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Abstract

AIM: To investigate the relation between RECK meth-
ylation and clinicopathological characteristics of gastric
cancer patients and evaluate the role of RECK meth-
ylation in peritoneal metastasis of gastric cancer.

METHODS: Methylation of RECK gene in 40 paired
samples of gastric cancer and its corresponding ad-
jacent normal mucosa, lymph nodes and peritoneal
irrigation fluid was detected by methylation-specific
polymerase chain reaction.

RESULTS: Aberrant methylation of RECK gene was
detected in 27.5% (11/40) of the adjacent normal
mucosa samples, in 47.5% (19/40) of gastric cancer
samples, in 57.1% (12/21) of the lymph node samples,
and in 35% (14/40) of peritoneal irrigation fluid sam-
ples, respectively, with a significant difference between
the adjacent normal mucosa and lymph node samples
(P = 0.023). Presence of RECK methylation in the pri-
mary tumor samples was significantly correlated with
tumor invasion (P = 0.023). The accuracy of RECK
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methylation in peritoneal lavage fluid samples for the
diagnosis of peritoneal metastasis of gastric cancer
was 72.5% (26/40), with a sensitivity of 66.7% (6/9)
and a specificity of 74.2% (23/31).

CONCLUSION: Aberrant methylation of RECK gene
may provide useful information for the early diagnosis
and treatment of peritoneal metastasis of gastric cancer.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Gastric cancer seriously threatens the human health
wortldwide. There is increasing evidence that almost all
gastric cancers have epigenetic abnormalities that drive
cancer development and progression in collaboration
with genetic changes. Aberrant methylation in the
promoter CpG island of tumor suppressor genes
(TSG) where DNA is transcribed into RNA causes its
silence. Transcription of DNA is the first major step in
decoding DNA into a protein. DNA methylation can
inactivate tumor suppressor genes'. It has been shown
that aberrant methylation and diminished expression of
DNA in the promoter CpG island occur in a number
of tumor-related genes in gastric cancer™. For example,
RASSF1A, a candidate tumor suppressor gene, is
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hypermethylated in gastric cancer™ TIMP-3, a silenced
tumor suppressor gene, encodes a protease inhibitor
that may inhibit tissue invasion"”, and RECK, a newly
discovered metastasis suppressor gene, is silenced with
aberrant CpG island hypermethylation in some common

81 However, the relation between methylation

tumors
of RECK gene and gastric cancer has not been fully
studied.

In this study, RECK gene methylation was detected
in samples of primary tumor tissue and its adjacent
normal mucosa, metastatic lymph nodes and peritoneal
irrigation fluid by methylation-specific PCR in order
to find the relation between RECK methylation and
clinicopathological characteristics of gastric cancer and
the role of RECK methylation in diagnosis of peritoneal
metastasis of gastric cancer.

MATERIALS AND METHODS

Patients

Forty patients including 28 males and 12 females at the
age of 34-78 years underwent resection of their gastric
cancer at the First Affiliated Hospital of China Medical
University from July 2008 to January 2009. All patients
did not receive chemotherapy or radiotherapy before
operation.

Samples

Physiological saline (50 mL) was injected into the Douglas
cavity at the beginning of operation and aspirated after
gentle stirring, and then peritoneal lavage fluid was
collected from the cavity before operation. Half of the
peritoneal lavage fluid was examined using conventional
cytological methods with Papanicolaou’s staining and
intact cells were harvested from the other half centrifuged
at 2000 r/min for 20 min as previously described”"
and stored in liquid nitrogen. Samples of primary
tumor tissue and its paired adjacent normal mucosa and
metastatic lymph nodes were taken immediately after
resection of gastric cancer and stored in liquid nitrogen
until use. The diagnosis of gastric cancer was made with
hematoxylin and cosin (HE) staining. Paired adjacent
normal mucosa samples were obtained at least 3 cm
from the distal negative surgical margin to confirm the
absence of malignancy. Lymph node samples were also
stained with HE to confirm the occurrence of metastasis.
Differentiation of tumor cells was detected and the tumor
was staged following the guidelines of International
Union against Cancer (UICC).

DNA extraction and bisulfite treatment

DNA was extracted from the genome with the hydroxy-
benzene-chloroform extraction method, stored at -70°C,
and treated with bisulfite to convert the unmethylated
cytosine to uracil.

Methylation-specific PCR
DNA was purified using a Wizard DNA clean-up system
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Figure 1 PCR showing methylation of RECK in primary tumor and its
paired adjacent normal mucosa and metastatic lymphnode samples. M:
Methylation; U: Unmethylation; Ma: 50 bp DNA ladder marker; MP: Methylation
positive control; UP: Unmethylation positive control; 1-9: Sample number.

