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Abstract: MicroRNA-320 (miR-320) downregulation has been reported in several human 

cancers. Until now, its expression pattern and biological roles in human cancer remain unknown. 

This study aims to clarify its clinical expression pattern and biological function in gastric cancers. 

We found miR-320 level was downregulated in gastric cancer tissues. miR-320 mimic was 

transfected in SGC-7901 cells with low endogenous expression. miR-320 inhibitor was used in 

BGC-823 cells with high endogenous expression. We found that miR-320 inhibited SGC-7901 

proliferation and invasion, with decreased expression of cyclin D1 and MMP9 at both mRNA 

and protein levels. We also found that miR-320 mimic downregulated chemoresistance and cell 

survival of gastric cancer cells when treated with 5-fluorouracil. miR-320 inhibitor displayed 

the opposite effects in BGC-823 cell line. In addition, we discovered that miR-320 mimic could 

inhibit AKT and ERK activity. By using luciferase reporter assay, we found that CRKL serves 

as the target of miR-320. miR-320 mimic downregulated CRKL expression, whereas miR-320 

inhibitor upregulated CRKL expression. miR-320 suppressed CRKL-3′-untranslated region 

reporter intensity in SGC-7901 cells. Furthermore, CRKL depletion abrogated the effects of 

miR-320. In gastric cancer tissues, we observed a negative correlation between CRKL and 

miR-320. In conclusion, our study demonstrated that downregulation of miR-320 was closely 

related with malignant progression of gastric cancer. miR-320 inhibits proliferation, invasion, 

and chemoresistance through ERK and AKT signaling by targeting CRKL.
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Introduction
Gastric cancer is one of the most frequent cancers, and in many countries, its incidence 

is rising in recent years.1 Tumor size, lymph node metastasis, and distant metastasis 

influence the prognosis of gastric cancer patients.2,3 To develop better treatment strat-

egy, it is important to identify effective molecular targets which can influence tumor 

invasion and survival.

MicroRNA (miRNA) exerts its biological function by post-transcriptional 

downregulation of its genes.4,5 Many studies showed that miRNA dysregulation con-

tributed to gastric cancer pathogenesis and progression.2,3 miR-320 is a member of 

the miR-200 family, which plays a very important role in tumor progression. Emerg-

ing evidence showed that miR-320 dysregulation level promotes tumor progression 

via modifying cell proliferation, invasion, and stem cell-like characteristics in colon 

cancer, prostate cancer, and glioma.6–8 However, expression pattern of miR-320 in 

human gastric cancer and its biological mechanism remain obscure.
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We examined miR-320 expression in 25 cases with 

paired human gastric cancer/normal tissues using real-time 

RT-PCR. We also explored the role of miR-320 on biological 

behaviors of tumor cells and its molecular mechanisms. Our 

results demonstrated that miR-320 acted as a tumor suppres-

sor in gastric cancer.

Materials and methods
Tissue samples
This study was conducted with the approval of the Ethics 

Committee at Institutional Review Board of China Medical 

University. Fresh gastric cancer samples and normal adja-

cent gastric tissue were obtained from patients in the First 

Affiliated Hospital of China Medical University from 2013 

to 2016 with informed consent. Written informed consent 

was obtained from all patients.

cell culture and transfection
AGS, SGC-7901, and BGC-823 cell lines were obtained 

from American Type Culture Collection (Manassas, VA, 

USA). GES-1 cell line was obtained from Shanghai Cell Bank 

(Shanghai, People’s Republic of China). Cells were cultured in 

Dulbecco’s Modified Eagle’s Medium (Gibco, Grand Island, 

NY, USA) containing 10% fetal bovine serum (FBS; Invitrogen, 

Carlsbad, CA, USA). Cells were cultured on sterilized dishes.

miR-320 mimic and miR-320 inhibitor were purchased from 

RiboBio (Guangzhou, People’s Republic of China) with cor-

responding controls. CRKL siRNA and non-targeting siRNA 

were purchased from Dharmacon (GE Healthcare, Rockville, 

MD, USA). Cells were transfected with miR-320 mimic, miR-

320 inhibitor, mimic/inhibitor control, non-targeting siRNA, 

and CRKL siRNA with DharmaFECT transfection reagent 

(GE Healthcare). pCMV6 and pCMV-CRKL plasmids were 

from Origene (Lafayette, CO, USA). Plasmid transfection was 

carried out using Attractene (Qiagen, Hilden, Germany).

