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Abstract: Objective: The aim of this study was to explain the effects of curcumin to depress gastric cancer biological
activity by regulation miRNA-21 an in in vitro study. Methods: Collecting 30 pairs of adjacent and cancer tissues to
measure miRNA-21 expression by ISH, evaluating pathology by H&E staining and measuring PTEN protein expres-
sion by IHC. Evaluating curcumin anti-tumor and correlation between curcumin and miRNA-21 in gastric cancer cell
line (AGS) biological activities by CCK-8, flow cytometry, transwell, scratch test, transmission electron microscope,
and western blot. Results: Compared with adjacent normal tissues, the miRNA-21 and PTEN expressions of gastric
cancer tissues were significantly different (P < 0.001, respectively). By cell experiments, compared with NC group,
the AGS cell proliferation was significantly depressed with significantly increasing cell apoptosis by keeping cell cycle
in G1 phase (P < 0.001, respectively), and AGS cell invasion and migration were significantly down-regulated (P <
0.001, respectively) in Cur and Cur+BL groups. However, with miRNA-21 supplementation, the AGS cell biological
activities were significantly recovered (P < 0.001, respectively). By western blot, compared with the NC group, the
PTEN and P21 proteins expressions were significantly up-regulated (P < 0.001, respectively) and the PI3K, AKT,
MMP-2 and MMP-9 proteins expressions were significantly down-regulated (P < 0.001, respectively). PTEN, PI3K,
AKT, P21, MMP-2 and MMP-9 proteins were significantly decreased with miRNA-21 supplementation (P < 0.001,
respectively). Conclusion: Curcumin had anti-tumor effects to gastric cancer via ion of miRNA-21 by regulation of
the PTEN/PI3K/AKT pathway.
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Introduction small molecules in a variety of eukaryotic cells,
which are collectively called miRNAs and play
an important role in cell activity, histogenesis,
and tumorigenesis [3]. In recent years, miRNAs

have become a hot topic in the field of cancer,

The mortality of malignant tumors is second
among human diseases, only lower than that of
the cerebrovascular diseases. Gastric cancer is

a common malignant tumor in the world and
the second leading cause of cancer death [1].
The incidence rate of gastric cancer in China
remains high, and the number of gastric cancer
deaths accounts for half of the world’s gastric
cancer deaths [2], and the reason is that most
patients have missed the best operative period
at the time of diagnosis. miRNA is a conserved
non-coding single-stranded small molecule
RNA with a length of 22-28 nt, which can
degrade target mRNA by interacting with the
untranslated region (3-UTR) of target gene
MRNA3’ to regulate gene expression. Several
teams have found nearly a thousand similar

closely related to the occurrence and develop-
ment of many kinds of tumors. miRNA-21 has
many physiological activities, and its over-
expression can inhibit the expression of tumor
suppressor PTEN. Furthermore, miRNA-21 par-
ticipates in the occurrence and development of
many kinds of malignant tumors [4-7]. Curcumin
is a major component extracted from turmeric
plants. Curcumin has many functions such as in
anti-inflammation, anti-atherosclerosis, anti-
oxidation, anti-cancer and anti-tumor metasta-
sis [8, 9]. Some studies have demonstrated
that curcumin (30 umol/L) could effectively
inhibit the biological activity of gastric cancer
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cells [10]. However, the mechanism of curcum-
in in inhibiting the biological activity of gastric
cancer cells by regulating miRNA is unclear.

In this study, the expression of miRNA-21 and
PTEN in adjacent normal tissues and gastric
cancer tissues was detected first, and then the
effect of curcumin on the biological activity of
AGS gastric cancer cells by regulating the
expression of miRNA-21 was investigated by
cell experiments to further explore the specific
mechanism of curcumin.

Materials and methods
Clinical samples

The tumor tissues and adjacent normal tissues
of 30 patients with primary gastric adenocarci-
noma were collected from September 2010 to
July 2016 in our hospital. The samples were put
into 10% polymethanol for 1 hour after resec-
tion, and then they were embedded in paraffin
way, sliced and stained with H&E staining.

