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Abstract: Gastric cancer pathogenesis is a multi-factor, multi-step, complicated process that related to gene ab-
normal expression. This study intended to explore the miR-340 effect on human gastric cancer cell line SGC-7901 
and BGG823 proliferation and apoptosis, as to provide theoretical basis and experimental evidence for potential 
clinical application. Array was used to screen gastric cancer related abnormal genes. Q-PCR was applied to detect 
the screened genes expression in tissue and gastric cancer cells. MTT and colony formation assay were performed 
to evaluate miR-340 impact on gastric cancer proliferation. Flow cytometry was used to determine cell cycle and cell 
apoptosis. Q-PCR showed that miR-340 overexpressed in gastric cancer tissue significantly compared with normal 
control (P < 0.01). MiR-340 overexpression can promote SGC-7901 and BGC823 cells proliferation with 50% prolif-
eration rate. Soft agar colony formation assay also showed that miR-340 overexpression can facilitate gastric can-
cer cell proliferation. Cell cycle analysis revealed that miR-340 overexpression can reduce cell apoptosis. Annexin 
V/PI staining demonstrated that miR-340 transfection can decrease cell apoptotic rate (4.58%, 1.98%, 2.11%). 
MiR-340 can promote tumor cell growth and reduce cell apoptosis effectively. 
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Introduction 

Gastric cancer is considered to be one of the 
most common malignant tumors with high mor-
tality, especially in East Asia and South Africa. 
Its incidence and mortality are also significantly 
higher in developing countries than that in 
developed countries. Gastric cancer pathogen-
esis is a multi-factor, multi-step, complicated 
process that related to gene abnormal expres-
sion [1, 2]. But its potential mechanism has not 
been clarified. Many gastric cancer patients 
died quickly, which is caused by tumor cells’ 
rapid growth. Surgical resection is the potential 
treatment options with best prognosis. 
However, about 80% of the patients have gas-
tritis, while only 10-15% of these gastritis 
patients can receive surgery [3, 4]. The left 
unresectable tumors are mainly due to the 
tumor size and underlying stomach disease. 
More importantly, numerous patients appeared 
recurrence after successful surgery. A study 
showed that high AFP expression is a risk factor 
of gastric cancer recurrence [5, 6]. The imperi-
ous demand now is identifying potential patho-
genesis of gastric cancer.

RNA interference is used for target gene overex-
pression or lower expression. MicroRNA is a 
type of small non-coding RNA that can regulate 
RNA transcription and further promote or inhibit 
tumor gene expression. Up to now, more than 
1000 human miRNAs have been identified and 
reported in the database, and some have been 
treated as a molecular biomarker for diagnosis, 
prognosis and treatment [7, 8]. In gastric can-
cer patients, for example, miRNA overexpres-
sion or low expression has been investigated in 
tissue samples. It was reported that miR18 and 
miR224 overexpressed in gastric cancer, while 
miR195 and miR200a expression decreased 
[9, 10]. However, there is still lack of report 
about miR-340 impact on gastric cancer, thus 
we intended to explain its effect on gastric can-
cer occurrence and development in this study.

Materials and methods

Clinical information

20 cases of gastric cancer tissue samples and 
adjacent tissue between July 2014 and 
December 2014 in the first affiliated hospital of 
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Harbin medical university were collected. There 
were 12 cases with lymph node metastases 
and 8 cases without lymphatic metastasis. The 
tumor was staged according to 2009 interna-
tional union against cancer TNM staging stan-
dard, including 14 cases in stage I-II and 6 
cases in stage III-IV. Furthermore, 13 cases 
were squamous cell carcinoma and 7 cases 
were adenocarcinoma. No patients received 
radiotherapy preoperatively, and all cases were 
diagnosed by pathology. This study has been 
approved by the ethical committee of the first 
affiliated hospital of Harbin medical university 
and has obtained written consents from all 
participants. 

