W J

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/ wjg.v20.i32.11347

World | Gastroenterol 2014 August 28; 20(32): 11347-11355
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2014 Baishideng Publishing Group Inc. All rights reserved.

RETROSPECTIVE STUDY

MicroRNA-218 is upregulated in gastric cancer after
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Abstract

AIM: To investigate the molecular mechanisms of miR-
NA in advanced gastric cancers (AGCs) before and after
cytoreductive surgery (CRS) + hyperthermic intraperito-
neal chemotherapy (HIPEC).

METHODS: A miRNA microarray containing human ma-
ture and precursor miRNA sequences was used to com-
pare expression profiles in serum samples of 5 patients
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with AGC before and after CRS + HIPEC. The upregu-
lation of miR-218 was confirmed by real-time reverse
transcription polymerase chain reaction and its expres-
sion was analyzed in SGC7901 gastric cancer cells.

RESULTS: miRNA microarray chip analysis found that
the level of miR-218 expression was upregulated more
than 8 fold after CRS + HIPEC. Furthermore, miR-218
increased gastric cancer cell chemosensitivity to cispla-
tin /n vitro and inhibited gastric cell tumor growth in
nude mice /n vivo (0.5 vs 0.78, P < 0.05).

CONCLUSION: Our results indicated that targeting
miR-218 may provide a strategy for blocking the devel-
opment of gastric cancer and reverse the multi-drug
resistance of gastric cell lines.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: MicroRNAs (miRNAs) are short single-stranded
RNAs associated with gene regulation at the transcrip-
tional and translational levels. miRNA up- or down
regulation has been linked to cancer development. We
analyzed miRNA expression in advanced gastric cancers
before and after cytoreductive surgery (CRS) and hyper-
thermic intraperitoneal chemotherapy (HIPEC) to gain
further understanding of the molecular mechanisms of
CRS + HIPEC. Furthermore, we described the regulation
and function of miR-218 in gastric cancer emphatically.
Our results indicated that targeting miR-218 may provide
a strategy for blocking the development of gastric cancer
and can reverse the multi-drug resistance of gastric cell
lines.
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INTRODUCTION

Gastric cancer is the second leading cause of cancer
death in the world, with often a poor prognosis due
to the advanced stage of the disease at diagnosis. The
peritoneum is the most common site of metastasis in
patients with gastric cancer'’, Although surgery and che-
motherapy can be curative for early-stage disease, the
prognosis for patients with advanced disease is poor. In
China, advanced gastric cancer (AGC) is the third leading
cause of cancer deaths, with 300000 deaths per year'”. In
addition to hematogenous and lymphatic metastasis, pa-
tients with AGC may have free cancer cells dissemination
in the peritoneal cavity, leading to peritoneal carcinoma-
tosis (PC). PC may be present in 5%-20% of patients un-
dergoing gastrectomy of AGC. The prognosis and sut-
vival of patients with gastric originated PC are extremely
poorm‘.

2010 French guidelines designated cytoreductive
surgery (CRS) and hyperthermic intraperitoneal chemo-
therapy (HIPEC) as the standard method for treating
colorectal PCs”| and evaluated the effectiveness of CRS
+ HIPEC treatment for other primary tumors, including
gastric cancer, ovarian, and sarcoma'”®. CRS + HIPEC
can reduce visible tumor burden and HIPEC can eradi-
o improving outcomes in pa-

cate micro-metastases
tients with AGC of PC'".

HIPEC was performed by our self-developed “BR-
TRGI type high-precision hyperthermic perfusion
intraperitoneal treatment system” with precise = 0.2 'C
temperature control, = 5% flow control accuracy, and an
automatic cooling function.

Patients completed the first session of HIPEC in the
operating room under general anesthesia. At the first ses-
sion, 5-fluorine and cisplatin were added into the 0.9%
sodium chloride (3500-5000 mL) as perfusion liquid.
HIPEC was then performed for 60 min with a velocity
of 450-600 mL/min and an inflow temperature of 43 £
0.2 C.

Several non-randomized comparative studies have
suggested that CRS + HIPEC is superior to CRS alone
in patients with AGC"*". Although CRS + HIPEC is
an accepted method of treatment, its exact molecular
mechanisms have not been fully elucidated.