(Promega) according to its manufacturer’s instructions.
A 20 pL reaction volume was consisted of 3 pl. DNA,
2 uL 10 x PCR buffer, 0.8 pL. ANTP, 0.4 pL primers,
0.15 pL Tap enzyme, and 13.25 pL. double-distilled wa-
ter. PCR conditions were as follows: pre-denaturation at
94°C for 10 min, followed by 40 cycles at 94°C for 30 s,
at 54°C for 20 s, at 72°C for 30 s, and a final extension at
72°C for 5 min. Methyltransferase Sss I -treated DNA in
peripheral blood cells from healthy people was used as a
methylation positive control, untreated DNA served as
an unmethylation positive control, and double-distilled
water served as a negative control™. The sequences
of primers are as follows: unmethylation primer:
UF_RECK (5'-GGTTAGTTTTTTTTTTTATTT-
TAGTGGTTTGA-3") and UR_RECK (5'-ATTTC-
CAAAACCTCCCAAAAACAAAAACA-3"), methyla-
tion primer: MF_RECK (5-GTTAGTTTTTTTTTT-
TATTTTAGTGGTTCGA-3") and MR_RECK (5'-TC-
CAAAACCTCCCGAAAACGAAAACG-3Y". The PCR
products (205 bp and 201 bp) were subjected to 2.5%
agarose gel electrophoresis at 120 V for 40 min and
quantified with the Fluor Chen 2.0 system.

Statistical analysis

Statistical analysis was performed using the SPSS13.0
software package. X2 test and Fisher’s exact test were
adopted to verify the difference. P < 0.05 was considered
statistically significant.

RESULTS

Clinicopathological characteristics of gastric cancer
patients and RECK methylation
The methylation of RECK in samples of primary
tumor tissue and its paired adjacent normal mucosa
and metastatic lymphnode was detected by methylation
special-PCR (Figure 1).

Methylation of RECK was found in 47.5% (19/40)
of primary tumor tissue samples, in 27.5% (11/40)
of paired adjacent normal mucosa samples, in 57.1%
(12/21) of metastatic lymphnode samples, respectively.
A significant relation was found between adjacent
normal mucosa and metastatic lymphnode samples.
RECK methylation was related with tumor invasion
(P = 0.023) but not with other clinicopathological
characteristics of gastric cancer patients such as age,
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Variable Patients (7) RECK methylation P value

Age (yr) 0.689
<65 32 16
> 65 8 8]

Tumor size (cm) 0.121
<5 24 9
>5 16 10

Borrmann classification 0.199
1+2 19 7
3+4 21 12

Tumor differentiation 0.935
Well 25 12
Moderate/poor 15 7

Tumor invasion 0.023
T1+T2 28 10
T3+T4 12 9

Nodal status 0.199
N- 19 7
N+ 21 12

TNM was staged according to the guideline of International Union against
Cancer (UICC). N-: Without nodal metastasis; N+: With nodal metastasis.

tumor size, tumor differentiation, and Borrmann classi-
fication (Table 1).

Relation between peritoneal metastasis of gastric
cancer and RECK methylation in peritoneal lavage fluid
In this study, the promoter of RECK gene was hyper-
methylated in 35% (14/40) of the samples. Among
the 14 samples, peritoneal metastasis of gastric cancer
was observed in 9. The diagnostic accuracy of RECK
methylation in peritoneal lavage fluid for peritoneal
metastasis of gastric cancer was 72.5%, with a sensitivity
of 66.7%, a specificity of 74.2%, a PPV of 47.1%, and a
NPV of 95.7% (Table 2).

RECK methylation in peritoneal lavage fluid was
found in tumors with lymph node metastasis (42.6%) and
without lymph node metastasis (26.3%), although the
difference between them was not statistically significant

(Table 3).

DISCUSSION

RECK gene was discovered on chromosome region
9p13-p12 by Takahashi es alin 1998. It encodes a
membrane-anchored glucose protein with a relative
molecular mass of 110000. RECK protein is an important
mediator of tissue remodeling to inhibit MMP-2, MMP-9
and MT1-MMP after transcription . RECK protein
limits tumor invasion and metastasis and angiogenesis
through negatively regulated MMPs. It has been shown
that several common tumors, such as colorectal, breast,
and lung carcinomas, are linked to down-regulation of
RECK". In these tumors, RECK is down-regulated
most likely as a result of inhibition at the Sp7 promoter
site. Tt was reported that down-regulation of the RECK
gene is mediated by promoter methylation which causes
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PLM Peritoneal metastasis
+ -
T 6 8
- 3 23
PLM: Methylation in peritoneal lavage.
Variable Patients (7) RECK methylation in P value
peritoneal lavage
Tumor invasion 0.193
T1+T2 28 8
T3+T4 12 6
Nodal status 0.273
N- 19 5
N+ 21 9
[7.8,18]

its silence, just as other tumor suppressor genes .
Epigenetic alteration induced by DNA methyltransferases
(DNMT) catalyzing methylation at 5 positions of cytosine
ring using S-adenosylmethionine as the donor molecule for
the methyl group plays an important role in tumorigenesis
and progressionm. The mechanism underlying RECK
down-regulation appears to be multifactorial, and more
studies ate required to define its reasons.

