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ABSTRACT

Gene promoter methylation has been reported in gastric cancer (GC). However,
the potential applications of blood-based gene promoter methylation as a noninvasive
biomarker for GC detection remain to be evaluated. Hence, we performed this
analysis to determine whether promoter methylation of 11 tumor-related genes could
become a promising biomarker in blood samples in GC. We found that the cyclin-
dependent kinase inhibitor 2A (p16), E-cadherin (CDH1), runt-related transcription
factor 3 (RUNX3), human mutL homolog 1 (MLH1), RAS association domain family
protein 1A (RASSF1A), cyclin-dependent kinase inhibitor 2B (p15), adenomatous
polyposis coli (APC), Glutathione S-transferase P1 (GSTP1), TP53 dependent G2
arrest mediator candidate (Reprimo), and 06-methylguanine-DNAmethyl-transferase
(MGMT) promoter methylation was notably higher in blood samples of patients with
GC compared with non-tumor controls. While death-associated protein kinase (DAPK)
promoter methylation was not correlated with GC. Further analyses demonstrated that
RUNX3, RASSF1A and Reprimo promoter methylation had a good diagnostic capacity
in blood samples of GC versus non-tumor controls (RUNX3: sensitivity = 63.2%
and specificity = 97.5%, RASSF1A: sensitivity = 61.5% and specificity = 96.3%,
Reprimo: sensitivity = 82.0% and specificity = 89.0%). Our findings indicate that
promoter methylation of the RUNX3, RASSF1A and Reprimo genes could be powerful
and potential noninvasive biomarkers for the detection and diagnosis of GC in blood
samples in clinical practices, especially Reprimo gene. Further well-designed (multi-
center) and prospective clinical studies with large populations are needed to confirm
these findings in the future.

gastric cancer patients, numerous patients with GC are
usually diagnosed at advanced stage, with a high mortality
rate [3, 4]. Therefore, novel noninvasive and low-cost

INTRODUCTION

Gastric cancer (GC) is the fifth most common

malignant tumor and the third leading cause of death in
all human cancers worldwide [1]. Based on GLOBOCAN
estimates, approximately 951,600 new cases were
clinically diagnosed with GC, leading to about 723,100
deaths in 2012 worldwide [1]. Approximately 70% of GC
cases occur in developing countries [2]. Although early
detection and treatment have improved survival in early

biomarkers are of importance for early diagnosis and
screening of GC.

As a common epigenetic alteration, DNA
methylation is associated with human cancers [5-7].
Aberrant DNA methylation of tumor-related genes could
be a noninvasive biomarker using body fluid samples
(blood or urine etc.) for detecting cancer [8-11]. The cell-
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cycle inhibitory proteins, tumor suppressor genes (TSGs)
p16: cyclin-dependent kinase inhibitor 2A (CDKN2A) and
pl5: cyclin-dependent kinase inhibitor 2B (CDKN2B) are
linked to the p53 and retinoblastoma (Rb) pathways [12].
TSG CDH1 is termed as epithelial cadherin (E-cadherin)
or cadherin-1 and is associated with the invasion and
metastasis of cancer [13, 14]. Runt-related transcription
factor 3 (RUNX3) was reported as a new gastric TSG
in 2002 and the loss of RUNX3 expression is related to
gastric carcinogenesis [15]. Human mutL homolog 1
(MLH1) encoding a DNA mismatch repair (MMR) protein
and lack of MLH1 expression is associated with genomic
instability in gastric cancer [16, 17]. RAS association
domain family protein 1A (RASSF1A4) as a TSG has some
biological roles in the regulation of cell cycle, microtubule
stability, and apoptosis [18]. The adenomatous polyposis
coli (4PC) gene is a TSG involved in multiple functions,
including WNT signaling, cell cycle regulation, cell
differentiation and proliferation, and transcriptional
activation etc. [19]. Glutathione S-transferase P1 (GSTPI)
is identified as a TSG and has an important function in
preventing normal cells against damage by various
carcinogens or electrophilic compounds [20, 21]. TP53
dependent G2 arrest mediator candidate (Reprimo) is
involved in cell cycle regulation [22]. Death-associated
protein kinase (DAPK), a calcium/calmodulin-dependent
serine/threonine kinase, is related to these functions

Records searched via online electronic database (n =835)

:

of apoptosis, autophagy, and inflammation [23]. O6-
methylguanine-DNAmethyl-transferase (MGMT), a DNA
repair gene, protects cells against the effects of treatment
via eliminating alkyl adducts from the O6-position of
guanine [24, 25]. Multiple tumor-related genes are found
to be commonly methylated in tissue samples in GC, such
as pl6, CDHI, RUNX3, MLHI, RASSFIA, pl15, APC,
DAPK, GSTP1, Reprimo, and MGMT etc. [22, 26-28].

