS. After
incubation for 48 h, cells that did not invade through the
membrane were swept away. Then, the cells were ﬁxed with
20% methanol and stained with 0.2% crystal violet. Cells
invading into the bottom chamber per ﬁeld were counted
under an inverted microscope.
2.6. Western Blotting. Protein was extracted by protein lysate
(RIPA). A BCA kit was applied to analyze the protein
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Table 1: Primer sequences.
Primer name
miR-125b-5p-forward
miR-125b-5p-reverse
CagA-forward
CagA-reverse
U6-forward
U6-reverse
GAPDH-forward
GAPDH-reverse

concentration. Protein was separated by SDS-PAGE at 110 V
for 100 min and transferred to PVDF membranes. The
PVDF membranes were blocked in 5% nonfat milk for 1 h at
room temperature. The antibodies (CagA, ab224836,
Abcam, San Francisco, USA; Bcl2, ab59348, 26 kD; cyclin
D1, ab134175, 34 kD; E-cadherin, ab40772, 97 kD; N-cadherin, ab18203, 130 kD; LC3B-II/LC3B-I, ab48394, 19 kD/17
kD; GAPDH, ab8245,36 kD; Beclin-1, ab207612, 52 kD)
were diluted at 1 : 1000 with 5% BSA and added to the cells
overnight at 4°C. Then, the secondary antibody (sc-516102/
sc-2357; Santa Cruz Biotechnology, Inc. Dallas, TX, USA)
was diluted at 1 : 5000 and added to the cells at room
temperature for 2 h. Protein blot bands were detected by
Pierce ECL plus western blotting substrate (Thermo
Fisher, Waltham, USA) in ChemiDoc MP (Bio-Rad, California, USA).

™

2.7. Statistical Analysis. All experimental data are presented
as the mean ± SD, and p < 0.05 was considered statistically
signiﬁcant. All statistical analyses were performed using
GraphPad Prism 6.

3. Results
H. pylori (CagA+) inhibits miR-125b-5p and promotes
LC3B-II/LC3B-I and Beclin-1 in colon cancer cells.
CagA protein expression was signiﬁcantly increased after
coculture of both the DLD-1 (Figure 1(a)) and SW620
(Figure 1(b)) colon cancer cell lines with H. pylori (CagA+).
After coculture with H. pylori (CagA+), miR-125b-5p expression was signiﬁcantly decreased in both DLD-1
(Figure 1(c)) and SW620 (Figure 1(d)) cells. The expression
of the autophagy-related proteins LC3B-II/LC3B-I and
Beclin-1 was signiﬁcantly higher than that in the control
group for both DLD-1 (Figure 1(e)) and SW620 (Figure 1(f ))
cells. The results indicated that H. pylori (CagA+) inhibited
the expression of miR-125b-5p and promoted the expression
of LC3B-II/LC3B-I and Beclin-1 in colon cancer cells.
CagA overexpression inhibits miR-125b-5p in colon
cancer cells.
An H. pylori (CagA+) infection model was constructed
by transfecting CagA. The qPCR results showed that
transfection of the CagA plasmid increased the expression of

Sequence (5′-3′)
TCCCTGAGACCCTAACTTGTGA
AGTCTCAGGGTCCGAGGTATTC
ATAATGCTAAATAGACAACTTGAGCGA
TTAGAATAATCAACAAACATCACGCCAT
CTCGCTTCGGCAGCACA
AACGCTTCACGAATTTGCGT
GGGAGCCAAAAGGGTCAT
GAGTCCTTCCACGATACCAA