Hybridization in situ

The collected tissue samples were extracted,
dehydrated conventionally, soaked in wax,
embedded, and sliced with a thickness of 4
um. Paraffin sections were baked in a 65°C
constant temperature oven to form liquid, and
then dewaxed to water, and then the slices
were removed and dried. Endogenous enzymes
were inactivated by dripping the proper amount
of 3% H,0, on tissues. The slices were digested
at 37°C with 3% pepsin for 15 min to expose
mMRNA nucleic acid fragment; 1% paraformalde-
hyde/0.1 mol/L PBS (pH = 7.2-7.6) was used to
fix the tissue samples at room temperature for
10 minutes (min). The slices were wiped to a
dry state. The tissue samples were incubated
with 20 pL pre-hybridization solution at 42°C
for 3 hours (h) to dry the sections. The hybrid-
ization solution of 10 uL (miRNA probe: hybrid-
ization solution = 1:250) (Exigon, USA) was
added in the samples, and the slides were cov-
ered with cover glass for hybridization in a
hybridization oven overnight at 55°C. The sam-
ples were washed in 2 x SSC solution, 0.5 x
SSC solution, and 0.2 x SSC solution at 37°C
for 15 min. After dripping blocking solution, the
samples were incubated at 37°C for 30 min.
Biotinylated mouse against digoxin solution
was dripped in the samples for incubation at
room temperature for 2 h. The samples were
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washed with PBST 4 times with 5 min for each
washing. After adding DAB chromogenic solu-
tion to the sections, the sections were observed
under the microscope. When the positive sec-
tions appeared brown, the sections were imme-
diately put into water to stop developing. After
washing thoroughly, hematoxylin was employed
for counterstaining. Finally, neutral gum was
used for sealing the sections, and observed
under the microscope.

Cells and cell culture

Human gastric adenocarcinoma AGS cells were
provided by American Type Culture Collection
(ATCC). The cells were cultured with DMEM con-
taining 10% fetal bovine serum and 1% penicil-
lin and streptomycin. The cells were cultured in
a constant temperature incubator containing
5% CO, at 37°C.

Cell grouping and cell culture

AGS cells were divided into normal control
group (NC), curcumin-treated group (Cur), cur-
cumin + empty package carrier group (Cur+BL)
and curcumin + miRNA group (Cur+miRNA).
AGS cells in the NC group were cultured nor-
mally. The AGS cells in the Cur group were treat-
ed with curcumin with a concentration of 30
pumol/L (Beijing Union Pharmaceutical Factory,
Beijing, China). AGS cells of the Cur+BL group
were treated with curcumin with a concentra-
tion of 30 umol/L after transfection of the
empty package vector (Kaiji Biotechnology
Company, Nanjing, China). AGS cells of the
Cur+miRNA group were treated with curcumin
with a concentration of 30 umol/L after trans-
fection of miRNA-21 (Kaiji Biotechnology Com-
pany, Nanjing, China).

Detection of cell proliferation by CCK-8 colo-
rimetry method

Gastric cancer cells in each group were treated
with the corresponding treatments as described
above. After digestion with trypsin, the pre-
treated cells were inoculated in a 96-well plate
with a number of cells of about 3 x 10° for each
well. The cells were cultured in an incubator
containing 5% CO2 r for 24 h, 48 h, and 72 h,
respectively. After adding 10 uL CCK-8 reagent,
the cells were mixed evenly and kept in the
incubator for 1 h. The absorbance (A) at 450
nm was measured by enzyme-linked immuno-
sorbent assay reader, and the growth curve
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was plotted. Three multiple wells were set up in
each group.

Detection of cell cycle and apoptosis by flow
cytometry

After 48 h of treatment with AGS cells in each
group, the AGS cells in each group with a cell
number of about 1 x 108 were collected and
washed twice with pre-cooled PBS. The cells
were fixed with 70% ethanol and then placed
overnight in the refrigerator at 4°C. The cells
were additionally washed with pre-cooled PBS
for two times, and PI dyeing solution (20 x) and
RNase A (50 x) were added to each well with
cells. After incubation at 37°C in the dark for
0.5 h, cell cycle was detected by flow
cytometry.

