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ABSTRACT

It has been well established that microRNAs (miRNAs) play important roles in

biological processes. To comprehensively measure the altered miRNA expression, we
presented the miRNA expression profile of gastric cancer using microarray. We identified
33 miRNAs that were significantly differentially regulated in gastric specimens compared
to adjacent normal tissues, among which miR-9-3p expression are significantly down-
regulated in gastric cancers. Next, a cohort of 100 gastric cancer tissues and matched
normal tissues were enrolled. Kaplan-Meier and multivariate Cox survival analyses
were applied to evaluate the prognostic value of miR-9-3p expression, and the result
showed that patients with lower miR-9-3p expression level have significantly poorer
overall survival. The expression level of miR-9-3p has been proved to be an independent
prognostic factor for 5-year overall survival. Furthermore, the result indicated that
over-expression of miR-9-3p can inhibit gastric cancer cell invasion. Taken together,
our results suggested that miR-9-3p plays important role in tumor invasion, and these

findings implicated the potential effects of miR-9-3p on prognosis of gastric cancer.

INTRODUCTION

Gastric cancer is currently one of the most frequent
malignant cancers, and the second leading cause of cancer
mortality in East Asian countries [1]. Most of gastric
cancer patients have been diagnosed when the tumor has
progressed to late tumor stages because of the nonspecific
symptoms present at early stages, and the overall 5-year
survival rate of gastric cancer was <20% [2]. Despite of
advances in cancer treatment, limited progress has been
accomplished in recent years. It is necessary to discover
novel diagnostic biomarkers for the early diagnosis.

MicroRNAs (miRNAs) constitute a class of small,
single-strand, non-coding RNAs containing about 22-
25 nucleotides. Through the hybridization to target

3’-untranslated regions (UTR) of mRNAs, microRNA
can lead to the degradation of mRNA or inhibition of
translation. They are important trans-regulators of gene
expression, and play pivotal role at the post-transcriptional
regulation levels [3]. It has been documented that
miRNAs play critical roles in many human biological
processes, including cell growth, apoptosis, proliferation
and differentiation [4, 5]. In recent works, studies have
demonstrated that aberrantly expressed miRNAs is
involved in the tumorigenesis and progression, and a
number of miRNAs have been documented to regulate
tumor carcinogenesis and metastasis [6, 7]. Some miRNAs
have been reported to function as biomarkers for gastric
cancer diagnosis and prognosis, such as miR-320a [8] and
miR-371-5p [9]. These works suggested that miRNAs
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can act as biomarkers and represent potential therapeutic
targets for treating gastric cancer [10-18].

In this work, a microarray-based genome-wide
miRNA analysis was performed from 10 gastric cancer
samples and matched normal tissues. We found that a
total of 33 miRNAs were differentially expressed in
gastric cancers (F.D.R < 0.05). Potential target genes
and biological functions that might be affected by these
miRNAs were identified by performing a bioinformatics
analysis. Furthermore, we detected the underlying
mechanism of miR-9-3p in gastric cancer. The expression
of miR-9-3p was shown to be des-regulated in several
human cancers, including breast cancer and hepatocellular
carcinoma [19, 20]. We found that patients with lower
miR-9-3p expression level have significantly poorer
overall survival, and miR-9-3p expression was proved
to be an independent prognostic factor for 5-year overall
survival. Furthermore, the result indicated that over-
expression of miR-9-3p can inhibit gastric cancer cell
invasion. These findings suggest the potential effects of
miR-9-3p on gastric cancer prognosis.

RESULTS

MiRNA expression is altered in gastric cancer

To evaluate the miRNA expression profiles of
human gastric cancer compared to those of matched
normal gastric tissues, we performed a microRNA array
analysis in 10 gastric tumor tissues and matched normal
tissues. We detected differentially expressed miRNAs
using a stringent criteria (#D.R<0.01). The differentially
expressed miRNAs are presented in Supplementary
Table 1. We found that 33 miRNAs were differentially
expressed in gastric cancer tissues, with 29 miRNAs
are up-regulated and 4 miRNAs are down-regulated
(Figure 1).

