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Abstract. – OBJECTIVE: It is to study the 
stimulation and possible active mechanism of 
miRNA-21 on AGS proliferation of gastric cancer.

MATERIALS AND METHODS: AGS gastric 
cancer cells were cultivated in vitro and then 
divided into the blank control group, the PGE2 
(prostaglandin E2) group, the anti-miRNA-21 
group and the PGE2 + anti-miRNA-21 group and 
the MTT and the flow cytometry methods were 
adopted to test the effect of PGE2 or/and an-
ti-miRNA-21 intervention on AGS cell prolifera-
tion and apoptosis and the differences to miR-
NA-21 expression. In addition, the cells were 
also divided into the blank control group, the 
PGE2 group, the PGE2 + Perifosine group, the 
PGE2 + anti-miRNA-21 group and the PGE2 + an-
ti-miRNA-21 + Perifosine group and the MTT and 
flow cytometry methods were adopted to test 
the effect of Perifosine intervention on AGS cell 
proliferation and apoptosis and on PTEN and 
p-AktmRNA and protein expressions. 

RESULTS: Compared with the control group, 
AGS cell proliferation activity increased sig-
nificantly, the apoptosis rate decreased and 
the miRNA-21tmRNA and protein expression in-
creased in the PGE2 group (p < 0.05); compared 
with the PGE2 group, the AGS cell proliferation 
rate decreased, the apoptosis rate increased 
and the miRNA-21mRNA and protein expres-
sions decreased (p < 0.05) in the anti-miRNA-21 
group and the PGE2 + anti-miRNA-21 group. In 
addition, after intervention of Perifosine, the 
AGS cell proliferation rate decreased, the apop-
tosis rate increased, the PTEN mRNA and pro-
tein expressions increased and the pAktmRNA 
and protein expressions decreased (p < 0.05). 

CONCLUSIONS: miRNA-21 may promote the 
growth of gastric cancer cells by adjusting and 
controlling PTEN/Akt signal passage mediat-
ed PEG2.
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PTEN, COX-2.

Introduction

Gastric cancer (GC) is one of common malignant 
tumors in the digestive system in China at present, 
has high incidence rate and mortality rate and 
seriously threats national economic development 
and residents’ lives and health1. In recent years, 
the incidence and mortality rates of gastric cancer 
have been high. Some scholars2 proposed that the 
sole effective method to reduce the mortality of the 
tumor was possibly to study the transferring system 
from precancerous lesion to tumor and to take inter-
vention measures. miRNA is a group of non-coded 
micro-RNAs, involves negative control of many an-
ti-oncogenes or oncogenes and accordingly has tu-
mor suppressing or promoting effects3. Among the 
others, miRNA-21, which was discovered earlier, is 
a type of miRNA, has high expressions in various 
tumor cells and acts on multiple anti-oncogenes to 
involve in proliferation, inhibition, apoptosis and 
other processes of tumor cells4. In the process of 
tumor cell proliferation, the effect of prostaglandin 
E2 (PGE2) has been concerned for long. Some 
studies have found that the excessive expression 
of cyclooxygenase 2 (COX-2) in tumor tissue is 
the major cause for increase of PGE2 content5. At 
present, miRNA-21 has been widely regarded as a 
cancer-related potential treatment target and should 
be developed further, but there are fewer studies on 
the relation of miRNA-21 and PGE2. In this study, 
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a new target point and choice was provided for 
treating molecules of gastric cancer by researching 
the effect of miRNA-21 in growth and proliferation 
of gastric cancer cells and its possible active mech-
anism affecting PTEN (phosphatase and tension 
homology) / Akt signal passages.

Materials and Methods

Tested Cells 
Human gastric adenocarcinoma cell line AGS 

cells were purchased from American Type Cul-
ture Collection Company (Manassas, VA, USA). 

Main Agents
PCR primer was synthesized and provided by 

Sangon Biotech (Shanghai) Co., Ltd. (Shanghai, 
China); bicinchoninic acid (BCA) Protein Assay 
Kit was bought from Boster Biological Technology 
Co., Ltd. (Wuhan, Hubei, China); cDNA Synthe-
sis Kit, PCR Kit and Apoptosis Assay Kit were 
bought from Omega Company (Norcross, GA, 
USA); miRNA was synthesized and provided by 
Sangon Biotech. Co., Ltd. (Shanghai, China). 

