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Abstract MicroRNAs (miRNAs) are small, non-coding
RNAs of endogenous origin. Accumulating studies have
shown aberrant miRNA expression plays an important role
in many tumor types. miR-192 and -215, which have the
same “seed region”, have not been comprehensively inves-
tigated using a large number of cases in gastric cancer. The
total RNAwas extracted from 118 gastric cancer tissues and
three gastric cancer cell lines as well as matched non-tumor
adjacent tissues (NATs). After polyadenylation and reverse
transcription, expression levels of miR-192 and -215 were
determined by real-time PCR and calculation using the
2-ΔΔCT method for evaluation of the association between
miR-192, and -215 expression levels and clinicopathologi-
cal characteristics. There were no significant differences in
miR-192 and -215 expression levels between gastric cancer
tissues and non-tumor counterparts (both p>0.05, paired t-
test). Interestingly, miR-192 and -215 were down-regulated
in MGC-803 cells, BGC-823 cells and SGC-7901 cells (all
p<0.01, paired t-test). Also, the down-regulation of miR-
192 and -215 was demonstrated to be associated with in-
creased tumor sizes (both p00.003, Mann–Whitney U test)
and advanced Borrmann type tumors (p00.015 and p0
0.044, respectively, Kruskal-Wallis H test). Moreover, the
expression of miR-192 was significantly lower in the pT4

stage of gastric cancer than in pT1, pT2 and pT3 stages (p0
0.026). Furthermore, there was a strong correlation
between miR-192 and -215 in gastric cancer tissues (p<
0.001, Pearson regressions). miR-192 and -215 might be relat-
ed to the proliferation and invasion of gastric cancer. Poten-
tially, they could become important biomarkers.
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Introduction

miRNAs are an abundant class of endogenous small single-
strand non-coding RNAs of 19–22 nucleotides with a pri-
mary role of regulating the translation of many genes in
plants, animals and humans [1]. It is now well established
that miRNAs may have causal roles in many normal/tumor
cellular processes, such as development, differentiation,
proliferation and apoptosis [2, 3]. Moreover, accumulating
studies have shown that miRNAs have been classified as
oncogenes and tumor-suppressor genes [4, 5]. More than
50% of miRNA genes are located in cancer-associated ge-
nomic regions or in fragile sites, suggesting that aberrant
miRNA expression plays an important role in cancer path-
ogenesis [6]. Over the past decade, a growing number of
studies have suggested that miRNA expression is dysregu-
lated in many tumor types including lung cancer [7], esopha-
geal cancer [8], liver cancer [9], pancreatic cancer [10],
colorectal cancer [11] and ovarian cancer [12].

In recent studies, several miRNAs have been found to be
correlated with gastric cancer. Tsukamoto et al. [13] inves-
tigated a total of 470 human miRNA profiles in gastric
carcinomas by a miRNA microarray method. In this study,
33 miRNAs were significantly up-regulated and the other
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six miRNAs were down-regulated, of which miR-375 was
the most down-regulated and was considered a candidate
tumor suppressor miRNA in gastric carcinoma. Our previ-
ous studies showed similar results in that miR-203 was
significantly down-regulated in gastric cancer cell lines by
real-time polymerase chain reaction (real-time PCR). More-
over, over-expression of miR-203 inhibited cell proliferation
of gastric cancer and miR-203 might be an important factor
as a tumor suppressor [11]. Research on the expression of
miR-148a and -152 in a large number of cases with gastric
cancer also found similar results in that down-regulation of
miR-148a and -152 was significantly related to tumor size
and depth of invasion [14]. Furthermore, the investigation
revealed that miR-148b had the same “seed sequence” as
miR-148a and -152, which was down-regulated in 106
gastric cancer tissues compared with NATs. Further analysis
showed that down-regulation of miR-148b was associated
with tumor size and its over-expression inhibited cell pro-
liferation of gastric cancer [15]. Moreover, Xiong et al. also
indicated that down-regulated miRNA-214 Induces a cell
cycle G1 arrest in gastric cancer cells [16].