CagA and decreased miR-125b-5p, and transfection of miR125b-5p increased the expression of miR-125b-5p, but it was
still lower than that of the CagA negative control and did not
aﬀect the expression of CagA in either the DLD-1 or SW620
colon cancer cell lines (Figures 2(a) and 2(c)). The western
blot results also showed that overexpression of miR-125b-5p
did not aﬀect the expression of the CagA protein in either the
DLD-1 or SW620 colon cancer cell lines (Figures 2(b) and
2(d)). This indicated that the transfection experiment was
successful. Moreover, overexpression of miR-125b-5p did
not aﬀect the infection eﬃciency of CagA but did reverse the
inhibitory eﬀect of CagA on miR-125b-5p.
CagA overexpression promotes the proliferation and
invasion of colon cancer cells by inhibiting miR-125b-5p.
On the ﬁfth day, overexpression of CagA signiﬁcantly
increased the viability of both DLD-1 (Figure 3(a)) and
SW620 (Figure 3(d)) cells. miR-125b-5p overexpression
signiﬁcantly decreased the viability of both DLD-1
(Figure 3(a)) and SW620 (Figure 3(d)) cells and reversed the
eﬀect of CagA on their viability. Increased levels of CagA also
signiﬁcantly increased the proliferation of both DLD-1
(Figure 3(b)) and SW620 (Figure 3(e)) cells, whereas miR125b-5p overexpression signiﬁcantly decreased the proliferation of both DLD-1 (Figure 3(b)) and SW620 (Figure 3(e))
cells and reversed the eﬀect of CagA on their proliferation.
CagA overexpression signiﬁcantly increased the invasion of
DLD-1 (Figure 3(c)) and SW620 (Figure 3(f)) cells, and
overexpressing miR-125b-5p signiﬁcantly decreased the invasion of both DLD-1 (Figure 3(c)) and SW620 (Figure 3(f))
cells and reversed the eﬀect of CagA on their invasion.
Higher levels of CagA increased the expression of the
apoptosis-related protein Bcl2, the proliferation-related
protein cyclin D1, and the invasion-related protein
N-cadherin but decreased the expression of E-cadherin in
both DLD-1 (Figure 4(a)) and SW620 (Figure 4(b)) cells.
Moreover, overexpression of miR-125b-5p had the opposite
eﬀect and reversed the eﬀects of CagA on Bcl2, cyclin D1,
N-cadherin, and E-cadherin in both DLD-1 (Figure 4(a))
and SW620 (Figure 4(b)) cells. This indicated that CagA
overexpression promoted the proliferation and invasion of
colon cancer cells by inhibiting miR-125b-5p.
CagA overexpression promotes autophagy in colon
cancer cells by inhibiting miR-125b-5p.
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Figure 1: H. pylori (CagA+) inhibits miR-125b-5p and promotes LC3B-II/LC3B-I and Beclin-1 in colon cancer cells. (a) and (b) represent
CagA protein expression was signiﬁcantly increased after coculture of both the DLD-1 (a) and SW620 (b) colon cancer cell lines with
H. pylori (CagA+). (c) and (d) represent that, after coculture with H. pylori (CagA+), miR-125b-5p expression was signiﬁcantly decreased in
both DLD-1 (c) and SW620 (d) cells. (e) and (f ) represent the expression of the autophagy-related proteins LC3B-II/LC3B-I and Beclin-1
was signiﬁcantly higher than that in the control group for both DLD-1 (e) and SW620 (f ) cells. ∗p < 0.05.

Overexpression of CagA promoted the expression of the
autophagy-related proteins LC3B-II/LC3B-I in both DLD-1
(Figure 5(a)) and SW620 (Figure 5(b)) colon cancer cells.
Moreover, the overexpression of miR-125b-5p inhibited the
expression of LC3B-II/LC3B-I and reversed the eﬀects of
CagA on the expression of LC3B-II/LC3B-I in both DLD-1
(Figure 5(a)) and SW620 (Figure 5(b)) cells. This further
indicated that CagA promoted autophagy by inhibiting the
expression of miR-125b-5p, thus promoting the proliferation and invasion of colon cancer cells.

4. Discussion
H. pylori is considered a class I carcinogen, and its role in
gastric cancer has been widely recognized. H. pylori also

plays a role in other digestive tract tumors [13]. The genotype
diﬀerences of H. pylori strains are important factors leading
to diﬀerent clinical outcomes after infection. The risk of
serious clinical consequences with CagA-positive strains is
signiﬁcantly greater than that with CagA-negative strains
[23]. Research from Europe and the United States has shown
that the CagA gene is present in approximately 50–70% of
H. pylori strains. The incidence and severity of gastrointestinal ulcers in patients infected with CagA + H. pylori are
signiﬁcantly higher than in those infected with CagA strains
[24]. Researchers from China also showed that the detection
rate of the CagA + strain is as high as 90% in patients with
chronic gastritis [25]. After H. pylori infection, CagA is
injected into the host cell through the CagPAI-type IV secretion system and phosphorylated, causing serious tissue
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Figure 2: CagA overexpression inhibits miR-125b-5p, while miR-125b-5p does not aﬀect CagA expression in DLD-1 and SW620 colon
cancer cells. (a) and (c) represent the transfection of CagA plasmid decreased the miR-125b-5p level, while transfection of miR-125b-5p did
not aﬀect the CagA mRNA level in DLD-1 (a) and SW620 (c) cancer cell lines. (b) and (d) represent the transfection of miR-125b-5p did not
aﬀect the CagA protein level in DLD-1 (b) and SW620 (d) cancer cell lines. ∗p < 0.05, compared with mimic-NC + OE-NC, and # p < 0.05,
compared with mimic-NC + OE-CagA group.

