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Abstract

AIM: To investigate the expression of microRNA-218
(miR-218) in serum from gastric cancer patients and its
relationship with clinicopathological characteristics.

METHODS: A total of 68 patients with pathologically
diagnosed gastric cancer and 56 healthy individuals
were recruited to this study. The expression of miR-218
was detected in the serum of gastric cancer patients
and healthy individuals by quantitative real-time poly-
merase chain reaction. The clinical data were collected
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and analyzed by statistical software.

RESULTS: miR-218 was reduced significantly in the se-
rum of gastric cancer patients compared to healthy in-
dividuals (1.15 £ 0.08 vs 0.37 + 0.023; £ = 0.026). In
the gastric cancer group, serum expression of miR-218
was lower in patients with metastasis and poorly dif-
ferentiated cancer compared with non-metastatic and
well-differentiated cancer (0.19 + 0.011 vs 0.45 =
0.021, P = 0.031 and 0.21 + 0.019 vs 0.49 + 0.021, P
= 0.025). Serum miR-218 was found to be significantly
associated with gastric cancer metastasis (P = 0.003),
tumor T stage (P = 0.018) and tumor grade (P = 0.012).
Low serum expression of miR-218 was related to an
increase in the stage of gastric cancer. The expression
level of miR-218 in the serum was correlated with the
3-year survival. Ninety-seven percent of patients with a
high level of miR-218 expression survived for 3 years,
while only 54% of those with low miR-218 expression
survived.

CONCLUSION: miR-218 is deregulated in gastric
cancer patients and is strongly correlated with tumor
stage, grade and metastasis. Serum expression of
miR-218 may be a prognostic marker.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: microRNA-218 (miR-218) has been shown to
be a tumor-suppressor miRNA in several cancers. In
this study, we investigated the expression of miR-218 in
the serum of gastric cancer patients and its relationship
with clinicopathological characteristics. miR-218 was
deregulated in gastric cancer patients and associated
with tumor invasion and prognosis.
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INTRODUCTION

Gastric cancer is the second most common cancer world-
wide and causes neatly 1 million deaths annuallym. How-
ever, to date, our knowledge about gastric cancer invasion
and metastasis is limited. Therefore, further screening
and investigation of some new predictive and prognostic
markers are warranted, which could be helpful in find-
ing new therapeutic targets and strategies and improving
prognosis. Recent studies about mictoRNAs (miRNAs)
might shed light on this problem.

Two decades ago, miRINAs were discovered as a novel
class of evolutionarily conserved, small (18-24 nucleo-
tides), noncoding RNA molecules that are important
regulators of gene expression[3’4]. By targeting the 3’ un-
translated region (UTR) of mRNA transcripts, miRINAs
influence RNA stability and translational efficiency via
degradation or protein translation inhibition, respec-
tivelyp’s"g]. miRNAs are involved in cellular proliferation,
differentiation, apoptosis, angiogenesis, invasion and
migration[()’w]. Thus, alterations in miRNA expression can
affect crucial biological processes in cancer development
and progression, such as proliferation, differentiation and
apoptosis' "%, As reported previously, some miRNAs
are reduced in malignancies and function as tumor sup-
pressors Y. mictoRNA (miR)-218 is downregulated in
glioma, bladder cancer, lung cancer and oral cancer>",
In vitro assays have shown that restored expression of
miR-218 enhances tumor growth and invasion, but
reduces apoptosis' . Therefore, we investigated the
expression of miR-218 in the serum of gastric cancer
patients using quantitative real-time polymerase chain re-
action (QRT-PCR), and analyzed the relationship between
miR-218 levels and clinicopathological characteristics.