Q-PCR

Reverse transcription kit was bought from 
TaKaRa. Trizol was added to tissue and serum. 
After centrifuged at 12,000 r/min at 4°C for 10 
min, the supernatant was moved to a new EP 
tube. And then 200 μl chloroform was added 
and vibrated for 15 s, the sample was centri-
fuged at 12,000 r/min at 4°C for 15 min. The 
top layer was moved to a new EP tube and 
added with equal volume of isopropanol. After 
deposited at room temperature for 10 min, the 
sample was centrifuged at 12,000 r/min at 4°C 
for 10 min and the supernatant was removed. 
75% ethanol was added for washing and the 
sample was then centrifuged at 12,000 r/min 
at 4°C for 5 min. At last, the RNA was dissolved 
in 20 μl DEPC water. Real time PCR was used to 
detect miR-340 expression in gastric cancer. 
Primer sequences as follows: miR-340 forward, 
GCGAGCTACATTGTCTGCTGGGTT; reverse, GTC- 
GAGGGTCCGAGGTATTCCG. U6 forward, CGGC- 
GGTAGCTTATCAGACTGATG; reverse, CCAGTCG- 
AGGGTCCGAGGTATT. PCR reaction contained 
95°C for 10 min, followed by 40 cycles includ-
ing 95°C for 30 s, 55°C for 30 s and 72°C for 
30 s. Melting curve was verified for analysis. 

Micro-array

RNA was extracted according to the abovemen-
tioned method and received concentration 
detection (> 100 ng) and purity detection 
(260/280 OD value between 1.8 and 2.0). RNA 
was then mixed with system according to the 
manual. The reaction contained 95°C for 10 
min, followed by 40 cycles including 95°C for 
30 s, 56°C for 30 s and 72°C for 30 s. The data 
was further analyzed.

miR-340 transfection

SGC-7901 and BGC823 cells (ATCC) in logarith-
mic phase were seeded in six-well plate at 3~8 
× 105 cells/well. 5 μl lipo2000 in 100 μl medi-
um and 12 μl miR-296 plasmid (RiboBio, China) 
in 100 μl medium were mixed and added to the 
cells to reach 2000 μl/well. After 48 h incuba-
tion, RNA was extracted for detection. 

MTT assay

The cells were seeded in the 96-well plate at 
1000-10000/well. The cells were cultured for 4 
h and added with 20 μl 5 mg/ml MTT (pH = 7.4). 
150 μl DMSO was added to each well after 4 
hours’ incubation. The well was tested at 490 
nm for calculation.

Colony formation assay

100 cells were seeded in dish and cultured for 
macroscopic clone. The cells were washed by 
PBS and fixed by 4% paraformaldehyde for 15 
min. And then the cells were stained by crystal 
violet for 10-30 min and washed by water. 

Cell cycle analysis

The cells were digested by enzyme and centri-
fuged at 800 rpm for 10 min. Then the cells 
were washed with 0.5 ml PBS and blocked in 5 
ml 70% ethanol at 4°C overnight. After that, the 
cells were collected after centrifuged at 1000 
rpm for 10 min, and added with PI containing 
RNase for detection.

Flow cytometry

The cells in logarithmic phase were digested by 
enzyme and centrifuged at 800 rpm for 10 min. 
Then the cells were fixed at -20°C overnight and 
stained with 100 μl Annexin-V-Fluos. At last, the 
cells were incubated in 150 μl buffer containing 
10 μl PI and 10 μl Annexin at room temperature 
for 7 min in dark and detected by flow 
cytometry. 

Statistical analysis

All statistical analyses were performed using 
SPSS11.0 software (Chicago, IL). Differences 
between multiple groups were analyzed by t 
test. P < 0.05 was considered as significant 
difference.
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Results

MiR-340 expression in the tissue

To confirm the regulatory effect of miRNA in 
gastric cancer, we applied micro-array detec-
tion. It was found that miR-340 expressed 
lower in gastric cancer tissues compared with 
normal control (Figure 1A). To further certify 
our results, we performed Q-PCR and found 
that miR-340 expressed significantly higher 
level in gastric cancer tissues than in normal 
tissues (P < 0.01, Figure 1B).

miR-340 overexpression affected gastric can-
cer cell proliferation

To investigate miR-340 activity in tumor growth, 
we transfected miR-340 plasmid to SGC-7901 
and BGC823 cells. We also performed Q-PCR 
to confirm the transfection efficiency and found 
miR-340 overexpressed significantly after 
transfection (P < 0.05) (Figure 2A). Cell prolif-
eration assay showed that miR-340 overex-
pression promote cell proliferation obviously (P 
< 0.05) (Figure 2B). Colony formation assay 
was used to test single cell proliferation ability. 

Figure 1. A. Screened miR-340 overexpressed in normal tissue; B. Q-PCR verification confirmed that miR-340 ex-
pressed high in normal tissue. **P < 0.01.

