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Background: The association between the hypermethylation of CHFR gene and gastric cancer
risk has been investigated by a number of studies. However, the sample size of the majority
of these studies was very small. To get a more a convincing conclusion, here we performed
a meta-analysis of the previously published studies to assess the association between CHFR
methylation and the risk of gastric cancer.

Methods: Eligible studies were identified by searching the MEDLINE/PubMed, Embase, and
Web of Science databases before May 2016 without any language restriction. The strength of
the association was estimated by odds ratio with its 95% confidence interval (CI).

Results: Totally 1,399 samples, including 758 gastric cancer cases and 641 controls, from
13 studies were included in the present meta-analysis. Compared with non-cancer controls,
the pooled OR of CHFR methylation in gastric cancer patients was 9.08 (95% CI: 6.40—12.88,
P<0.001), suggesting that the methylation of CHFR was significantly associated with increased
risk of gastric cancer. Similar results were observed when subgroup analyses were performed
stratified by country, ethnicity, and methylation testing methods.

Conclusion: Our meta-analysis showed a strong positive correlation between CHFR methylation
and risk of gastric cancer, suggesting that CHFR methylation might be a promising biomarker
for the diagnosis of gastric cancer.
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Introduction
Gastric cancer is one of the most commonly diagnosed human cancers, and it is among
the leading causes of cancer-related death worldwide.! More than 70% of new gastric
cancer cases and deaths occur in developing countries. The incidence rate of gastric
cancer is high in Eastern Asia, Central and Eastern Europe, and South America, but
low in Northern America and Africa.” It is well established that chronic infection with
Helicobacter pylori is the most common risk factor for gastric cancer, since about
90% of new noncardia gastric cancer cases worldwide attributed to this bacteria.’*
In addition to bacteria infection, genetic and epigenetic changes of some oncogenes
and tumor suppressor genes (7SG) have been involved in the initiation and develop-
ment of gastric cancer.*¢

The CHFR gene is localized to chromosome 12q24.33, and it was identified
as a cell-cycle checkpoint gene.”® In response to mitotic stress induced by micro-
tubule inhibitors, the CHFR protein causes a delay in chromosome condensation
and entry into metaphase. However, cancer cells lacking CHFR entered metaphase
without delay.® The CHFR protein possesses an N-terminal forkhead-associated
(FHA) domain, a central RING finger (RF) domain, and a C-terminal cysteine-rich
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(CR) region. The FHA and CR regions are essential for
its checkpoint function, and the RF domain is required
for the ubiquitin ligase activity of CHFR. CHFR is
widely expressed in normal tissues, and loss or reduced
expression of CHFR has been reported in several primary
tumors. Interestingly, in cancer cell lines and several types
of primary cancer, the decreased CHFR expression was
reported to be caused by the hypermethylation of the CpG
island in the promoter region of this gene,'**? including
gastric cancer.'*!*

Ever since the initial report of hypermethylation of
CHFR in gastric cancer,'® a growing number of studies have
investigated the association of CHFR methylation and risk
of gastric cancer. However, the sample size of these studies
was very small; most of them enrolled less than 100 cancer
cases. Based on the notion that the statistical power is low
when there is only a small number of cases enrolled in a
case-control study, therefore, we conducted a meta-analysis
of the previously published studies to assess whether there
is an association between CHFR methylation and risk of
gastric cancer.

Methods

Literature search strategy

The MEDLINE/PubMed, Embase, and Web of Science
databases were used for searching literatures. The search
was carried out before May 2016 without any language
restriction. The keywords used for paper searching were
CHFR, methylation, stomach, gastric, and cancer. To search
for additional relevant publications, the reference lists from
relevant primary studies and review articles were also
checked manually.

Study selection and data extraction

We selected studies if they met all of the following criteria:
1) the study had a case-control design; 2) the study focused
on the relationship between CHFR hypermethylation and
risk of gastric cancer; 3) the frequency of the CHFR methy-
lation status had been reported or could be calculated; and
4) if several studies had overlapping cancer or control cases,
the studies with the largest sample size were selected in the
present study.

The following information were extracted, respectively,
by two investigators: last name of the first author, year of
the publication, country where study conducted, subject
ethnicity, testing materials, numbers of cases and controls,
and the method for methylation testing in each study. The
two investigators reached a consensus on all items.