MATERIALS AND METHODS

Blood samples

A total of 68 patients with pathologically diagnosed gas-
tric cancer were recruited from January 2009 to June 2010
at the First Affiliated Hospital of Henan University of
Science and Technology (Henan Province, China). Blood
samples were obtained before any treatment and im-
mediately centrifuged; sera and other components were
stored at -80 “C. Blood samples from 56 healthy people
were used as controls. The control group was defined as
healthy individuals who visited hospital for routine check-
up, and they did not have any gastric lesions or a history
of malignancy. Permission was obtained from the hospi-
tal Ethical Committee, and written informed consent was
provided by all patients.
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RNA isolation and qRT-PCR

TRIzol reagent (CWhio Co. Ltd., Beijing, China) was
used to isolate total RNA from the snap-frozen tissues.
The isolated RNA was treated with DNase [ (Invitrogen,
Catlsbad, CA, United States). The RNA concentration
and purity were determined using NanoDrop ND-1000.
The ratio of 285/18S was analyzed by Glyko Bandscan
5.0. RNA quality and quantity were determined by spec-
trophotometer (Wilmington, DE, United States) at 260
and 280 nm. Reverse transcription of RNA was per-
formed using the NCode miRNA First-Strand cDNA
Synthesis Kit (Invitrogen, United States). qRT-PCR was
performed with the Light Cycler 2.0 Real-Time PCR
System (Roche, Germany) in a total volume of 20 pL
in glass capillaries containing 2 pul. cDNA, 0.8 pl. each
primer, and 10 pL. Light Cycler TagMan Master Mix
(Invitrogen). The PCR for the miR-21 gene was initiated
using a 10-min denaturation step at 95 C followed by
termination with a 30-s cooling step at 40 C. The cycling
protocol consisted of denaturation at 95 'C for 15 s and
annealing at 60 C for 60 s; this cycle was performed 40
times. Fluorescence detection was performed at the end
of each extension step. The PCR products were con-
firmed by melting curve analysis. For data analysis, we
used the cel-miR-39 as an endogenous control. All pro-
cedures were repeated three times. The relative expres-
sion of miR-218 for gastric cancer and normal controls
was calculated by the 2" method. The mean relative
expression of miR-218 in the serum of healthy people
was set as N, and all relative expressions of miR-218 in
samples of gastric cancer were compared with it. Based
on the ratios, we determined low miR-218 expression (T/
N < 1.2); medium expression (I'/N = 1.2-10); and high
expression (T/N > 10).

Statistical analysis

Differences of miR-218 expression in the two groups were
assessed by one-way analysis of variance. The Mann-
Whitney U test was used to determine the associations of
miR-218 expression and Gastric Cancer clinicopathologi-
cal features. Survival functions and differences were cal-
culated by the Kaplan-Meier method and assessed using
the log-rank statistic. Multivariable survival analyses were
performed using the Cox proportional hazards regression
model. SPSS version 17.0 was used for statistical analysis.
Statistically significant level was defined as P < 0.05.

RESULTS

Clinical and pathological variable analysis

Demographic and clinicopathological variables for the
cohort are summarized in Table 1. Sixty-eight patients
with gastric cancer were included in this study (46 male
and 22 female) aged 35-82 years (mean = 63 years). Path-
ological classification of tumor grading resulted in 18
pootly differentiated, 24 moderately differentiated and 26
well differentiated tumors, and T staging resulted in 19 as
T1,17 as T2, 15 as T3, and 17 as T4. There were 28 cases
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Table 1 microRNA-218 expression in sera of normal subjects

and gastric cancer patients

Table 2 microRNA-218 expression in serum of healthy
individuals and gastric cancer patients

Parameters n microRNA-218 expression P value Variable n microRNA-218 expression P value
Low Middle High Low Medium High

Age 0.0816 GC 68 36 24 8
< Mean 22 11 8 8 NS 56 7 32 17 0.018
> Mean 46 24 16 6

Gender 0.0866 GC: Gastric cancer; NS: Normal serum.

Male 49 24 19 6
Female 19 11 4 4

Location 0916 Figure 1C). Moreover, there was a significant dectease

ﬁ?gglr 12 z i f in miR-218 expression in the serum of gastric cancer
iddle . C g _
E— - 2 - 7 patients compared to the healthy individuals (P = 0.018,

T-stage' 0.018 Table 2).