Next, target genes of dysregulated miRNAs were
predicted. Here, TargetScan software [21] was employed
to predict miRNA targets. TargetScan predicts potential
target genes of miRNAs by searching for the presence
of conserved sequences that match the seed region of
each miRNA. A total of 1179 genes were identified as
predicted targets of 33 differentially expressed miRNAs,
and a regulatory network was constructed (Figure 2). The
red and green nodes edges in the network were used to
designate up- and down-regulated miRNAs in tumors,
respectively. As a result, 29 up-regulated miRNAs were
found to interact with 1043 target genes and 4 down-
regulated miRNAs were determined to interact with
136 target genes. Among these dysregulated miRNAs,
many of them have been reported to play important role
in gastric cancer. For example, miR-218 was down-

regulated and function as a tumor suppressor gene in
gastric cancer [22]; miR-125b was up-regulated in gastric
cancer tissue that might function as an oncogene in gastric
cancer [23]. To examine the over-represented biological
function of the predicted target genes associated with 33
differentially expressed miRNAs, we performed Gene
Ontology (GO) enrichment. GO categories are organized
into three different levels: biological process, molecular
function and cellular component. In this study, only
biological process and molecular function categories
were considered. As shown in Table 1, a total of 10 GO
categories are over-represented (7. D.R<0.05). These over-
represented GO categories include “digestive system
process (G0:0022600)”, “regulation of body fluid levels
(GO:0050878)”, “secretion (GO:0046903)” and “digestion
(GO:0007586)".

The expression of miR-9-3p in gastric cancer
tissues and cell lines

miR-9-3p is particularly interesting because it has
not been characterized in gastric cancer. We detected
the expression of miR-9-3p in another cohort of 100
pairs of gastric cancer tissues and matched adjacent non-
tumor tissues using qRT-PCR method. The result showed
that miR-9-3p expression level was significantly lower
in gastric cancer tissues (4.9 £ 1.48), compared with
adjacent non-tumor tissues (6.4 = 1.4, P-value = 0.001,
Figure 3A). We further examined the expression of miR-
9-3p expression in human gastric cancer cell lines (HGC-
27, MGC-803, BGC-823 and SGC-7901), and the result
indicated that miR-9-3p expressions in gastric cancer cell
lines were significantly lower compared with human fetal
gastric epithelial cell line (GES-1) (Figure 3B). Our work
suggests that down-regulated expression of miR-9-3p is a
common event in human gastric cancer tissues and might
be involved in gastric cancer carcinogenesis.

Correlation of miR-9-3p expression with
clinicopathological features of gastric cancer
patients

In order to evaluate the association between miR-9-
3p expression and clinicopathological variables, the 100
patients with gastric cancer were divided into two groups
according to the median value of miR-9-3p expression
level. These two groups include high-expression
group (n = 50) and low-expression group (n = 50). The
correlation between miR-9-3p expression level and
clinicopathological features was measured. As shown in
Table 2, the result showed that lower expression of miR-
9-3p was significantly associated with higher incidence of
lymph node metastasis (P-value = 0.004). However, no
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significant correlations between miR-9-3p expression and
other characteristics of patients were observed.

Next, Kaplan—Meier survival analysis was
performed to examine the relationship between miR-9-
3p expression with survival of gastric cancer patients.
The results showed that gastric cancer patients with
lower miR-9-3p expression level had a significantly
poorer prognosis than those with high miR-9-3p
expression level (P-value = 0.001). It suggested that
down-regulation of miR-9-3p might be associated with
poor survival of gastric cancer patients (Figure 4).
Univariate proportional hazard model indicated that
miR-9-3p expression level was prognostic predictors of
gastric cancer patients. The result was further evaluated
using multivariate analysis, and the result demonstrated

that miR-9-3p was independent prognostic factor for
overall survival (P-value = 0.001, Table 3).

In vitro effect of miR-9-3p on gastric cancer cell
invasion

To assess the functional effects of miR-9-3p in vitro,
we investigated whether miR-9-3p regulates gastric cancer
cell invasion using a Transwell assay. In vitro gastric
cancer cell invasion assays was performed by transfecting
pre- miR-9-3p or pre-miR negative control (pre-miR-nc)
into human HGC-27 cell. The result showed that over-
expression of miR-9-3p significantly inhibits gastric
cancer cell invasion (Figure 5). Our result showed that
miR-9-3p can bind to the 3’ UTR of the /TGB1 transcript.

