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Abstract

Background
To study the effects of recombinant interfering plasmids (pCDNA3.1-miR340) on the pathogenicity of
gastric cancer by assessing cell proliferation and apoptosis.

Methods
Microarrays were used to analyse the function of pCDNA3.1-miR340. Reverse transcription polymerase
chain reaction (RT-PCR) was used to evaluate miRNA-340 expression in different patients, while the
pCDNA3.1-miR340 plasmid was constructed for use in wound-healing and migration assays. Expression
of the miRNA-340 target, RhoA, was assessed by Western blotting.

Results
miRNA-340 expression was signi�cantly higher in patients with gastric cancer. Treatment with pCDNA3.1-
miR340 signi�cantly slowed tumour growth compared to treatment with empty plasmid. Additionally,
when miRNA-340 expression was reduced, apoptosis decreased signi�cantly, while RhoA protein
expression increased 1.90-2.02-fold in SGC-7901 cells.

Conclusions
pCDNA3.1-miR340 had a positive therapeutic effect on the pathogenicity of gastric cancer.

Background
Gastric cancer is the �fth leading type of cancer and the third leading cause of death from cancer
worldwide. Collectively, the disease has a morbidity rate of 7% and a death rate of 9% [1, 2]. In 2012,
950,000 people suffered from gastric cancer, resulting in 723,000 deaths [1, 2]. Although death rates have
decreased in many countries since the 1930s, morbidity remains high in East Asia and Eastern Europe [3,
4].

The initial symptoms of gastric cancer include heartburn, upper abdominal pain, nausea, and loss of
appetite, while more advanced symptoms include weight loss, yellow skin and eyes, vomiting, di�culty
swallowing, and blood in the stool [5, 6]. The cancer may spread from the stomach to other tissues of the
body, including the liver, lungs, bones, abdominal lining and lymph nodes [7, 8].

The most common cause of gastric cancer is infection with the bacterium Helicobacter pylori, which
occurs in more than 60% of cases [4, 9]. Other common causes include consuming pickled vegetables



Page 3/14

and smoking, while 10% of patients have a family history of the disease. Approximately 1-3% of patients
inherit genetic syndromes from their parents, including hereditary diffuse gastric cancer [9]. Current
research primarily focuses on the links with gene expression; however, few studies have considered the
effects of microRNAs on gastric cancer cells [10].

Micro-RNAs (miRNA) are small, non-coding RNA molecules that function in RNA silencing and post-
translational regulation. Gene silencing occurs via mRNA degradation or translation inhibition. If
complete complementarity exists between the miRNA and its target mRNA, the mRNA is often degraded.
However, incomplete complementarity between miRNA and its target typically leads to translation
inhibition [11, 12].

miRNA-340 is a tumour suppressor in many human cancers, including breast, colorectal, and gastric
cancers [13, 14]. The expression of this miRNA was analysed in 116 para�n-embedded breast cancer
samples to evaluate the clinical and prognostic signi�cance of expression, and it was suggested that
miRNA-340 might play a role in cancer progression [13]. To extend such studies, the current study
constructed a recombinant interfering plasmid, pCDNA3.1-miR340, and assessed its effects on the
pathogenicity of gastric cancer using cell proliferation and apoptosis assays.

 

Aim of work:

This study was to analyzed the effects of recombinant interfering plasmids (pCDNA3.1-miR340) on the
pathogenicity of gastric cancer by assessing cell proliferation and apoptosis.

Patients And Methods
Patients and diagnoses

Gastric cancer tissues were collected from 70 patients in the Department of General Surgery, First
People’s Hospital of Yunnan, from November 2015 to March 2019. The patient cohort had an average age
of 56.5 years (range: 26-80 years) and was comprised of 39 males and 31 females. Twenty-four patients
had a tumour diameter > 4 cm. Patient data are listed in Table 1.

 

Dissected tissues were washed with saline immediately following isolation, frozen in liquid nitrogen, and
stored at -80°C. All samples were classi�ed as moderately differentiated tumours, according to the
American Joint Committee on Cancer (AJCC)/Union for International Cancer Control (UICC) TNM staging
system for gastric cancer (7th Edition) [15].