T1 19 4 12 8]

g g 12 g i miR-218 expression and gastric cancer features

o i 2 3 q The relationships between miR-218 expression and clini-
T4b 7 3 0 copathological variables of gastric cancer are summarized

N- stage' 0.021 in Table 1. There was no significant relationship between
NO 16 3 6 7 miR-218 expression and patient age (P = 0.816), sex
N1 1 6 4 ! (P = 0.866), and tumor location (P = 0.916). However,
N2 10 7 2 1 ) e . .
N3a ) 5 0 0 miR-218 was fgund to be significantly associated with
Nx 29 16 10 3 tumor metastasis (P = 0.003), tumor T stage (P = 0.018),

Metastasis' 0.003 and tumor grade (P = 0.012). Taken together, these find-
Metastasis o8 o o & ings strongly imply that miR-218 expression was nega-
Non-metastasis 40 11 19 10 . . . s . .

Grade? i tively correlated with tumor differentiation, invasion, and
Well differentiated 26 10 13 3 metastasis, which are associated with tumorigenesis and
Moderately 24 12 9 3 tumor progression.

differentiated
Peorly differentiated 18 15 ! 2 Relationship between miR-218 expression and gastric

Resection 0.0662 .

Resections 39 18 12 9 cancer prognosis
No-resections 29 16 10 3 The expression level of miR-218 correlated with 3-year

'Tumor stage was determined using the 2009 TNM staging classification
system. “Tumor grade was determined using the Fuhrman classification
system (well differentiated = grade 1/2; moderately differentiated = grade
3; and poorly differentiated = grade 4).

of metastatic gastric cancer and 40 non-metastatic cases.
Follow-up for the entire cohort ranged from 18 to 36 mo
(mean = 29.6 mo).

miR-218 expression in serum of gastric cancer patients
and healthy individuals

qRT-PCR analysis was performed to demonstrate the
differences in miR-218 expression in gastric cancer and
normal serum. Expression of miR-218 was significantly
decreased in gastric cancer compared with normal serum
(1.15 £ 0.08 »5 0.37 £ 0.023, P = 0.026, Figure 1A). Fur-
thermore, compared with the earlier stages (stage I and
II) and non-metastasis, the later stages (stage Il and V)
(0.48 £ 0.023 »s0.22 £ 0.011, P = 0.023 and 0.45 + 0.021
»s 0.19 = 0.011, P = 0.031; Figure 1B and D) and metas-
tasis had lower serum expression of miR-218. There was
a significant difference between the well-differentiated
and poorly differentiated tumors in serum expression

of miR-218 (0.49 £ 0.021 »s 0.21 * 0.019, P = 0.025,
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survival and tumor stage. Associations between the
miR-218 expression parameters and overall survival were
evaluated by Kaplan-Meier survival analysis with log-
rank statistics for determining significance (Figure 2).
The mean overall survival was significantly decreased in
the low miR-218 group compared to the high miR-218
group (low miR-218: mean overall survival 23.6 mo, high
miR-218: mean overall survival 35.6 mo; P = 0.008). For
patients with high miR-218, 97% survived for 3 years
after surgery, while for those with low miR-218 expres-
sion, only 54% survived. In patients with low, medium
and high miR-218 expression, the percentage of those in
stage I decreased by 87%, 31.5% and 17.5%, respectively.
This implies that increased expression of miR-21 corre-
lates with increased gastric cancer stage.

