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Abstract
Background: The methylation status of the adenomatous polyposis coli (APC) promoter has been shown to be associated with
the occurrence of gastric cancer, but this finding remains controversial. The aim of this study was to investigate the relationship
between methylation of the APC gene promoter and gastric cancer.

Methods: We searched the Web of Science, EMBASE, Medline, and Cochrane Central Register of Controlled Trials (CENTRAL)
databases from the date of creation until August 1, 2019. According to the inclusion criteria, the relationship between the methylation
status of the APC gene promoter and gastric cancer was investigated. The incidence of APC promoter methylation in the tissues or
blood of patients with and without gastric cancer was compared. The results are expressed as the odds ratio (OR) and 95%
confidence interval (CI). The pooled OR of each study was estimated using a fixed effects model or a random effects model to
generate forest plots. We further validated the results using the MethHC database.

Results: Eight studies (985 samples) were included. Our meta-analysis showed that the incidence of APC promoter methylation in
patients with gastric cancer was higher than that of patients without gastric cancer (OR=3.86, 95% CI 1.71–8.74, P= .001).
Methylation of the APC promoter is associated with the incidence of gastric cancer, and it increases the risk of gastric cancer.

Conclusion:This study provides a new strategic direction for research on gastric cancer. Methylation of the APC promoter may be
a potential biomarker for the diagnosis of gastric cancer, but the results of this work require further confirmation.

Abbreviations: APC = adenomatous polyposis coli, CI = confidence interval, GCP = gastric cancer patient, NGCP = Nongastric
cancer patient, NOS = Newcastle-Ottawa Scale; OR = odds ratio.
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1. Introduction

Gastric cancer, the fifth most frequently diagnosed cancer, is the
third leading cause of cancer-related deaths, with more than
10,000 new cases and more than 780,000 deaths reported in
2018.[1] As 80% of patients with gastric cancer have no
symptoms in the early stage and have progressed to an advanced
stage after diagnosis, the 5-year survival rate of gastric cancer
patients (GCPs) is as low as 30%.[2] Therefore, early diagnosis
and treatment are particularly important. The detection of serum
tumor markers is a noninvasive diagnostic method that has been
widely used in the clinic.[3,4] However, the traditional detection
methods for carcinoembryonic antigen (CEA) and carbohydrate
antigen 19–9 (CA19–9) are neither sensitive nor specific for the
accurate diagnosis of gastric cancer.[5,6] Therefore, there is an
urgent need for a new noninvasive molecular biomarker that not
only improves the efficiency of early diagnosis but also guides
treatment and improves prognosis. Epigenetic alterations in
tumor-related genes are involved in the pathogenesis and
development of gastric cancer, and they may be used as markers
of cancer diagnosis and treatment.[7] As a manifestation of
epigenetics, DNAmethylation is an important mechanism of gene
expression regulation. The abnormal hypermethylation of
promoters leads to a loss of tumor gene function.[8] Adenomatous
polyposis coli (APC) is an important tumor suppressor gene that
participates in different molecular pathways and causes epige-
netic inactivation in a variety of cancers.[9–11] In addition,
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methylation of the APC gene promoter is closely related to the
occurrence and development of gastric cancer.[12] Although some
studies have shown that APC promoter methylation is associated
with the risk of gastric cancer, some studies have reported
conflicting results.[13,14] Thus, it remains unclear whether
methylation of the APC promoter is associated with the risk of
gastric cancer. Therefore, we conducted a meta-analysis to assess
the relationship between APC promoter methylation and the
incidence of gastric cancer. This study aimed to provide a new
research direction and biomarkers for the diagnosis of gastric
cancer.
2. Materials and methods

The study protocol was registered through PROSPERO (http://
www.crd.york.ac.uk/PROSPERO) under registration number
CRD42019145955, and the study protocol can be found online
at https://www.crd.york.ac.uk/PROSPERO/display_record.php?
RecordID=145955.
2.1. Search strategy

This meta-analysis followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses criteria.[15] We searched
the PubMed (www.ncbi.nlm.nih.gov/pubmed), EMBASE (www.
embase.com), Cochrane Library (www.cochranelibrary.com),
and Web of Science (http://apps.webofknowledge.com) data-
bases. Articles published between the time the database was
created until July 2, 2019, in English were included. The search
strategy included a combination of medical subject heading
(MESH) and EMTREE keyword searches. The following search
terms were included: “Gastric Cancer”, “Gastric Carcinoma”,
“Gastric Neoplasms”, “Stomach Cancer”, “Stomach Carcino-
ma”, “Stomach Neoplasms”, “Adenomatous Polyposis Coli”,
“APC” and “Methylation”. The detailed search strategy is shown
in Additional file: Table S1, http://links.lww.com/MD/E69.
2.2. Inclusion criteria