Figure 1: Heat map of dysregulated miRNA expression.
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The result showed that seven base pairs of identity were
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observed at both putative target sites (Figure 6A). In gastric cancer [25]. As a novel biomarker, miRNAs have

order to confirm the potential relationship between miR- been implicated in many steps of tumor development and
9-3p and /ITGBI gene, we detected the expression level progression [26-30]. Detecting cancer-specific miRNAs
of ITGBI in different cell lines using RT-PCR. The result and their binding targets is important to understand their
demonstrated that the expression of /7GB1 is increased in roles in tumorigenesis [31-33]. In the present work,
HGC-27 cell line (Figure 6B). we performed a miRNA microarray work to identify
dysregulated miRNAs in gastric cancer tissues compared
DISCUSSION to those found in adjacent normal tissues. Our study
provided many dysregulated miRNAs and some of them
Gastric cancer is one of the leading cause of cancer- may have clinical use and act as diagnostic and prognostic
related death worldwide. Identifying the biomarker of biomarkers.
gastric cancer is crucial to select optimal therapeutic Some previous works also performed microRNA
strategies [12, 24]. Recent studies have shown the expression profiling in gastric cancer [34, 35], and these
dysregulation of miRNAs in gastric cancer and focused studies provided many differentially expressed miRNAs.
on detecting specific biological markers with prognosis in Then, we measured the consistently and inconsistently
hsa-mifig62-5p
L i L4 .0 .
° o o .
. .. o:: * 0..'.0.:‘ o.: ! .
N L W L :'. ® e
° %% '; cee ®
XN AR
LICIN - ‘: V) ::: .'.‘.o'. o:'. .
o...o..'o’ '..°..o'.. stam%v.... '.o .
"'..’o'. L 0!.::: :o.o°.: -.. e ! ...'..
o.'... . e %) % Wv ..' o ....'.o....
....hsa—_;ﬂaa o ......0. . ® o4 0 0 4
o.oc.. Ra BN e ...' . © s 0 ..o'.o..:...
. .o..o ..-...:.'......o o o ...o.o.o. 0.0n.saﬂﬁs .c.::':
.Oonsawsaa..ot e®® o o0 .’ o.h!a__m°- < 00.'.0..
0o o '.’ > ...hsg—nmsng. L ° ., . '.0.':..0 ‘.
....: .0.0 A ...o.‘.o.o....' A 3 L ".... :...u » .o.o o.o.
o 0% o LIPS A\ e 0% o0
: ..: : ';s.s » b.ip . «? .° Ale .&SG-MQ-;P ::.. o :. :.sa:\].;ts.z-;p.:o.o
...o:. i\, & o % 0e® '.. ..hsa-nmga.&p ': h:sa-m‘lé :°.o..
s .
..:.::..o .-.o:::'\sg:nmw‘ép . .... .. °...’.o:.'o.:. .'-. e
Ce e o .:;.:o...o‘ '.. '..°""::.o...o ..oo
o ..o : o, .'. . .-. .. .c ..nsamgﬁ-sp : o n;?m;:b: c.. U o hamlialyp o
..c.'o..og.o ™ ..o.. ..:.....'. ..Ooo
LS o © gramiinas® A e S 0.0.0.00 2 o *l & O.o.
'.: 'o..o:-: ."Sa'm&jp..k:*?%ﬁp. o * ® o0
e g0 00 ° 4 0 po
.o' [} .o.o...: . '. .. .c (] ) .0. < 4 A hsa-mifgos-3p @
" . c'. °e o. . ¢ o> nsammag-s;; .. ® ns a2t . .
° L] ° 7 L L d L]
'.' °, m&m: e hsa-millig70-3p ° ‘o ‘.'. . :.° ..o . !
o ®, - R .'..‘.o.ooo'.°. " . 0:.0
e’ ...o.... .. . ....o: o.:::.o... hsamm'}gop =0
0 i ¢ o e®%e,°, N NN
. . ® o o ® 00 4 5, 0 O No'e® °
] oo . LI I o ®
¢ e e ° 4 o .. °
hsanmau::a‘125b s &e
® é ”
¢ o /% L[] L] .. X
. eeo o o, °
e, )
hsa-pailR1249 % . o .
’ hsa-miR:105
' ° * .“5&’9“8?". o ° hsa-mlo1 5 hsa-miffd93-3p '
° ® ° hsa-milf{88-5p