Figure 2. A. Q-PCR detection of cells transfected with miR-340 plasmid. B. MTT detection of cells with miR-340 
overexpression, P < 0.05. C. Gastric cancer single cell proliferation ability after miR-340 overexpression detected 
by colony formation, P < 0.05. 



MiR-340 in gastric cancer

13111 Int J Clin Exp Pathol 2015;8(10):13108-13113

It was found that miR-340 overexpression can 
increase single cell’s proliferative ability mark-
edly (P < 0.05) (Figure 2C).

MiR-340 overexpression facilitated gastric 
cancer cell growth and decreased cell apop-
tosis

For we have realized that miR-340 overexpres-
sion can promote cell proliferation, we detected 
its impact on cell cycle. It was found that miR-
340 overexpression can intensify SGC-7901 
and BGC823 cell growth significantly. As shown 
in Figure 3A, cell rate in S phase elevated from 
18.29% to 30.21% and 32.48%. At the same 
time, cell apoptotic rate decreased from 4.58% 
to 1.98% and 2.11%, respectively (P < 0.05) 
(Figure 3B).

Discussion 

Gastric cancer is a highly malignant tumor with 
complicated pathogenesis. More and more 

researches focused on miRNA in gastric can-
cer. Numerous miRNAs were screened out in 
the early gastric cancer, and many had been 
considered as tumor suppressor genes, while 
some were recognized as carcinogenic gene. 
Gastric cancer development is a typical multi-
ple factors, multi-step process that involves 
abnormal cell proliferation, apoptosis, invasion 
and metastasis. MiRNAs can regulate gene 
post-transcriptional level by binding with 3’-UTR 
of the sequence [11, 12]. Previous studies 
reported that miRNAs were considered to pro-
mote tumor or inhibit tumor mainly through 
regulating cell proliferation, apoptosis, metabo-
lism, and signal transduction [13]. Many 
researchers reported that miRNAs participated 
in gastric cancer occurrence and development. 
More miRNAs had been used as tumor marker 
in clinic, such as miR-21. Some researchers 
also reported AFP can be used in early gastric 
cancer screening and diabetes diagnosis. 
Infinite proliferation can make tumor continue 

Figure 3. A. miR-340 overexpression promoted cell cycle. B. miR-340 overexpression decreased cell apoptosis. 
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division and proliferation, leading to anabolism 
stronger than catabolism and even capture nor-
mal cells protein metabolite. It makes the body 
in cachexia, resulting in further deterioration. 
Therefore, inducing tumor cell apoptosis 
becomes an effective way to restrain tumor 
unlimited proliferation.

Recent study demonstrated that miR-340 
expression was suppressed in malignant tissue 
group compared with normal, and miR-340 
deficiency may contribute to tumorigenesis and 
tumor progress [14, 15]. For example, Zhou et 
al. found in mice xenograft model that miR-340 
overexpression can significantly aggravate 
osteosarcoma cell lines proliferation, migra-
tion, invasion, tumor growth and metastasis 
[16]. Wu et al. reported miR-340 expression 
deficiency was related to lymph node metasta-
sis, high tumor pathological grade, clinical 
stage and breast cancer patients’ overall sur-
vival [17, 18]. Sun et al. indicated that miR-340 
expression intensified colorectal cancer cells 
growth, and was associated with colorectal 
cancer prognosis [19, 20].

However, there is still lack of investigation 
about miR-340 in gastric cancer. Our research 
illustrated that miR-340 expressed high in gas-
tric cancer tissue. In this case, we transfected 
miR-340 to the gastric cancer cell line SGC-
7901 and BGC823, and we performed Q-PCR 
for verification. We detected cell proliferation 
after miR-340 overexpression and found it can 
strengthen both cell proliferate ability and sin-
gle cell proliferation. How to regulate such phe-
nomenon still needs further research. For cell 
proliferation is an accelerated growth process, 
we wonder whether it act through regulating 
the cell cycle or apoptosis. In fact, cell cycle 
arrest is one of the premise conditions of cell 
apoptosis. MiR-340 overexpression in gastric 
cell can increase cell apoptosis, suggesting 
that miR-340 can promote oncogenesis by 
inducing cell growth. 

This study focused on explaining miR-340 in 
inducing cell apoptosis, and further illustrated 
that it mainly acts through aggravating cell 
cycle. Our study first revealed the role of miR-
340 in gastric cancer, providing basis for the 
following investigation.  
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