To define miR-192 and -215 expression profiles in gastric
cancer, we performed real-time PCR on a large number of
cases and compared expression levels in gastric cancer
tissues and their non-tumor counterparts. Also, we detected
expression levels of miR-192 and -215 in three gastric
cancer cell lines compared to normal gastric tissues. Further
investigation revealed a strong correlation between miR-192
and -215 expression levels and clinicopathological charac-
teristics in gastric cancer. Thus, miR-192 and -215 might
play a role in the invasion and progression of gastric cancer
and our findings will likely help to elucidate the functions of
miRNAs.

Material and Methods

Tissues Samples

In the current study, 118 pairs of gastric cancer tissues and
non-tumor counterparts (as controls) were obtained from
patients that underwent radical resection between 2007 and
2010 at the first hospital of China Medical University
(Shenyang, China). Matching non-tumor mucosa specimens
were obtained from a part of the resected specimen at the
farthest distance from the tumor. The samples were snap-
frozen in liquid nitrogen immediately after surgery before
RNA extraction. No previous local or systemic treatment
had been conducted on these patients before surgery.

Gastric cancer was subsequently diagnosed based on
histopathological evaluation. One section of each sample
was stained with hematoxylin-eosin (H&E). The histologi-
cal grade of cancer was classified using the TNM staging

system of the American Joint Committee on Cancer (AJCC;
2010) and the International Union Against Cancer (UICC)
according to the standard of the World Health Organization.
The study was approved by the Research Ethics Committee of
China Medical University (Shenyang, China) and informed
consent was obtained from all patients.

Cell Lines

Human gastric cancer cell lines (MGC-803, BGC-823 and
SGC-7901) were obtained from the Institute of Biochemis-
try and Cell Biology at the Chinese Academy of Sciences
(Shanghai, China). All of the cell lines were cultured in
RPMI 1640 medium (Invitrogen, Carlsbad, CA, USA) at
37°C in a humidified atmosphere of 5% CO2. Media were
supplied with 10% fetal bovine serum (FBS).

RNA Extraction

According to the manufacturer’s instructions, we isolat-
ed the total RNA from the specimens using a mirVana
miRNA Isolation Kit (Ambion, Austin, TX, USA). The
concentration and purity of RNA were controlled by UV
spectrophotometry using a NanoPhotometer UV/Vis spec-
trophotometer (Implen, Schatzbogen, München, Germany).
Using a Poly(A) Tailing Kit, poly(A) tail was added to
RNA in a 37°C water bath for 30 min by Escherichia
coli poly(A) polymerase (E-PAP) according to the man-
ufacturer’s instructions (Ambion, Austin, TX, USA)
[17]. RNAs were dissolved in diethyl pyrocarbonate
(DEPC)-treated water after purification by phenol-
chloroform and ethanol. The first-strand cDNA was
synthesized with SuperScript® III First-Strand Synthesis
System using a reverse transcriptase-polymerase chain re-
action kit (Invitrogen, Carlsbad, CA, USA). To generate
cDNA of miRNA, a 10 μL reverse transcriptase reaction
mixture containing 1 μg of the RNA sample, 1 μL RT-
primer (Table 1), 1 μL 10 mM deoxyribonucleotide triphos-
phate (dNTP) mix and DEPC-treated water at 65°C was
incubated for 5 min. Then, a 10 μL mixture containing 2 μL
10 × RT buffer, 4 μL 25 mM MgCl2, 2 μL 0.1 M DTT, 1 μL
RNaseOUT (40 U/μL) and 1 μL SuperScript III RT (200 U/μL)
was added. The total reaction mixture was incubated in a
96-well plate of GeneAmp PCR 9700 Thermocycler (Applied
Biosystems, Hayward, CA, USA) at 50°C for 50 min, 85°C
for 5 min, and 37°C for 20 min after adding 1 μl RNase H to
the mixture and then held at 4°C.