Quantitative Pcr of mir-320
Total RNA was extracted from samples with RNAiso reagent 

(Takara, Dalian, People’s Republic of China). Real-time 

PCR was performed using SYBRGreen Master mix from 

ABI (Applied Biosystems, Foster City, CA, USA). miR-320 

primers and U6 primers were purchased from RiboBio. PCR 

analysis was performed on an ABI 7900 system (Applied 

Biosystems). The relative levels of gene expression were 

represented as ΔC
t
=C

t
 gene–C

t
 reference, and the fold change 

of gene expression was calculated by the 2−∆∆Ct method.

Quantitative Pcr of target genes
Quantitative real-time PCR was carried out with SYBRGreen 

PCR Mastermix (Applied Biosystems) in a total volume of 

20 μL using ABI 7500 Real-Time PCR (Applied Biosystems) 

as follows: 95°C for 30 s, 40 cycles of 95°C for 5 s, and 60°C 

for 30 s. β-Actin was used as the reference gene. A dissocia-

tion step was performed to generate a melting curve to confirm 

the specificity of the amplification. The relative levels of gene 

expression were represented as ΔC
t
=C

t
 gene–C

t
 reference, 

and the fold change of gene expression was calculated by the 

2−∆∆Ct method. Experiments were repeated in triplicate. The 

primer sequences are listed as follows: cyclin D1 forward, 

5′-GCTGGAGGTCTGCGAGGA-3′, cyclin D1 reverse, 5′-AC 

AGGAAGCGGTCCAGGTAGT-3; MMP9 forward, 

5′-CCTCTGGAGGTTCGACGTGA-3′, MMP9 reverse, 5′-TA 

GGCTTTCTCTCGGTACTGGAA-3′; Bcl-2 forward, 

5′-ACGGTGGTGGAGGAGCTCTT-3′, Bcl-2 reverse, 

5′-CGGTTGACGCTCTCCACAC-3′; CRKL forward, 5′-CC 

TTTGCCATCCACACAGAAT-3 ′ ,  CRKL reverse, 

5′-TTTCACGATGTCACCAACCTCTA-3′; β-actin forward, 

5′-ATAGCACAGCCTGGATAGCAACGTAC-3′; and β-actin 

reverse, 5′-CACCTTCTACAATGAGCTGCGTGTG-3′.

Western blot analysis
Protein was extracted using cell lysis buffer (Thermo, Rock-

ford, IL, USA). Protein quantification was performed using 

Bradford method. A quantity of 50 μg protein was transferred 

to polyvinylidene difluoride membranes after separated by 

sodium dodecyl sulfate–polyacrylamide gel electrophoresis. 

Then, membranes were incubated at 4°C overnight with pri-

mary antibodies against cyclin D1, MMP9, CRKL, p-ERK, 

ERK, and GAPDH (1:1,000; Cell Signaling Technology, 

Boston, MA, USA). After incubation with HRP-coupled 

antimouse/rabbit IgG (1:1,000; Santa Cruz Biotechnology, 

Santa Cruz, CA, USA) at 37°C for 2 h, bound proteins 

were visualized using electrochemiluminescence (Pierce, 

Rockford, IL, USA) and detected using a DNR BioImaging 

System (DNR, Jerusalem, Israel).

colony formation assay
Cells were planted on 6-cm culture dishes. Then, the plates 

were cultured for ~3 weeks. Plates were washed with 

phosphate-buffered saline and stained with Giemsa. The num-

ber of colonies with .50 cells was counted manually.

ccK8 assay
CCK8 assay was performed using Cell Counting Kit-8 solu-

tion (Dojindo, Gaithersburg, MD, USA) according to the 

manufacturer’s protocol. Cells were incubated with 10 μL/

well of Cell Counting Kit-8 solution during the last 4 h of 

the culture. The cell culture plate was measured at 490 nm 

spectrophotometrically.
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Matrigel invasion assay
Cell invasion assay was performed using a 24-well Transwell 

chamber with a pore size of 8 μm, and the inserts were 

coated with 20 μL Matrigel (1:3 dilution; BD Biosciences, 

San Jose, CA, USA). Forty-eight hours after transfection, 

cells were trypsinized, transferred to the upper Matrigel 

chamber in 100 μL serum-free medium, and incubated for 

18 h. Medium supplemented with 10% FBS was added 

to the lower chamber. Then, the non-invaded cells on the 

upper membrane surface were moved out. Cells that invaded 

through the filter were fixed in 4% paraformaldehyde and 

stained with hematoxylin.