In this study, RECK methylation was observed in
samples of primary tumor tissue and its paired adjacent
normal mucosa and metastatic lymph nodes from gastric
cancer patients, indicating that RECK methylation in
primary tumor tissue samples (47.5%) and in metastatic
lymph node samples (57.1%) is much higher than that
in paired adjacent normal mucosa samples (27.5%) (P
= 0.023) and that RECK methylation is correlated with
tumor invasion (P = 0.023). No significant difference was
found in other factors, including age, tumor size, tumor
differentiation, nodal status, Borrmann classification.
However, Song ef a/'” found that RECK expression is
negatively related with lymph node metastasis and tumor
stage in gastric cancer patients, which may be due to
the small sample size, contamination of normal tissues,
technical limitations'”, and down-regulation of RECK.
Cho et al” showed that RECK promoter is methylated
in 44% of tumor tissue samples and down-regulation
of RECK is significantly correlated with promoter met-
hylation (P < 0.05), suggesting that RECK methylation
plays a significant role in inhibiting tumorigenesis and
metastasis.

Methylation alteration occurs not only in solid
cancer tissues but also in various remote samples from
cancer patients. It has been recently reported that DNA
methylation can act as a promising biomarker in early
diagnosis and prognosis of gastric cancer™. In our
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study, RECK methylation in peritoneal lavage fluid was
related with peritoneal metastasis of gastric cancer.
Peritoneal metastasis of gastric cancer with cytologically
positive peritoneal lavage was found in 9 of 14 patients
with promoter hypermethylation. RECK promoter
hypermethylation in peritoneal lavage showed a higher
sensitivity (66.7%) for the diagnosis of peritoneal disse-
mination of gastric cancer than cytology. The reasons
why methylation alteration acts as a biomarker are as
follows. First, the methylation signal can act as a marker
at a low concentration. Second, the methylation pattern
and underlying DNA are more stable than RNA level
and molecules"”. However, methylation alteration in
peritoneal lavage has a lower specificity for the diagnosis
of peritoneal dissemination of gastric cancer, which can
explained as follows. First, most cells in peritoneal lavage
are mesothelial cells leading to false positive RECK
methylation. Second, the discrepancy of methylation
profile exists sometimes in peritoneal lavage and cancer
tissue. In order to solve these problems, serial test,
RECK methylation and other examinations, such as
carcino-embryonic antigen in peritoneal lavage, can
be used in the diagnosis of peritoneal dissemination
of gastric cancer. In our study, RECK methylation in
peritoneal lavage fluid was more frequently found in
tumors with lymph node metastasis than in tumors
without lymph node metastasis, suggesting that RECK
methylation in peritoneal lavage can be considered a
biomarker for predicting peritoneal metastasis of gastric
cancet.

In summary, hypermethylation of RECK promoter
1s a common event in gastric cancer patients. RECK
methylation in peritoneal lavage fluid acts as a biomarker
of peritoneal metastasis of gastric cancer. Promoter
hypermethylation of RECK gene provides a new tool for
the prevention and treatment of gastric cancer. Further
study is needed on the mechanism underlying RECK
hypermethylation in gastric cancer patients.

COMMENTS

Background

Gastric cancer is a common tumor which seriously threatens the human health
worldwide. DNA methylation in the promoter CpG island of tumor suppressor
genes is one of the reasons for tumorigenesis and progression. It has been
shown that DNA methylation, especially in body fluid, can act as a biomarker for
predicting tumor metastasis.

Research frontiers

RECK hypermethylation plays an important role in the epigenetic regulation of
gene transcription. There is evidence that DNA promoter hypermethylation can
cause transcription repression, contributing to tumorigenesis and progression.
It has been recently shown that DNA methylation, especially in body fluid, can
act as a biomarker for predicting tumorigenesis and prognosis. However, further
study is needed on the mechanism underlying RECK hypermethylation.
Innovations and breakthroughs

RECK methylation in gastric cancer and peritoneal lavage fluid was detected,
showing that RECK methylation plays an important role in diagnosing peritoneal
metastasis.

Applications

Promoter hypermethylation of RECK gene provides a new tool for the
prevention and treatment of gastric cancer. In addition, RECK methylation,
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especially in peritoneal lavage fluid, can act as a biomarker for diagnosing
peritoneal metastasis.

Peer review

It is a very interested topic for the readers of WJG. The results of this study
show that promoter hypermethylation of RECK gene provides a new tool for the
prevention and treatment of gastric cancer and RECK methylation, especially
in peritoneal lavage fluid, can act as a biomarker for diagnosing peritoneal
metastasis, which are of great value for the diagnosis of gastric cancer.
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