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MicroRNA-630 acts as a prognostic marker in gastric 
cancer and its role in cell migration and invasion
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Abstract: Background: MicroRNA-630 (MiR-630) is downregulated in various cancer types, and involved in tumor 
progression. However, its prognostic value in patients with gastric cancer remains unclear. Methods: Serum sam-
ples were collected from healthy individuals and gastric cancer patients. Reverse transcription polymerase chain 
reaction (RT-PCR) was used to assess miR-630 expression. The diagnostic and prognostic values of miR-630 were 
analysed by statistical methods. In vitro, miR-630 mimics was transfected into SGC-7901 cells, and the biological 
function of miR-630 was evaluated by MTT assay, transwell assays, and Western blot. A luciferase assay was used 
to explore whether SOX4-3’-UTR was a target gene of miR-630. Results: Compared with healthy individuals, gastric 
cancer patients showed reduced serum miR-630 levels. In addition, miR-630 was expressed at significantly lower 
levels in patients with aggressive tumors. Interestingly, low miR-630 expression was significantly correlated with 
poor prognostic and short 5-year survival. Multivariate logistic regression analysis indicated that miR-630 was an 
independent prognostic factor in gastric cancer. In vitro, miR-630 upregulation resulted in reduced SGC-7901 cell 
proliferation and invasion. In addition, an inverse correlation between miR-630 levels and SOX4 mRNA amounts was 
observed in gastric cancer tissues. More importantly, miR-630 upregulation resulted in reduced SOX4 expression, 
and the luciferase activity of the SOX4-3’-UTR plasmid was significantly suppressed by miR-630. Conclusion: MiR-
630 is an independent prognostic factor for predicting survival of gastric cancer patients, and may inhibit gastric 
cancer cell proliferation and invasion, by downregulating SOX4.
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Introduction

Gastric cancer (GC) is the fourth most common 
cancer, and the second leading cause of can-
cer related deaths worldwide [1]. The lack of 
high-efficient diagnosis, treatment and progno-
sis assessment tools is the biggest challenge in 
clinic [2]. Patients with metastatic GChave a 
dismal median survival ranging from 4 to 10 
months [3]. Importantly, migration and invasion 
abilities of GC cells are essential for departing 
from the original site [4, 5]. Therefore,early 
diagnosis andaccurate prognostic evaluation of 
gastric canceras well as deeper understanding 
of mechanisms surrounding metastasis of GC 
are very important in improving therapy and 
long term survival.

MicroRNAs are considered a novel class of bio-
markers, and potential therapeutic targets for 

various diseases. In the past decade, an 
increasing number of miRNAs have been shown 
to play important roles in carcinogenesis, with 
some validated ashaving a significant impact 
on gastric cancer [6]. For instance, serum miR-
29c expression is significantly decreased in GC, 
and may serve as a diagnostic and therapeutic 
biomarker for GC [7]. In addition, miR-365 is 
involved in PTEN/Akt signaling, and its reduc-
tion associated with poorly differentiated histol-
ogy, deep invasion, and advanced stage [8]. 
Besides, miR-182 overexpression suppresses 
proliferation and colony formation in gastric 
cancer cells [9]. MiR-630, identified from the 
miRNA cluster at chromosome 15q24.1, acts 
as a tumor suppressor in human cancers, regu-
lating tumor suppressor genes or proteinsin-
volved in tumor growth, metastasis, and inva-
sion [10-12]. However, the exact role of MiR-
630 in gastric cancer remains unclear. This 
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study, therefore, aimed to assess the role of 
miR630 in GC, evaluatingclinical data, explor-
ing its biological functionsin gastric cancer 
cells.

Materials and methods

Patients and sample collection

Preoperative venous blood samples, postoper-
ative GC tissue specimens, and matched non-
tumor tissue samples were collected from 131 
patients, from 2012 to 2013 at Department of 
General Surgery of China-Japan Friendship 
Hospital. Blood samples from 116 subjects 
receiving physical examination were also 
obtained. None of thepatients had received 
previousradio-chemotherapy. Blood samples 
were centrifugedimmediately for serum prepa-
ration; tissue specimens were confirmed patho-
logically, snap frozen in liquid nitrogen, and 
stored at -80°C. Written informed consent was 
obtained from each patient. The study wasap-
proved by the ethics committee of hospital. The 
relationship between serum miR-630 level and 
prognosis was assessed in 97 patients who 
were observed in follow-up. Each stage was 
evaluated according to criteria proposed by 
UICC/AJCC in 2010 [13]. 

For the construction of over-expression plas-
mid, a miR-630 mimics was designed and syn-
thesized by GenePharma company, Shanghai, 
China. The sequences were as follows: 5’-AGUA- 
UUCUGUACCAGGGAAGGU-3’ and 3’-ACCUUCC- 
CUGGUACAGAAUACU-5’.

We then searched the Sox4 gene sequence via-
PubMed, and designed Sox4 mRNA primers 
according to primer sequences in GenBank.
SOX4 3’-UTR sequences were: 5’-CTTGACAT- 
GATTAGCTGGCATGATT-3’ (forward) and 5’-CC- 
TGTGCAATATGCCGTGTAGA-3’ (reverse).