 

Total RNA extraction
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Total RNA was extracted using the miRNeasy Mini kit (Qiagen, Hilden, Germany), according to the
manufacturer’s instructions. RNA concentration and purity were calculated by the A260/A280 ratios, with
all samples yielding purity values of 1.8-2.1.

 

Reverse transcription polymerase chain reaction (RT-PCR)

Complementary DNA (cDNA) synthesis was performed using the RT2 First Strand cDNA Synthesis Kit
(Takara, Tokyo, Japan), and qPCR was performed using SYBR Green PCR Master Mix (Promega,
Madison, WI, USA) on IQ5.0 equipment (PCR system; Bio-Rad, Hercules, CA, USA). The primer sequences
used to target miR340 were as follows:

F: 5’-TTATAAAGCAATGAGACTGATT-3’,

R: 5’-TCAGTCTCATTGCTTTATAATT-3’.

 

Microarray hybridisation

Double stranded cDNA was initially labelled and hybridised to the microarray (Arraystar, Rockville, MD,
USA). Following hybridisation and washing, slides were scanned with an Axon Gene Pix 4000B micro-
array scanner (Molecular Devices, Sunnyvale, CA, USA).

 

Cell lines

SGC-7901 and BGC823 cells were isolated from gastric cancer patients and obtained from the American
Type Culture Collection (ATCC). All culture conditions followed those described by the ATCC. KMB17 cells
were purchased from the Kunming Medical Biology Institute which were stored at the Department of
Clinical Laboratory, First People’s Hospital of Yunnan.

 

Recombinant plasmid construction

Nucleic acids were isolated from KMB17 cells following 48 h culture using a phenol-chloroform extraction
protocol. The miRNA-340 gene was ampli�ed by PCR using primers that introduced 5’ BamHI and 3’ NotI
restriction sites. PCR products were cloned into pCDNA3.1 to yield the recombinant interfering plasmid,
pCDNA3.1-miR340 (Kunming Medical Biology Institute, Chinese Academy of Sciences).
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Wound-healing assay

The wound-healing assay was used “to detect motility and migration changes in SGC-7901 and BGC823
cells, respectively. Approximately 3 × 105 cells were seeded in each well of a 6-well culture plate. Cells
were transfected with pCDNA3.1-miR340, or empty vector control, and incubated for 12 h at 37°C. Cells
were then scratched in the centre of each well using a P-20 pipette tip, washed three times in phosphate
buffer saline (PBS), and cultured in serum-free medium for 0 h, 6 h, 12 h and 24 h under continual
monitoring using an inverted microscope.

 

Migration assays

Cells (3 × 105 per well) were cultured for 12 h in 6-well cell culture plates containing trans-well inserts (8
μm pore size; Corning; New York, NY, USA) coated with �bronectin (10 µg/mL). Following the 12 h
incubation, the culture medium was separated into two layers by the transwell insert, with the upper layer
being serum-free and containing 0.1% BSA, while the bottom layer contained 20% foetal bovine serum
(FBS) in Dulbecco’s modi�ed Eagle’s medium (DMEM). Following additional 24 h incubation, the bottom
of the transwell insert was stained with Giemsa and the migration rates were calculated.

 

Annexin V/propidium iodide (PI) staining

Apoptosis was calculated by Annexin V/PI co-staining. Serum-free media containing L-mimosine (400
lM) was added to ensure G1 synchronisation. After 24 h incubation, media containing 10% FBS was
added. Following an additional 12 h incubation, cells were �xed in 75% ethanol, re-suspended in 100 μL
Annexin-V-Fluos labelling solution, 10 μL annexin reagent, and 10 μL PI solution in 150 μL incubation
buffer (according to the manufacturer’s instructions; Roche, Basel, Switzerland). Samples were incubated
in the dark at room temperature for 7 min followed by the addition of 100 μL incubation buffer.
Fluorescence was observed by �uorescence-activated cell sorting (FACS) and the percentage of positive
cells was determined based on �uorescence intensity using FAC Station Software (BD Biosciences, San
Jose, CA, USA). An isotope control was included in the quadrant analysis. Experiments were performed in
triplicate.