However, the potential value of the diagnosis of
gene promoter methylation in the blood as a promising
noninvasive biomarker in GC patients remains to be
determined. The purpose of this study was to perform a
systematic analysis of all possible candidate genes rather
than an individual gene associated with blood-based gene
methylation in diagnosing GC.

RESULTS

Study characteristics

According to the described search method, as
shown in Figure 1, there were 50 publications published
from 2002 to 2017 in the present study. Data involving
51 methylated genes were determined in blood samples
of patients with GC from China, Japan, Korea, Iran,
Thailand, Chile, Greece, Russia, and Singapore.
Supplementary Table 1 lists the detailed characteristics

Records identified via a manual search (n=11)

|

Records after duplicates removed (n = 465)

—>
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Irrelevant title or abstract (n = 249)
Animal or vitro study (n = 83)
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Potentially relevant publications evaluated for

—»!

Full-text articles excluded
Duplicate data (n =9)

Without sufficient information on
gene methylation in the blood in
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Figure 1: Flow diagram of the search method of the eligible studies in this systematic analysis.
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of the eligible studies on blood samples of GC and
non-tumor controls. This systematic analysis mainly
investigated these methylated genes with more than two
studies.

Gene promoter methylation in the blood in GC

The analyses of more than two studies included 11
tumor-related genes within promoter methylation in blood
samples of GC. When GC was compared to non-tumor
controls, the results showed that promoter methylation
ofthe p/6 (OR = 14.21, 95% CI = 4.18-48.23, P <
0.001), CDHI (OR = 18.19, 95% CI = 7.38-44.80, P <
0.001), RUNX3 (OR = 63.66, 95% CI = 13.42-302.02, P
<0.001), MLHI (OR = 6.81, 95% CI = 2.84-16.35, P <
0.001), RASSFI1A4 (OR = 64.15, 95% CI = 32.29-127.47,
P <0.001), p15 (OR =7.92, 95% CI = 2.41-26.09, P =
0.001), APC (OR = 15.60, 95% CI = 1.24-196.14, P =
0.033), GSTPI (OR = 5.75, 95% CI = 1.05-31.62, P =
0.044), Reprimo (OR = 111.10, 95% CI = 36.67-336.59,
P <0.001), and MGMT (OR = 3.16, 95% CI = 1.47-6.81,
P =0.003) was significantly correlated with GC in blood
samples (Figures 2-5). No significant correlation was
found between DAPK promoter methylation and GC (OR
=17.82,95% CI = 0.92-66.26) (Figure 5).

Supplementary Table 2 presents the remaining 40
genes investigated among less than three studies. Of these
genes, 20 methylated genes were shown to be significantly
associated with GC in the blood (Supplementary Table 2),
additional studies with large populations should be done
to confirm the results of gene methylation with fewer than
three studies.

Subgroup analysis of p16 promoter methylation

According to the eligible subgroups, a subgroup
analysis of testing method ((methylation specific
PCR (MSP) and non-methylation specific PCR (Non-
MSP)) was conducted in p/6 promoter methylation
(Supplementary Figure 1). The result demonstrated that
p16 promoter methylation was correlated with GC in the
MSP method (OR = 20.88, 95% CI = 8.28-52.64, P <
0.001), but not in the Non-MSP method (OR = 7.46, 95%
CI=0.15-360.60, P = 0.310).

Sensitivity analyses

For the results with substantial heterogeneity among
more than two studies (p/6, RUNX3, and APC genes: P <
0.1), we conducted sensitivity analyses to determine the
stability of the overall OR and the change of heterogeneity
based on the omission of a single study.

When one study (Leung 2005 et al) [29] was
removed in p/6 promoter methylation, the pooled OR of
p16 promoter methylation was 25.31 (95% CI = 11.29-
56.76, P < 0.001), while heterogeneity was significantly
reduced (P = 0.880).

The OR value of RUNX3 promoter methylation was
27.28 (95% CI = 11.89-62.62, P < 0.001) by removing
a single study by Lu 2012 et al [30], which caused the
absence of heterogeneity (P = 0.783).

When we removed this study by Bernal 2008 et al
[22], and re-calculated the combined OR value of APC
promoter methylation (OR = 40.98, 95% CI = 7.25-
231.79, P <0.001), resulting in a dramatically decreased
heterogeneity (P = 0.333).