In a multivariate analysis based on the Cox propor-
tional hazards regression model, we tested the indepen-
dent predictive value for miR-218 expression as well as
relevant clinical and pathological parameters including
sex, age, tumor location, tumor size, metastasis or not, T
stage and grade. As shown in Table 3, decreased miR-218
expression proved to be an independent prognostic
marker for overall survival (P = 0.035), in addition to the
presence of tumor metastasis (P = 0.005) and high tumor
grade (P = 0.000).
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Figure 1 Expression of microRNA-218. A: Expression of microRNA (miR)-218 in the serum of gastric cancer patients (n = 68) and healthy controls (n = 56) (°P
= 0.026); B: Relationship between expression of miR-218 and tumor stages 1/1I (n = 40) and I/IV (n = 28) (*P = 0.023); C: Relationship between expression of
miR-218 and well-differentiated (n = 26) and poorly differentiated (n = 18) tumor (*P = 0.025); D: Relationship between expression of miR-218 and tumor metastasis (n

= 28) and non-metastasis (n = 40) (°P = 0.031).

Survival functions

1.2
Lo et ——*——,
—~ ‘n»’\\
R 08 e
T : N
% 06 > e
g —e— High miR-218
O 04 ---e--- Low miR-218
0.2
0.0 ‘ ‘
0 6 12 18 24 30 36

Survival time (mo)

Figure 2 Kaplan-Meier estimates of cumulative overall survival by mi-
croRNA-218. Significant difference was observed between the high and low
microRNA (miR)-218 subgroups indicating the predictive value of miR-218 for
gastric cancer (P = 0.008).

DISCUSSION

To the best of our knowledge, this is the first study of
the expression of miR-218 in the serum of gastric can-
cer patients. We detected miR-218 in the serum of 68
patients with gastric cancer and in 56 healthy individu-
als using qRT-PCR. We also examined the relationships
between expression of miR-218 and clinicopathological
characteristics. The results showed that miR-218 expres-
sion in the serum of gastric cancer patients was lower
than that in the serum of healthy individuals, indicating
that miR-218 may be associated with carcinogenesis and
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cancer development.

In gastric cancer, patients with regional or distant
metastasis usually have poor outcomes. Unfortunately,
the exact mechanisms of invasion and metastasis are
still unknown. In recent decades, studies on miRNAs
have shown their potential advantage in uncovering the
mechanisms of tumor invasion and metastasis”. In the
latest studies, several tumor suppressor miRNAs were re-
duced in human malignanciesmj. miR-218 is one of those
that could suppress tumor progression and invasion.
Although many miRs, such as miR-21, miR-27a and the
miR-106b-25 cluster, are increased in gastric cancer, other
miRs, especially miR-218, are reduced. Furthermore, Gao
et al™ used a stem-loop RT-PCR assay to detect miR-218
expression levels in 20 pairs of gastric tissue samples.
They identified the specific downregulation of miR-218
in gastric cancer, and they observed that the forced ex-
pression of miR-218 decreased cell proliferation mark-
edly and induced apoptosis in gastric cancer cell lines,
consistent with previous microarray data”"*
in other malignancies, miR-218 reportedly was highly
expressed; for example, in acute and chronic lymphocytic
leukemia, miR-218 and miR-34a were considered to func-
tion as carcinogenic miRs”*Y. These differences in miR
expression may reflect the developmental lineage and/or
the state of differentiation in the tumor. As the status
of serum miR-218 in gastric cancer has not been well
studied, we investigated the expression of miR-218 in the
serum of gastric cancer patients and detected its relation-
ships with clinical parameters. According to our results,
miR-218 in the serum was decreased in gastric cancer, es-
pecially in the later stages, highlighting its roles in tumor

I, However,
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Table 3 Cox regression analysis parameters for overall survival in gastric cancer (Backward: LR)

Variable B SE Wald df P value HR 95%Cl
miR-218 expression (high vs low) 1.161 0.8556 4.284 1 0.035 3.162 1.062-9.401
T-status (T12 vs Ts4) 1.713 0.4126 5.536 1 0.027 3.347 1.193-31.643
N-status (No1 vs N23) 2.026 0.583 8.746 1 0.007 9.321 2.438-37.465
Metastasis (non-M vs M) -1.463 0.522 7.698 1 0.005 0.231 0.091-0.653
Grade' 1.162 0.484 5.782 1 0.016 3.212 1.230-8.265
Grade® 2.312 0.664 12.136 1 0.000 10.061 2.753-36.857