luciferase reporter assay
Reporter gene transfection and luciferase activity assay were 

performed as follows: cells in confluent growth on a 24-well 

plate were co-transfected with the firefly luciferase reporter 

(0.2 μg) along with the Renilla luciferase reporter (0.02 μg), 

which was used for normalization, using an Attractene 

reagent (Qiagen) according to the protocols provided by 

manufacturers. The luciferase activity was measured in cel-

lular extracts using a dual luciferase reported gene assay kit 

(Promega, San Luis Obispo, CA, USA). The relative activity 

of the reporter gene was calculated by dividing the signals 

from firefly luciferase reporter by the signals obtained from 

Renilla luciferase reporter.

Target gene validation
Luciferase reporter vector was used for validation of the inter-

action between miR-320 and CRKL. TargetScan 7.0 database 

was used to predict the binding site. We found that wild-type 

miR-320 target site at CRKL 3′-untranslated region (UTR) 

was CCAGCUU (position 108–114 of CRKL 3′-UTR). The 

mutant miR-320 target site was CCAAAUU. miR-320 mimic 

and reporter plasmid were transfected into cells. Attractene 

reagent (Qiagen) was used for plasmid transfection.

statistical analysis
SPSS version 16 for Windows was used for all statistical 

analyses. Student’s t-test was used to compare densitometry 

data on focus numbers and invading cell numbers between 

control and treated cells. P,0.05 was considered to be sta-

tistically significant.

Results
mir-320 downregulation in gastric cancer 
tissues
We evaluated miR-320 levels in 33 cases of paired gastric 

cancers with adjacent normal tissues. Expression of miR-320 

levels in cancer tissues was significantly lower than that in 

normal tissues. Downregulation of miR-320 was defined 

when its levels in tumor tissue was less than 50% of that in 

its corresponding non-tumor tissue. We found that miR-320 

expression was significantly downregulated in 17 out of 

33 gastric cancer tissues (Figure 1A). We compared the mean 

value of miR-320 expression between cancer and normal 

tissues and found that the mean value of miR-320 in normal 

tissue (2.591±0.615) was higher than that in cancer tissue 

(1.353±0.761) (mean ± SD, P,0.05). As seen in Figure 1B, 

Box plot showed that median/highest/lowest miR-320 levels 

of gastric cancer tissues were lower than those in correspond-

ing normal tissues. In addition, we analyzed the relationship 

between miR-320 downregulation with clinical factors. As 

shown in Table 1, miR-320 downregulation significantly cor-

related with deeper local invasion (higher T stage, P=0.0488) 

and advanced TNM stage (P=0.038).

mir-320 inhibits cell proliferation and 
invasion in gastric cancer
We applied real-time RT-PCR to check the expression level 

of miR-320 in normal cell line GES-1 and three gastric 

cancer cell lines including AGS, SGC-7901, and BGC-

823. We observed that miR-320 expression in cancer cell 

lines was lower than that in GES-1 cell line. SGC-7901 has 

the lowest miR-320 level, and BGC-823 has the relatively 

high miR-320 expression. Thus, SGC-7901 was selected 

for miR-320 mimic transfection and BGC-823 was chosen 

for miR-320 inhibitor transfection. Efficiency was confirmed 

in both cell lines (Figure 2A). Using CCK8 assay, we 

observed that miR-320 mimic transfection downregulated 

cell proliferation rate and miR-320 inhibitor upregulated 

tumor proliferation rate (Figure 2B). Colony assay dem-

onstrated that transfection of miR-320 mimic significantly 

decreased colony number, whereas transfection of miR-320 

inhibitor increased colony formation ability of BGC-823 

cell line (Figure 2C). Matrigel invasion assay showed that 

overexpression of miR-320 in SGC-7901 cells decreased 

the number of invading cells. In BGC-823 cells transfected 

with miR-320 inhibitor, the number of invading cells were 

remarkably higher than control (Figure 2D). We also vali-

dated the function of miR-320 in AGS cell line. As shown 

in Figure S1, miR-320 inhibited both growth and invasion 

of AGS cell line.

miR-320 inhibits 5-fluorouracil resistance
To characterize the role of miR-320 on chemoresistance of 

gastric cancer cells, CCK-8 was used to examine cell survival. 

