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ABSTRACT
A great many microRNAs (miRNAs) have been reported to play different roles in human cancers, 
including gastric cancer (GC). However, the specific character of miR-23a-3p in GC has not been 
elucidated. This study was to explore the function of miR-23a-3p in GC. The results manifested 
that miR-23a-3p was down-regulated in GC and patients with reduced miR-23a-3p had poor 
prognosis. Functional experiments assured that elevated miR-23a-3p refrained GC proliferation, 
invasion, migration, PIK3/Akt phosphorylation and apoptosis, while knockdown miR-23a-3p accel-
erated the growth of GC. Double luciferase report experiments manifested that miR-23a-3p 
targeted CCL22 expression. Functional rescue experiments affirmed that the repression of ele-
vated miR-23a-3p on GC was reversed by simultaneous augmented CCL22. In vivo, elevated miR- 
23a-3p restrained the volume and tumor of GC and reduced the expression of CCL22 and 
phosphorylated PIK3/Akt, while knockdown miR-23a-3p motivated tumor growth. In conclusion, 
the results of this study indicate that miR-23a-3p plays a repressive role in GC, and affects the 
progression of GC via down-regulating CCL22 and blocking PI3K/AKT signal transduction pathway, 
which may offer a new molecular target for clinical treatment of GC.
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1. Background

Gastric cancer (GC) is a familiar and frequently 
occurring malignant gastrointestinal tumor, threa-
tening the safety of human life. Meanwhile 980,000 
novel cases and 730,000 deaths exist in the world 
each year, ranking the third in both morbidity and 
mortality of malignancies [1]. In China, GC’s mor-
bidity and mortality rank first and second among 
malignancies, or malignancies of the digestive sys-
tem, and the mortality accounts for 23.18% of all 
malignancies [2]. There are some main approaches 
for clinical diagnosis of GC, including Ultrasound 
Computed Tomography, Magnetic Resonance 
Imaging and exclude-cytology. Nevertheless, there 
are still certain defects in the early diagnosis of GC 

by gas [3]. Screening indicators with lack of spe-
cificity and sensitivity is the most crucial element 
influencing the early diagnosis of GC, leading to 
the late stages of clinical diagnosis for the majority 
of GC patients, and ultimately unpleasing clinical 
efficacy and prognosis [4]. Therefore, the momen-
tous, theoretical and direct guiding meanings were 
present in the study, exposing that the study of the 
molecular mechanism of the GC progression pro-
vides a basis for the selection of therapy scheme 
and prognosis prediction of molecular typing for 
early diagnosis of GC.

In the past few decades, the functional studies of 
microRNAs (miRNAs) have affirmed a hopeful 
direction for the exploration of GC’s pathogenesis 
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and the search for brand-new diagnostic markers 
and therapeutic targets [5,6]. A single-stranded non- 
coding small RNA molecule controls gene via either 
directly degrading mRNAs or interaction with target 
mRNAs [7,8]. MiRNAs were discovered in 1993, 
then the close association of the changes of 
miRNAs with tumors, including GC has been man-
ifested [9]. A great many miRNAs, considered as 
tumor suppressor genes or oncogenes, have been 
testified to be crucial in the occurrence and develop-
ment of tumors. Currently, abnormally modulated 
miRNAs in GC are not only implicated with the 
proliferation, the apoptosis and migration of GC 
cells, but also cause the change for the sensitivity to 
radiotherapy and chemotherapy via modulating 
kinds of tumor-related target genes [10–12]. For 
above reasons, insightful study of the function of 
miRNAs with their target genes in GC is beneficial 
for elucidating the pathogenesis, affirming potential 
therapeutic targets. It has also been manifested that 
miR-23a-3p is dysregulated in various tumors, con-
taining laryngeal cancer, glioma and other cancers 
[13–15]. Recently, a study has reported that toosen-
danin induces apoptosis of MKN-45 human GC cells 
via miR-23a-3p /BCL2 axis [16].However, the biolo-
gical function of miR-23a-3p in GC has not been 
fully elucidated.