Dulbecco’s Modified Eagle Medium (DMEM) 
High Glucose Culture was bought from GIBCO 
Company (Grand Island, USA); trypsin-EDTA 
cell digestive juice (0.25%) from Beijing Neuron-
bc Laboratories Co., Ltd. (Beijing, China); fetal 
bovine serum (FBS) fetal calf serum and peni-
cillin-streptomycin double antibody from Ther-
moFisher Company (Waltham, MA, USA). 

TRIzol was bought from Invitrogen Company 
(Carlsbad, CA, USA); DEPC from Sigma-Al-
drich Company (St. Louis, MO, USA); human 
stem cell factor PGE2 from Shanghai Beyotime 
Biotechnology Co., Ltd. (Shanghai, China); phos-
phate buffer, chloroform, isopropyl alcohol and 
absolute ethyl alcohol from Sinopharm Chemical 
Reagent Co., Ltd. (Beijing, China); normal saline 
from Anhui Shuanghe Pharmaceutical Co., Ltd. 
(Wuhu, Anhui, China).

PTEN/Akt monoclonal antibody, pAkt mono-
clonal antibody and Akt specific inhibitor Peri-
fosine were bought from Santa Cruz Biotechnol-
ogy (Santa Cruz, CA, USA); β-actin polyclon-
al antibody from Boster Biological Technology 
Co., Ltd. (Wuhan, Hubei, China); MicRNA PCR 
primer was synthesized by ABI Company. (Ver-
non, CA, USA).
Main Instruments 

GTR16-2 desk-top type high-speed refrigerat-
ed centrifuge was bought from Beijing Era Beili 

Centrifuge Co., Ltd. (Beijing, China); quantitative 
real-time PCR instrument from MJ Research Com-
pany; UV-8000 ultraviolet spectrophotometer from 
Shanghai Precision Instrument Co., Ltd. (Shang-
hai, China); multifunctional enzyme from Bio-Rad 
(Hercules, CA, USA); CX41 inverted optical mi-
croscope and OLS4100 laser scanning confocal 
microscope from Olympus Company (Shinjuku, 
Tokyo, Japan); electronic analytical balance from 
Shanghai Yuyan Instruments Co., Ltd. (Shanghai, 
China); Amersham electrophoresis apparatus from 
Biosciences Company (Uppsala, Sweden); aqueous 
thermostat shaking table and YCZ-40D transfer 
electrophoresis tank from Beijing Liuyi Instrument 
Factory (Beijing, China); FluorChem FC3 digi-
tal gel image analysis system from ProteinSimple 
Company (San Jose, CA, USA). 

Experimental Method
Cell culture: AGS cells were cultivated in 

DMEM medium containing 10% FBS and 
put into 37°C, 5% CO2 cell culture box. The 
culture medium was changed in 24 h-48 h and 
transferred once in 48 h.

Modeling of anti-miRNA-21 oligonucleotide 
sequence: it was designed and synthesized by 
American ABI Company entrusted. 

Experiment Grouping I: AGS cells were divided 
into four groups: (1) blank control group (with-
out any treatment); (2) PGE2 group (5 umol/l); 
(3) anti-miRNA-21 group; (4) PGE2 (5 umol/l) + 
anti-miRNA-21 group. The grouping was used 
to investigate the effect of PGE2 and anti-miR-
NA-21 interventions on AGS cell proliferation.

Experiment Grouping II: AGS cells were di-
vided into five groups: (1) blank control group 
(without any treatment); (2) PGE2 group (5 
µmol/l); (3) PGE2 (5 µmol/l) + Perifosine 
(10 µmol/l) group; (4) PGE2 (5 µmol/l) + an-
ti-miRNA-21 group; (5) PGE2 (5 µmol/l) + 
anti-miRNA-21 + Perifosine (10 µmol/l) group. 
This grouping was used to investigate the ef-
fect of Perifosine on AGS cell proliferation. 