Real-Time PCR

Using the SYBR Premix Ex Taq™ IIKit (TaKaRa, Bio,
Kyoto, Japan), real-time PCR was performed with a Rotor-
gene 6000 system (QIAGEN, Valencia, CA, USA)
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according to the manufacturer’s instructions [17]. The 25 μl
mixture of PCR consisted of 12.5 μl SYBR Green super-
mix, 8.5 μl RNase-free water, 1 μl forward primers, 1 μl
reverse primers and 2 μl reverse transcribed product. We
determined threshold cycle data by setting a default thresh-
old and the reactive condition was 45 amplification cycles of
95°C for 5 s, 58°C for 20 s and 72°C for 30 s in a 36-well
optical plate using a Rotor-gene 6000 system. The U6 RNA
was selected as an endogenous reference to evaluate the
relative expression levels of miR-192 and -215 in cancerous
samples compared to non-tumor counterparts using the
2-ΔΔCt method [18]. All samples were performed in triplicate
and repeated three times. The products were confirmed by
TA cloning and a sequencing assay. The primers for miR-
192, -215 and the endogenous control U6 are shown in
Table 1.

Statistical Analysis

The threshold cycle of fluorescence (Ct) for each sample
was determined by real-time PCR to evaluate the association
between the cancer group and control group by the 2-ΔΔCt

method. ΔΔCt was the difference in the ΔCt value between
two types of groups (ΔΔCt 0 ΔCt cancer−ΔCt control) and ΔCt

was the difference in the Ct value between the target and U6
(ΔCt 0 Ct target−Ct U6). The 2-ΔΔCt value (fold value) was
calculated and distinguished as 1-fold (20 equals one) and
less than 1-fold was defined as low expression [11]. Differ-
ences in miRNA expression levels were measured by com-
paring the values of ΔCt cancer and ΔCt control. The statistical
analysis was determined using a paired t-test in cancer
tissues and cancer cell lines relative to non-tumor counter-
parts. Moreover, the association between miRNA expres-
sion levels and clinicopathological parameters was analyzed
by a non-parametric test (Mann–Whitney U test between
two groups and Kruskal-Wallis H test for three or more

groups). P<0.05 was considered significant. Statistical anal-
ysis were performed using the Statistical Program for Social
Sciences (SPSS) software 16.0 (SPSS Incorporated, Chi-
cago, IL, USA).

Results

Expression of miR-192 and -215 in Gastric Cancer Tissues

Expression levels of miR-192 and -215 were detected in all
118 pairs of gastric cancer tissues and corresponding NATs
by real-time PCR. The values of ΔCt (mean ± SD) were
3.161±3.051 and 4.556±3.031 in gastric cancer tissues as
well as 2.702±2.592 and 4.288±2.541 in non-tumor coun-
terparts (p00.070 and p00.309, respectively, paired t-test,
Fig. 1a–d). There were no statistically significant differences
in miR-192 and -215 expression levels between gastric
cancer tissues and matched NATs. However, 53.4% (63/
118) and 50.9% (60/118) of the cases showed a >50%
reduction in miR-192 and -215 expression levels in gastric
cancer tissues compared with matched NATs.

miR-192 and -215 Were Significantly Down-Regulated
in Gastric Cell Lines

Next, real-time PCR analysis were performed on three gas-
tric cancer cell lines to evaluate the expression levels of
miR-192 and -215. It is noteworthy that miR-192 and -215
were significantly down-regulated in MGC-803 cells (p<
0.001 and p00.003, respectively, paired t-test), BGC-823
cells (p00.001 and p<0.001, respectively) and SGC-7901
cells (all p<0.001) relative to normal gastric tissues (ran-
domly selected 3 NATs from previous 118 cases as controls,
Fig. 2) [19].