In this study, it was speculated that miR-23a-3p 
might be involved in the proliferation, invasion, 
migration and EMT processes of GC, and this 
conjecture was confirmed through functional loss 
and acquisition experiments. It was also found that 
miR-23a-3p affected the activation of PI3K/Akt 
pathway in GC through targeted modulation of 
CCL22 expression.

2. Materials and methods

2.1. Clinical tissues

From May 2017 to January 2019, 84 GC and para- 
cancerous normal tissues were collected from The 
Sixth Affiliated Hospital of Sun Yat-sen University 
(Guangzhou, China). Immediately after surgical 
resection, the treatment of tissue samples was imple-
mented with liquid nitrogen with the storage at 
−80°C. No reception of any radiation or chemother-
apy in all GC patients was affirmed before surgery. 
The approval of experimental procedures has been 

conducted by the Ethics Committee of The Sixth 
Affiliated Hospital of Sun Yat-sen University. All 
enrolled patients had obtained written informed 
consent.

2.2. Cell culture

The introduction of GC cell lines MGC-803, BGC- 
823, SGC-7901, MKN-45 and MKN-7 and gastric 
mucosal epithelial cell GES-1 (American Type 
Culture Collection, MANASAS, VA) was carried 
out with RPMI-1640 (GE Healthcare Life Sciences, 
Logan, UT, USA) containing 1% penicillin/strep-
tomycin (SolarBio, Beijing, China) and 10% fetal 
bovine serum (Gibco, Rockville, MD).

2.3. Cell transfection

The introduction of miR-23a-3p mimic (5ʹ- 
CCUUUAGGGACCGUUACACUA-3ʹ) or inhibitor 
(5ʹ-UAGUGUAACGGUCCCUAAAGG-3ʹ) and its 
negative control (mimic NC, 5ʹ-CGAGCUCACUG 
GACAACGCCG-3ʹ and inhibitor NC, 5ʹ-AGCUUAA 
GACAUUCCGAGGAAU-3ʹ) (all GenePharma, Sha- 
nghai, China), the siRNA targeting CCL22 (si-CCL22, 
sense 5ʹ-CCUGGGUGAAGAUGAUUCUCAAUAA 
-3ʹ and antisense 5ʹ-UUAUUGAGAAUCAUCUUCA 
CCCAGG-3ʹ) and si-NC and CCL22 elevation vector 
(pcDNA 3.1-CCL22) and NC (pcDNA 3.1) (all 
Genechem, Shanghai, China) was implemented into 
the cells with liposomes 2000 (Invitgen) with accord-
ing manufacturing instructions. Except miR-23a-3p 
inhibitor concentration of 100 nM, the transfection 
concentration of oligonucleotides or plasmids was 
50 nM. After 48 h, the collection of transfected cells 
was required for follow-up experiments.

2.4. RNA extraction and Reverse transcription 
quantitative polymerase chain reaction 
(RT-qPCR)

RT-qPCR was performed as described above [17]. The 
extraction of total RNA from tissues and cells was 
implemented via Trizol ®reagents (InvitGen; Thermo 
Fisher Science, Inc.). The synthesis of the cDNA was 
carried out via PrimeScript reverse transcription kit 
(Qiyuan China Co., Ltd.) and conduction of RT-qPCR 
was with SYBR®Premix Extaq ™ (Baocara, Dalian, 
China) on the StepOnePlus™ real-time PCR system 
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(Applied Biosystems, Foster City, California, USA). 
U6 or glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) was applied as an internal control for 
miRNA and mRNA separately. The quantification of 
miR-23a-3p and CCL22 was via 2−ΔΔCq. The primer 
sequences were as follows: miR-23a-3p: F: 5ʹ- 
ATCACATTGCCAGGGATTTCC-3ʹ; U6: F: 5ʹ- 
CTCGCTTCGGCAGCACA-3 ‘; GAPDH: F: 5ʹ -GGG 
AGCCAAAGGGTCATCA-3, R: 5ʹ-AGTGATGG 
CATGGACTGTGG-3ʹ; CCL22: F: 5´ -AGGTATG 
GTGCCAATGT-3 ´, R: 5´-CGGCAGGATTTTGAG 
GTCCA-3´.