MicroRNAs (miRNAs) are small non-coding RNA
molecules with gene regulation capabilitieslm’m. Ma-
ture miRNAs bind to 3’ untranslated regions of target
mRNA, leading to the silencing of mRNA. These miR-
NAs have been found to regulate complicated biological
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behaviors, including cell proliferation, differentiation,
and death. Specific miRNAs have been found to be as-
sociated with various types of cancer, including miR-
34a, miR-21, miR-16, and miR-92a in breast cancer>>";
miR-101 in gastric cancer™; miR-130a, miR-203,
miR-205, and miR-21 in prostate cancer™*"; miR-182
in melanoma®™; and miR-92b and miR-9/9* in brain
tumors””. In contrast, few miRNAs have been shown
to be associated with AGCs after CRS and HIPEC. The
importance of miRNAs in cancer was highlighted by the
discovery that more than 50% of miRNA target cancer-
assoclated genomic regions or fragile sites, including lung,
breast, brain, liver, colon cancer, and leukemia”*".

Since the molecular mechanisms of miRNA expres-
sion in AGCs treated with CRS + HIPEC remain elusive,
further research is needed to examine the contribution
of miRNAs to the mechanisms of carcinogenesis and
their association with patient prognosis. We therefore
utilized miRNA microarray chips to analyze the expres-
sion profiles of miRNAs in five patients with AGC being
treated with CRS + HIPEC. We found that miR-218 was
upregulated by more than 8 fold, which was confirmed
by polymerase chain reaction (RT-PCR). These findings
indicate the molecular basis of CRS + HIPEC effects in
patients with AGC.

To further define the function of miR-218, it was up-
regulated in human gastric cancer cells (SGC7901), and
cell vitality and chemosensitivity were then studied.

MATERIALS AND METHODS

Patients

Five patients with gastric PC, 4 men, and 1 woman, aged
46-75 years (median, 50.3 £ 1.6 years) were recruited
from January to June 2012 (Table 1) and treated with
CRS + HIPEC. Eligibility criteria included the following:
(1) no prior chemotherapy or chemotherapy administered
more than 6 mo ago; (2) an Eastern Cooperative Oncol-
ogy Group performance score of 0-2; (3) adequate bone
marrow, hepatic, and renal functions; and (4) 18-75 years
of age. All diagnoses of AGC were confirmed histologi-
cally. Pre- and post-operative serum samples were col-
lected from the 5 patients. All patients provided written
informed consent, and the study protocol was approved
by the ethics committee of Guangzhou Medical College
and was in accordance with the Helsinki Declaration on
ethical principles for medical research involving human
subjects.

CRS and HIPEC

All CRS and HIPEC procedures were performed by the
same team of surgical oncologists and anesthesiologists.
Abdominal exploration was performed according to pre-
viously reported methods™. The volume and character
of ascites were also recorded. After evaluation, patients
were scheduled for CRS and HIPEC"". HIPEC used
to manage peritoneal surface malignancies was in ac-
cordance with the standard protocol of our center. Hy-
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Table 1 Clinical background of 5 patients with advanced gastric cancer

Age Sex  TNM stage Histology of tumor Drug regimen Duration of ECOG HIPEC Time of Following time
of HIPEC  HIPEC (min) temperature ('C) surgery (h)  (yr) and results

49 Male  T4aN1MO Poorly-differentiated 5-Fu cisplatin 60 1 43 3 1, alive
adenocarcinoma

56 Male  T3N2MO  Moderately-differentiated  5-Fu cisplatin 60 2 43 815 1.5, alive
adenocarcinoma

67 Female T4N2MO Poorly-differentiated 5-Fu cisplatin 60 0 43 3.8 1, dead
adenocarcinoma

53 Male T3N1MO Poorly-differentiated 5-Fu cisplatin 60 1 43 4 1.2, dead
adenocarcinoma

62 Male  T4bNOMO Moderately-differentiated  5-Fu cisplatin 60 2 43 3 0.5, alive

adenocarcinoma

ECOG: Eastern Cooperative Oncology Group; HIPEC: Hyperthermic intraperitoneal chemotherapy.

perthermic perfusion was performed with 4 L. of heated
saline supplied with 60 mg of cisplatin and 1000 mg of
5-FU. Human serum samples were collected from the 5
AGC patients 1 h before and 1 h after CRS + HIPEC,
which were quickly frozen in liquid nitrogen and stored
at-80 C.