Test cell proliferation by MTT method: add the 
cell 100 ul/well into a 96-well plate along with 
relevant intervention measures. After the culti-
vation of 72 h, add 20 µl MTT into each well 
and put them under 37°C, 5% CO2 cell incubator 
for 4h, then remove the supernatant, add 200 
ul DMSO into each well, put the plate onto the 
shaker for vibrating of 5 min and put them un-
der a microscope to observe whether there was 
purple crystal. Put the 96-well plate onto the 
450 microplate reader to measure the absorption 
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photometric value (OD) with measuring wave-
length 570 nm and reference wavelength 450 
nm and then to calculate the mean value. 

Measure the cell apoptosis rate by the flow cy-
tometry: collect the cells and adjust them to 1 × 
106/ml, use PBS to wash the cells twice, add 500 
µl binding buffer to suspend the cells, add 5 µl 
Annexin V-FITC and 5 µl propidium iodide and 
mix it uniformly, cultivate it for 15 min under 
shade and put it on the instrument for testing. 

Extract total RNA: (1) collect 1 × 1010 cells and 
put them into an EP tube; (2) add 1 ml pre-cool-
ing Trizol and mix then uniformly, and keep the 
mixture still for 5-10 min; (3) add 200 µl chloro-
form, vibrate it for 30 s and keep it still for 5-10 
min; (4) centrifuge it at 12000 rpm and remove 
the supernatant; (5) add 500 µl isopropyl alco-
hol, vibrate it for 30 s and keep it still for 5-10 
min; (6) centrifuge it at 12000 rpm and remove 
the supernatant; (7) add 1 ml 75% ethanol, vi-
brate it for 30 s, centrifuge it at 12000 rpm and 
remove the supernatant; (8) invert the EP tube 
on a piece of filter paper and make RNA dry up; 
(9) add 20 µl DEPC water for dissolution, sep-
arate it into several parts and store them under 
-80°C. Use gel electrophoresis to test RNA mo-
lecular weight; and adopt a spectrophotometer 
to measure RNA consistency. 

RNA reverse transcription: follow the instructions 
on the kit. Keep cDNA under -20°C for future use. 

Real-time quantitative PCR: put the 20 µl re-
action system in the 37°C aqueous thermostat 
for 60 min and in 85°C for 5 s, add deionized 
water up to 100 µl and take 2 µl from each 
reaction well for PCR. Prepare 20 µl PCR 
reaction system in an ice bath, conduct pre-de-
naturation under 95°C for 30 s, under 95°C for 
5 s and then under 60°C for 30 s, which should 
be recycled for 45 times. The primer sequences 
were as follows: miRNA-21 (upstream primer: 
5’-TTTTGTTTTTGCTGGTCTTAG-3’; down-
stream primer: 5’-AGCAGACAGTCAGGCAG-
GAT-3’); PTEN (upstream primer: 5’-TGACT-
GGATTCGCTAGGTAGAAG-3’; downstream 
primer: 5’-GGCAATTTTCAGAGCTATTAG-3’); 

p-Akt (upstream primer: 5’-GCTTAGGG-
GCTAATCGGACT-3’; downstream primer: 
5’-CGAAACCTACTGATGGCCCTAG-3’) 
β-actin (upstream primer: 5’-CAGCTTTGAG-
GTTCGTGTTTGT-3’; downstream primer: 5’- 
ATGCTCTTCTTTTTTGCGGAAA-3’).

Western blot: (1) extracting protein samples; 
(2) gel electrophoresis of protein samples; (3) 
transfer; (4) sealing; (5) adding primary an-
tibody for cultivation; (6) adding secondary 
antibody for cultivation; (7) developing; (8) 
testing protein expression strips on the film 
by chemiluminescent method and conducting 
quantitative analysis with FluorChem FC3 dig-
ital gel image analysis system to indicate the 
grey value in integrated optical density (IOD).

Statistical Analysis
SPSS19.0 statistics software was adopted (IBM 

Corp. IBM SPSS Statistics for Windows, Ar-
monk, NY, USA); the homogeneity of variance 
was analyzed by single factor analysis of vari-
ance, t-test was used for inter-group comparison 
and the rank sum test was adopted to analyze 
heterogeneity of variance; p < 0.05 indicated that 
the difference was of statistical significance. 