This meta-analysis was implemented according to the following
inclusion criteria. All original studies on the relationship between
APC methylation and gastric cancer published in Chinese or
English were included. All data included in the studies were
complete, had similar purposes and used similar statistical
methods. In addition, the GCPs selected in each study met the
pathological diagnostic criteria of gastric cancer. Samples in the
experimental group were derived from patients with gastric
cancer, and samples in the control group were derived from
patients with nongastric cancer. In each study, the PCR-based
methylation assay was used to detect the methylation levels of the
APC gene. Furthermore, data on the methylation levels of APC in
the tissues or blood samples of patients with gastric cancer and
normal or benign patients were complete.
2.3. Exclusion criteria

The exclusion criteria were as follows: studies performed only
using animals or cells instead of patients; review articles; studies
that did not provide relevant data on the relationship between
methylation of the APC gene promoter and the occurrence of
gastric cancer; defectively designed studies; and studies with
incomplete data.
2

2.4. Study selection and data extraction

According to the inclusion and exclusion criteria, 2 researchers
independently searched the literature and then evaluated whether
the title and abstract met the inclusion and exclusion criteria. If it
was difficult to make a judgment based on the title and abstract,
the full text was consulted for verification, and any differences
included in the study were resolved by discussion with a third
investigator. Data extraction was also independently performed
by 2 researchers, and any disagreements or problems were solved
through group discussions. The extracted data included the first
author, year of publication, country, methylation detection
method, specimen type, control type, number of participants, and
incidence of APC promoter methylation in the case and control
groups.
2.5. Quality assessment

The quality of all included studies was evaluated by the
Newcastle-Ottawa Scale (NOS) for case-control studies.[16]

The assessment of quality was based on the following 3
parameters: selection, comparability, and outcomes. Studies
could receive a maximum possible score of nine stars. The NOS
scores were characterized as follows: scores of 7 to 9 represented
high-quality reports, scores of 4 to 6 represented medium-quality
reports, and scores of 0 to 3 represented low-quality reports.
2.6. Statistical analysis

The outcome was the incidence of gastric cancer. The odds
ratios (ORs) and 95% confidence intervals (CIs) were used to
determine the estimated effect size of the outcome. The fixed
effects or random effects model was used to generate forest
plots. In addition, heterogeneity was measured by the Higgins I2

statistic and Cochran Q test, and if I2<50% or P> .1,
heterogeneity was not considered significant. If the heterogene-
ity was not significant, the fixed effects model was used; if it was
significant, the random effects model was used. Stratified
analysis was used to further investigate the potential sources of
heterogeneity. Begg funnel plot[17] and Egger linear regres-
sion[18] were used to assess potential publication bias. Funnel
plots were assessed visually for asymmetry. All statistical
analyses were performed using STATA 14.0 (College Station,
TX, 77845, Serial number: 401406267051).
2.7. Bioinformatics analysis

MethHC (http://methhc.mbc.nctu.edu.tw/php/index.php) is a
database for human pan-cancer gene expression, methylation
and microRNA expression. Based on this database, we further
explored the incidence of APC promoter methylation in gastric
cancer and normal gastric tissues.
3. Results

3.1. Study selection

Based on the search strategy described in the Materials and
Methods, 192 studies were preliminarily screened, while 91
studies were retained after deleting duplicate articles. After
screening the titles and abstracts, 38 articles were excluded, and
the remaining 53 studies related to the results of this study were
reviewed in full. Finally, 985 samples from 8 studies[13,14,19–24]
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Figure 1. Flow diagram used to assess the evidence following Preferred Reporting Items for Systematic Review and Meta-analysis guidelines.
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were included in this meta-analysis. The flow diagram is shown in
Figure 1.

3.2. Study characteristics

All 8 studies were case-control studies from Greece, Brazil,
China, Tunisia, Chile, Germany, or South Korea. Five of the 8
Table 1

Characteristics of studies included in the meta-analysis.