As shown in Figure 3A, miR-320 mimic significantly 
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downregulated cell viability in SGC-7901 cells at 48 and 

72 h of 5-fluorouracil (5-FU) (5 μg/mL) treatment. Whereas 

miR-320 inhibitor increased 5-FU resistance by upregulating 

cell viability. These results demonstrated that miR-320 could 

inhibit chemoresistance in gastric cancer cells.

mir-320 regulates expression of cyclin 
D1, MMP9, Bcl-2, p-erK, and p-aKT 
expression
To investigate the molecular mechanism underlying the bio-

logical effects of miR-320, we checked the change of several 

related proteins. Transfection of miR-320 mimic decreased 

cyclin D1, MMP9, and Bcl-2 mRNA and protein in SGC-

7901 cells. miR-320 inhibitor in BGC-823 cells increased 

the expression of cyclin D1, MMP9, and Bcl-2 (Figure 3B). 

We also checked MAPK pathways and discovered that miR-

320 mimic downregulated p-ERK and p-AKT expression, 

whereas miR-320 inhibitor upregulated the levels of p-ERK 

and p-AKT (Figure 3B).

mir-320 downregulates crKl in gastric 
cancer cells
We explored possible targets of miR-320. TargetScan 7.0 

showed that CRKL, a member of the human Crk adapter 

protein family that serves as an oncogene in many cancers, 

was in the target list. miR-320 mimic significantly inhibited 

mRNA and protein expression of CRKL, and miR-320 

inhibitor remarkably upregulated the mRNA and protein 

expression of CRKL (Figure 3B).

crKl is a mir-320 target
To conform if miR-320 targets CRKL, we used luciferase 

reporter assay with transfection of reporter plasmid. Wild-

type (CCAGCUU) and mutant (CCAAAUU) CRKL 3′-UTR 

binding sites of miR-320 were cloned into a reporter vector. 

miR-320 mimic suppressed the reporter activity in SGC-7901 

cells transfected with wild-type vector (Figure 4A). No sig-

nificant change in activity was observed in cells transfected 

Figure 1 expression pattern of mir-320 in gastric cancer tissue samples.
Notes: (A) relative expression level of mir-320 in 33 cases of fresh gastric cancer tissues and paired normal tissues. The mean value of mir-320 in normal tissue (2.591±0.615) 
was higher than that in cancer tissue (1.353±0.761) (mean ± sD, P,0.05). (B) Box plot showed that median/highest/lowest mir-320 levels in fresh gastric cancer tissues were 
lower than those in corresponding normal tissues. (C) correlation between mir-320 and crKl mrna in gastric cancer tissues using linear correlation.
Abbreviations: sD, standard deviation; mir-320, microrna-320.
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Table 1 Distribution of mir-320 in gastric cancer according to 
clinicopathological characteristics

Characteristics Number 
of patients

miR-320 
low 
expression

miR-320 
high 
expression

P-value

Age, years 0.8812
,60 14 7 7
$60 19 10 9
Gender 0.2006
Male 24 14 10
Female 9 3 6
Differentiation 0.6193
Poor–moderate 20 11 9
Well 13 6 7
Tumor invasion (T) 0.0488
T1+T2 11 3 8
T3+T4 22 14 8
Lymph node metastasis 0.3930
absent 14 6 8
Present 19 11 8
TNM stage 0.0380
i 7 1 6
ii 9 4 5
iii 17 12 5

Abbreviation: tumor-node-metastasis.

with mutant site vector. These data showed that miR-320 

binds to CRKL 3′-UTR and results in its downregulation. 