PCR products were cloned into the pcDNA3.0 
vector (Addgene, MA, USA). All constructs were 
verified by sequencing.

For transfection, SGC-7901 cells were seeded 
into 6 well-plates at a density of 5×105 per well. 
At 50-70% confluency, SGC-7901 cells were 
transiently transfected with miR-630 mimics or 
negative control, using Lipofectamine™ 2000 
(Invitrogen, CA) according to the manufactur-
er’s instructions.

Quantitative real-time PCR

Total RNA from clinical specimens and GC cells 
was reverse transcribed into cDNA using 

Table 1. Clinical characteristics of 118 patients and the 
expression of miR-630 in GC tissues

Parameters Case MiR-630
Median (range) P

Age (years) 0.557
    <65 57 3.79 (2.25-5.77)
    ≥65 61 3.19 (2.16-5.08)
Sex 0.470
    Male 69 3.34 (2.64-5.81)
    Female 49 3.61 (1.97-6.64)
Tumor size 0.034
    <5 cm 72 3.89 (2.15-5.93)
    ≥5 cm 46 3.12 (2.16-5.68)
Lymph node metastasis 0.021
    Negative 34 4.66 (1.37-6.76)
    Positive 84 3.92 (1.23-5.83)
Depth of invasion <0.001
    T1 24 4.92 (1.15-6.75)
    T2-T4 94 3.33 (0.78-4.98)
Stage <0.001
    I, II 62 4.53 (1.27-6.15)
    III, IV 56 2.84 (0.32-3.78)

Reagents

Thehuman GC SGC-7901 cell line was 
purchased from AbcoreI Inc. (Shang- 
hai, China). DMEM and trypsin were 
from Sigma-Aldrich (USA). Fetal bovine 
serum (FBS), restriction endonucleas-
es BamHl and Xhol, T4 DNA ligase, and 
RNA extraction reagent were manufac-
tured by In vitrogen Inc. (Carlsbad, CA, 
USA). Reverse transcription kit was 
from TaKaRa (China); SYBR Green fluo-
rescent dye kit was a product of Roche 
(Switzerland). Rabbit or mouse anti-
human P21, P27, MMP-2, MMP-9, 
SOX4, and β-actin polyclonal antibod-
ies were purchased from Abcam (USA). 
MTTassay kit was manufactured by 
Gefanbio (China). Horseradish peroxi-
dase-labeled goat anti-rabbit or anti-
mouse secondary antibodies and Wes- 
tern blot detection reagents were from 
Beyotime (China).

Vector construction and cell transfec-
tion
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Reverse transcription kit, in a reaction system 
of 20 μL, at 16°C (30 min), 45°C (30 min), and 
85°C (5 min). SYBR Green was used to detect 
miR-630 amplification; RT-PCR was carried out 
for 40 cycles at 94°C (15 min), 94°C (30 s), 
60°C (30 s), and 72°C (30 s), with a final exten-
sion at 72°C for 8 min. Data were normalized to 
the internal control β-Actin. Relative quantifica-
tion of miR-630 and SOX4 expression levels 
was performed by the 2-ΔΔCT method. All 
experiments were repeated three times.

Western blot  

Total protein was extracted from cells or tissue 
specimens. BCA Protein Assay Kit was used for 
protein quantitation. Equal amounts of protein-
were separated by SDS-PAGE and blotted onto 
PVDF membranes.After blocking for 1 h, the 
membranes were incubated with specific pri-
mary antibodies against P21, P27, MMP-2, 
MMP-9, SOX4, and β-actin overnight at 4°C, fol-
lowed by addition of horseradish peroxidase-
labeled goat anti-rabbit or anti-mouse second-

ary antibodies for 1 h at room temperature. 
Specific protein bands were visualized by 
enhanced chemiluminescence (ECL).

Cell proliferation assay 

Cells were seeded into 96-well plates at a den-
sity of 5×103 cells per well. Each group included 
3 replicate wells; cells were cultured for 12, 24, 
48, and 72 h. After incubation, 20 μL of 5 mg/
mL MTT reagent was added to each well, and 
further incubated for 4-6 h. Finally, 150 μL 
DMSO was added to each well after culture 
medium removal, and absorbance was mea-
sured at 490 nm on a microtiter plate reader. 
Growth curves were generated for SGC-7901 
cells. All experiments were performed three 
times.

Cell invasion assay 

Boyden chamber assays were usedto assess 
cell invasion. The medium was supplemented 
with 1% heat-inactivated FBS, and cells were 

Figure 1. Expression of miR-630 and its ROC analy-
sis on the diagnosis of GC. A: Relative expression of 
miR-630 in groups of healthy volunteers and gastric 
adenocarcinoma; miR-630 was significantly in lower 
expression in patients with GC compared with volun-
teers. B: ROC analysis of miR-630 on the diagnosis of 
GC; AUC 0.66 (95% CI, 0.59-0.72), P<0.001; Cutoff 
value is 4.03. *P<0.01 vs. healthy volunteers. 