2.5. Cell counting kit (CCK)-8 assay

There was determination of the survival rate of trans-
fected GC cells via CCK-8 colorimetry [18], culture in 
1 × 104 density in 96-well plates for 0, 24, 48, 72 and 
96 h, and incubation with 10 μL CCK-8 reagent in 
each well. The measurement of the absorbance at 
490 nm was conducted via a microplate analyzer.

2.6. Flow cytometry

Apoptosis was detected as previously shown [19]. 
There was suspension of GC cells in 500 µL binding 
buffer, staining with 5 µL Annexin V-enhanced 
green fluorescent protein (EGFP) and 5 µL propi-
dium iodide (PI) in darkness, and calculation of 
apoptosis rate via flow cytometry (BD Biosciences).

2.7. Transwell assay

For migration assay, the seeding of introduced 
cells (0.5 × 106 cells/mL) was carried out at the 
chamber with membrane (Corning Costar Corp., 
Cambridge, MA, USA). Then fixation of the cells 
crossing the membrane, staining with hematoxy-
lin, and counting were required. The quantifica-
tion of cell migration was exposed through the 
number of cells per sample crossing the well 
from 5 different randomly selected field of view 
under the microscope (× 100) [20]. For invasion 
analysis, the incubation of Matrigel (BD 
Biosciences) diluted to 1 mg/mL in serum-free 
cold cell medium in the chamber was implemen-
ted until the solidification of matrix gel.

2.8. Western blot

The harvest of cells and lysis in lysate buffers con-
taining phenylmethylsulfonyl fluoride, protease 
inhibitors, and phosphatase inhibitors were exe-
cuted. The determination of protein concentration 
via the bicinchoninic acid (BCA) Protein Assay Kit 
(Thermo Science, USA), separation on sulfate poly-
acrylamide gel electropheresis and electroblot onto 
a nitrocellulose membrane (Bio-Rad, Hercules, 
USA) were affirmed. There was block of membrane 
with 5% bovine serum albumin and incubation with 
the antibodies: E-cadherin (3195), snail (3879), 
p-PI3K (4228), PI3K (4257), Akt (9272), p-Akt 
(4060) (all Cell Signaling Technology), N-cadherin 
(ab18203), Bax (ab32503), Bcl-2 (ab32124), GAPDH 
(ab8245), CCL22 (ab9847) (all Abcam). Then, the 
wash of membrane was required with fluorescence 
coupled secondary antibody and detection of the 
protein via infrared dichroic laser scanning imaging 
system (Li-COR, Oderson sey).

2.9. The luciferase reporter assay

Inserting of MUT or WT-CCL22-3ʹUTR was 
implemented into the pmirGlo luciferase reporter 
vector (Promega Corporation) [21]. The introduc-
tion of HEK293T cells was conducted with lucifer-
ase vector and miR-23a-3p mimic or its NC with 
Lipofetamine®2000 (Invitgen; Thermo Fisher 
Science, Inc.), and the luciferase activity’s exami-
nation was via a dual luciferase assay system 
(Promega).

2.10. Xenografted tumors in nude mice

The animal testing procedures were based on the 
‘Guidelines for the Care and Use of Laboratory 
Animals’ published by the National Institutes of 
Health. The approvement of the study was con-
ducted by the Ethics Committee of The Sixth 
Affiliated Hospital of Sun Yat-sen University 
Central Hospital. The male nude mice (BALB/c, 
4 weeks of age, body weight 20 ± 2 g) [Shanghai 
Experimental Animal Center, Chinese Academy of 
Sciences (Shanghai, China)] were randomly 
assigned into 4 groups (n = 6): the mimic NC, 
the miR-23a-3p mimic, the inhibitor NC, and the 
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miR-23a-3p inhibitor. The injection of transfected 
MGC-803 cells 0.2 mL (1 × 107) in logarithmic 
growth phase was implemented into the left intra-
dermal axilla, and the measurement of maximum 
diameter (L) and minimum diameter (W) of the 
xenografted tumor was via a vernier caliper, and 
the volume was calculated every other week after 
injection. Volume = (L × W)2 × 0.5. At the end of 
four weeks, the anesthesia of mice was via chloral 
hydrate, with euthanasia via decollation. The 
weighing of isolated tumors and fixation in 4% 
paraformaldehyde were carried out.