In addition, we examined the relationship between miR-320 

and CRKL mRNA in gastric cancer tissues. As demonstrated 

in Figure 1C, there was a negative linear correlation between 

miR-320 and CRKL mRNA (linear regression, P,0.05).

mir-320 regulates cyclin D1, MMP9, and 
Bcl-2 through regulation of crKl
To confirm the involvement of CRKL in the biological effects 

of miR-320, we transfected SGC-7901 cells with CRKL 

siRNA and then tested the role of miR-320 in CRKL-depleted 

cells. As shown in Figure 4B, miR-320 mimic failed to down-

regulate cyclin D1 and MMP9 in CRKL-depleted cells. CRKL 

plasmid transfection was also carried out in SGC-7901 cells 

with miR-320 mimic. Its transfection restored MMP9 and 

cyclin D1 status, which is shown in Figure 4C. Furthermore, 

the biological function of CRKL was validated in SGC-7901 

cells by plasmid transfection. As shown in Figure S1B, CRKL 

plasmid facilitated cell growth and invasion. Together, these 

results indicate that CRKL plays a key role in miR-320-

induced inhibition of cell growth and invasion.

Discussion
Growing evidence demonstrate involvement of miRNA dur-

ing development of various cancers including lung, prostate,9 

breast,10 ovarian,11 cervical, and colon cancers.12 miR-320 

was reported to be downregulated in human prostate cancer 

tissues, which inhibited tumorigenesis in vitro and in vivo.13 

Figure 2 (Continued)
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Figure 2 effects of mir-320 on cell proliferation and invasion in gastric cancer.
Notes: (A) expression level of mir-320 in normal cell line ges-1 and three gastric cancer cell lines (ags, sgc-7901, and Bgc-823). mir-320 mimic upregulated mir-320 
level in sgc-7901 cell line and its inhibitor downregulated mir-320 level in Bgc-823 cell line. (B) ccK8 assay revealed that mir-320 mimic inhibited growth rate meanwhile 
mir-320 inhibitor accelerated growth rate. (C) mir-320 mimic decreased colony number of sgc-7901 cells. mir-320 inhibitor increased colony number of Bgc-823 cells. 
(D) Transwell assay revealed that invasive cell number of mir-320 mimic group was lower than that in control. invasive cell number of mir-320 inhibitor group was higher 
than that in control (*P,0.05).
Abbreviation: mir-320, microrna-320.

A report showed that miR-320 inhibited β-catenin expres-

sion by targeting the 3′-UTR of β-catenin mRNA, which 

significantly suppressed stem cell-like properties of cancer 

cells.6 miR-320 was reported to inhibit angiogenesis driven 

by vascular endothelial cells in oral cancer by silencing 

neuropilin 1.14 miR-320 reduced growth rate of osteosarcoma 

by targeting fatty acid synthase.15 miR-320 also functions 

as a tumor suppressor in glioma.8 Nevertheless, expres-

sion pattern and roles of miR-320 in human gastric cancer 

remain unexplored. In this study, we found that miR-320 was 

downregulated in gastric cancer tissues and correlated with 

advanced stage, which was in accord with previous reports, 
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Figure 3 miR-320 inhibits 5-fluorouracil resistance and downregulates cyclin D1, MMP9, Bcl-2, p-ERK, p-AKT, and CRKL expression.
Notes: (A) miR-320 mimic significantly downregulated SGC-7901 cell viability i at 48 and 72 h of 5-fluorouracil (5 μg/ml) treatment. mir-320 inhibitor showed the opposite 
effect by upregulating cell viability. (B) Western blot displayed that cyclin D1, MMP9, Bcl-2, p-erK, and crKl proteins of sgc-7901 cells were decreased with mir-320 mimic 
treatment. cyclin D1, MMP9, Bcl-2, p-erK, and crKl proteins of Bgc-823 cells were upregulated with mir-320 inhibitor transfection. real-time rT-Pcr displayed that 
mrna levels of cyclin D1, MMP9, Bcl-2, and crKl were decreased with mir-320 mimic treatment. mir-320 inhibitor showed the opposite effects (*P,0.05).
Abbreviation: mir-320, microrna-320.

Figure 4 crKl is a direct target of mir-320 in gastric cancer cells.
Notes: (A) luciferase reporter plasmid with wild-type and mutant binding site was transfected into sgc-7901 cells with mir-320 mimic. When transfected with wild-type 
reporter, cells showed a lower luciferase activity after transfection with miR-320 mimic. When transfected with mutant site reporter, there was no significant change in 
activity. (B) crKl sirna in sgc-7901 cells decreased protein levels of cyclin D1, MMP9. in crKl-depleted cells, the inhibiting effect of mir-320 on cyclin D1 and MMP9 was 
not significant compared with cell without CRKL siRNA. (C) crKl transfection restored MMP9 and cyclin D1 status in cells transfected with mir-320 mimic. *P,0.05.
Abbreviation: mir-320, microrna-320.
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indicating miR-320 as a potential tumor-inhibiting miRNA 

in gastric cancers.