Table 1 RT-PCR primers for amplification of expression of miR-192 and -215

Primer Primer sequence (5’-3’)

RT-primer-1 GCTGTCAACGATACGCTACGTAACGGCATGACAGTGTTTTTTTTTTTTTTTTTTTTTTTTA

RT-primer-2 GCTGTCAACGATACGCTACGTAACGGCATGACAGTGTTTTTTTTTTTTTTTTTTTTTTTTG

RT-primer-3 GCTGTCAACGATACGCTACGTAACGGCATGACAGTGTTTTTTTTTTTTTTTTTTTTTTTTC

miR-192-Fa CTGACCTATGAATTGACAGCCA

miR-192-Rb GCTGTCAACGATACGCTACGT

miR-215-Fa ATGACCTATGAATTGACAGACAA

miR-215-Rb GCTGTCAACGATACGCTACGT

U6 RNA-Fa CGCTTCGGCAGCACATATAC

U6 RNA-Rb TTCACGAATTTGCGTGTCAT

a Forward primer
b Reverse primer
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Association between miR-192 and -215 Expression Levels
and Clinicopathological Characteristics in Gastric Cancer

The down-regulated miR-192 and -215 tended to be corre-
lated with increased tumor sizes (both p00.003, Mann–
Whitney U test) and advanced Borrmann type tumors (p0
0.015 and p00.044, respectively, Kruskal-Wallis H test).
Moreover, expression levels of miR-192 were significantly

lower in the pT4 stage of gastric cancer than in pT1, pT2
and pT3 stages (p00.026). This means that patients with
invasion of the visceral peritoneum or adjacent structures
may have significantly lower expression levels of miR-192
in gastric cancer. However, there was no significant differ-
ence between miR-192 and -215 expression levels and other
clinicopathological characteristics, such as sex, age, tumor
location, histologic grade, lauren grade, pN stage, TNM
stage or lymphatic vessel invasion (Table 2).

Strong Correlations between miR-192 and -215

There was a strong correlation between the expression levels
of miR-192 and -215 in gastric cancer tissues by Pearson
regressions (p<0.001, Fig. 3). The correlation coefficient
was 0.906.

Discussion

In recent years, more evidence has shown miRNAs may be a
novel class of oncogenes/tumor suppressors and the corre-
lation between miRNAs and cancers has become a focus for
the diagnosis and treatment of cancer [20]. miRNAs can be
quantified using many methods, including a microarray

Fig. 1 Expression of miR-192 and -215 in 118 patients with gastric
cancer. (a) (c) Quantification of miRNAs was measured by SYBR
Premix Ex Taq™ II. Each sample was analyzed in triplicate and
repeated three times. Data were presented as log2 of fold-change of
gastric cancer tissues relative to matched non-tumor adjacent tissues

(NATs). (b) (d) miR-192 and -215 were differentially expressed be-
tween gastric cancer tissues and NATs. The miRNAs were normalized
by U6RNA. ΔCt 0 Ct miRNAs-Ct U6RNA. However, the ΔCt of miRNAs
were not significant in gastric cancer tissues compared to NATs (p>
0.05, paired t-test)

Fig. 2 Expression of miR-192 and -215 in three gastric cancer cell lines
(MGC-803, BGC-823 and SGC-7901). Quantification of miRNAs was
measured by SYBR Premix Ex Taq™ II. Data were presented in gastric
cancer cell lines relative to normal gastric tissues (randomly selected
from previous 118 cases as controls, *p<0.01, **p<0.001)
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assay, bead-based flow cytometric assay and real-time PCR
assay. Yanaihara et al. [21] evaluated expression levels of 43
miRNAs among lung cancer tissues versus corresponding
noncancerous lung tissues with a miRNA microarray meth-
od, of which miR-192 was up-regulated in lung cancer.
Moreover, the up-regulated miR-192 was also found in
170 patients with esophageal cancer compared to non-
tumor counterparts using a miRNA microarray method
[22]. Furthermore, Gui et al. indicated that miR-215 in
hepatocellular carcinoma was up-regulated by real-time
PCR [23]. However, down-regulated miR-192 and -215
were also found in colorectal cancer tissues and cell lines
using a microarray analysis [24, 25]. Also, a dramatic re-
duction of miR-192 and -215 expression levels was ob-
served in rat colon adenocarcinoma with real-time PCR
[26]. Taken together, we think the differential expression
of miR-192 and -215 may be the result of tissue-specific
differences. Just as previous study suggested, different lev-
els of miRNA expression were found in different organs of
origin and it was found that the expression of miRNAs were
markedly tissue-specific [27].