Study (year) Study design Region Specimen type Methylation m

Balgkouranidou
et al (2015)

Case-control Greece Blood MSP

do Nascimento Borges
et al (2013)

Case-control Brazil Tissue NMSP

Liu B. et al (2012) Case-control China Tissue MSP
Ksiaa et al (2009) Case-control Tunisia Tissue MSP
Bernal et al (2008) Case-control Chile Blood MSP
Brucher et al (2006) Case-control Germany Tissue MSP
Leung et al (2005) Case-control China Blood MSP
Kang et al (2003) Case-control Korea Tissue MSP

GCP=gastric cancer patients, MSP=methylation-specific PCR, NGCP=Non-gastric cancer patients, N

3

studies utilized tissue specimens, and 3 studies utilized
blood specimens. The methylation status was detected by
methylation-specific polymerase chain reaction or nested
methylation-specific polymerase chain reaction in all
studies. The methylation frequencies of the APC promoter
in the experimental and control groups are summarized in
Table 1.
ethod Experimental group Control group Case Control
Positive /total Positive /total

GCP NGCP 61/73 0/20

GCP NGCP 21/35 19/37

GCP NGCP 36/75 3/72
GCP NGCP 36/68 20/53
GCP NGCP 33/43 20/31
GCP NGCP 42/50 27/56
GCP NGCP 10/60 0/22
GCP NGCP 62/80 151/210

MSP=nested methylation specific PCR.

http://www.md-journal.com


Table 2

The Newcastle–Ottawa Scale (NOS) to assess the quality of the case–control studies.

studies Selection Comparability Assessment of Outcome Total score

Author and
year

Is the case
definition
adequate?

Represen-
tativeness
of the cases

Selection of
Controls

Definition of
Controls

Studies controlling
the most

important factors

Studies
controlling the

other main factors

Ascertain-
ment

of exposure

Same method of
ascertainment for
cases and controls

Non-
Response

rate

Balgkouranidou

et al (2015)

∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗
8

do Nascimento

Borges et al (2013)

∗ ∗ ∗ ∗ ∗ ∗ ∗
7

Liu et al (2012)
∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗

8

Ksiaa et al (2009)
∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗

8

Bernal et al (2008)
∗ ∗ ∗ ∗ ∗ ∗ ∗

7

Brucher et al (2006)
∗ ∗ ∗ ∗ ∗ ∗ ∗

7

Leung et al (2005)
∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗

8

Kang et al (2003)
∗ ∗ ∗ ∗ ∗ ∗ ∗

7

Each star represents one point. NOS scores of 7 to 9 indicate high-quality reports, scores of 4 to 6 represent medium-quality reports and scores of 0 to 3 represent low-quality reports.
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3.3. Quality assessment

All 8 eligible studies were case-control studies, and the NOS
scores were greater than or equal to 7 points. The details of each
study are shown in Table 2.
3.4. Meta-analysis
3.4.1. The relationship between APC promoter methylation
and the incidence of gastric cancer. All 8 studies reported the
relationship between APC promoter methylation and the
incidence of gastric cancer. Because of the significant heteroge-
neity between studies (Q=32.88, P= .000, I2=78.7%, Tau2=
0.9534), we used the random effects model. The meta-analysis
Figure 2. Forest plots of the association between methylation of the adenomat
confidence interval.

4

showed that the incidence of APC promoter methylation in GCPs
was higher than that in nongastric cancer patients (NGCP) (OR=
3.86, 95% CI 1.71–8.74, P= .001) (Fig. 2). Thus, these findings
demonstrate that APC promoter methylation is associated with
the incidence of gastric cancer.

3.4.2. Stratified analysis and meta-regression. To explore the
sources of heterogeneity, we performed the meta-regression
analysis and found that the methylation detection method
(P= .719), the specimen type (P= .592) and the region (P= .372)
were not sources of heterogeneity. When we used methylation
detection methods or sample types as subgroups for analysis, we
found no source of heterogeneity (Fig. 3A, B). However, when
ous polyposis coli promoter and gastric cancer risk. OR = odds ratio, CI =



Figure 3. A: Forest plots of the subgroup analysis according to methylation detection methods. B: Forest plots of the subgroup analysis according to sample type.
C: Forest plots of the subgroup analysis according to country. OR = odds ratio, CI = confidence interval.
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country was used as a subgroup, the heterogeneity between
studies from China was low (Q=0.27, P= .606, I2=0.0%,
Tau2=0.000). The results of the subgroup analysis indicated that
the heterogeneity of this meta-analysis may be due to the
inclusion of studies from different countries. The results of the
5

heterogeneity test are displayed in Additional file: Table S2,
http://links.lww.com/MD/E70.