Then, we checked its biological effects in gastric cancer 

cells by CCK8, colony formation, and matrigel invasion 

assay. The results showed that miR-320 mimic decreased 

proliferation rate and inhibited colony formation ability. 

miR-320 weakened cell invasion. These data suggested that 

miR-320 inhibited malignant progression of gastric cancer. 

To understand the underlying mechanism, we examined a 

series of growth and invasion-related proteins. We noticed 

that cyclin D1 and MMP9 were decreased after treatment 

with miR-320 mimic and increased after treatment with miR-

320 inhibitor. Many reports showed that cyclin D–Cdk4/6 

complex phosphorylated Rb to inactivate its function as a 

transcriptional repressor and release E2F transcription fac-

tors, enabling the expression of genes required for G1–S 

transition and DNA synthesis.16–19 MMP9, which can degrade 

collagen IV, the major ECM component of the basement 

membranes, has been regarded as a critical factor of cell 

invasion and metastasis in a wide range of malignances.20–22 

Furthermore, miR-320 negatively modulated ERK activity, 

which was regarded as the upstream signaling of cyclin D1 

and MMP9 proteins.23,24 Collectively, these data indicated 

that miR-320 inhibited cell growth and invasion possibly 

through ERK inhibition in gastric cancer.

We also checked the influence of miR-320 on chemore-

sistance and found that miR-320 significantly reduced drug 

resistance. In accordance, we found that Bcl-2, an important 

antiapoptotic protein, was reduced by miR-320 transfec-

tion. Many studies have demonstrated that Bcl-2 mediated 

multidrug resistance of gastric cancer.25 Bcl-2 was also a 

downstream target of AKT signaling, which was inhibited 

by miR-320. Together, these results indicated that miR-320 

reduced chemoresistance of gastric cancer, possibly through 

downregulation of Bcl-2 mediated by AKT inhibition.

We predicted potential targets of miR-320 using Tar-

getScan software and CRKL was on the list. CRKL belongs 

to the human Crk adapter protein family26,27 and is best known 

as a key substrate and effector of the BCR-ABL oncogenic 

tyrosine kinase in chronic myelogenous leukemia. Previous 

data showed that phosphor-CRKL is upregulated in a lot of 

malignancies including lung cancer, colon cancer, breast 

cancer, ovarian cancer, and skin cancer.28–31 Our results 

demonstrated that miR-320 mimic remarkably decreased 

CRKL expression, whereas miR-320 inhibitor significantly 

increased CRKL levels. More importantly, we found a nega-

tive relationship in gastric cancer tissues between miR-320 

mRNA and CRKL mRNA. In addition, luciferase reporter 

assays revealed that miR-320 could directly bind to the 

3′-UTR of CRKL, demonstrating that CRKL is a direct target 

of miR-320. CRKL is an activator of ERK and AKT signal-

ing pathway, which mediate upregulation of MMP9 and 

cyclin D1.32,33 Furthermore, our results showed that CRKL 

depletion abolished the role of miR-320 on its downstream 

protein cyclin D1 and MMP9. CRKL plasmid transfection 

restored MMP9 and cyclin D1 levels downregulated by 

miR-320. Generally speaking, these data demonstrate that 

miR-320 inhibits cell growth and invasion in gastric cancer 

by targeting CRKL.

In conclusion, our study demonstrated that miR-320 is 

downregulated in gastric cancer. Its downregulation corre-

lated with aggressive biological behaviors. miR-320 regulates 

CRKL directly via binding with its 3′-UTR, making miR-320 

a potent tumor suppressor in gastric cancer.
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Figure S1 effect of mir-320 in ags cell line and role of crKl in sgc-7901 cell line.
Notes: (A) Transfection of mir-320 mimic downregulated ags cell proliferation rate. mir-320 also decreased ags invading ability. (B) Transfection of pcMV6-crKl 
plasmid upregulated proliferation and invasion ability of sgc-7901 cells (*P,0.05).
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