Results

Test AGS Cell Proliferation Activity 
by MTT Method

The results of MTT test indicated that, after PGE2 
and anti-miRNA-21 had been intervened for 72 h sep-
arately, the cell growth speed of the PEG2 group in-
creased significantly while compared with the blank 
control group, while the cell growth speed of the 
anti-miRNA-21 group and PEG2 + anti-miRNA-21 
group decreased markedly, of which the difference 
was significant statistically, p < 0.05. Moreover, the 
difference of cell growth speeds between the an-
ti-miRNA-21 group and PEG2 + anti-miRNA-21 
group was more evident while compared with the 
PGE2 group, and the difference was significant sta-
tistically, p < 0.05, as shown in Table I.

Note: aCompared with the blank control group, p < 0.05; bCompared with the PGE2 group, p < 0.05.

Table I. Comparison of AGS cell proliferation activities among groups.

  Blank  Anti-miRNA- PGE2 + anti miRNA-
 Indices control group PGE2 group  21 group  21 group

OD value (x– ± s) 0.935 ± 0.032 1.319 ± 0.025a 0.481 ± 0.017a.b 0.712 ± 0.019a,b

Survival rate (%) 100 141.07 51.44 76.15
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AGS Apoptosis Rate
The results of flow cytometry indicated that the 

apoptosis rate of the PGE2 group was significant-
ly lower than that of the blank control group, of 
which the difference was significant statistically, 
p < 0.05. The apoptosis rate of the anti-miRNA-21 
group was the highest. Compared with other 
three groups, the differences were significant sta-
tistically, p < 0.05. The apoptosis rate of the PGE2 
+ anti-miRNA-21 group was higher than those of 
the blank control group and the PGE2 group, but 
lower than that of the anti-miRNA-21 group, of 
which the difference was significant statistically, 
p < 0.05, as shown in Table II and Figure 1. 

Comparison of miRNA-21mRNA 
and Protein Expression of AGS Cells 
in all Groups

Compared with the blank control group, miR-
NA-21mRNA and protein expressions in AGS 
cells of the PGE2 group increased significantly, 
of which the difference was significant statisti-
cally, p < 0.05; however, the miRNA-21mRNA 
and protein expressions in AGS cells of the an-

ti-miRNA-21 group and the PGE2 + anti-miR-
NA-21 group significantly decreased while com-
pared with the blank control group and the 
PGE2 group, of which the difference was signif-
icant statistically, p < 0.05, as shown in Figure 
4 (A, B).

Effect of Perifosine on AGS Cell 
Proliferation Activity

The results of MTT test indicated that, after 
PGE2, anti-miRNA-21 and/or Perifosine were 
added separately for 72h of intervention, the 
growth speed of cells in PEG2 group increased 
significantly, but the growth speed of cells in the 
PGE2 + anti-miRNA-21 group and the PEG2+ 
Perifosine decreased significantly, while com-
pared with the blank control group; compared 
with the blank control group, the difference was 
significant statistically, p < 0.05. The growth 
speed of the cells in PEG2 + anti-miRNA-21 + 
Perifosine group was the lowest, and the dif-
ferences compared with other four groups were 
significant statistically, p < 0.05, as shown in 
Table III.

Note: aCompared with the blank control group, p < 0.05; bCompared with the PGE2 group, p < 0.05; cCompared with the anti-
miRNA-21 group, p < 0.05.

Table II. Comparison of AGS apoptosis rates among groups.

                       Group

  Blank  Anti-miRNA- PGE2 + anti miRNA-
 Indices control group PGE2 group  21 group  21 group

Apoptosis rate (%) 8.36 ± 2.89 3.43 ± 0.37a 45.18 ± 10,04a.b 16.59 ± 9.42a,b,c

Figure 1. AGS apoptosis rates of all groups as measured by flow cytometry (A: blank control group; B: PGE2 group; C: anti-
miRNA-21 group; D: PGE2 + anti-miRNA-21 group).
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AGS Apoptosis After Intervention
with Perifosine

The results of flow cytometry indicated that 
the apoptosis rate of the PGE2 group was signifi-
cantly lower than that of the blank control group, 
of which the difference was significant statisti-
cally, p < 0.05. The apoptosis rate of the PEG2 + 
anti-miRNA-21 + Perifosine group was the high-
est and the differences compared with other four 
groups were significant statistically, p < 0.05. The 
apoptosis rates of the PGE2 + anti-miRNA-21 
group and the PEG2+ Perifosine group were 
substantially similar and higher than those of 

the blank control group and the PGE2 group, but 
lower than that of the PEG2 + anti-miRNA-21 + 
Perifosine group, of which the difference was sig-
nificant statistically, p < 0.05 as shown in Table 
IV and Figure 3. 