Table 2 Association between the expression of miR-192 and -215 with
clinicopathological features in patients with gastric cancer

Gastric cancer n miR-192a miR-215a

Sex

Male 84 0.722(0.213–3.074) 0.722(0.255–3.645)

Female 34 1.121(0.533–3.689) 1.436(0.556–4.457)

p 0.159 0.091

Age (years)

≤60 57 1.123(0.383–3.355) 1.087(0.475–4.176)

>60 61 0.566(0.198–3.074) 0.631(0.204–3.809)

p 0.275 0.186

Tumor size (cm)

≤5 67 1.167(0.506–3.490) 1.621(0.512–4.605)

>5 51 0.421(0.126–1.347) 0.552(0.176–1.713)

p 0.003b 0.003b

Tumor location

Upper stomach 7 0.535(0.313–2.110) 0.826(0.701–3.060)

Middle stomach 43 0.824(0.315–3.434) 0.935(0.178–3.672)

Lower stomach 65 0.865(0.311–3.092) 1.030(0.315–4.372)

Entire stomach 3 7.819(0.027–7.983) 7.144(0.031–9.211)

p 0.746 0.799

Macroscopic type

Early stage 3 5.370(3.074–8.497) 6.981(5.401–9.339)

Borrmann I+II 10 3.057(0.594–5.050) 2.501(0.300–5.043)

Borrmann III
+IV

105 0.734(0.228–2.603) 0.922(0.267–3.618)

p 0.015b 0.044b

Histologic grade

Well/
moderately
well
differentiated

23 1.112(0.363–3.490) 0.922(0.301–3.564)

Poorly
differentiated

95 0.720(0.230–3.074) 0.979(0.268–3.945)

p 0.149 0.649

pT stage

T1+T2+T3 73 1.112(0.382–3.498) 1.313(0.389–4.507)

T4 45 0.566(0.140–1.389) 0.658(0.177–1.716)

p 0.026b 0.064

pN stage

N0 30 1.125(0.487–3.892) 1.914(0.683–4.758)

N1 16 0.587(0.172–2.026) 0.499(0.181–1.700)

N2 22 0.642(0.165–1.779) 0.824(0.186–5.199)

N3 50 1.121(0.322–3.448) 1.055(0.259–3.740)

p 0.204 0.138

pTNM stage

I 10 2.149(0.916–3.865) 2.528(1.029–5.796)

II 32 0.760(0.322–2.952) 0.670(0.205–3.345)

III 76 0.728(0.244–3.056) 0.948(0.279–3.945)

p 0.393 0.257

Invasion into lymphatic vessels

Negative 83 0.822(0.313–3.364) 1.055(0.271–4.408)

Positive 35 0.824(0.208–1.347) 0.822(0.285–1.713)

Table 2 (continued)

Gastric cancer n miR-192a miR-215a

p 0.421 0.227

aMedian of relative expression with 25–75th percentile is recorded in
parentheses
b Indicates statistical significance (p<0.05)