inﬂammatory damage in the host and leading to abnormal
cell function [26]. In addition, studies have conﬁrmed in
recent years that H. pylori can promote the epithelial–mesenchymal transition [27, 28].
In this study, the eﬀect of CagA + H. pylori on colon
cancer cells was analyzed. First, it was discovered that
H. pylori (CagA+) inhibited the expression of miR-125b-5p.
Other studies have found that miR-125b-5p plays an important role in the inhibition of breast cancer, gallbladder
cancer, esophageal squamous cell carcinoma, and other
tumors [29–31]. Second, H. pylori (CagA+) infection was
induced by transfection of the CagA plasmid, which showed
that CagA promoted the expression of proliferation-related
proteins and invasion-related proteins, thus promoting the
proliferation and invasion of colon cancer cells. Finally,
H. pylori (CagA+) infection promoted the expression of
autophagy-related proteins. However, the overexpression of
miR-125b-5p had the opposite eﬀects and reversed the effects of CagA on proliferation, invasion, and autophagy.
These results indicated that H. pylori (CagA+) might

participate in the development and invasion of colon cancer
by promoting autophagy, which can be inhibited by miR125b-5p. Cao’s study [32] showed that miR-125b-5p participates in the development of systemic lupus erythematosus and inhibits autophagy by targeting UVRAG. Xiao
also reported that miR-125b-5p regulates autophagy [33].
Autophagy is the main pathway through which normal
cells resist external stress and stimulation, but it has a dual
eﬀect on cancer cells. Autophagy promotes and inhibits the
formation and development of tumors and plays diﬀerent
roles in diﬀerent tumors and diﬀerent stages of tumor development. In the early stage of tumor growth, the inhibition
of autophagy activity can lead to the continuous growth of
precancerous cells, indicating the role of autophagy in
suppressing tumor growth; in the later stage of tumor
growth, the tumor cells in the central ischemic area of the
tumor experience poor nutrient status for a long duration. In
the hypoxic state, autophagy provides energy support for the
growth of tumor cells by degrading macromolecular substances, proteins, and organelles in the cell, which is
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Figure 3: CagA overexpression promotes, while miR-125b-5p inhibits, the proliferation and invasion of colon cancer cells. (a) and (d)
represent that on the ﬁfth day, transfection of CagA plasmid signiﬁcantly increased, while transfection of miR-125b-5p signiﬁcantly
decreased the viability of both DLD-1 (a) and SW620 (d) cells. (b) and (e) represent the transfection of CagA plasmid signiﬁcantly increased,
while transfection of miR-125b-5p signiﬁcantly decreased the proliferation of both DLD-1 (b) and SW620 (e) cells. (c) and (f ) represent the
transfection of CagA plasmid signiﬁcantly increased, while transfection f miR-125b-5p signiﬁcantly decreased the invasion of DLD-1 (c) and
SW620 (f ) cells. ∗p < 0.05, compared with mimic-NC + OE-NC, and # p < 0.05, compared with mimic-NC + OE-CagA group.

beneﬁcial to the growth of tumor cells in a hypovascular
environment [34]. Additionally, tumor cells can resist inﬂammatory reactions and acquire drug resistance through
autophagy [35].

In conclusion, H. pylori (CagA+) inhibits the expression
of miR-125b-5p in colon cancer cells and promotes autophagy. Overexpression of miR-125b-5p reverses the role of
CagA in promoting the proliferation, invasion, and
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Figure 4: CagA overexpression promotes the proliferation and invasion of colon cancer cells by inhibiting miR-125b-5p. (a) and (b)
represent the transfection of CagA plasmid increased the expression of the apoptosis-related protein Bcl2, the proliferation-related protein
cyclin D1, and the invasion-related protein N-cadherin but decreased the expression of E-cadherin, while transfection of miR-125b-5p had
the opposite eﬀect and reversed the eﬀects of CagA on Bcl2, cyclin D1, N-cadherin, and E-cadherin in both DLD-1 (a) and SW620 (b) cells.
∗
p < 0.05, compared with mimic-NC + OE-NC, and # p < 0.05, compared with mimic-NC + OE-CagA group.
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Figure 5: CagA overexpression promotes autophagy in colon cancer cells by inhibiting miR-125b-5p. (a) and (b) represent the transfection
of CagA plasmid promoted, while transfection of miR-125b-5p inhibited the expression of LC3B-II/LC3B-I and reversed the eﬀects of CagA
on the expression of LC3B-II/LC3B-I in both DLD-1 (a) and SW620 (b) cells. ∗p < 0.05, compared with mimic-NC + OE-NC, and # p < 0.05,
compared with mimic-NC + OE-CagA group.

autophagy of colon cancer cells. This indicates that H. pylori
(CagA+) infection may promote the development and invasion of colon cancer by inhibiting autophagy, but its
speciﬁc mechanism needs further study.
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