Figure 2. Expression of miR-630 and its ROC analy-
sis in predicting lymph node metastasis. A: Relative 
expression of miR-630 in GC tissues with or without 
lymph node metastasis: miR-630 was significantly in 
lower expression in patients with lymph node metas-
tasis (n=84) compared with non-metastasis (n=34), 
P<0.01. B: ROC analysis on predicting lymph node 
metastasis: AUC, 0.68 (95% CI, 0.59-0.76), P<0.001; 
Cutoff value is 3.64.
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seededat a density of 5*104/ml in the upper 
chamber; the lower chamber was filled with 
500 µl complete medium with 20% FBS. After 
incubation for 24 h at 37°C, non-invading SGC-
7901 cells were gently removed from the upper 
chamber. Cells migrating to the lower compart-
ment were fixed and stainedwith 0.1% crystal 
violet. Cells were washed 3 times with PBS, and 
five random high power fields in each sample 
were analyzed by light microscopy. 

Luciferase reporter assay

Wild-type (WT) 3’-UTR of SOX4 and the mutated 
sequence were inserted into the pGL3 control 
vector (Promega, Madison, USA) to generateWT 
SOX4-3’-UTR and mutant SOX4-3’-UTR vectors, 
respectively. In the luciferase reporter assay, 
SGC-7901 cells were seeded into 48-well 
plates and allowed to adhere for 24 h before 
co-transfection with a mixture of 100 ng pGL3-

WT SOX4-3’-UTR or pGL3-MUT SOX4-3’-UTR 
and 60 pmol miR-630 mimics or controlse-
quence, using Lipofectamine 2000 reagent. 
Three independent experiments were per-
formed. At 48 h post-transfection, firefly and 
Renilla luciferase activity was determined using 
the Dual-luciferase Reporter Assay System 
(Promega).

Statistical analysis 

Data are mean ± standard deviation (SD). 
Based on day of death or discharge, Kaplan-
Meier survival analysis was performed. Log 
rank test was used to compare survival 
between different serum concentrations of 
miR-630. Receiver operating characteristic 
(ROC) curves were used to assess the clinical 
value of miR-630. Categorical variables were 
presented as count or percentage. Student’s 
t-test was used to assess continuous variables, 

Figure 3. Expression of miR-630 and its ROC analy-
sis on the prognosis of depth of invasion. A: Relative 
expression of miR-630 in GC tissues with different 
depth of invasion, which was determined according 
to endoscopes [38]: miR-630 was significantly in low-
er expression in patients with deeper invasion T2-4 
(n=94), P<0.01. B: ROC analysis onpredicting depth 
of invasion: AUC 0.64 (95% CI, 0.55-0.73), P=0.021; 
Cutoff value is 3.90.

Figure 4. Expression of miR-630 and its ROC analysis 
on the prognosis of tumor stage. A: Relative expres-
sion of miR-630 in GC tissues with different tumor 
stage: miR-630 was significantly in lower expression 
in patients with higher tumor stage T3-4 (n=62), 
P<0.01. B: ROC analysis on prognosis of tumor 
stage: AUC 0.79 (95% CI, 0.71-0.86), P<0.001; Cut-
off value is 3.18.
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with χ2-test employed for categorical variables. 
P<0.05 was considered statistically significant. 
Statistical analyses were performed using the 
SPSS20.0 software, Medcalc and GraphPad 
Prism 6.0.

Results

Patient characteristics

The relationship between patient characteris-
tics and serum miR-630 expression is shown in 
Table 1. There were no statistically significant 
differences among various age and gender 
groups (P>0.05). However, miR-630 levels were 
higher in patients with tumor size >5 cm com-
pared with values obtained for individuals with 
small size tumors (P=0.016). Compared with 
patients without lymph node metastasis, those 
with lymph node metastasis showed lower  
miR-630 levels (P<0.001). Similarly, miR-630 

cantly lower in patients with GC compared with 
the volunteers (P<0.01; Figure 1A). ROC curve 
analysis indicated an AUC value for miR-630 in 
diagnosing GC of 0.66 (95% CI, 0.59-0.72) 
(P<0.01); with a cut-off value of 4.03, sensitivi-
ty and specificity were 72.9% and 61.0%, 
respectively (Figure 1B), suggesting that miR-
630 could be used as a biomarker for GC 
diagnosis.

According to other clinical parameters, GC 
patients were divided into two groups. ROC 
curve analysis was performed to determine the 
associations of miR-630 with clinical indexes. 
The results indicated an AUC value for miR-630 
of 0.68 (95% CI, 0.59-0.76) (P<0.001; Figure 
2), in predicting lymph node metastasis. In 
addition, when predicting depth of invasion and 
tumor stage, AUC values were 0.64 (95% CI, 
0.55-0.73; P=0.021) (Figure 3) and 0.79 (95% 
CI, 0.71-0.86; P<0.001) (Figure 4), respectively. 
These data showed good prospective applica-
tion of miR-630 in evaluating the severity of 
gastric adenocarcinoma.