Publication bias

Egger’s test was used to measure the potential
publication bias for the results with greater than five
studies (p/6, CDHI, RUNX3, and MLH]I genes). Figure
6 shows the statistical data of funnel plot symmetry,
which indicted the absence of publication bias regarding
promoter methylation of the CDHI, RUNX3, and
MLH1genes (P> 0.05). There was a slight publication bias
for p16 promoter methylation (P = 0.039 < 0.05).

Gene promoter methylation in relation to
clinicopathological features of GC

We analyzed other clinical effects of pi6,
RASSFI1A, DAPK, and p15 promoter methylation with the
clinicopathological characteristics of patients with GC in
the blood. p/6 promoter methylation was not correlated
with gender, age and lymph node status (P > 0.1)
(Supplementary Figure 2), while a positive relationship
was found between pl/6 promoter methylation and
clinical stage (OR =2.21, 95% CI = 1.10-4.42, P =0.025)
(Supplementary Figure 2).

No correlation was found between RASSFIA, DAPK,
and pl5 promoter methylation and clinicopathological
features of GC (Supplementary Figure 3) (all Ps >
0.1), including gender and age for RASSFIA promoter
methylation; gender and lymph node status for p/5
promoter methylation; and gender, clinical stage or lymph
node status for DAPK promoter methylation. Because
the sample sizes of the correlation of gene promoter
methylation with clinicopathological characteristics were
small in blood samples of GC patients. These results
should be cautious.

DISCUSSION

Increasing evidence demonstrated the use of
promoter methylation of some tumor-related genes as a
powerful noninvasive biomarker for the detection and
diagnosis of cancer in the blood in clinical settings [31-
33]. However, the diagnostic role of promoter methylation
status of the tumor-related genes in blood samples of
patients with GC lacks quantitative assessment. Therefore,
an integrated analysis was performed to evaluate the
ability of 11 tumor-related genes (p16, CDHI, RUNX3,
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Figure 2: Forest plot of the association between p16 promotermethylation and GC in blood samples (877 GC patients
and 307 non-tumor controls), OR = 14.21, 95% CI = 4.18-48.23, P < 0.001, methylation frequency (cancer vs control group):

31.0% vs 2.0%.
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Figure 3: Forest plot of the association between CDH1 (569 GC patients and 223 non-tumor controls) and RUNX3 (440
GC patients and 942 non-tumor controls) promoter methylation and GC in blood samples, CDHI1:OR = 18.19, 95% CI
= 7.38-44.80, P < 0.001, methylation frequency (cancer vs control group): 24.3% vs 0.9%; RUNX3: OR = 63.66, 95% CI = 13.42-
302.02, P < 0.001, methylation frequency (cancer vs control group): 63.2% vs 2.5%.
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MLHI, RASSFIA, p15, APC, DAPK, GSTP1, Reprimo,
and MGMT) promoter methylation test using blood
samples as a feasible biomarker in GC diagnosis and
screening.

Some studies reported that promoter methylation
of the p16, CDHI, RUNX3, MLHI, RASSF 14, p15, APC,
DAPK, GSTP1, Reprimo, and MGMT was frequent in the
blood in patients with GC [34-38]. However, the results
of the frequencies of promoter methylation of these
11 tumor-related genes are conflicting and different in
blood samples of GC patients and non-tumor controls.
For example, Wu 2012 et al reported that no promoter
methylation of the p/6 gene was detected in GC and non-

tumor controls [39]. While Leung 2005 et al reported
that p/6 promoter methylation in GC was significantly
lower than in controls (8.3% vs 18.2%) [29]. Promoter
methylation of the P76 gene had a higher level in GC than
in controls among numerous studies [38, 40-43]. CDH1
promoter methylation showed a frequency from 0% [39]
to 57.4% [38] in blood samples of patients with GC, and a
frequency from 0% [39] to 6.5% [22] in normal controls.
Tan 2007 et al reported that RUNX3 promoter methylation
was found in all four GC patients and was not detected
in 10 controls [44]. Some studies demonstrated that the
frequency of RUNX3 promoter methylation ranged from
37.3% [45] to 95.4% [36] in blood samples of GC patients.
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Figure 4: Forest plot of the association between MLH1 (354 GC patients and 154 non-tumor controls), RASSF1A4 (257
GC patients and 322 non-tumor controls), and p15 (186 GC patients and 94 non-tumor controls) promoter methylation
and GC in blood samples, MLH1: OR = 6.81,95% CI = 2.84-16.35, P < 0.001, methylation frequency (cancer vs control group):
19.5% vs 3.2%; RASSF1A4: OR = 64.15, 95% CI =32.29-127.47, P < 0.001, methylation frequency (cancer vs control group): 61.5%
vs 3.7%; and p15: OR =7.92, 95% CI = 2.41-26.09, P = 0.001, methylation frequency (cancer vs control group): 43.0% vs 7.4%.
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Moreover, only Sakakura 2009 et al recorded that RUNX3
promoter methylation had a frequency of > 5% in non-
tumor controls [36].