Effect of miRNA-21 on PTEN/Akt 
Signal Passage

Compared with the blank control group, the 
AGS cell’s PTENmRNA expression of the PGE2 
group decreased significantly, but the protein 
expression was not significant statistically; the 
p-AktmRNA and protein expressions were slight-

Note: aCompared with the blank control group, p < 0.05; bCompared with the PGE2 group, p < 0.05; dCompared with PGE2 + 
anti-miRNA-21 group, p < 0.05; eCompared with the PGE2 + Perifosine group, p < 0.05.

Table III. Effects of perifosine on AGS cell proliferation activities of various groups.

  Blank  PGE2 + PGE2 + PGE2 +
  control  anti-miRNA- Perifosine anti-miRNA-21 +
 Indices group  PGE2 group  21 group group  Perifosine group

OD value (x– ± s) 0.912 ± 0.029 1.118 ± 0.024a 0.701 ± 0.021a,b 0.785 ± 0.022b 0.536 ± 0.018a,b,d,e

Survival rate (%) 100 122.59 76.86 86.07 58.77

Figure 2. A, miRNA-21mRNA expressions in AGS cells of all groups (acompared with the control group, p < 0.05; bcompared 
with H2O2 group, p < 0.05; ccompared with LV-GFP + H2O2 group, p < 0.05). B, Comparison of miRNA-21 protein expressions 
in AGS cells of all groups (acompared with the control group, p < 0.05; bcompared with H2O2 group, p < 0.05; ccompared with 
LV-GFP+ H2O2 group, p < 0.05).

Note: aCompared with the blank control group, p < 0.05; bCompared with the PGE2 group, p < 0.05; dCompared with PGE2 + 
anti-miRNA-21 group, p < 0.05; eCompared with the PGE2 + Perifosine group, p < 0.05.

Table IV. Comparison of AGS apoptosis rates of all groups

    Group
 
  Blank  PGE2 + PGE2 + PGE2 +
  control  anti-miRNA- Perifosine anti-miRNA-21 +
 Indices group  PGE2 group  21 group group  Perifosine group

Apoptosis rate (%) 8.36 ± 2.89 3.43 ± 0.37a 16.59 ± 9.42a,b 18.34  6.88a,b 28.69 ± 7.46a,b,d,e
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ly higher with statistical significance, p < 0.05; 
compared with the PEG2 group, the PTENmR-
NA and protein expressions of PEG2 + anti-miR-
NA-21 group, EG2 + Perifosine group and PGE2 
+ anti-miRNA-21 + Perifosine group were slight-
ly higher with statistical significance, p < 0.05, as 
shown in Figure 4 (A, B).

Conclusions

In China, the incidence rate of gastric cancer 
was higher and the mortality rate of gastric can-
cer was among three highest cancer mortalities6. 
So, treatment of gastric cancer has been a diffi-
culty, which should be solved urgently in Chi-

Figure 3. Conditions of AGS apoptosis rates of all groups as measured by flow cytometry (A: blank control group; B: PGE2 
group; C: PGE2 + anti-miRNA-21 group; D: PGE2 + Perifosine group; E: PGE2 + anti-miRNA-21 + Perifosine group).

Figure 4. A, Effects of miRNA-21 on mRNA Expressions of PTEN/Akt Signal Passages (A: blank control group; B: PGE2 
group; C: PGE2 + anti-miRNA-21 group; D: PGE2 + Perifosine group; E: PGE2 + anti-miRNA-21 + Perifosine group; 
acompared with the blank control group, p < 0.05; bcompared with the PGE2 group, p < 0.05; dcompared with PGE2 + anti-
miRNA-21 group, p < 0.05; e compared with the PGE2 + Perifosine group, p < 0.05). B, Effects of miRNA-21 on protein 
expressions of PTEN/Akt signal passages (A: blank control group; B: PGE2 group; C: PGE2 + anti-miRNA-21 group; D: 
PGE2 + Perifosine group; E: PGE2 + anti-miRNA-21 + Perifosine group; acompared with the blank control group, p < 0.05; 
bcompared with the PGE2 group, p < 0.05; dcompared with PGE2 + anti-miRNA-21 group, p < 0.05; e compared with the PGE2 
+ Perifosine group, p < 0.05).

