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Original Article
miR-338-3p inhibits the proliferation and migration of 
gastric cancer cells by targeting ADAM17
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Abstract: Background: MicroRNAs (miRNA) have been documented playing a critical role in cancer progression. 
Although miR-338-3p has been implicated in several cancers, its role in gastric cancer is still unknown. The aim 
of our study was to investigate the role of miR-338-3p in gastric cancer progression. Methods: Expression levels 
of miR-338-3p in gastric cancer cell lines and tissues were determined by quantitative real-time PCR (qRT-PCR). 
The effect of miR-338-3p on proliferation was evaluated by MTT assay, cell migration and invasion were evaluated 
by transwell migration and invasion assays. Furthermore, luciferase reporter assay was conducted to confirm the 
target gene of miR-338-3p, and the results were validated in gastric cancer cells. Results: In the present study, we 
found that miR-338-3p was down-regulated in both gastric cancer cell lines and tissues. Enforced expression of 
miR-338-3p inhibited proliferation, migration and invasion of gastric cancer cells in vitro. Moreover, we identified 
A disintegrin and metalloproteinase 17 (ADAM17) gene as potential target of miR-338-3p. Importantly, ADAM17 
rescued the miR-338-3p mediated inhibition of cell proliferation, migration and invasion. Conclusions: Our study 
suggested that miR-338-3p is significantly decreased in gastric cancer, and inhibits cell proliferation, migration and 
invasion partially via the downregulation of ADAM17. Thus, miR-338-3p may represent a potential therapeutic target 
for gastric cancer intervention.
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Introduction

Gastric cancer is the fourth most common can-
cer and the second leading cause of cancer-
related death in the world. Almost two thirds of 
cases occur in developing countries, of which 
42% occur in China [1, 2]. Despite the signifi-
cant achievements in the treatment, the prog-
nosis for gastric cancer remains poor with an 
overall 5-year survival rate below 30% [3]. Thus, 
it is of great significance to further elucidate 
the molecular mechanisms of gastric cancer 
and look for new therapeutic targets for this 
disease.

MicroRNAs (miRNA), a class of small non pro-
tein coding RNAs, have been identified as a 
new kind of gene expression regulators through 
binding to the 3’ untranslated regions (UTR) of 
target mRNA [4]. miRNAs have been demon-
strated to play critical roles in the biologic pro-
cesses such as proliferation, apoptosis, differ-

entiation and metastasis [5-7]. Accumulating 
evidence showed that many miRNAs have sig-
nificant regulatory functions in gastric cancer. 
For example, Wang et al showed that miR-199a-
3p may function as a novel tumor promoter in 
gastric cancer and its oncogenic activity may 
involve the direct targeting and inhibition of 
ZHX1 [8]. Li et al found that miR-409-3p was 
significantly down-regulated in gastric cancer 
and overexpression of miR-409-3p in gastric 
cancer cells dramatically suppressed cell prolif-
eration and induced cell apoptosis by direct tar-
geting PHF10 [9]. Duan et al suggested that 
miR-24 was significantly decreased in gastric 
cancer. Furthermore, they revealed that ectopic 
expression of miR-24 inhibited gastric cancer 
cell proliferation, migration and invasion via tar-
geting RegIV [10]. Although plenty of miRNAs in 
relation to gastric cancer have been studied, 
the underlying mechanism of miRNAs in carci-
nogenesis of gastric cancer remains to be 
investigated.
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Previous study showed that miR-338-3p was 
transcribed from the intron 8 of apoptosis-
associated tyrosine kinase (AATK) gene, locat-
ed on chromosome 17q25, playing a critical 
role in promoting cell death, neuronal differen-
tiation and neurite extension [11]. Recent stud-
ies indicated that miR-338-3p could act as a 
tumor suppressor in types of cancers. For 
example, Sun et al indicated that miR-338-3p 
was decreased expression in non-small cell 
lung cancer (NSCLC). Ectopic miR-338-3p 
expression significantly suppressed cell prolif-
eration and colony formation of NSCLC cells by 
inhibiting RAB14 expression [12]. Chen et al 
found that miR-338-3p was down-regulated in 
neuroblastoma and inhibited neuroblastoma 
proliferation, migration and invasion through 
targeting PREX2a [13]. Wang et al demonstrat-
ed that miR-338-3p was down-regulated in 
hepatocellular carcinoma and overexpression 
of miR-338-3p could inhibit cell proliferation by 
targeting FOXP4 [14]. However, the specific 
roles and underlying mechanisms of miR-338-
3p in gastric cancer is still unknown.