RNA isolation

Total RNA was isolated from samples using TRIzol kits
(Invitrogen, Carlsbad, CA, United States) according to
the manufacturer’s protocol. Yield and quality of RNA
were assessed by ultraviolet absorbance at 260 nm and
280 nm.

miRNA microarrays

miRNA was isolated from the total RNA sample using
mirVana miRNA Isolation Kits (Ambion Inc., Austin,
TX, United States). The miRNA quantity was assessed
by a fluorometer (Bio-Rad, Hercules, CA, United States)
and by 1% formaldehyde agarose gel electrophoresis.
Expression of miRNAs was assayed using microRNA
chips (Exiqon, Vedback, Denmark). Serum samples were
sent to KangChen-Biotech (Shanghai, China) for array
hybridization, background subtraction, and normaliza-
tion. Total RNA (5 pg) was labeled with Cy3 modified
RNA linker at the 3’-end using T4 RNA ligase. Briefly,
the reaction was carried out in 3 pL volumes at 37 C for
30 min containing 2.0 pl. RNA, 1.0 puL. of CIP buffer,
and CIP (Exiqon) mixture. The reaction was terminated
by heating at 80 C for 3 min. Images were analyzed with
Genepix Pro 6.0 (Axon). Data were then collected from
three independent experiments and miRNA with at least
2-fold changes were selected for further analysis.

Two step real-time RT-PCR
Real-time quantitative PCR was performed using SYBR
Green PCR kits (SYBR biopars, GUASNR, Iran). The
reaction was carried out in a 20 pl. volume mixture,
containing 300 nM of each primer (forward 5-AAGA-
CACCCTGGACGAAGCC-3’, reverse 5-ACAAC-
CAGAGTCCACCGGCG-3), 10 ng of cDNA.

DNA was amplified with an initial denaturation at
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94 °C for 3 min, followed by 35 cycles of 94 C for 15
s and 59.8 'C for 15 s (gain set at 10 for SYBR Green).
Each experiment was carried out in triplicate. The am-
plification efficiency was assessed based on the slope
of a linear regression model. Ten-fold dilutions of each
cDNA were used as a PCR template.

Cell culture

A human gastric cancer cell line SGC7901 was cultured
in Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with 10% FBS and 1% penicillin/streptomycin at
37 C in 5% CO:s.

Generation of SGC7901 cells with stable expression of
miR-218

SGC7901 cells were first transfection with pCR-miR-218
or pCR-miR-NC, and then selected in 1 mg/mL G418
(Invitrogen) supplied complete DMEM. miR-218 or
miR-NC stable overexpressed cells were obtained after 3-4
wk of selection. The chemosensitivity of these cells were
evaluated using a WST-1 kit (Roche) according to the
manufacturer’s instruction at the indicated times. Each
experiment was carried out in triplicate.

Anchorage-independent colony formation assay

The soft agar colony formation assay was used to moni-
tor anchorage-independent growth. Briefly, agar plates
were prepared using 1% agarose (Sigma, Saint Louis, M1,
United States). Plates were stored at 4 ‘C and pre-warmed
in 37 C before use. Top agar (0.5%) containing 10 cells
were then added onto the well. After 3-4 wk of incuba-
tion, colonies were assessed after methanol fixation and
0.1% crystal violet staining. Colonies with a diameter
greater than 2 mm were counted. Each experiment was
carried out in triplicate.

In vitro assay of chemosensitivity to cisplatin

6 x 10° cells were first seeded in each well of 96-well
plates. After overnight incubation, cisplatin was added
into each well, resulting in the final concentration of 0 to
256 umol/L. Cell viability was determined using WST-1
kit after 72 h. ICso was obtained from three independent
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Table 2 Three-fold upregulation of microRNAs in advanced
gastric cancer tumor serums

MicroRNA Raising multiples P value
miR-218 8.419 0.004
miR-135b 5.317 0.003
miR-135a 4.788 0.016
miR-433 4.401 0.025
miR-409 4.389 0.039
miR-96 4.280 0.050
miR-647 4113 0.067
miR-376a 3.940 0.003
miR-4326 3.899 0.045
miR-1306 3.705 0.021
miR-937 3.699 0.028
miR-326 3.661 0.007
miR-214 3.500 0.001
miR-377 3.403 0.009
miR-661 3.397 0.005
miR-3678 3.235 0.011
miR-632 3.226 0.035
miR-154 3.140 0.028
miR-134 3.119 0.027

experiments. Cisplatin at twice the concentration of ICso
were used in the following studies.

In vivo tumorigenesis study

Twenty four BALB/c nude mice (female, 6-9 wk, Guang-
zhou Laboratory Animal Center, Chinese Academy of
Sciences, Guangzhou, China) were used in the study.
Mice were maintained in a special pathogen-free (SPF)
house with 12 h alternating light and dark cycles, and
were given adequate nutrition and water ad fibitum. 6 X
10° of cells suspended in FBS-free DMEM were injected
into each side of the posterior flank of nude mice subcu-
taneously. Mice were sacrificed and tumors were collected
30 days after implantation. Tumor volume was calculated
as follows: volume = 0.5 X length X width®. Experimen-
tal protocols were reviewed and approved by the Animal
Ethics Committee of Guangzhou Medical College.