A B
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nese cancer field. In recent years, microRNAs 
studies had provided a new idea for treatment 
of gastric cancer7. As endogenous non-coded 
micromolecule RNA, miRNAs can combine 
the 3’non-coding region, coding region or 5’ 
non-coding region of the target mRNA to adjust 
the expressions of anti-oncogene at the posttran-
scriptional level, inhibit or degrade translation 
of target mRNA and finally take part in various 
pathological and physiological processes of cell 
apoptosis, proliferation, differentiation and so 
on8,9. Studies have indicated that at least more 
than a half miRNA genes are located in the 
cancer-related genome or fragile site and have 
the function of inhibiting or promoting cancer 
development10; among the others, miRNA-21 
is the micro-RNA with antioncogene activity, 
which was found earlier and is highly expressed 
in many malignant tumor cells; Ishiguro, et al11 
have discovered that over 90% of gastric cancer 
tissues are in high expression of miRNA-21. 
This work has also verified that anti-miRNA-21 
can inhibit growth activity of AGS gastric can-
cer cells and promote their apoptosis, which are 
substantially identical to domestic and foreign 
research results12. Phosphatase and tension ho-
molog PTEN is the first anti-oncogene with 
phosphatase activity, which has been found out 
at present and plays an important role in growth, 
proliferation, transfer, apoptosis and other pro-
cesses of tumor cells13. The incidence and de-
velopment of most malignant tumors are related 
to absence or mutation of PTEN gene, including 
cells of gastric cancer. Previous foreign studies 
have confirmed that14 PTEN is possible the tar-
get gene of miRNA-21, but there is still no study 
on this field at present. This work has initially 
studied the effect of miRNA-21 on PTEN/Akt 
signal passage. Via de-phosphorylated negative 
control PIP3/Akt, PIP3 adjusts and controls cell 
proliferation and apoptosis and PTEN indirectly 
adjusts and controls COX-2 expressions by ad-
justing and controlling Akt expressions. Some 
researches have verified that COX-2 expression 
increases at the early stage of gastric cancer and 
the main function of COX-2 is to adjust prolif-
eration, apoptosis, aggression, angiogenesis and 
other processes of tumor cells via metabolite 
PGE215. In this report, we chose human AGS 
gastric cancer cell stains with good stability 
and treated it with PGE2 or/and anti-miRNA-21 
for 72 h. The findings indicated that PEG2 
could promote growth of AGS cells and inhib-
ited their apoptosis; the anti-miRNA-21 could 

inhibit the growth of AGS cells and promoted 
their apoptosis. It meant that miRNA-21 might 
guide the promotion function of PEG2 to AGS 
cell proliferation. In order to further research 
whether the effect of miRNA-21 on PEG2 was 
related to PTEN/Akt signal passage, we adopted 
Akt specific inhibitor, Perifosine, to intervene 
AGS cells and the results indicated that PTEN 
expression of the PGE2 group decreased while 
compared with other groups, but p-Akt expres-
sion increased relatively, which indicated that 
PTEN/Akt took part in adjusting AGS cell pro-
liferation via PGE2 guided by miRNA-21. After 
the intervention by Perifosine, the function of 
PEG2 promoting cell proliferation decreased rel-
atively, which indirectly proved that miRNA-21 
promoted tumor cell proliferation by adjusting 
and controlling PTEN/Akt signal passages.

Conclusions

We showed that PGE2 can promote cell prolif-
eration of gastric cancer and inhibits its apopto-
sis; meanwhile, the study has initially provided 
that miRNA-21 possibly promotes cell growth of 
gastric cancer by adjusting and controlling PEG2 
guided by PTEN/Akt signal passage and has 
provided a new research target and direction for 
treatment of gastric cancer.
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