After 48 h of treatment, the AGS cells were col-
lected and digested with trypsin without EDTA.
Digestion of cells was terminated with superna-
tant cell culture medium. The cells were col-
lected by centrifugation for 5 min at 1000 r/
min. After washing with PBS twice, about (1-5)
x 10° cells were collected and resuspended
with 500 pyL 1 x binding buffer. Finally, 5 uL
Annexin V-FITC and 10 uL Pl were added to the
cells, respectively. After incubation at room
temperature for 5 min, flow cytometry was used
to detect the apoptosis rate of each group.

Transwell cell invasion assay

The basement membrane at the bottom of the
cell culture chamber was coated with 50-100 pl
Matrigel diluted with the dilution solution at a
ratio of 1:20 and air-dried at 4°C. The base-
ment membrane was hydrated by adding 100
ul RPMI 1640 medium to each cell chamber of
the transwell apparatus at 37°C for 1 h. The
cells were washed with serum-free medium
and digested with 0.25% trypsin. After centrifu-
gation at 1200 r/min for 5 min, the cells were
resuspended with the RPMI 1640 medium con-
taining 1% serum to a concentration of 1 x 10°
cells/ml. The liquid in the transwell chamber
was discarded. A total of 900 ul RPMI 1640
medium containing 10% serum was added to
the small cell culture chamber, and 200 pl cells
were added into the chamber with a number of
cells of about 1 x 10°. After 24-48 h of conven-
tional cell culture, the transwell chamber was
washed with PBS and fixed with 4% paraformal-
dehyde for 30 min. After the membrane at the
bottom of the chamber was air-dried and
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stained with crystal violet dye for 20 min, the
cells were observed and photographed under
the microscope with a maghnification of 400 x.
Five visual fields were randomly selected in
each group for counting.

Scratch test

A straight line was drawn crossing wells on the
back of the 6-well plate every 0. 5-0.1 cm
approximately on the first day by using a marker
pen. At least 5 lines passed through each well.
Cells with a density of 5 x 10° cells/m| were
cultured routinely until monolayer cells were
formed. The “1” zigzag scratches were made on
monolayer cultured cells by using sterilized 100
ul yellow tip to form an acellular growth area
(i.e. scratch). The tip was as perpendicular as
possible, and the width of the scratch was
about 500 um. The relative distance of the
scratch area was recorded. The dropped cells
by scratching were then washed off with serum-
free medium. The serum-free medium was
changed for the cells and mitomycin was added
to inhibit cell division at the same time. The
cells were incubated in the incubator of 5% CO,
at 37°C. After culturing for O h, 24 h, and 48 h,
the dropped cells by scratching were washed
with PBS, and the relative distance of cell
migration from the wound area was measured
under the inverted microscope with a magnifi-
cation of 200 times.

Observation of morphological changes of cells
in each group under transmission electron
microscope

AGS cells of logarithmic growth phase were
inoculated in 6-well plates with 1 x 10° cells/
well. The cells were treated with Imiquimod
(100 pg/ml) for 24 h and digested with 0.25%
trypsin. After centrifugation at 1500 r/min for
15 min, 1% osmium tetroxide was added for
fixation overnight, followed by dehydration,
embedding, polymerization, and dyeing. The
ultrastructure of cells was observed under
transmission electron microscope.

Detection of the expression of the related pro-
teins in AGS cells by western blot

The AGS cells in each group were collected by
removing the cell culture medium and washed
with ice-cold PBS for two times. The cells were
lysed with 250 pl cell lysis buffer on ice for 1 h,
and the total protein was extracted. The protein
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Adjacent Cancer Figure 1. Clinical data and analysis. A. Pathology of gas-
tric cancer and adjacent normal tissues by H&E staining
(200 x). B. The miRNA-21 expression of different tissues
by ISH (200 x). C. The PTEN protein expression of dif-
ferent tissues by IHC (200 x). Adjacent: Gastric cancer
adjacent normal tissue; Cancer: Gastric cancer tissues
**%: P < 0.001 vs. Adjacent. Adjacent: Gastric cancer-
adjacent normal tissue; Cancer: Gastric cancer tissues.
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quantification was conducted by using the BCA
method. The loading protein was prepared with
20-30 ug for each hole. After 90 min of SDS-
PAGE gel electrophoresis of 8% concentration,
the proteins were transferred to the PVDF
membrane and the 5% skim milk was used for
blocking for 2 h. The rabbit anti-PTEN antibody
(1:200) (Abcam, Cambridge, UK) and the anti-
bodies against PI3K (1:200) (Abcam, Cam-
bridge, UK), AKT (1:200) (Abcam, Cambridge,
UK), P21 (1:200) (Abcam, Cambridge UK),
MMP-9 (1:200) (Abcam, Cambridge UK) and
MMP-2 (1:200) (Abcam, Cambridge UK) were
incubated overnight at 4°C. After washing with
TBST for 3 times, the sheep anti-rabbit second-
ary antibody (1:3000) was added and incubat-
ed with the samples at room temperature for 2
h. Finally, after washing with TBST for 3 times
and washing with PBS once, the medium ratio
of chemiluminescence solution A and B was
added to the dark chamber for 3 min, and the
gel imaging system was used for photo-