Statistical analysis

Quantitative data were presented as mean £ SD. Com-
patisons between the quantitative data were made using
the 7 test. SPSS 16.0 was used in the statistical analysis
and P < 0.05 was considered statistically significant.

RESULTS

miRNA expression profiles in sera of patients with AGC
before and after CRS + HIPEC

miRNA expression profiles of paired serum samples of
5 AGC patients before and after CRS + HIPEC were an-
alyzed by miRCURY™ bead-based flow LNA microarray
platform, using 55 RNA for normalization. The miRNA
expression patterns differed significantly (Figure 1). Of
the miRNAs assayed, miR-218 was upregulated by more
than 8-fold (Table 2).
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Real-time PCR validation of microarray results

Results of the microarray were further validated by quan-
titative RT-PCR, including the results of miR-218, miR-
1352, miR-409, and miR-96. The RT-PCR results were
consistent with the microarray data (Figure 2).

Upregulation of miR-218 suppressed in the proliferation
of gastric cancer

MiR-218 was reported to be downregulated in gastric
cancers”' and was upregulated after CRS + HIPEC.
To explore the roles of miR-218 in drug resistance,
SGC7901 gastric cell line with a stable overexpression
of miR-218 were established by transfecting miR-218
plasmids and then undergoing cisplatin-based selec-
tion. Meanwhile, the SGC7901/miR-NC cell line was
established as a control. The overexpression of miR-218
in SGC7901/miR-218 cells was confirmed by RT-PCR
(Figure 3C). Cell growth was measured using WST-1 kit
at indicated time points.

The results showed that upregulation of miR-218
markedly inhibited the proliferation of SGC7901 cells
(Figure 3A). The anchorage independent colony forma-
tion assay also demonstrated the same results (Figure 3B).

MiR-218 increased chemosensitivity of gastric cancer
cells to cisplatin via its target mTOR inhibitor

To investigate whether miR-218 plays an important role
in the drug resistance of gastric cancer, gastric tumor
cell lines, SGC7901/miR-NC, SGC7901/miR-218, or
SGC7901/miR-218 using mTOR inhibitor rapamycin
and different concentrations of cisplatin (0 to 256 pmol/L)
for 72 h (Figure 4A). Cell viability was measured using
the WST-1 kit. The results showed that overexpression
of miR-218 increased sensitivity of SGC7901 cells to
cisplatin, while rapamycin can further enhance chemo-
sensitivity. Cisplatin at 10 pmol/L showed a remarkable
inhibition of cell proliferation (Figure 4B).

MiR-218 impaired in vivo tumor growth

The chemosensitization role of miR-218 was further ex-
plored using ectopic transplantation in a nude mice mod-
el. Stable cell lines, SGC7901/miR-218, and SGC7901/
miR-NC were injected into nude mice subcutaneously.
Tumor growth in the miR-218 group was reduced sig-
nificantly when compared to the control group (Figure
5A and B). The tumor weights of the xenograft in the
miR-218 group were greater than those in the miR-NC
group (Figure 5C). These data indicated the suppressor
role of miR-218 in gastric cancer.

DISCUSSION

PC of gastrointestinal or primary origin is considered
invariably fatal, with only palliative treatment possible. To
date, no standard treatment has been developed for PC
from AGC, although the original trial of CRS + HIPEC
resulted in a mean overall survival of 7.2 £ 4.6 mo with
acceptable morbidity”. This new treatment modality has
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Figure 1 Hierarchical clustering of microRNA in advanced gastric cancer serum samples. Advanced gastric cancer (AGC) serum samples were clustered ac-
cording to the expression profile of 86 differentially-expressed microRNAs (miRNAs) of the paired serum samples of 5 AGC patients collected 1 h before and 1 h after
cytoreductive surgery plus hyperthermic intraperitoneal chemotherapy. Samples were in columns and miRNAs in rows. The P values for these miRNAs were less than

0.05 in AGC serum samples.

gradually gained acceptance in many countries. A meta-
analysis of 13 randomized controlled trials found that
HIPEC showed marked improvements of survival in
patients with AGC when compared with current treat-
ments””. As a result, CRS + HIPEC was recommended
as the optimal treatment for AGC by a panel of interna-

Baishidenge ~ WJG | www.wjgnet.com

11351

tional expertsm. Nevertheless, this treatment modality
remains controversial, and additional high-quality clinical
studies are still needed in order to prove its effectiveness.