 

Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and western blot

KMB17 and SGC-7901 cells were harvested and centrifuged at 1,000 g for 10 min (Thermo Fisher
Scienti�c, Waltham, MA, USA). Cell pellets were re-suspended in lysis buffer (Beyotime, Jiangsu, China)
followed by the addition of a proteinase inhibitor cocktail (1%) (Sigma-Aldrich, St. Louis, MO, USA), 25
mM NaF and 1 mM Na3VO4. The mixture was frozen to -80°C and thawed four times. The mixture was
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then centrifuged at 10,000 g for 30 min at 4°C (Thermo) and the supernatant containing RhoA was
collected and separated using SDS-PAGE (8%). Proteins were transferred to a polyvinylidene di�uoride
(PVDF) membrane (Millipore, Billerica, MA, USA), and blocked for 2 h at 25°C using 5% BSA Tris-HCl and
0.05% Tween-20. Following blocking, the membrane was incubated with monoclonal anti-RhoA primary
antibodies and rabbit anti-mouse monoclonal secondary antibodies. GADPH was used as the loading
control and proteins were detected using an enhanced chemiluminescence system (ECL; BestBio,
Shanghai, China).

 

Statistical analysis

Statistical analyses were performed using SPSS software (ver. 20.0; Chicago, IL, USA). Statistically
signi�cant differences were determined by one-way analysis of variance, while the chi-square test was
used to calculate the signi�cance of differences in detection rates between two groups. A P-value of <
0.05 was considered signi�cant.

Results

Identi�cation of the recombinant plasmid
The results of the electrophoresis of the recombinant plasmids by a 3% agarose gel. It was at correct size,
with a high concentration of supercoiled plasmid. After sequencing, there were no base mutations or
deletions in the recombinant plasmid pCDNA3.1-miR340. Additional, the concentration of the modi�ed
recombinant plasmids was 285 ng/µl by UV spectrophotometer for further use.

Expression pro�les of miRNA-340
To explore differences in the expression of miRNAs in gastric cancer, microarray analysis of 96 miRNAs
was performed on the gastric cancer tissues from all 70 patients. Notably, miRNA-340 expression was
signi�cantly reduced in gastric cancer tissues compared to healthy controls (Fig. 1A). This �nding was
con�rmed by quantitative RT-PCR (**P < 0.01, Fig. 1B). There was a close relationship between miRNA-
340 reducing expression with the incidence of the gastric cancer. And the meaningful �nding of miRNA-
340 was through the microarray hybridisation method, which would help scientists �nd more meaningful
miRNA for other types of cancer.

Effects of pCDNA3.1-miR340 interference in cells
Wound-healing and migration assays were used to test the effects of recombinant pCDNA3.1-miR340
treatment on cancer cells. The healing rate of the treatment group was slower than that of the normal
tumour group, while treatment also reduced the rate of healing in SGC-7901 and BGC823 cells compared
to cells receiving empty control plasmid. No signi�cant difference was observed in KMB17 cells upon
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treatment with pCDNA3.1-miR340. Migration assays supported the suggestion that pCDNA3.1-miR340
interfered with the motility and migration of SGC-7901 and BGC823 cells, but not KMB17 cells (Fig. 2).

Analysis of apoptosis rates
Apoptotic ratios were calculated for SGC-7901 cells transfected with pCDNA3.1-miR340. Based on cell
staining with Annexin V-FITC and PI, it was observed that pCDNA3.1-miR340 accelerated the cell cycle
(Fig. 3A) and decreased apoptosis (Fig. 3B).

Western blot
RhoA expression was increased 1.90-2.02-fold in SGC-7901 cells upon treatment with pCDNA3.1-miR340.
That target protein of miRNA340 could play more function on cancer growth. On the other hand, we
constructed that plasmid could block RhoA expression for treatment of gastric cancer (Fig. 4).