2.11. Immunohistochemistry

There was embedding of the tumor tissues with par-
affin wax, conventional dewaxing, hydration, antigen 
repair, and dripping with hydrogen peroxide. Then 
the incubation of sections with CCL22 (ab9847, 
Abcam), dripping with right dose of the secondary 
antibody, staining with Diaminobenzidine solution, 
counterstaining with hematoxylin were required.

2.12. Statistical analysis

All data were presented as mean ± standard devia-
tion (SD) and analyzed with SPSS 19.0 software. 
Two-group comparison was conducted via stu-
dent’s t-test, and the comparison among multiple 
groups was via one-way analysis of variance 
(ANOVA). Correlation was explored via Pearson 
correlation coefficient analysis. P < 0.05 was con-
sidered statistically significant.

3. Results

3.1. MiR-23a-3p in GC is downregulated and 
associated with poor prognosis

MiR-23a-3p was first examined in GC (Figure 1a, 
b), manifesting that miR-23a-3p in GC tissues and 
cell lines was obviously reduced versus adjacent 
normal tissues and gastric mucosal epithelial cells 
GES-1. Since miR-23a-3p was the lowest in MGC- 
803 cells, MGC-803 cells were then chosen for 
subsequent functional verification tests. Mean- 
while, the survival prognosis graph exposed 
a worse survival prognosis in GC patients with 
knockdown miR-23a-3p (Figure 1c). According 
to the median expression, GC patients were 
divided into the miR-23a-3p elevation and reduc-
tion groups. In Table 1, it was clarified that the 
expression of miR-23a-3p was linked with the dis-
tal metastasis and TNM staging of GC patients. 
Briefly, declined miR-23a-3p was present in GC 
and implicated with unpleasing prognosis.

3.2. MiR-23a-3p constrains GC cell survival and 
metastasis

Next, treatment of miR-23a-3p was conducted in 
MGC-803 cells by transfection (Figure 2a). Plenty 
of assays have manifested the repression of MGC- 
803 cell proliferation, invasion, migration, 
N-cadherin and snail and facilitation of apoptosis 
(elevated apoptosis rate and Bax, and declined Bcl- 
2) and E-cadherin (EMT) via elevation of miR- 
23a-3p, which was reversed via knockdown of it 
(Figure 2b-f).

Figure 1. Declined miR-23a-3p is present in GC and connected with poor prognosis. (a). The detection of miR-23a-3p in GC tissues 
and adjacent normal tissues via RT-qPCR; (b). The detection of miR-23a-3p in GC cell lines (MGC-803, BGC-823, SGC-7901, MKN-45, 
MKN-7) and gastric mucosa epithelial cells GES-1 via RT-qPCR; (c). The connection of miR-23a-3p with survival prognosis in GC 
patients; The values were shown as mean ± SD (B, n = 3); Survival prognosis of the two groups was compared via Log-rank (Mantel- 
Cox) text.
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3.3. MiR-23a-3p directly targets CCL22

Subsequently, the potential target gene of miR- 
23a-3p was explored. The elevation of CCL22 
was affirmed in GC, consistent with the results 
(Figure 3a, b). Meanwhile, the suppression or 
promotion of CCL22 in MGC-803 cells was 
exposed via up-regulation or down-regulation 
of miR-23a-3p separately (Figure 3c). Then via 
TargetScan database was predicted the existence 
of potential combination of loci of miR-23a-3p 
with CCL22 (Figure 3d), which was confirmed 
by luciferase report analysis (Figure 3e), mani-
festing as a decrease of luciferase activity in the 
miR-23a-3p mimic via WT-CCL22-3ʹUTR, and 
no effect via MUT-CCL22-3ʹUTR.