Changes in miRNA expression have been found to
contribute to the initiation and progression of cancer.
The relationship between miRNAs and tumors has
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Figure 2 Upregulation of microRNA after cytoreductive surgery and hy-
perthermic intraperitoneal chemotherapy treatment. °P < 0.05 vs control.

suggested that miRNAs may be altered by treatment
in patients with AGC. We therefore analyzed paired
serum samples from patients with AGC that were ob-
tained before and after CRS + HIPEC. We found that
miR-218 was upregulated by more than 8 fold after CRS
+ HIPEC. Further analysis using computer-aided algo-
rithms (TargetScan and PicTar software) predicted that
more than 30 genes were potential targets of miR-218,
some of which are associated with multi-drug resistance
(MDR). Thus, together with previous studies™ ", our
bioinformatics results suggest that miR-218 may be al-
tered by HIPEC.

In the present study, we focused on the effect of
miR-218 on AGC metastasis and found that miR-218
was a tumor suppressor in AGC metastasis. Furthermore,
miR-218 increased chemosensitivity to cisplatin 7z vitro
and 7 vivo by inducing apoptosis. Cisplatin is currently
used in the treatment of many types of advanced cancer,
including gastric cancer, due to the broadest-spectrum
anticancer capabi]itym. Currently, the most effective sys-
temic treatment for metastatic gastric cancer consists of
cisplatin-based combination chemotherapymj. However,
chemoresistance is still the rnost major and frequent
obstacle to effective treatment””. Our data show that
miR-218 overexpression can reverse the MDR of cis-
platin and can increase the chemosensitivity of gastric
cancer cells. When compared to the mTOR inhibitor ra-
pamycin, the effect is better than miR-218 alone. There-
fore, miR-218 may be used as a biomarker to confirm
the extensiveness of tumor resection and to evaluate the
efficacy of HIPEC.

The key finding in our study is that miR-218 sup-
pressed the proliferation of tumor cells and inhibited the
mTOR signaling pathway in gastric cancer. In addition,
upregulation of miR-218 increased chemosensitivity of
gastric cancer cells to cisplatin via its target mTOR.

In conclusion, we have identified several miRNAs
whose expression was affected before and after CRS +
HIPEC in AGC. The upregulation of miR-218 can in-
hibit AGC cell invasion and metastasis, as well as further
reverse the MDR of cisplatin. The results indicate that
restoration of miR-218 may be a rational therapeutic
strategy for the treatment of AGC in the future. Impor-
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Figure 3 Upregulation of miR-218 inhibited growth of gastric cancers. A:
The upregulation of miR-218 inhibited SGC7901 (human gastric cancer cells)
cell growth. Cell viability was measured using a WST-1 kit at indicated time
points. Data are presented as mean £ SD from three independent experiments
performed in sextuple; B: miR-218 overexpression reduced colony formation of
SGC7901 cells. 103 cells were mixed with agarose and seeded in 9-well plates
for two weeks; C: The expression levels of miR-218 in the parental SGC7901
and the SGC7901/miR-218 stable cell line. Data are presented as mean + SD.
°P < 0.05 vs control.
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Figure 4 miR-218 increased chemosensitivity to cisplatin could be accelerated by overexpression of mTOR. Cells were transfected with miR-NC, or miR-218
with or without mTOR cDNA. Cells were exposed to cisplatin for further detection 10 h after transfection. A: Tumor cells proliferation assay of different cisplatin con-
centrations. 6 x 10° cells were seeded in 96-well plates and incubated with different concentration of cisplatin for 72 h. Data are presented as mean + SD from three
independent experiments performed in sextuple; B: Cell proliferation in the presence of 12 umol/L cisplatin. Data are presented as mean + SD from three independent
experiments performed in sextuple. °P < 0.05 vs control; °P < 0.05 vs miR-218 + mTOR.
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Figure 5 Upregulation of miR-218 inhibited gastric tumor growth in vivo. Cells stably expressing miR-218 or miR-NC were incubated in Dulbecco's modified Ea-
gle’s medium and subcutaneously injected into each side of the posterior flank of nude mice (n = 24). Thirty-three days after injection, mice were sacrificed and tumors
were removed. A: Tumor volume at 33 d; B: Tumor volumes were detected every three days from the time they were obvious; C: Average tumor weights. “Denoted
statistical significance between the two groups of miR-218 and control. °P < 0.05 vs control.

tantly, differential miRNA expression patterns before
and after CRS + HIPEC provide a solid basis for further
validation, including functional studies to identify other
potential oncogenic or tumor suppressor miRNAs in
AGC.
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