In this study, we demonstrated that miR-338-
3p was decreased in gastric cancer, and ecto-
pic overexpression of miR-338-3p significantly 
inhibited the proliferation, migration and inva-
sion of gastric cancer cells. Furthermore, we 
identified ADAM17 as a direct target of miR-
338-3p, and ADAM17 overexpression partially 
attenuated the tumor suppressive effect of 
miR-338-3p in gastric cancer cells. 

Materials and methods

Clinical samples

Human gastric cancer tissues and their corre-
sponding non-tumor tissues were collected at 
the time of surgical resection from 36 patients 
from 2013 to 2014 at the Department of 
General Surgery, Huaihe Hospital of Henan 
University. Human tissues were immediately 
frozen in liquid nitrogen and stored at -80°C 
refrigerator. Signed informed consent was 
obtained from all patients and the study was 
approved by the Clinical Research Ethics 
Committee of Huaihe Hospital of Henan 
University.

Cell culture

Human gastric cancer cell lines (AGS, HGC-27, 
MKN-45 and BGC-823), and immortalized nor-
mal gastric mucosal epithelial cell line (GES-1) 
were purchased from the Cell Resource Center, 

Shanghai Institute of Biochemistry and Cell 
Biology at the Chinese Academy of Sciences. All 
cells were cultured in RPMI-1640 medium 
(Gibco) and supplemented with 10% fetal 
bovine serum (FBS, Invitrogen) and 10 U/ml 
penicillin-streptomycin (Sigma). All cells were 
maintained in a humidified incubator at 37°C 
with 5% CO2.

Transient transfection

miR-338-3p mimics, negative control (miR-NC) 
were purchased from GenePharma (Shanghai, 
China). The pEGFP-ADAM17 plasmid was gener-
ated using the following primers: forward, 
5’-GGGGTACCGAATCTTCCCAGTAGGCG-3’ and 
reverse, 5’-TTGCGGCCGCAAAGGAGAAGGGCCA- 
AAC-3’. The transfection was performed using 
Lipofectamine 2000 (Invitrogen) according to 
the instructions provided by the manufacturer. 
Transfection efficiency was monitored by 
qRT-PCR.

Cell proliferation assay

Cell viability was measured using the MTT 
assay. The viability of BGC-823 cells transfect-
ed with miR-338-3p mimics or negative control 
was detected every 24 h after transfection. 
100 μL MTT (10 mg/mL) was added to each 
well of the 96-well plates and incubated for 4 h, 
and then the reaction was terminated by DMSO. 
The optical density (OD) at 490 nm was detect-
ed using a Microplate Reader (Bio-Tek Instru- 
ments).

Cell migration and invasion assays

For the transwell migration assay, 5 × 104 BGC-
823 cells were placed in the upper chamber of 
each insert (Corning). For the invasion assay, 1 
× 105 cells were placed on the upper chamber 
of each insert coated with 40 μl matrigel 
(Clontech), which was diluted to 2 μg/μl with 
RPMI-1640 medium. Medium supplemented 
with 20% FBS (600 μl) was added to the lower 
chambers. After several hours of incubation, 
the upper surface of the membrane was wiped 
with a cotton tip and cells attached to the lower 
surface were stained for 20 min with crystal 
violet. Cells in 5 random fields of view at 100 × 
magnification were counted and expressed as 
the average number of cells per field of view.

Luciferase reporter assay

The 3’UTR of ADAM17 containing the predicted 
miR-338-3p binding site was constructed by 
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RiboBio (China). The mutant ADAM17 3’UTR 
was created by mutating multiple nucleotides 
complementary to the miR-338-3p seed region. 
HEK293T cells were cultured in 96-well plates 
with 50-70% confluence 24 h before transfec-
tion. A mixture of 100 ng pmiR-RB-Report™ 
h-ADAM17 wild type (Wt) or mutant (Mut) 
reporter plasmid vector together with 50 nM 
miR-338-3p mimics or negative control were 
co-transfected. The luciferase activity was 
measured 48 h post-transfection using Dual-
Glo Luciferase Assay System (Promage) with 
Renilla luciferase activity as the reporter gene 
and firefly luciferase as the reference gene.

RNA isolation and quantitative real-time PCR 
(qRT-PCR)

Total RNA was isolated from tissue samples 
and cell lines using Trizol reagent (Invitrogen) 
according to the manufacturer’s protocol. The 
concentration and quality of total RNA were 
assessed via spectrophotometric and electro-
phoretic assay. First-strand cDNA was synthe-
sized using the SuperScript III first-strand syn-
thesis system (Invitrogen). Real-time PCR was 
carried out in the ABI 7900 system (Applied 
Biosystems) using the SYBR Premix Ex Taq™ 
(TaKaRa). Relative expression levels of miR-
338-3p and ADAM17 were calculated by the 
2-ΔΔCT method after normalization with refer-
ence to expression of U6 and GAPDH. 