Statistical analyses

The strength of the association between CHFR methylation
and gastric cancer risk was assessed by odds ratio (OR) with
its 95% confidence interval (CI). The heterogeneity among
the studies was estimated by a chi-square-based Q-test and
further quantified by the > metric.!® The fixed-effects model
was selected to calculate the pooled OR when the between-
study heterogeneity was absent.!” Otherwise, the random-
effects model was selected.'® Begg’s funnel plots and Egger’s
linear regression test were used to examine whether the
results were affected by publication bias."” If publication bias
was observed, the nonparametric “trim and fill” method was
carried out for estimating the effect of missing studies on the
overall outcome.?® Moreover, subgroup analyses were also
performed stratified by country, ethnicity, and methylation
testing methods, respectively. All of the statistical analyses
were carried out by the Stata software (version 10; Stata Corp,
College Station, TX, USA). All the P-values were two-sided,
and P<<0.05 was considered to be statistically significant.

Results

Characteristics of included studies
According to the literature search strategy and selection
criteria, 13 independent articles were eventually included
in the present meta-analysis.'*'32'3° The characteristics
of all the included studies are summarized in Table 1. The
13 studies were published between 2003 and 2016, and all
of them were written in English. Among the 13 studies,
eight studies came from investigations involving Japanese
populations, three came from China, one came from Korea,
and one came from the USA. For all the enrolled studies,
the gastric cancer samples were all obtained from gastric
cancer tissues, and the controls were all from corresponding
non-neoplastic gastric mucosa. Seven of the 13 studies used
methylation-specific PCR (MSP) to detect CHFR methyla-
tion status in gastric cancer and control samples, two studies
used bisulfite treatment and combined bisulfite restriction
analysis (COBRA), and four studies used other methyla-
tion detection methods. Totally, 1,399 samples, including
758 gastric cancer cases and 641 controls, were involved in
the present meta-analysis.

Quantitative data analysis

The between-study heterogeneity of all the 13 studies
included in the present study was firstly analyzed, and no
significant heterogeneity among them was found (P=0.172,
P’=27.0%, Figure 1, Table 2). Therefore, the strength of
the association between methylation of CHFR and risk of
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Table | Characteristics of studies included in the present meta-analysis

Author Year Country Ethnicity Materials Cases (n) Controls (n) Testing methods

Satoh et al'® 2003 Japan Asian Tissue 6l 44 COBRA

Honda et al® 2004 Japan Asian Tissue 71 71 MSP

Kang et al** 2004 Korea Asian Tissue 43 14 Bisulfite PCR and sequencing
Homma et al® 2005 Japan Asian Tissue 52 52 MSP

Koga et al® 2006 Japan Asian Tissue 46 46 MSP

Morioka et al* 2006 Japan Asian Tissue 53 53 MSP

Yoshida et al*® 2006 Japan Asian Tissue 41 41 COBRA

Gao et al 2008 China Asian Tissue 20 20 MSP

Oki et al”’ 2009 Japan Asian Tissue 59 59 MSP

Hiraki et al! 2010 Japan Asian Tissue 49 49 qMSP

Hu et al'* 2011 China Asian Tissue 123 123 MSP

Wang et al?”’ 2014 China Asian Tissue 117 46 MethyLight

Sepulveda et al?® 2016 USA Caucasian Tissue 23 23 Next-generation sequencing

Abbreviations: COBRA, combined bisulfite restriction analysis; MSP, methylation-specific PCR; gqMSP, quantitative methylation-specific PCR; PCR, polymerase chain reaction.

gastric cancer was determined by the fixed-effects model.
Overall, compared with non-cancer controls, the pooled
OR of CHFR methylation in gastric cancer patients was
9.08 (95% CI: 6.40-12.88, P<<0.001, Figure 1, Table 2),
suggesting that CHFR methylation was associated with an

increased risk of gastric cancer.