Risk factors in 5-year mortality

As shown in Table 2, multivariate logistic 
regression analysis indicated that age, tumor 
size, depth of invasion and tumor stage were 
risk factors for 5-year mortality. Meanwhile, 
serum miR-630 level was a protective factor 
with OR=0.27 (95% CI, 0.07-0.31; P=0.008). 
Based on the above data, Kaplan-Meier surviv-
al analysis was carried out to further correlate 
miR-630 expression with GC prognosis. The 
118 patients were divided into high- and low-
miR-630 groups, according to the median ratio 
of relative miR-630 expression (3.31). A total of 
97 patients were followed up for 60 mouths. 
Interestingly, patients with high miR-630 
expression (n=45) lived longer than those with 
low miR-451 amounts (n=52) (P<0.001 in log-

Table 2. Logistic regression analysis for patients with GC
Parameters OR 95% CI P-value
Age 1.22 1.03-1.29 0.047*
Male 1.17 1.01-1.21 0.312
Tumor size 1.86 1.14-4.10 0.015*
Lymph node metastasis 1.35 0.75-2.06 0.073
Depth of invasion 2.29 1.03-4.77 0.029*
Stage 3.43 1.78-8.27 0.017*
Expression of miR-630 0.37 0.11-0.51 0.005*

Figure 5. Kaplan-Meier survival curve on the prog-
nostic role of serum miR-630 in GC patients. The 
expression level of miR-630 was determined by qRT–
PCR assay in 97 GC patients divided into two groups 
according to median ratio of relative expression of 
miR-630 (3.31). After a follow-up of 60 months, the 
survival data were compared using log-rank test. 
GC patients with high miR-630 expression showed 
shorter survival compared with patients exhibiting 
low miR-630 expression (P<0.001).

amounts were higher in patients with 
tumor-invasion at T1 than in those at 
T2-4; miR-630 expression was lowerin 
advanced pathological stages (P<0.001).

Serum miR-630 for diagnosis and sever-
ity evaluation in gastric adenocarcinoma

To assess the value of serum miR-630 in 
gastric adenocarcinoma diagnosis, 100 
healthy volunteers were enrolled. Interes- 
tingly, miR-630 expression was signifi-
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rank test; Figure 5). These findings suggested 
that miR-1630 could serve as a prognostic bio-
marker in patients with gastric adenocarci- 
noma.

Gene expression levels of miR-630 and SOX4 
in GC tissues and matched normal tissues

Since an important role for miR-630 in clinic 
was found, the underlying molecular mecha-
nisms were further investigated. SOX4, a poten-
tial target of miR-630 found via software pro-
grams such as TargetScanS, miRanda and 
DIANA-microT, was detected in GC and corre-
sponding normal tissues, together with miR-
630 by RT-PCR. Lower expression of miR-630 
was found in GC tissues compared with normal 
ones (P<0.05); in contrast, SOX4 mRNA expres-
sion was higher, and negatively correlated with 
miR-630 level, as shown in Figure 6 (P<0.05).

MiR-630 suppresses SGC-7901 cell prolifera-
tion and invasion in vitro

In vitro experiments were carried out to further 
explore the biological function of miR-630 in 
GC cells. RT-PCR was used to detect miR-630 
expression levels in SGC-7901 cells after trans-

shown by Western blot (Figure 7E). Taken 
together, these data indicated that miR-630 
inhibited proliferation and invasion in SGC-
7901 cells.

SOX4is a potential target of miR-630 in SGC-
7901 cells

To test the hypothesis that miR-630 modulated 
SOX4 expression, WB was used to assess pro-
tein expression of SOX4 in miR-630 mimics, 
miR-NC and control groups; interestingly, 
SOX4levels were significantly reduced in the 
miR-630 mimics group compared with the 
other two groups (Figure 8A, P<0.05). A puta-
tive miR-630-binding sequence in the 3’-UTR of 
SOX4 mRNA was suggested in Figure 8B. To 
further validate SOX4 as a target gene, lucifer-
ase reporter vectors with the putative SOX4 
3’-UTR target site for miR-630 (pGL3-wt-SOX4, 
set as wild-type) and mutant version in the 
seed region (pGL3-mut-SOX4, set as mutant 
type) were generated. Indeed, luciferase activi-
ty was suppressed by miR-630 in SGC-7901 
cells harboring the WT plasmid (P<0.05), but 
not the MUT plasmid (Figure 8C). These find-
ings suggested that miR-630 targeted the 
3’UTR of SOX4 in HGC-27 cells.