1Moderately differentiated vs well differentiated; 2Poorly differentiated vs well differentiated. B: Coefficient; df: Degree of freedom; M: Metastasis; non-M:

Non-Metastasis; miR: microRNA.

development and progression. This phenomenon was
consistent with results of previous studies">"”. In addi-
tion, the expression of miR-218 in the serum was lower
in later stage gastric cancer. In the gastric cancer group,
patients with lymphatic node metastasis showed lower
expression of serum miR-218. Furthermore, our Kaplan-
Meier survival analysis with log-rank statistics suggested
that downregulation of miR-218 expression was posi-
tively correlated with tumor-related mortality. Meanwhile,
our multivariate analysis suggested that downregulation
of miR-218 expression had a prognostic effect indepen-
dent of tumor metastasis, stage and grade. Our findings
further implied that miR-218 might be an important
factor in tumor invasion”. However, one must keep
in mind that the findings from multivariate analyses in
our study were based on a limited number of cases and
clinicopathological parameters, and require confirmation
from the analysis of larger cohorts.

Many studies have tried to identify pathways through
which miR-218 can regulate tumor invasion, such as
IKK-B, Slits-Robo, nuclear factor-kB, Survivin, and Ric-
tor- AR 18202 According to these publications, the
loop of Slit-miR-218-Robo has been the most studied.
In a study about cervical cancer, it was demonstrated that
miR-218 could inhibit tumor invasion and metastasis by
targeting the Robol receptorlw]. Moreover, interactions
between miR-218 and the Slit-Robo pathway were also
demonstrated in nasopharyngeal cancer and vascular for-
mation”**".

To date, there are few gastric cancer-specific biomark-
ers that have been used clinically for diagnosis and pre-
diction of prognosis. Although miR-218 seems not to be
a specific marker for gastric cancer, it can probably ben-
efit patients due to its significance in prediction of tumor
prognosis. From the clinical viewpoint, low expression of
miR-218 might be considered as a risk factor for tumor
progression, and thereby a strict systemic therapeutic
strategy after surgery, such as immunotherapy, angio-
genesis inhibitor drugs, chemotherapy, and radiotherapy
with regular investigation might improve prognosis. Li
et al”” found a safe and highly efficient method for gene
delivery to solid tumors by self-assembled supramo-
lecular nanovesicles that shows significant potential for
use in practical gene therapy. As such, we may improve
the_prognosis of gastric cancer patients by changing the
expression of miR-218 with these simply tailored non-
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cytotoxic nanovesicles in future.

In summary, we found that the expression of
miR-218 in serum was frequently reduced in gastric can-
cer, and that this expression had a close relationship with
later tumor stages, metastasis and differentiation, which
confirms that miR-218 is a tumor suppressor miRNA in
gastric cancer. We also found that miR-218 might be a
prognostic marker, which needs to be verified in further
follow-up studies.

COMMENTS

Background

Poor expression of miRNAs reportedly plays an important role in gastric
carcinogenesis. microRNA-218 (miR-218) has been shown to be a tumor sup-
pressor miRNA in several cancers. Furthermore, large microarray assays have
indicated that there is significant downregulation of miR-218 in gastric cancer.
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growth and invasion, and reduces apoptosis.

Peer review

This study was interesting, with a novel approach to the molecular biology of
gastric cancer. The assay method was of good quality. The number of patients
and controls was adequate. This was a carefully performed study and the
findings are of considerable interest. This is perhaps the first report about the
expression of miR-218 in serum of gastric cancer patients, which may be im-

June 14, 2014 | Volume 20 | Issue 22 |



portant for the diagnosis, treatment and prognosis of gastric cancer.
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