graphing.

Statistical analysis

All the data were expressed as mean * stan-
dard deviation. The data were analyzed by
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SPSS 20.0 statistical software. The indepen-
dent sample mean t-test was used for the com-
parison between two groups. The comparison
between multiple groups was conducted by
LSD t-test after analysis of variance. P < 0.05
indicated a difference that was significant.

Results
Clinical data and analysis

Compared with adjacent normal tissues, Figure
1A found the cancer tissues invasion and
migration increased by H&E staining; Figure 1B
was shown that miRNA-21 expression was sig-
nificantly up-regulated (P < 0.001) and Figure
1C found PTEN protein expression was signifi-
cantly suppressed (P < 0.001) in gastric cancer
tissues.

AGS cell proliferation, apoptosis and cell cycle
in difference groups

By CCK-8 assay, the result was shown that AGS
cell proliferation rates of Cur and Cur+BL
groups were significantly suppressed com-
pared with NC group in 24 h, 48 hand 72 h (P
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A e Figure 2. AGS cell proliferation, apoptosis and cell cycle in different groups. A.
‘E - 150+ . AGS cell proliferation rate of different groups by CCK-8 assay. NC: normal control
=3 E NC group; Cur: AGS cell treated by curcumin group; Cur+BL: AGS cell transfected by
27 @8 Cur empty vector treated with curcumin group; Cur+miRNA: AGS cells transfected
E 3 100 B8 Cur+BL by miRNA-21 treated with curcumin group. *: P < 0.05, **: P < 0.01, ***: P
= afn Cur+miRNA < 0.001 vs. NC; #: P < 0.05, ##: P < 0.01, ###: P < 0.001 vs. Cur. B. AGS cell
S ¥ apoptosis by flow cytometry. NC: normal control group; Cur: AGS cells treated
=°‘ £ by curcumin group; Cur+BL: AGS cells transfected by empty vector treated with
] E, 50+ curcumin group; Cur+miRNA: AGS cells transfected by miRNA-21 treated with
8 'E curcumin group. ***: P < 0.001 vs. NC; ###: P < 0.001 vs. Cur. C. AGS cell
<= cycle of different groups by flow cytometry. NC: normal control group; Cur: AGS
- 04 cells treated by curcumin group; Cur+BL: AGS cells transfected by empty vector
b~ treated with curcumin group; Cur+miRNA: AGS cells transfected by miRNA-21

treated with curcumin group. ***: P < 0.001 vs. NC; ###: P < 0.001 vs. Cur.
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Figure 3. AGS cell invasion, migration and mitochondrial morphology in different groups. A. Wound healing rate of difference groups by Scratch test. NC: normal con-
trol group; Cur: AGS cells treated by curcumin group; Cur+BL: AGS cells transfected by empty vector treated with curcumin group; Cur+miRNA: AGS cells transfected
by miRNA-21 treated with curcumin group. ***: P < 0.001 vs. NC; ###: P < 0.001 vs. Cur. B. The invasion cell number of difference groups by transwell assay. NC:
normal control group; Cur: AGS cells treated by curcumin group; Cur+BL: AGS cells transfected by empty vector treated with curcumin group; Cur+miRNA: AGS cells
transfected by miRNA-21 treated with curcumin group. ***: P < 0.001 vs. NC; ###: P < 0.001 vs. Cur. C. Mitochondrial morphology of different groups by transmis-
sion electron microscope. NC: normal control group; Cur: AGS cells treated by curcumin group; Cur+BL: AGS cells transfected by empty vector treated with curcumin
group; Cur+miRNA: AGS cells transfected by miRNA-21 treated with curcumin group.
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Figure 4. The relative protein expressions of different groups by western blot. NC: normal control group; Cur: AGS cell
treated by curcumin group; Cur+BL: AGS cells transfected by empty vector treated with curcumin group; Cur+miRNA:
AGS cells transfected by miRNA-21 treated with curcumin group. ***: P < 0.001 vs. NC; ###: P < 0.001 vs. Cur.