Discussion
Gastric cancer is the third leading cause of cancer-related death worldwide. Moreover, gastric tumour
development has a genetic basis [15]. miRNAs regulate gene expression by binding to complementary 3’-
UTRs of speci�c mRNAs and inhibiting translation or inducing degradation. Thus, miRNAs act at the post-
transcriptional level [16, 17]. Previous studies showed that miRNAs exhibited anti-cancer functions by
modulating cell proliferation, apoptosis, metabolic pathways, and signal transduction [18]. More recent
evidence has also suggested that miRNAs may be involved in gastric cancer development and
progression.

miRNA-340 expression may suppress malignant cell growth since it was observed that reduced miRNA-
340 expression contributed to tumorigenesis and progression [19]. Wu and colleagues reported that loss
of miRNA-340 expression was associated with lymph node metastasis, high tumour histological grade,
clinical stage, and shorter overall survival in breast cancer patients [20]. Additionally, Sun et al. revealed
that miRNA-340 expression inhibited the growth of colorectal cancer cells and was associated with
poorer prognosis [21]. However, few studies have detailed changes in miRNA-340 expression in gastric
cancer cells. The current study found that miRNA-340 expression was lower in gastric cancer cells; based
on this observation, a recombinant interfering plasmid, pCDNA3.1-miR340, was constructed to assess its
effects on SGC-7901 and BGC823 cells. Treatment with pCDNA3.1-miR340 inhibited SGC-7901 and
BGC823 cell growth, suggesting this miRNA has an anti-proliferative effect on gastric cancer cells. Cell
cycle arrest was one of the prerequisite conditions for cell apoptosis, which could increase apoptosis in
gastric cancer cells. Thus, additional studies are necessary to determine the mechanisms by which
pCDNA3.1-miR340 inhibits cell growth.

RhoA is a small GTPase belonging to the Rho family of proteins. It is associated with cytoskeleton
regulation, where it exerts effects on the formation of actin stress �bres and actomyosin contractility [22].
Additionally, loss of RhoA function is attributable to failed gastrulation and cell migration. Notably, this
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study found that pCDNA3.1-miR340 inhibited RhoA expression in gastric cancer cells, but not healthy
cells.

Conclusion
We could draw the conclusion that pCDNA3.1-miR340 had a positive therapeutic effect on the
pathogenicity of gastric cancer, which could be used for treatment with patients in the future.

List Of Abbreviations
RT-PCR, Reverse transcription polymerase chain reaction;

miRNA, Micro-RNAs;

ATCC, American Type Culture Collection;
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FACS, �uorescence-activated cell sorting ;

PVDF, polyvinylidene di�uoride.
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Tables

Table 1. Details of miRNA-340 expression for 38 primary gastric cancer patients

Clinical feature Number Number of patients with high versus low
miRNA-340 expression

P-
value

High Low

Gender Male 28 13 (28.57%) 25 (71.42%) 0.7205

Female 10 9 (40%) 6 (60%)

Age (y) > 60 33 10 (56%) 24 (47%) 0.4417

≤ 60 5 2 (49%) 3 (51%)

Figures

Figure 1
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Expression patterns of miRNA-340 in gastric cancer cells. The expression of miRNA-340 was signi�cantly
reduced in gastric cancer cells, as shown by (A) microarray analyses and (B) quantitative reverse
transcription polymerase chain reaction (**P < 0.01).

Figure 2

Interference effects of pCDNA3.1-miR340 in different cell lines (*P < 0.05).
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Figure 3

The interfering plasmid, pCDNA3.1-miR340, signi�cantly delayed tumour growth and increased
apoptosis. SGC-7901, BGC823 and KMB17 cells treated with pCDNA3.1-miR340 had (A) accelerated cell
cycles and (B) reduced apoptosis.
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Figure 4

The results of western blotting for RhoA expression both before and after pCDNA3.1-miR340 interference,
with duplicate lane for each group.