Figure 6. Expression of miR-630 and SOX4 mRNA in the two groups. A, B: 
Analysis of the expression of miR-630 and SOX4 mRNA in normal gastric 
tissue and GC tissues by RT-PCR. The expression of miR-630 was decreased 
in GC tissues whereas the expression of SOX4 mRNA was significantly in-
creased (P<0.01), compared with adjacent normal tissues. B: SOX4 ex-
pression was also overexpressed in GC tissues confirmed by Western blot 
(P<0.01), using GAPDH as an internal control. C: Pearson correlation was 
used to analyze the relationship between miR-630 and SOX4 mRNA. D: The 
result showed that miR-630 was negatively correlated with SOX4 (P<0.01). 

fection with miR-630 mimics 
or the corresponding negative 
control. Compared with miR-
NC amounts, miR-630 expres-
sion in SGC-7901 cells trans-
fected with miR-630 mimics 
was significantly increased 
(P<0.01, Figure 7A). Subsequ- 
ently, the effects of miR-630 
on SGC-7901 cell proliferation 
and invasion were evaluated. 
As shown in Figure 7B, the cell 
proliferativeability was dis-
tinctly inhibited in the miR-
630 mimics group compared 
with the other two groups 
(P<0.05), with the level of pr- 
oliferation related protein 
p21/27 increased (P<0.01, 
Figure 7C). In addition, cell 
invasion ability was inhibited 
by miR-630 as assessed 
byTranswell assay (P<0.01, 
Figure 7D), and the expres-
sion of invasion-related pro-
teins was suppressed by miR-
630 mimics (P<0.05), as 
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Discussion

It is well known that GC is a complex, heteroge-
neous and multifactorial disease, and over one 

of patients with advanced gastric cancer [16]. 
However, validated predictive biomarkers, as 
well as personalized orprecision medicine, still 
need to be improved.

Figure 7. MiR-630 inhibited SGC-7901 proliferation and invasion in vitro. A: MiR-630 was significantly upregulated 
in SGC-7901 cells when successfully transfected with miR-630 mimics, (P<0.01). B: MTT assay showed that over-
expression of miR630 markedly inhibited SGC-7901 cell proliferation compared with miR-NC and control groups 
(P<0.01). C: Western blot showed that the proliferation-related protein P21/27 were increased in group of miR-630 
mimics, P<0.01. D: Transwell migration assay revealed that miR-630 remarkably inhibited cell invasion (P<0.01). E: 
Invasion-related proteins MMP-2/9 were distinctly suppressed in the miR-630 group compared with the other two 
groups, P<0.01.

Figure 8. MiR-630 directly targeted SOX4 in SGC-7901 cells. A: Western blot 
of SOX4 expression in each group. SOX4 was significantly suppressed in 
miR-143 mimics group (P<0.01). B: A human SOX4 3’-UTR fragment contain-
ing wild type or mutant miR-630-binding sequence was cloned downstream 
of the luciferase reporter gene, sequences were shown. C: Luciferase re-
porter assay showed that miR-630 inhibited luciferase activity in SOX4 with 
WT-binding sites but not with the MUT-binding sites in 3’UTR of SOX4 mRNA 
(P<0.01).

million new cases are diag-
nosed per year with >70% 
occurring in developing coun-
tries. Although incidence and 
mortality rates are slowly de- 
clining, GC remains a signifi-
cant public health problem 
[14]. Various risk factors con-
tribute to tumorigenesis, esp- 
ecially Helicobacter pylori and 
its molecular virulence char-
acteristics [15]. On the other 
hand, powerful tools, such as 
next-generation sequencing, 
may definitely help under-
standthis complex disease; 
molecular targeted agents 
were shown to extend survival 
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MicroRNAs (miRNAs) are short (20-24nt) non-
coding RNAs involved in post-transcriptional 
regulation. By entirely or partially base-pairing 
to the 3’-untranslated region of target mRNAs, 
miRNAs play crucial roles during various bio-
logical progresses [17-19]. Recent studies have 
demonstrated that miRNAs contribute to gas-
tric cancer by regulating the expression of 
oncogenes and tumor suppressors to affect 
cell proliferation, migration, invasion and apop-
tosis [20]. In addition,many have been associ-
ated with tumor type or stage, and patient sur-
vival, and even developed as diagnostic or 
prognostic markers [6, 21]. Previous studies 
indicated that miR-630 could up-regulate the 
cell cycle inhibitor p27 to arrest cells in G0-G1 
phase and reduce proliferation rates in non-
small cell lung cancer cells [22]. Corcoran et al. 
found that miR-630 is decreased in breast can-
cer and plays an important role in modulating 
the response to HER-targeting drugs as well 
asin overall aggressive phenotypic characteris-
tics of HER2-overexpressing breast cancer 
cells [10]. Cao et al.demonstrated that miR-
630 promotes apoptosis by downregulating 
cell-cycle kinase 7 (CDC7), and inhibits CDC7-
mediated proliferationin the human lung can-
cer A549 cells [23]. Similarly, Song et al.
assessed 22 patients with NSCLC and found 
that miR-630 expression was significantly 
decreased, demonstrating that miR-630 sup-
presses proliferation, migration, and invasion 
in NSCLC cells by down-regulating LMO3 [24].
Sakurai demonstrated that gefitinib induces 
miR-630, leading toefficient growth arrest and 
apoptosis of human prostate cancer cells [25].
Farhana et al. considered IGF-1R a potential 
target gene of miR-630, and pre-miR-630 over-
expression was shown to significantly enhance 
inhibition and apoptosis in pancreatic cancer 
cells [26]. In addition, Zhou et al. revealed that 
MTDH mediates the functions of miR-630 in 
suppressing migration, invasion, and colony 
formation in breast cancer cells [12]. We, there-
fore, assessed the function of miR-630 in gas-
tric cancer; as expected; lower expression was 
found in GC patients compared with healthy 
volunteers. ROC curve analysis indicated an 
AUC value for miR-630 in diagnosing GC of 0.66 
(95% CI, 0.59-0.72), suggesting that miR-630 
could contribute to diagnosing GC. Next, the 
associations of miR-630 with clinical parame-
ters in patients with gastric cancer were statis-
tically analyzed. Interestingly, miR-630 showed 