Fig. 3 There was a strong correlation between miR-192 and -215 in
gastric cancer tissues. ΔΔCt-miRNA 0 (Ct-tumor-miRNA-Ct-tumor-U6RNA)-
(Ct-non-tumor-miRNA-Ct-non-tumor-U6RNA)
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Because the main advantage of real-time PCR is that it is
more quantitative and sensitive than other methods, we
performed real-time PCR on 118 samples with gastric can-
cer to assess both miR-192 and -215 expression levels in the
current study. There was no significant difference in miR-
192 or -215 expression levels between gastric cancer tissues
and matched NATs. Interestingly, miR-192 and -215 were
down-regulated in gastric cancer cells compared with the
control group. However, Jin et al. [28] reported that both
miR-192 and -215 were significantly over-expressed in 25
primary gastric cancer tissues versus 31 non-neoplastic gas-
tric tissues (1.838 vs. 0.937, p00.016; 0.222 vs. 0.083, p0
0.017, respectively, obtained from Baltimore, MD, USA)
and gastric cancer cell lines (NCI-N87) versus normal gas-
tric epithelial cells (NFE145). Therefore, research on the
expression levels of miR-192 and -215 have been contro-
versial in gastric cancer to date. As in previous studies,
Volinia et al. [29] indicated that miR-155 was down-
regulated in 39 pancreatic cancer tissues relative to 12
normal pancreatic tissues (obtained from Italy). However,
up-regulated miR-155 was also found in 28 pancreatic can-
cer tissues compared to 21 non-tumor tissues (obtained from
Oklahoma and Ohio, USA) [30]. Possibly, the different
miRNA expression levels may be due to different popula-
tions and different environments [31]. Also, small sample
sizes may have contributed to this inconsistency. Consider-
ing these variations in results, we think the differential
expression of miR-192 and -215 may be caused by various
combinations of factors, such as tissue-specificity, different
populations, different environments and small sample sizes.
To confirm, further investigation is needed.

In the current study, our investigation showed that the
down-regulated miR-192 and -215 were closely correlated
with increased tumor size and a higher degree of tumor
invasiveness in gastric cancer. The expression levels of
miR-192 and -215 were significantly lower in Borrmann
III and IV types of gastric cancer than in Borrmann I and
II types. Moreover, lower expression of miR-192 was also
observed in the pT4 stage of gastric cancer than other pT
stages. That means that patients with invasion of the visceral
peritoneum or adjacent structures may have significantly
lower expression of miR-192 in gastric cancer. Kim et al.
[32] indicated that increased tumor size in gastric carcinoma
was an independent, statistically significant prognostic fac-
tor using Cox’s proportional hazard regression model. Also,
more studies have demonstrated that both macroscopic ap-
pearance and depth of invasion were independent prognostic
indicators in gastric carcinoma [33, 34]. Thus, expression
levels of miR-192 and -215 might associate with a more
aggressive course in gastric carcinoma. Furthermore, we
found a strong correlation between miR-192 and -215 in
gastric cancer tissues. As shown on the miRbase website,
miR-192 and -215 have the same 8-mer seed sequence, and

only two nucleotides differ between them, with both miR-
NAs belonging to the miR-192 family. We therefore suggest
that miR-192 and -215 might contribute to carcinogenesis of
gastric cancer in synergism. In future study, we will provide
more information to explain the functions of miR-192 and -
215 in gastric cancer.

The miRNA expression levels were affected by many
factors, including transcriptional factors, mutations, dele-
tions, and methylation. Pichiorri et al. reported that hyper-
methylation of the miR-194-2-192 cluster promoter in
multiple myeloma (MM) cell lines suggested that epigenetic
down-regulation of both miRNAs, which leads to an in-
crease in murine double minute 2 (MDM2) mRNA and
protein expression, decreases the ability of p53 to down-
modulate MDM2 expression [35]. Moreover, miR-192 and
-215 have the same “seed regions”. Thus, we speculate that
hypermethylation might be the mechanism for the down-
regulation of miR-192 and -215 in gastric cancer.

In conclusion, miR-192 and -215 were down-regulated in
gastric cancer cell lines and their down-regulation in gastric
cancer tissues tended to be associated with increased tumor
sizes and advanced Borrmann types of tumors. Moreover,
expression levels of miR-192 were significantly lower in the
pT4 stage of gastric cancer than other pT stages. Target
genes and functions of miR-192 and -215 will become a
focus of our studies in gastric cancer. To confirm the signif-
icance of miR-192 and -215 large-scale and long-term
follow-up studies are needed.
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