3.4.3. Sensitivity analyses. To evaluate the stability of this
meta-analysis, a sensitivity analysis was performed. The
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Figure 4. Sensitivity analysis of the association between methylation of the adenomatous polyposis coli promoter and the incidence of gastric cancer.
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sensitivity analysis verified the impact of any study on the total
estimate by omitting 1 study at a time. The results showed that the
removal of any of the 8 studies had no significant effect on the
results, indicating that this meta-analysis is robust and reliable
(Fig. 4).
Due to the small number of studies included in this meta-

analysis (<10), we did not construct funnel plots. Because the test
efficiency is low when the number of studies is too few, this
method cannot be used to test whether a funnel diagram is
asymmetric.[25]

3.4.4. Validation of the results based on the MethHC
database. To further verify the relationship between APC
promoter methylation and the incidence of gastric cancer, we
used a database of DNA methylation and gene expression in
human cancer. The results showed that methylation of the APC
promoter in transcripts NM_000038 and NM_001127510 was
more likely to occur in gastric cancer samples than in normal
gastric samples. However, methylation of the APC promoter in
transcript NM_001127511 was less likely to occur in gastric
cancer samples than in normal gastric samples (Fig. 5).

4. Discussion

After a systematic review of the literature, this meta-analysis
assessed the relationship between APC promotermethylation and
the incidence of gastric cancer in 8 studies. Our results indicated
that the incidence of APC promoter methylation wasmuch higher
in GCPs than in NGCPs.
There is increasing evidence that the promoter methylation of

some tumor-associated genesmay be a noninvasive biomarker.[26–
28] Of course, as a tumor suppressor gene, aberrant methylation of
the APC promoter usually occurs in different cancers, including
breast cancer,[29] lung cancer,[30] prostate cancer,[31] colon
cancer,[32] and gastric cancer.[13] APC is a gene that negatively
6

regulates WNT signaling and is methylated in 34% to 83% of
gastric cancers, but mutations in APC are rare.[33] Therefore, APC
promoter methylation may be used as a diagnostic marker for
gastric cancer. Balgkouranidou et al[13] detected theAPCpromoter
methylation status in the blood of 73 patients with gastric cancer
and 20 normal controls, and they reported APC methylation in
83.6%ofGCPs, but APCpromoter methylationwas not observed
in blood from the normal controls. However, other studies have
shown no significant difference in the incidence of APC promoter
methylation between gastric cancer and NGCPs.[14,21] Therefore,
the topic of whether APC promoter methylation can increase the
incidence of gastric cancer remains controversial.
Our meta-analysis showed that the methylation frequency of

the APC promoter in GCPs was higher than that in NGCPs.
These findings suggest that methylation of the APC promoter
may play an important role in the pathogenesis of gastric cancer.
The subgroup analysis showed that APC promoter methylation
was associated with the incidence of gastric cancer in China
(OR=3.86, 95% CI, 1.71–8.704, P= .000) and countries other
than China (OR=2.57, 95% CI, 1.23–5.37, P= .012). However,
China is more relevant than other countries. Finally, we further
verified that the frequency of APC promoter methylation in
gastric cancer samples was higher than that in normal gastric
samples based on the bioinformatics analysis.
This meta-analysis has the following advantages. First, this

meta-analysis confirmed that methylation of the APC promoter is
associated with the incidence of gastric cancer, which may
provide a new research direction for the diagnosis and treatment
of gastric cancer. Second, the eight studies included in this meta-
analysis were strictly in accordance with the inclusion and
exclusion criteria, and they had high NOS scores, a wide range of
samples, and good representativeness. Finally, the sensitivity
analysis showed no significant change in the summary results
after eliminating any of the 8 studies. Therefore, the results of this
meta-analysis are robust and reliable.



Figure 5. Bioinformatics analysis of adenomatous polyposis coli promoter methylation in gastric cancer.
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However, this meta-analysis still had some limitations. First,
we did not generate a funnel plot to detect publication bias
because only 8 studies (<10) were included in this meta-analysis.
Second, there were some confounding factors beyond our control
that may have affected our results. Third, some of the original
studies did not provide complete data on the age of patients,
organization type and stage, preventing a comprehensive
subgroup analysis. Fourth, when we searched the literature,
we found that all the studies that met the inclusion criteria were
case-control studies, and more randomized controlled trials
might be needed to provide more reliable evidence.
Our results suggest that methylation of the APC promoter may

increase the risk of gastric cancer. This study provides a new
strategic direction for research on gastric cancer. Until these
findings are confirmed, methylation of the APC promoter may be
a potential biomarker for the diagnosis of gastric cancer.
However, many randomized controlled clinical studies are
needed to confirm this conclusion.
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