a good prospective application in predicting-
lymph node metastasis, depth of invasion, and 
tumor stage in gastric cancer, indicating that 
miR-630 is a biomarker in evaluating severity 
of gastric adenocarcinoma. Furthermore, we 
found that patients with high miR-630 expres-
sion showed significantly longer survival than 
those with low amounts, after follow-up for 
about 60 months. These findingssuggested 
that miR-630 might play a critical role in GC 
progression and development.What’s more, 
RT-PCR was carried out to assess miR-630 
expression in GC and corresponding normal tis-
sues, andlower miR-630 levels were obtained 
in GC tissues. Taken together, these results 
suggested that miR-630 downregulation might 
be a common event in GC. In subsequent in 
vitro experiments, we found that miR-630 over-
expression markedly inhibits proliferation and 
invasion in SGC-7901 cells. 

Furthermore, SOX4 was identified in this study 
as a direct target of miR-630 in gastric cancer 
cells. Interestingly, SOX4 mRNA levels were 
negatively correlated with miR-630 expression. 
Meanwhile, lower SOX4 expression levels were 
found in SGC-7901 cells transfected with miR-
630 mimics, which were further validated by a 
luciferase assay. The discovery of the sex-
determining region Y (SRY) generevealed the 
existence of a family of evolutionary conserv- 
ed SRY-related high-mobility-group (HMG)-box 
(SOX) transcription factors [27]. A total of 20 
members of this family have been identified. 
Several studies have shown that increased 
expression of SOX4, which belongs to the highly 
conserved group C SOX (SOXC) transcription 
factors, is correlated with prolonged patient 
survival and slower disease progression in gas-
tric, colon, prostate, breast, lung, and endome-
trial cancers [28-32]. Wang et al. reported that 
SOX4 knockdown by RNAi suppresses prolifera-
tion, metastasis, and invasion in colorectal 
cancer cells and reversesepithelial mesenchy-
mal transition (EMT) via vimentin upregulation 
and E-cadherin downregulation [33]. It was also 
demonstrated that SOX4 inhibition is associat-
ed with decreased invasion and metastasis in 
breast cancer cells [34]. Furthermore, patients 
with high SOX4 expression levels were shown 
to have shorter OS and DSS than those with low 
SOX4 amounts in oral squamous cell carcino-
ma, indicating that SOX4 might contribute to 
invasive and oncogenic phenotypes of head 
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and neck squamous cell carcinoma by promot-
ing cellsurvival and causing chemoradio-resis-
tance [35]. Besides, Li et al. found that SOX4 is 
highly expressed in esophageal cancer cells, 
revealing it as a target of miR-133a in inhibiting 
cell migration and invasion [36]. Similarly, Sun 
et al. found that SOX4 is upregulated in cervical 
cancer cells, with its regulation affecting tumor 
proliferation and drug sensitivity [37]. In the 
current study, SOX4 was revealed as the execu-
tor of pathological functions of miR-630; these 
findings suggested an important functional role 
for SOX4-miR-630 interaction, making the lat-
ter a potential therapeutic target for gastric 
cancer treatment.

In summary, this studydemonstrated that miR-
630 has good application in diagnosing GC and 
evaluating disease severity, also actingas a 
prognostic biomarker. MiR-630 targets SOX4, 
thereby inhibiting tumor proliferation and inva-
sion. These findings suggest a novel therapeu-
tic strategy targeting miR-630/SOX4 interac-
tion in gastric cancer.

Acknowledgements

This study was supported by the Plan Pro- 
ject of China-Japan Friendship Hospital (No. 
2014-2-MS-14).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Jixi Liu, Department 
of Gastroenterology, China-Japan Friendship Hospi- 
tal, Beijing, China. E-mail: liujixira@163.com

References

[1] Van Cutsem E, Sagaert X, Topal B, Haustermans 
K and Prenen H. Gastric cancer. Lancet 2016; 
[Epub ahead of print].

[2] Mocellin S, Verdi D, Pooley KA and Nitti D. 
Genetic variation and gastric cancer risk: a 
field synopsis and meta-analysis. Gut 2015; 
64: 1209-1219.

[3] Yazici O, Sendur MA, Ozdemir N and Aksoy S. 
Targeted therapies in gastric cancer and future 
perspectives. World J Gastroenterol 2016; 22: 
471-489.

[4] Berx G and van Roy F. Involvement of members 
of the cadherin superfamily in cancer. Cold 
Spring Harb Perspect Biol 2009; 1: a003129.

[5] Cavallaro U and Christofori G. Cell adhesion 
and signalling by cadherins and Ig-CAMs in 
cancer. Nat Rev Cancer 2004; 4: 118-132.