Western blot

Total protein from cells were lyzed by RIPA buf-
fer. Equal amount of proteins were separated 

by 12% SDS-PAGE, and transferred to a nitro-
cellulose membrane (Bio-Rad). After being 
blocked with 5% non-fat milk, the membrane 
was incubated with anti-ADAM17 antibody or 
anti-GAPDH (Abcam). The membrane was then 
washed extensively and incubated with a goat 
anti-mouse secondary antibody (Pierce). The 
proteins were detected with ECL reagents 
(Pierce).

Statistical analysis

All statistical analyses were performed using 
SPSS 18.0 software (IBM). Data are expressed 
as the mean ± SD from at least three separate 
experiments. Differences between groups were 
analyzed using Student’s t test or one-way 
ANOVA analysis. A P-value less than 0.05 was 
considered statistically significant.

Results

Down-regulation of miR-338-3p in human 
gastric cancer cell lines and tissues

To determine whether miR-338-3p was involved 
in the tumorigenesis of gastric cancer, miR-
338-3p expression was examined by qRT-PCR 
in gastric cancer cell lines and tissues. As 
shown in Figure 1A, miR-338-3p was signifi-
cantly decreased in all gastric cancer cells com-
pared with GES-1 cells. The expression of miR-
338-3p was further evaluated by qRT-PCR in 
tumor samples and their matched non-tumor 
samples from 36 gastric cancer patients. The 
average expression level of miR-338-3p was 
significantly decreased in gastric cancer tis-

Figure 1. miR-338-3p is down-regulated in gastric cancer cell lines and tissues. A. qRT-PCR was performed to ex-
amine miR-338-3p expression in gastric cancer cell lines (AGS, HGC-27, MKN-45 and BGC-823) and normal gastric 
mucosal epithelial cell line (GES-1). B. qRT-PCR analysis of miR-338-3p expression in 36 paired human gastric 
cancer tissues and adjacent non-tumor tissues. *P<0.05.
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sues compared with adjacent non-tumor tis-
sues (Figure 1B). These results strongly sug-
gested that miR-338-3p might play a key role in 
gastric cancer progression.

miR-338-3p inhibits gastric cancer cell prolif-
eration, migration and invasion in vitro 

To investigate the function of miR-338-3p in 
the gastric cancer cells, BGC-823 were trans-
fected with miR-338-3p mimics. The efficiency 
of miR-338-3p mimics was determined by qRT-
PCR (Figure 2A). MTT assay showed overex-
pression of miR-338-3p significantly sup-
pressed cell proliferation of BGC-823 cells 
compared with the negative control (Figure 2B). 
Furthermore, we investigated the effect of miR-
338-3p on migration and invasion of gastric 
cancer cells. Transwell migration assay 
revealed that increased expression of miR-
338-3p dramatically inhibited tumor cell migra-
tion in BGC-823 cells compared with the nega-
tive control (Figure 2C). Similarly, transwell 
invasion assay demonstrated that miR-338-3p 

markedly decreased the invasive capacity of 
BGC-823 cells (Figure 2D).

ADAM17 is a direct target of miR-338-3p

To investigate the molecular mechanisms of 
miR-338-3p in gastric cancer cells, we screened 
the potential target gene of miR-338-3p using 
TargetScan 6.2. We found that ADAM17 con-
tained the potential binding sites of miR-338-
3p (Figure 3A). Luciferase activity assay 
showed that miR-338-3p significantly sup-
pressed the Wt but not the Mut 3’UTR lucifer-
ase activity in HEK293 cells (Figure 3B). 
Furthermore, overexpression of miR-338-3p 
significantly inhibited ADAM17 protein levels in 
BGC-823 cells (Figure 3C). These results indi-
cated that ADAM17 was a direct target of miR-
338-3p in gastric cancer cells. 