We next performed subgroup analyses stratified by
country, ethnicity, and methylation testing methods, respec-
tively. Country-specific OR showed an increased risk for
individuals carrying the methylated CHFR compared with

those without CHFR gene methylation in Japan (OR=9.29,
95% CI: 6.00-14.39, P<<0.001) and China (OR=8.30, 95%
CI: 4.48-15.40, P<<0.001, Table 2). When combining the
studies regarding Japanese, Chinese and Korean together, a
strong association between CHFR methylation and gastric

cancer risk was found in Asian populations (OR=9.17, 95%

CI: 6.44-13.07, P<<0.001, Table 2). In the stratified analysis
by testing methods, significantly increased risks were found in
MSP (OR=8.02,95% CI: 5.29-12.16, P<<0.001) and COBRA
(OR=53.60, 95% CI: 7.14-402.38, P<<0.001, Table 2).

Study ID OR (95% CI) Weight (%)
Satoh et al'® —E—Q—) 58.15 (3.42,988.73)  1.31
Honda et al?® + 9.10 (2.97, 27.91) 9.66
Kang et al?* + 23.08 (1.29,411.70)  1.55
Homma et al?2 - 6.35 (1.97, 20.45) 9.75
Koga et al?® —}-0— 24.00 (5.19, 110.90)  3.57
Morioka et al*® —i—o— 47.08 (2.74,809.27)  1.29
Yoshida et al® —H— 4855 (2.79,846.03)  1.18
Gao etal® —i—o— 33.87 (1.80, 636.88)  1.02
Oki et al?” - 4.53 (1.66, 12.33) 14.79
Hiraki et al?" -.-:r 3.90 (1.68, 9.05) 20.55
Hu et al™* o:r 5.51 (2.84, 10.69) 30.56
Wang et al?® —50— 40.02 (2.40, 667.57)  1.86
Sepulveda et al?® -—‘i— 6.11 (0.65, 57.15) 2.92
Overall (1?=27.0%, P=0.172) ¢ 9.08 (6.40,12.88) 100

|

|

I : I
01 1 50

Odds ratio (OR)

Figure | Forest plots of the association between CHFR methylation and gastric cancer risk.

Abbreviations: Cl, confidence interval; OR, odds ratio.
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Table 2 Summary of the association between hypermethylation of CHFR and gastric cancer risk
Variables Study no Cases/controls OR (95% CI) P-value P * 1> (%)
Total 13 758/641 9.08 (6.40-12.88) <0.001 0.172 27.0
Country
Japan 8 432/415 9.29 (6.00-14.39) <0.001 0.098 421
China 260/189 8.30 (4.48-15.40) <0.001 0.170 43.7
Ethnicities
Asian 12 735/618 9.17 (6.44-13.07) <0.001 0.125 33.1
Testing methods
MSP 7 424/424 8.02 (5.29-12.16) <0.001 0.315 15.1
COBRA 2 102/85 53.60 (7.14-402.38) <0.001 0.930 0.0
Others 4 232/132 7.75 (3.83-15.72) <0.001 0.216 32.8

Note: *P-value from the Q-test for heterogeneity.

Abbreviations: OR, odds ratio; Cl, confidence interval; MSP, methylation-specific PCR; COBRA, combined bisulfite restriction analysis; PCR, polymerase chain reaction.

Publication bias

The shape of the funnel plots showed asymmetry in
the overall analysis (Figure 2A), meanwhile the results
from Egger’s test provided statistical evidence for fun-
nel plot asymmetry (P<<0.001), indicating the existence of
publication bias. To adjust publication bias, we carried out
a nonparametric trim and fill method to estimate potential
missing studies and assess the effect that these studies might
have had on the outcome. As a result, five missing studies
were added to the dataset, and the filled dataset showed no
evidence of publication bias (Figure 2B). The new dataset
moved the estimated pooled OR from 9.68 (95% CI:
6.40—12.88) t0 6.04 (95% CI: 4.26-8.57). The correction for
publication bias did not change the overall interpretation of
the dataset, indicating that the strong association between
CHFR methylation and gastric cancer risk was statistically
robust and reliable.