[6] Brenner B, Hoshen MB, Purim O, David MB, 
Ashkenazi K, Marshak G, Kundel Y, Brenner R, 
Morgenstern S, Halpern M, Rosenfeld N, 
Chajut A, Niv Y and Kushnir M. MicroRNAs as a 
potential prognostic factor in gastric cancer. 
World J Gastroenterol 2011; 17: 3976-3985.

[7] Han TS, Hur K, Xu G, Choi B, Okugawa Y, 
Toiyama Y, Oshima H, Oshima M, Lee HJ, Kim 
VN, Chang AN, Goel A and Yang HK. MicroRNA-
29c mediates initiation of gastric carcinogen-
esis by directly targeting ITGB1. Gut 2015; 64: 
203-214.

[8] Guo SL, Ye H, Teng Y, Wang YL, Yang G, Li XB, 
Zhang C, Yang X, Yang ZZ and Yang X. Akt-p53-
miR-365-cyclin D1/cdc25A axis contributes to 
gastric tumorigenesis induced by PTEN defi-
ciency. Nat Commun 2013; 4: 2544.

[9] Tang L, Chen F, Pang EJ, Zhang ZQ, Jin BW and 
Dong WF. MicroRNA-182 inhibits proliferation 
through targeting oncogenic ANUBL1 in gastric 
cancer. Oncol Rep 2015; 33: 1707-1716.

[10] Corcoran C, Rani S, Breslin S, Gogarty M, 
Ghobrial IM, Crown J and O’Driscoll L. MiR-630 
targets IGF1R to regulate response to HER-
targeting drugs and overall cancer cell progres-
sion in HER2 over-expressing breast cancer. 
Mol Cancer 2014; 13: 71.

[11] Zhang JW, Li Y, Zeng XC, Zhang T, Fu BS, Yi HM, 
Zhang Q and Jiang N. MiR-630 overexpression 
in hepatocellular carcinoma tissues is positive-
ly correlated with alpha-fetoprotein. Med Sci 
Monit 2015; 21: 667-673.

[12] Zhou CX, Wang CL, Yu AL, Wang QY, Zhan MN, 
Tang J, Gong XF, Yin QQ, He M, He JR, Chen GQ 
and Zhao Q. MiR-630 suppresses breast can-
cer progression by targeting metadherin. 
Oncotarget 2016; 7: 1288-1299.

[13] Rice TW, Rusch VW, Ishwaran H and Blackstone 
EH. Cancer of the esophagus and esophago-
gastric junction: data-driven staging for the 
seventh edition of the American Joint Com- 
mittee on Cancer/International Union Against 
Cancer Cancer Staging Manuals. Cancer 
2010; 116: 3763-3773.

[14] Rahman R, Asombang AW and Ibdah JA. 
Characteristics of gastric cancer in Asia. World 
J Gastroenterol 2014; 20: 4483-4490.

[15] Tsai MM, Wang CS, Tsai CY, Huang HW, Chi HC, 
Lin YH, Lu PH and Lin KH. Potential Diagnostic, 
Prognostic and Therapeutic Targets of Micro- 
RNAs in Human Gastric Cancer. Int J Mol Sci 
2016; 17.

[16] Tarazona N, Gambardella V, Huerta M, Rosello 
S and Cervantes A. Personalised Treatment in 
Gastric Cancer: Myth or Reality? Curr Oncol 
Rep 2016; 18: 41.

[17] Calin GA, Ferracin M, Cimmino A, Di Leva G, 
Shimizu M, Wojcik SE, Iorio MV, Visone R, 
Sever NI, Fabbri M, Iuliano R, Palumbo T, 
Pichiorri F, Roldo C, Garzon R, Sevignani C, 

mailto:jianzhengjie@sohu.com


MiR-630 inhibits cell proliferation and invasion in gastric cancer

4978 Int J Clin Exp Pathol 2017;10(5):4969-4978

Rassenti L, Alder H, Volinia S, Liu CG, Kipps TJ, 
Negrini M and Croce CM. A MicroRNA signa-
ture associated with prognosis and progres-
sion in chronic lymphocytic leukemia. N Engl J 
Med 2005; 353: 1793-1801.

[18] Ming J, Zhou Y, Du J, Fan S, Pan B, Wang Y, Fan 
L and Jiang J. Identification of miR-200a as a 
novel suppressor of connexin 43 in breast can-
cer cells. Biosci Rep 2015; 35.

[19] Li Z and Rana TM. Therapeutic targeting of mi-
croRNAs: current status and future challenges. 
Nat Rev Drug Discov 2014; 13: 622-638.

[20] Song JH and Meltzer SJ. MicroRNAs in patho-
genesis, diagnosis, and treatment of gastro-
esophageal cancers. Gastroenterology 2012; 
143: 35-47, e32.

[21] Villanueva MT. Therapeutics: Gastric cancer 
gets a red carpet treatment. Nat Rev Cancer 
2014; 14. 