< 0.05, P < 0.01 or P < 0.001, respectively,
Figure 2A). However, the cell proliferation rate
of Cur+miRNA group was significantly increased
compared with that of Cur group with miRNA-
21 supplement in 24 h, 48 h and 72 h (P <
0.05, P < 0.01 or P < 0.001, Figure 2A). By flow
cytometty, Figure 2B shows that the cell apop-
tosis rate of Cur and Cur+BL groups were sig-
nificantly up-regulated compared with that of
NC group (P < 0.001, respectively). With miRNA-
21 transfection, the AGS cell apoptosis rate
was significantly suppressed compared with
Cur group (P < 0.001, Figure 2B). We also found
that the G1 phase rates were significantly up-
regulated and G2 phase rates were significantly
down-regulated in Cur and Cur+BL groups com-
pared with that of NC group (P < 0.001, respec-
tively, Figure 2C). With miRNA-21 supplementa-
tion, the G1 phase rate was significantly
down-regulated and the G2 phase rate was sig-
nificantly up-regulated in Cur+miRNA-21 group
compared with that of Cur group (P < 0.001,
respectively, Figure 2C).

AGS cell invasion, migration, and mitochon-
drial morphology in different groups

By scratch test, the wound healing rates of Cur
and Cur+BL groups were significantly depress-
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ed compared with those of NC group in 24 h
and 48 h (P < 0.001, respectively, Figure 3A);
however, the wound healing rates of Cur+miRNA
group were significantly increased with miRNA-
21 transfection compared with those of Cur
group in 24 h and 48 h (P < 0.001, respectively,
Figure 3A). By transwell assay, the invasion
AGS cell number of Cur and Cur+BL groups
were significantly depressed compared with
that of NC group (P < 0.001, Figure 3B), the
AGS cell invasion ability was significantly recov-
ered with miRNA-21 supplement (P < 0.001,
Figure 3B). By transmission electron micro-
scope, we found the mitochondrion was dam-
aged in Cur and Cur+BL groups. We also found
the mitochondrion was recovered with miRNA-
21 transfection in Figure 3C.

Relative proteins expressions of difference
groups by WB assay

Compared with NC group, PTEN and P21 pro-
teins expressions of Cur and Cur+BL groups
were significantly increased compared with
those of NC group (P < 0.001, respectively).
The PI3K, AKT, MMP-2 and MMP-9 proteins
expressions of Cur and Cur+BL groups were sig-
nificantly depressed compared with those of
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NC group (P < 0.001, respectively). With miRNA-
21 transfection, PTEN and P21 proteins expres-
sions were significantly suppressed and PI3K,
AKT, MMP-2 and MMP-9 proteins expressions
were significantly stimulated in Cur+miRNA
group (P < 0.001, respectively). The relative
data are shown in Figure 4.

Discussion

Curcumin is an active component extracted
from traditional Chinese medicine turmeric.
Some researchers have carried out phase I/l
clinical study of curcumin. The results demon-
strated that curcumin combined with other
chemotherapeutic drugs could lighten the toxic
and side effects of chemotherapeutic drugs,
reduce the dosage of chemotherapeutic drugs,
improve the quality of life of patients and pro-
long the survival time. Furthermore, curcumin
has no obvious side effect, and the patients
have a good tolerance, so it can be used as a
long-term preventive treatment for colorectal
cancers [11]. The results of this study con-
firmed that curcumin could effectively inhibit
the biological activity of AGS gastric cancer
cells. In order to explore the specific anti-can-
cer mechanism of curcumin, we have conduct-
ed a corresponding cell level study.