Overexpression of ADAM17 abolished the 
tumor suppressive effects of miR-338-3p

We further investigated whether overexpres-
sion of ADAM17 could reverse the suppressive 

Figure 2. miR-338-3p inhibits gastric cancer cell proliferation, migration and invasion in vitro. A. Expression of miR-
338-3p in BGC-823 cells transfected with miR-338-3p mimics or negative control was detected by qRT-PCR. B. Cell 
proliferation of BGC-823 cells transfected with miR-338-3p mimics or negative control was detected by MTT assay. 
C. Transwell migration assay of BGC-823 cells transfected with miR-338-3p mimics or negative control. D. Transwell 
invasion assay of BGC-823 cells transfected with miR-338-3p mimics or negative control. *P<0.05.
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effect of miR-338-3p. MTT assay, transwell 
migration assay and transwell invasion assay 

showed that increased expression of ADAM17 
could significantly reverse the suppressive 

Figure 3. ADAM17 is identified as a target of miR-338-3p in gastric cancer. A. The wild type and mutant ADAM17 
3’UTR sequences are shown with the miR-338-3p sequence. B. Luciferase assay in HEK293T cells with wild-type or 
mutant ADAM17 3’UTR vectors and miR-338-3p mimics or negative control. C. ADAM17 expression in BGC-823 cells 
transfected with miR-338-3p mimics or negative control was detected by Western blot. *P<0.05.

Figure 4. ADAM17 overexpression attenuated the suppressive effect of miR-338-3p. A. BGC-823 cells were co-
transfected with miR-338-3p and/or ADAM17. MTT assay was used to assay proliferation. B. Transwell migration 
assay of BGC-823 cells co-transfected with miR-338-3p and/or ADAM17. C. Transwell invasion assay of BGC-823 
cells co-transfected with miR-338-3p and/or ADAM17. D. Expression of ADAM17 was detected by qRT-PCR in BGC-
823 cells transfected with pEGFP-ADAM17 or negative control. *P<0.05.
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effect of miR-338-3p on BGC-823 cells (Figure 
4A-C). The effect of pEGFP-ADAM17 was con-
firmed by qRT-PCR (Figure 4D).

Discussion

Growing evidence showed that miRNAs hold 
great promise for novel therapeutic approach-
es for treating human cancers [15]. Deregulation 
of miR-338-3p has been reported for many dif-
ferent cancers. Even though recent evidence 
indicated the inhibitory effect of miR-338-3p 
on human cancers, such as NSCLC, neuroblas-
toma and hepatocellular carcinoma, there is 
little knowledge about miR-338-3p and its tar-
gets in gastric cancer.

In this study, we revealed that miR-338-3p 
expression was decreased in gastric cell lines 
and tissues. Further studies revealed that miR-
338-3p overexpression was able to suppress 
cell proliferation, migration and invasion in 
BGC-823 cells. Therefore, our study demon-
strated that miR-338-3p could act as a tumor-
suppressor in the progression of gastric 
cancer. 

A disintegrin and metalloproteinase 17 
(ADAM17) is a membrane anchored metallopro-
teinase that controls the release of tumor 
necrosis factor α (TNF-α) and ligands of the epi-
dermal growth factor receptor (EGFR) from cells 
[16, 17]. Accumulating evidence suggested 
that ADAM17 was increased in a various can-
cers including gastric cancer, glioma, NSCLC 
and renal cancer and was involved in tumor 
growth and invasion. Thus, ADAM17 has been 
considered as a potential therapeutic target in 
several tumors. For example, Shou et al showed 
that the expressions of ADAM17 was upregu-
lated in gastric cancer tissues and associated 
with invasion, TNM stage and overall survival of 
gastric cancer patients [18]. Zheng et al showed 
that high level expression of ADAM17 was 
found in high grade glioma samples and knock-
down of ADAM17 inhibited glioma cell prolifera-
tion and invasion [19]. Su et al showed that 
ADAM17 was identified as a target of miR-152 
in NSCLC cells, and miR-152-induced suppres-
sion of proliferation and motility of NSCLC cells 
was partially mediated by silencing of ADAM17 
expression. Furthermore, they showed that 
ADAM17 was inversely correlated with miR-152 
in NSCLC tissues [20]. Doberstein et al indicat-
ed that ADAM17 was upregulation in renal can-

cer and miR-145 inhibits renal cancer cell pro-
liferation and migration by targeting ADAM17 
[21]. However, the molecular determinants of 
ADAM17 expression remain largely unexplored. 
In the present study, we identified that ADAM17 
was a direct target of miR-338-3p in gastric 
cancer cells, and supplement of ADAM17 
remarkably attenuated the tumor suppressive 
effects of miR-338-3p on gastric cancer cells.

In conclusion, the present study indicated that 
miR-338-3p was down-regulated in gastric can-
cer, and enforced overexpression of miR-338-
3p significantly inhibited proliferation, migra-
tion and invasion of gastric cancer cells. 
Furthermore, ADAM17 was identified as a tar-
get of miR-338-3p and overexpression of 
ADAM17 partially attenuated the suppressive 
effect of miR-338-3p, indicating that miR-338-
3p might be a novel therapeutic strategy for the 
treatment of gastric cancer. 
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