[22] Galluzzi L, Morselli E, Vitale I, Kepp O, Senovilla 
L, Criollo A, Servant N, Paccard C, Hupe P, 
Robert T, Ripoche H, Lazar V, Harel-Bellan A, 
Dessen P, Barillot E and Kroemer G. miR-181a 
and miR-630 regulate cisplatin-induced can-
cer cell death. Cancer Res 2010; 70: 1793-
1803.

[23] Cao JX, Lu Y, Qi JJ, An GS, Mao ZB, Jia HT, Li SY 
and Ni JH. MiR-630 inhibits proliferation by tar-
geting CDC7 kinase, but maintains the apop-
totic balance by targeting multiple modulators 
in human lung cancer A549 cells. Cell Death 
Dis 2014; 5: e1426.

[24] Song YF, Hong JF, Liu DL, Lin QA, Lan XP and 
Lai GX. MiR-630 targets LMO3 to regulate cell 
growth and metastasis in lung cancer. Am J 
Transl Res 2015; 7: 1271-1279.

[25] Sakurai MA, Ozaki Y, Okuzaki D, Naito Y, 
Sasakura T, Okamoto A, Tabara H, Inoue T, 
Hagiyama M, Ito A, Yabuta N and Nojima H. 
Gefitinib and luteolin cause growth arrest of 
human prostate cancer PC-3 cells via inhibi-
tion of cyclin G-associated kinase and induc-
tion of miR-630. PLoS One 2014; 9: e100124.

[26] Farhana L, Dawson MI, Murshed F, Das JK, 
Rishi AK and Fontana JA. Upregulation of miR-
150* and miR-630 induces apoptosis in pan-
creatic cancer cells by targeting IGF-1R. PLoS 
One 2013; 8: e61015.

[27] Vervoort SJ, van Boxtel R and Coffer PJ. The 
role of SRY-related HMG box transcription fac-
tor 4 (SOX4) in tumorigenesis and metastasis: 
friend or foe? Oncogene 2013; 32: 3397-
3409.

[28] de Bont JM, Kros JM, Passier MM, Reddingius 
RE, Sillevis Smitt PA, Luider TM, den Boer ML 
and Pieters R. Differential expression and 
prognostic significance of SOX genes in pediat-
ric medulloblastoma and ependymoma identi-
fied by microarray analysis. Neuro Oncol 2008; 
10: 648-660.

[29] Aaboe M, Birkenkamp-Demtroder K, Wiuf C, 
Sorensen FB, Thykjaer T, Sauter G, Jensen KM, 
Dyrskjot L and Orntoft T. SOX4 expression in 
bladder carcinoma: clinical aspects and in vi-
tro functional characterization. Cancer Res 
2006; 66: 3434-3442.

[30] Zhang J, Liang Q, Lei Y, Yao M, Li L, Gao X, Feng 
J, Zhang Y, Gao H, Liu DX, Lu J and Huang B. 
SOX4 induces epithelial-mesenchymal transi-
tion and contributes to breast cancer progres-
sion. Cancer Res 2012; 72: 4597-4608.

[31] Fang CL, Hseu YC, Lin YF, Hung ST, Tai C, Uen 
YH and Lin KY. Clinical and prognostic associa-
tion of transcription factor SOX4 in gastric can-
cer. PLoS One 2012; 7: e52804.

[32] Huang YW, Liu JC, Deatherage DE, Luo J, 
Mutch DG, Goodfellow PJ, Miller DS and Huang 
TH. Epigenetic repression of microRNA-129-2 
leads to overexpression of SOX4 oncogene in 
endometrial cancer. Cancer Res 2009; 69: 
9038-9046.

[33] Wang B, Li Y, Tan F and Xiao Z. Increased ex-
pression of SOX4 is associated with colorectal 
cancer progression. Tumour Biol 2016; 37: 
9131-7.

[34] Tavazoie SF, Alarcon C, Oskarsson T, Padua D, 
Wang Q, Bos PD, Gerald WL and Massague J. 
Endogenous human microRNAs that suppress 
breast cancer metastasis. Nature 2008; 451: 
147-152.

[35] Yoon TM, Kim SA, Cho WS, Lee DH, Lee JK, 
Park YL, Lee KH, Lee JH, Kweon SS, Chung IJ, 
Lim SC and Joo YE. SOX4 expression is associ-
ated with treatment failure and chemoradiore-
sistance in oral squamous cell carcinoma. 
BMC Cancer 2015; 15: 888.

[36] Li S, Qin X, Li Y, Zhang X, Niu R, Zhang H, Cui A, 
An W and Wang X. MiR-133a suppresses the 
migration and invasion of esophageal cancer 
cells by targeting the EMT regulator SOX4. Am 
J Transl Res 2015; 7: 1390-1403.

[37] Sun R, Jiang B, Qi H, Zhang X, Yang J, Duan J, Li 
Y and Li G. SOX4 contributes to the progres-
sion of cervical cancer and the resistance to 
the chemotherapeutic drug through ABCG2. 
Cell Death Dis 2015; 6: e1990.

[38] Choi J, Kim SG, Im JP, Kim JS, Jung HC and 
Song IS. Endoscopic prediction of tumor inva-
sion depth in early gastric cancer. Gastrointest 
Endosc 2011; 73: 917-927.