miRNA can be fully or partially paired with the
3’-UTR region of the target gene mRNA, dupli-
cating multiple times, thus amplifying the activ-
ity of miRNA gene regulation [12]. About 60% of
the genes that encode proteins in humans are
at risk of binding to mRNA. Different tumors
have different miRNA expression profiles [13-
15]. miRNAs can promote and inhibit tumor
growth. For a particular miRNA, there are usu-
ally multiple target genes, which makes the
regulatory mechanism of the targeting genes of
miRNA very complex [16]. miRNA-21 promoted
the growth of many kinds of tumors, including
breast cancer, pancreatic cancer, colorectal
cancer, head and neck cancer, esophageal
cancer, malignant glioma, fibroblastoma, chol-
angiocarcinoma, lung cancer and gastric can-
cer [17-19]. In cervical cancer, a study [20]
showed that over-expression of miRNA-21 in
HelLa cells could promote cell proliferation and
down-regulate the expression of PDCDA4. In
squamous carcinoma of the cervix, research
[21] showed that miRNA-21 could promote cell
proliferation by regulating the expression of
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chemokine CCL20. The results of this study
showed that miRNA-21 was highly expressed in
gastric cancer tissues. Curcumin could effec-
tively inhibit the biological activity of AGS gas-
tric cancer cells. However, when miRNA-21 was
transfected into AGS cells, the inhibitory effect
of curcumin on gastric cancer was significantly
decreased. The results suggest that curcumin’s
inhibitory effect on gastric cancer may be
closely related to the reduction of miRNA-21
expression.

PTEN is a tumor suppressor gene located main-
ly in mitochondria, and its expression is
decreased in blood system tumor, digestive
tract tumor, gynecological and urinary tumors.
Some studies [22] have shown that abnormal
PTEN may lead to the activation of PISK/AKT
signaling pathway, resulting in the occurrence
and development of the tumor. P21 gene is sig-
nificantly expressed at a low level in many
tumors, and it has a wide range of cell cycle-
dependent kinase inhibitory activity. It can spe-
cifically inhibit the formation of Cyclin D1-CDK6
complex and make the cells stay in G1 phase to
inhibit the growth of the tumor. It has an obvi-
ous anti-cancer effect [23, 24]. In this study, we
found that curcumin did not change the mor-
phology of AGS cells by transmission electron
microscope, but it caused some changes in the
shape of mitochondria, which may be related to
the changes of PTEN protein in mitochondria.
This study also revealed that curcumin could
effectively enhance the expression of PTEN,
thereby inhibiting the activity of PI3K/AKT and
activate the activity of the P21 protein, leading
to a large number of AGS cells arrested in G1
phase to inhibit the proliferation of AGS cells
and promote the apoptosis of AGS cells.

MMP-2/9 are the two key genes [25] down-
stream of the PI3BK/AKT signaling pathway, and
they are also tumor migration-related factors
participating in migration and invasion of
tumors [26]. MMPs are the major rate-limiting
enzymes involved in regulation of intercellular
matrix (ECM) metabolism. Due to the need for
metal ions Ca?* and Zn?* as auxiliary factors,
MMPs can specifically degrade ECM, and par-
ticipate in many physiological and pathophysi-
ological processes, and include a large family.
Among them, MMP-2 and MMP-9 could degrade
gelatin, laminin, and type IV collagen, and play
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a vital role in the invasion and metastasis of
various malignant tumors [27, 28]. Under the
intervention of curcumin, the invasion and
migration of AGS cells were significantly re-
duced and the expressions of MMP-2 and
MMP-9 were significantly decreased. However,
after the transfection of miRNA-21 into AGS
cells, AGS, AGS cell invasion and migration abil-
ity and MMP-2/9 protein expression were
restored, indicating that curcumin suppress-
es cancer by inhibiting the expression of
miRNA-21.

In conclusion, curcumin activates the activity of
PTEN by inhibiting the expression of miRNA-21
and inhibits the activity of the PISK/AKT signal-
ing pathway which in turn inhibits the biological
activity of gastric cancer cells.
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