3.4. MiR-23a-3p restrains GC progression via 
targeting CCL22

For investigation of the interaction of CCL22 
with miR-23a-3p, the transfection of miR-23a- 
3p mimic and pcDNA 3.1-CCL22 was imple-
mented into MGC-803 cells, affirming the 
restoration of, reduced CCL22 induced via 
miR-23a-3p mimic, via pcDNA 3.1-CCL22 
(Figure 4a). Functionally, elevated CCL22 turned 
around the repression of miR-23a-3p mimic on 
MGC-803 cell proliferation, invasion, migration 
and EMT, as well as the promotion of apoptosis 
rate (Figure 4b-f). Briefly, up-regulation of 
CCL22 weakens the suppressive effect of miR- 
23a-3p on GC.

3.5. MiR-23a-3p restrains the PI3K/Akt pathway 
in GC through CCL22

For further clarification of the molecular mechanism 
of miR-23a-3p in GC, the modulation of miR-23a-3p 
on the PI3K/AKT pathway (PI3K, p-PI3K, AKT, 
p-AKT) was studied in MGC-803 cells (Figure 5), 
exposing the repression of the phosphorylation of 
PI3K and Akt via elevation of miR-23a-3p, while 
silencing of which manifested a promoted effect. 
The suppressive PI3K and Akt phosphorylation via 
miR-23a-3p mimic and the facilitated one via miR- 
23a-3p inhibitor were enhanced and weakened sepa-
rately via si-CCL22. Shortly, miR-23a-3p strengthen-
ing blocks the PI3K/AKT pathway in GC.

3.6. MiR-23a-3p restrains GC cell growth in vivo

For verification of the function of miR-23a-3p on 
GC cells in vivo, MGC-803 cells transfected with 
miR-23a-3p mimic and miR-23a-3p inhibitor were 
implanted into nude mice, affirming the apparently 
reduced tumor volume and weight via elevated miR- 
23a-3p (Figure 6a-c), while silencing of miR-23a-3p 
accelerated tumor growth. Immunohistochemistry 
manifested the separate cutback and strengthening 
of CCL22 in tumors via enhancement or silencing of 
miR-23a-3p (Figure 6d). Moreover, there was the 
downturn of PI3K/Akt phosphorylation in tumors 
via up-regulation of miR-23a-3p, while loss of which 
caused the augment (Figure 6e). Briefly, miR-23a-3p 
depresses GC growth in vitro through the PI3K/Akt 
pathway mediated by CCL22.

Table 1. Correlation of miR-23a-3p with clinicopathological features.
MiR-23a-3p expression

PFeatures Groups n elevation (n = 42) reduction (n = 42)

Age < 60 years 28 12 16 0.3545
60 years or more 56 30 26

Gender male 36 21 15 0.1859
female 38 21 27

Tumor size (cm) < 5 cm 17 10 7 0.4152
5 cm or more 67 32 35

Distant metastases Yes 49 12 37 < 0.0001
No 35 30 5

TNM staging I+ II 25 19 6 0.0019
III+IV 59 23 36

Lymphatic metastasis Yes 62 33 29 0.3209
No 22 9 13

The correlation between miR-23a-3p and pathological features of patients was detected via Pearson correlation analysis. 
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4. Discussion

GC is a familiar cancer worldwide, inducing severe 
death, with only a 20% survival rate for existing treat-
ments. Most patients were identified as advanced or 
metastatic GC at the time of initial diagnosis, with less 
than 15% 5-year survival rate of patients with 
advanced GC [16]. It is vital of the emergence of new 
therapeutic targets for improvement of the early diag-
nosis and survival of GC. In this study, it was exposed 
that miR-23a-3p, a brand-new target of GC, is sup-
posed to repress GC progression via strengthening of 
CCL22 and downturn of the PI3K/AKT pathway.