A Begg’s funnel plot with pseudo
6 95% confidence limits
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Discussion
The development of gastric cancer involves genetic or
epigenetic alterations that lead to the functional loss of critical
genes such as 7SG, DNA repair genes, or cell-cycle check-
point genes.’! Increasing number of cancer-related genes
have been reported to be methylated in CpG islands of genes’
promoter regions. Such type of epigenetic change results in
the inactivation of 7SG and plays a key role in the epige-
netically mediated loss-of-gene function.’? Actually, aberrant
DNA methylation in the promoter regions of 7SG is the most
well-defined epigenetic hallmark in gastric cancer.®

In recent years, aberrant methylation of the checkpoint
gene CHFR associated with gene silencing has been identified
in several cancer types, including gastric cancer.!*!>!5 Based
on the studies on CHFR methylation and gastric cancer, we
focused on the correlation between CHFR hypermethylation
and risk of gastric cancer in the present study. To the best of

B Filled funnel plot with pseudo
6 95% confidence limits
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) 21 :1\/\/
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0 0.5 1 15

s.e. of: theta, filled

Figure 2 Begg’s funnel plot of publication biases. Each point represents a separate study. (A) Begg’s funnel plot of publication bias test. (B) Begg’s funnel plot of publication

bias test after trim and fill method.
Abbreviations: s.e., standard error; OR, odds ratio.
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our knowledge, this is the first meta-analysis study to assess
the association of CHFR methylation with gastric cancer risk.
Our analysis, combining 13 studies with 758 cancer cases and
641 control samples, revealed that the hypermethylation of
CHFR increased the risk of gastric cancer. Particularly, the
overall OR for CHFR methylation status in gastric cancer
vs non-cancer samples was 9.08 (95% CI: 6.40—-12.88),
suggesting a strong association of CHFR methylation with
the risk of gastric cancer.

As gastric cancer has a high prevalent rate in Asia,
particularly in Japan and China,? we summarized the effect of
CHFR methylation on gastric cancer risk in these two coun-
tries, and as a result we found that CHFR methylation increased
the risk of gastric cancer in both of the two countries. When we
pooled the data from 12 studies on Asian populations together,
a strong positive association was also observed. In addition
to studies from Asian populations, one study came from the
Caucasian population. The results of this study showed that the
CHFR methylation was significantly increased in gastric can-
cer compared with non-metaplastic mucosa.? Taken together,
these data showed a parallel effect of CHFR methylation on
gastric cancer risk among different ethnicities.

The advances in diagnostics and therapeutics in recent
years have prolonged survival for gastric cancer patients
diagnosed at the early stage. Unfortunately, the overall
prognosis is very poor because most of the gastric cancer
patients are diagnosed at the advanced stage.** Therefore,
an urgent task for gastric cancer research is the development
of efficient diagnostic approaches to enable early detection.
Several studies investigated the correlation between CHFR
methylation and clinicopathological factors, 3142123242627 gpnd
none of the studies showed an significant association between
CHFR methylation and advanced clinicopathological factors,
including tumor stage III/IV or lymphnodemetastasis.
These results suggest that the CHFR methylation is an
early epigenetic event in gastric cancer. To facilitate DNA
methylation detection, many powerful molecular techniques
have been invented in the past decades. The well-known
techniques includes bisulfite sequencing, COBRA, MSP,
quantitative methylation-specific PCR, as well as bisulfite
pyrosequencing.®® In the present study, the association of
CHFR methylation with gastric cancer risk has been stratified
by methylation testing methods, and we found significant ORs
in subgroups with all testing methods. Moreover, the strong
association between CHFR methylation and gastric cancer
risk shown in this study is consistent with previous findings
that CHFR methylation could be used as an diagnostic factor

for several other types of cancer, including lung, colorectal,
and esophageal cancers.!*'2%¢ Herein, CHFR methylation is
likely to be a molecular marker for early detection in gastric
cancer as well as in certain other types of cancer.

Notably, aberrant methylation of CHFR had been reported
to be associated with the sensitivity of microtubule inhibitors
in several cancer cells including gastric cancer cells in vitro.'
However, the clinical significance of CHFR methylation
and chemosensitivity of microtubule inhibitors (paclitaxel
or docetaxel) in gastric cancer patients was investigated
only in a few studies,****° and none of the study showed an
significant association between CHFR methylation and the
sensitivity of paclitaxel, docetaxel, or a combination of
docetaxel and S-1. Since all these studies had very limited
number of patients, further research using larger number of
patients is necessary to clarify whether CHFR methylation
correlates with drug response to microtubule inhibitors.

In summary, this meta-analysis showed a strong associa-
tion between CHFR methylation and risk of gastric cancer.
Although further studies with large number of samples
are required to confirm it, the findings in the present study
suggest CHF R methylation as a promising molecular marker
for early detection in gastric cancer.
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