Figure 2: The regulatory network consisting of miRNAs and target genes. Red triangles and blue nodes represent 33
differentially expressed miRNAs and 1179 target genes, respectively.
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Table 1: Enriched GO categories of dysregulated miRNA target genes

GO category GO ID GO term ED.R

BP GO0:0050878 regulation of body fluid levels 0.00022
G0:0022600 digestive system process 0.0045
G0:0022610 biological adhesion 0.0047
G0:0046903 secretion 0.0058
GO:0007155 cell adhesion 0.0068
GO:0007586 digestion 0.0095
G0:0045776 negative regulation of blood pressure 0.034

MF GO:0005184 neuropeptide hormone activity 0.00083
GO:0005509 calcium ion binding 0.00082
G0:0003823 antigen binding 0.0026

reported dysregulated microRNA. Most of the miRNAs
were reported to be with consistent direction of expression
compared with previous results, except miR-9-3p. Previous
work has been reported that down-regulation of miR-9-3p
plays important functions in medullary thyroid carcinoma
[36], and miR-9-3p might function as a tumor suppressor
gene. However, Previous transcriptome data shows no
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differential expression of miR-9-3p in gastric cancer. To
further validate our result, we examined the miR-9-3p
expression in gastric cancer tissues and adjacent non-tumor
tissues in a different cohort. Furthermore, we examined the
association of miR-9-3p expression and clinicopathologic
features and prognosis of gastric cancer patients. The
results showed that the relative expression of miR-9-3p
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Figure 3: The relative expression levels of miR-9-3p in gastric cancer tissues and cell lines (A) the relative expression of miR-9-3p in
gastric cancer tissues and adjacent non-tumor tissues. The bars represent the means of the relative expression of miR-9-3p. (B) the relative

expression of miR-9-3p in gastric cancer cell lines.
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Table 2: Clinicopathological associations of miR-9-3p expression in gastric cancer patients

miR-9-3p expression

Variable High (n=50) Low (n=50) P-value

Ages (years) 0.81
<50 24 22
>50 26 28

Gender
Male 34 30 0.66
Female 16 20

Tumor size 0.78
<2cm 24 22
>2cm 26 28

Tumor location
Upper third 10 13 0.47
Middle third 8 7
Lower third 12 10

Histological grading 0.14
Poorly differentiated 33 27
Well differentiated 17 23

Lymph node metastasis 0.004
Absent 34 22
Present 16 28

Clinical stage 0.078
[+11 32 24
111 18 26

P =0.001

" High expression (n = 50)

Overall survival rate

0.2

0.0

T T I T T
0 10 20 30 40 50 60
Months after surgery

Figure 4: Kaplan—Meier survival curves of patients with gastric cancer based on miR-9-3p expression status. Patients
with low expression group have significantly poorer prognosis than those in high expression group.
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Table 3: Univariate and multivariate analyses of prognostic factors in gastric cancer patients

Variables Univariate analysis Multivariate analysis
HR 95% CI P-value HR 95% CI P-value
Age 1.53 0.73-2.01 0.64 1.28 0.76-1.81 0.44
Gender 1.33 0.87-1.87 0.38 1.22 0.67-1.34 0.34
Lymph node metastasis 1.18 0.78-1.75 0.21 1.18 0.78-1.54 0.15
Tumor size 2.28 1.66-2.84 0.36 1.56 0.90-2.18 0.51
Clinical stage 1.73 1.15-2.66 0.082 1.42 1.22-2.08 0.12
miR-9-3p 2.66 1.86-3.85 <0.001 1.56 1.11-2.86 0.001
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Figure 5: Effects of miR-9-3p on invasion of HGC-27 cell line. (A) RT-PCR analysis of miR-9-3p in HGC-27 cells (B) Invasion
assay of HGC-27 cells and representative fields of invasive cells. (C) Average number of invasive cells per field from three independent

experiments. ** indicates P<0.01
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was significantly lower in gastric cancer tissues and cell
lines. Interestingly, multivariate survival analysis showed
that low expression of miR-9-3p is involved in gastric
cancer and might be used as an independent potential
prognostic biomarker for gastric cancer patients. Further
analysis showed that down-regulation of miR-9-3p could

A)

significantly inhibit cell invasion, which indicates that miR-
9-3p might function as a tumor suppressor in gastric cancer.