The link of miRNAs with cancer stems from 
Carlin’s work on chronic lymphoblastic leukemia, 
triggering the crazy research on miRNA with can-
cer [17]. Alleles deletion of miR-15a and −16 is 
manifested in patients with chronic lymphocytic 

leukemia, meanwhile, miRNAs are closely impli-
cated with the onset of tumors, including GC [18– 
20]. Previous studies have exposed the crucial 
miR-23a-3p in various malignancies’ occurrence 
and the application of the miR as a marker for 
the diagnosis [13–15]. However, miR-23a-3p in 
GC is hardly explored. For further understanding 
of the possible part of miR-23a-3p in GC’s occur-
rence and development, the detection of miR-23a- 
3p in human GC tissues and cell lines was con-
ducted, ensuring the downturn of miR-23a-3p in 
GC, further implicating the repressive effect in GC 
progression.

Nowadays, some tumor markers are applied for 
auxiliary diagnosis, such as CA-125, AFP, CEA, 
etc. Nevertheless, the sensitivity and specificity of 
them are not abundant for GC’s early diagnosis 
[21]. An evading digestion of ribonuclease via 

Figure 2. MiR-23a-3p represses GC cell survival and metastasis. (a). The detection of miR-23a-3p via RT-qPCR; (b). The detection of 
cell proliferation via CCK-8; (c). The detection of cell apoptosis rate via Flow cytometry; (d). The detection of apoptosis-linked 
proteins Bax and Bcl-2 via Western blot; (e). The detection of cell invasion and migration via Transwell; (f). The detection of EMT- 
related proteins E-cadherin, N-cadherin and Snail via Western blot; In MGC-803 cells after transfection with miR-23a-3p mimic/ 
inhibitor. The values were shown as mean ± SD (n = 3); Vs the mimic NC, *P < 0.05; Vs the inhibitor NC, ^ P < 0.05.
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some serum miRNAs was demonstrated for their 
stability. Additionally, there were obvious differ-
ences of miRNAs expression in serum of some 
cancer patients with normal people, exposing the 
role of specific tumor markers. For instance, 
strengthening miR-21, miR-155 and miR-210 are 
assured in serum of B-cell lymphoma patients 
[22]. There is elevated miR-141 in serum of 25 
prostate cancer patients, which is correlated with 
prostate-specific antigen. Therefore, miRNAs 
have great application potential as tumor markers 
in diseases’ diagnosis [23]. MiRNAs have been 
found to be vital in cell apoptosis, invasion, 
metastasis, differentiation, and proliferation [24]. 
MiRNAs mainly participate in the differentiation 
of cardiac muscle, nervous system, hematopoietic 
cells and skeletal muscle. Malpeli et al. identified 8 
miRNAs, including miR-323, −138, −9, −211, and 

−149, etc, which are implicated with B cells’ late 
differentiation [25]. With the in-depth research 
on the relationship of miRNAs with tumors, the 
abnormal miRNAs in tumors are a crucial mole-
cule controlling tumor cell growth. Among which, 
most miRNAs repress cell proliferation or induce 
apoptosis, manifesting the tumor depressive influ-
ence, while a few exist as oncogenes via promo-
tion of cell proliferation and repression of 
apoptosis [26–28]. For these reasons, miRNAs 
are supposed to be essential in the biological beha-
vior of cancer cells via modulation of related tran-
scription factors, thereby facilitating or restraining 
the cancer progression. So far, the studies on the 
correlation of miR-23a-3p with tumors are rela-
tively few, so the study on the function of miR- 
23a-3p in tumors is still original. Therefore, 
in vitro experiments on GC cell progression were 

Figure 3. MiR-23a-3p directly targets CCL22. (a). The detection of CCL22 in GC and adjacent normal tissues via RT-qPCR; (b). The 
detection of CCL22 in GC cell lines (MGC-803, BGC-823, SGC-7901, MKN-45, MKN-7) and gastric mucosa epithelial cells GES-1 via RT- 
qPCR and Western blot; (c). The detection of CCL22 in MGC-803 cells transfected with miR-23a-3p mimic/inhibitor via RT-qPCR and 
Western blot; (d). The potential binding sites of miR-23a-3p and CCL22 predicted via TargetScan database (http://www.targetscan. 
org); (e). The targeting of miR-23a-3p with CCL22 verified via the luciferase report assay; The values were shown as mean ± SD 
(n = 3); Vs the mimic NC, *P < 0.05; Vs the inhibitor NC, ^ P < 0.05.
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conducted, exposing the downturn via strengthen-
ing miR-23a-3p, which is considered a tumor sup-
pressor gene in GC’s development. In the 
meantime, the induction of GC apoptosis mani-
fested as repression of Bcl-2 and enhancement of 
Bax was implemented via miR-23a-3p. Moreover, 
the knockdown of EMT and PI3K/Akt pathways 
in GC cells was manifested via miR-23a-3p eleva-
tion. Previous study has confirmed the up- 
regulation of CCL22 in GC and facilitation on 
GC progression [29]. In this study, it was also 
assured the elevation of CCL22 in GC, and miR- 
23a-3p could depress GC’s progression via down- 
regulation of CCL22 and blocking of PI3K/Akt 
pathway. CCL22 is a kind of chemokine. 

A previous study clarifies that M2 macrophage- 
derived CCL22 can motivate the migration ability 
of hepatocellular carcinoma and EMT behavior 
[22]. Another study manifests that curcumin 
reduces EMT potential in squamous cell carci-
noma of the neck, which is linked with declined 
CCL22 [23]. In this study, it was found that 
knockdown CCL22 apparently repressed EMT 
capacity in GC. A former study has clarified that 
CCL22 can induce phosphorylation of PI3K/Akt 
[24,25], which is beneficial to accelerate EMT 
behavior of GC. In this study, knockdown 
CCL22 prevented the phosphorylation of PI3K/ 
Akt in GC cells, which might be directly related 
to the reduction of EMT potential.

Figure 4. MiR-23a-3p suppresses GC progression via targeting CCL22. (a). The detection of CCL22 via RT-qPCR and Western blot; (b). 
The detection of cell proliferation via CCK-8; (c). The detection of cell apoptosis rate via Flow cytometry; (d). The detection of Bax and 
Bcl-2 via Western blot; (e). The detection of cell invasion and migration via Transwell; (f). The detection of EMT-related proteins 
E-cadherin, N-cadherin and Snail via Western blot; In MGC-803 cells after transfection with miR-23a-3p mimic + pcDNA 3.1-CCL22. 
The values were shown as mean ± SD (n = 3); Vs the miR-23a-3p mimic + pcDNA 3.1, *P < 0.05.
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The limitations of this study are as follows: 1. 
The expression of miR-23a-3p in serum of GC 
patients is ambiguous; 2. Only one kind of GC 
cell was studied, and it is not clear whether miR- 
23a-3p/CCL22 axis has the same impacts on other 
GC cell lines; 3. Only the influence of miR-23a-3p/ 
CCL22 axis on the growth of GC tumor in vivo 
was observed, but the effect on the distal 

metastasis of GC was not clear; 4. MiR-23a-3p/ 
CCL22 axis knockdown or overexpression was 
not conducted in patients with GC.

5. Conclusion

All in all, the results of this study suggest that miR- 
23a-3p is down-regulated in GC, and linked with 

Figure 5. MiR-23a-3p depresses the PI3K/Akt pathway in GC through CCL22. The effect of miR-23a-3p and CCL22 on PI3K/AKT 
pathway protein phosphorylation in GC detected by Western blot. The values were shown as mean ± SD (n = 3); Vs the mimic NC, *P 
< 0.05; Vs the inhibitor NC, ^P < 0.05; Vs the miR-23a-3p mimic + si-CCL22, &P < 0.05.

Figure 6. MiR-23a-3p restrains GC cell growth in vivo. (a). Representative pictures of the tumor; (b). The tumor volume; (c). The 
weight of the tumor; (d). The detection of CCL22 in tumor via immunohistochemistry; (e). The detection of phosphorylation of PI3K/ 
Akt in tumor via Western blot. The values were shown as mean ± SD (n = 3); Vs the mimic NC, *P < 0.05; Vs the inhibitor NC, ^P 
< 0.05.
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the poor prognosis of GC patients. In addition, 
miR-23a-3p restrains the survival and metastasis 
of GC cells via targeting CCL22, and is thought to 
block EMT in GC and inactivate the PI3K/Akt 
pathway.
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