Taken together, the current work indicated that the
expression of miR-9-3p was significantly down-regulated
in gastric cancers and is tightly associated with cancer cell
invasion. These results implicated for the first time that

3 UGARAGCCAACAGACCGARATA 5 miR-9-3p

5 AAGGAARRACCARUGGCUUUALR 3 /TGBI 3° UTR
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Figure 6: The ITGBI gene is the target of miR-9-3p. (A) Alignment of miR-9-3p with 3> UTR of /TGBI gene. (B) RT-PCR analysis

of ITGBI gene in HGC-27 cell line.
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miR-9-3p expression might be an important modulator
involved in gastric cancer.

MATERIALS AND METHODS

Patient samples collection

Surgical specimens of gastric cancer tissues and
matched non-cancerous normal tissues were obtained
from 110 patients with a diagnosis of gastric cancer who
underwent surgery at the first people’s Hospital of Jining
(Shandong Province, China) between June 2007 and
April 2014. The patients recruited in this study had never
received radiotherapy before surgery excision. This work
was approved by the ethics committee of the first people’s
Hospital of Jining, and informed consents were obtained
from each patient. All tissue samples were immediately
frozen in liquid nitrogen after surgical removal and stored
at -80°C until RNA extraction.

miRNA microarray and miRNA target
prediction

The total RNA was extracted from tissues or cell
lines using the TRIzol Reagent (Invitrogen, Carlsbad,
California, USA) following the manufacturer’s protocol.
A total of 20 tissue specimen (10 gastric cancer samples
and matched normal tissues) were used for a microRNA
array analysis. The analysis (miRNA3.0 Array; DNALink)
was performed using 2 pg of total RNA. TargetScan
(version 6.2) [21] was used to identify targets genes of
differentially expressed miRNAs. The comprehensive
regulatory network of miRNAs and their target genes was
generated used Cytoscape software.

quantitative RT-PCR

We performedquantitative RT-PCR using a miR-
9-3p qRT-PCR Detection Kit (Stratagene Corp, La Jolla,
CA). The expression of U6 was selected as an internal
control. Relative quantification of miR-9-3p expression
was measured by using the 24T method.

Cell culture and transfection of miRNA

Four human gastric cancer cell lines (HGC-27,
MGC-803, BGC-823 and SGC-7901) and human fetal
gastric epithelial cell line (GES-1) were purchased from
the Type Culture Collection cell bank of the Chinese
Academy of Sciences (Shanghai, China) and cultured
in Dulbecco’s modified Eagle’s medium (Gibco, USA)
supplemented with 10% fetal bovine serum. Cells were
incubated at 37 °C in a humidified atmosphere containing
5% CO,. The pre-miR miR-9-3p (Pre-miR-9-3p), pre-
miR negative control (Pre-miR-nc) were purchased
from Applied Biosystems (ABI, Foster City, CA,
USA). Transfection of miR-9-3p was performed using

Lipofectamine™ 2000 Reagent (Invitrogen) following the
manufacturer’s instructions.

In vitro invasion assays

Cell invasion assay was performed using transwell
chambers (BD, Biosciences). Matrigel was coated on the
upper compartment of the transwell chamber before use.
Medium containing 10% fetal bovine serum in the lower
chamber was used as the chemoattractant. After 48 hours
incubation, the non-invaded cells were removed from the
top chambers. The number of cells on the lower surface of
the membrane were quantified under a microscope field in
five random fields.

Statistical analysis

In this work, the differences between different
groups were assessed using Mann-Whitney U test or
Chi-square test. Kaplan—-Meier curves were analyzed
to assess the overall survival rate. A Cox proportional
hazards regression model was used to evaluate the
association between the potential prognostic marker and
overall survival. All statistical analyses were performed
using R package. The differences were considered to be
statistically significant at a threshold P-value of < 0.05
(two sided P-values).
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