The frequency of MLHI promoter methylation
was not very high in blood samples of patients with GC,
with a range from 0.7% [39] to 48% [46]. RASSF1A4
gene within the promoter had a low methylation rate
(34%) in the blood in GC by Wang 2008 et al [47], on
the other hand, Pimson 2016 et al reported that RASSF1A4

gene within the promoter had a high methylation level
(83.2%) in blood samples of GC [48]. p/5 gene within
the promoter was methylated with a frequency of < 60%
in blood samples of patients with GC [29, 37, 38]. APC
promoter methylation had a similar and high level in the
blood of GC and controls (76.7% vs 64.5%) [22]. While
APC promoter methylation showed a low level in blood
samples of GC and controls (16.7% vs 0%) by Leung 2005
et al [29]. DAPK gene within the promoter was found to
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APC :

Leung 2005 * 9.36 (0.53, 166.71) 4.96
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Figure 5: Forest plot of the correlation between APC (OR = 15.60, 95% CI = 1.24-196.14, P = 0.033, methylation frequency
(cancer vs control group): 50.6% vs 17.7%), DAPK (OR =7.82, 95% CI = 0.92-66.26, P = 0.059), GSTPI (OR =5.75, 95% CI =1.05-
31.62, P=0.044, methylation frequency (cancer vs control group): 10.8% vs 0.0%), Reprimo (OR =111.10, 95% CI =36.67-336.59, P
<0.001, methylation frequency (cancer vs control group): 82.0% vs 11.0%), and MGMT (OR = 3.16, 95% CI1=1.47-6.81, P = 0.003,
methylation frequency (cancer vs control group): 40.9% vs 26.7%) promoter methylation and GC in the blood.
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be methylated among both GC and controls (49.1% vs
28.6%) [49]. While only promoter methylation of the
DAPK gene was reported in GC by Lee 2002 et al [38].
GSTP1 promoter methylation had a frequency of <20% in
blood samples of GC patients [29, 38]. Reprimo promoter
methylation had a high rate in blood samples of patients
with GC (> 60%) [22, 34, 46]. Leung 2005 et al showed
no correlation between MGMT promoter methylation and
GC [29]. A significant correlation was reported between
MGMT promoter methylation and GC by Kolesnikova
2008 et al [37].

The current analyses comprising all eligible articles
revealed that promoter methylation of the p/6, CDHI,
RUNX3, MLHI, RASSF1A4, p15, APC, GSTP1, Reprimo,
and MGMT was significantly higher in blood samples of
patients with GC compared with non-tumor controls. But
DAPK promoter methylation had a similar frequency in
the blood in GC and controls, these results suggested that
promoter methylation of the ten tumor-related genes (p/6,
CDHI, RUNX3, MLHI, RASSFIA, pl15, APC, GSTPI,
Reprimo, and MGMT) may be potential biomarkers
based-blood test for GC. In our study, we found different
methylation frequencies of the ten tumor-related genes in
blood samples in GC vs controls (p/6: 31.0% vs 2.0%,
CDHI: 24.3% vs 0.9%, RUNX3: 63.2% vs 2.5%, MLH]I:
19.5% vs 3.2%, RASSF1A4: 61.5% vs 3.7%, p15: 43.0%
vs 7.4%, APC: 50.6% vs 17.7%, GSTP1:10.8% vs 0.0%,

Egger's publication bias plot

pl6 gene: P=0.039

standardized effect

precision

Egger's publication bias plot RUNX3 gel’le: P = 0933

standardized effect
o
1
{

precision

Reprimo: 82.0% vs 11.0%, and MGMT: 40.9% vs 26.7%)
(Supplementary Table 2).

Numerous studies suggested that promoter
methylationof the RUNX3, RASSFIA and Reprimo
genes was more common in GC tissues compared with
normal tissues, suggesting that promoter methylation of
the RUNX3, RASSF1A, and Reprimo genes may induce
the tumorigenesis of gastric cancer [50-53]. Additionally,
RASSF 14 promoter methylation had a frequency of 93%
in blood samples of colorectal cancer and a frequency
of 61.6% in non-cancer controls [54], but had a low
frequency in lung cancer (37.1%) [55] and nasopharyngeal
carcinoma (19%) in the blood [5]. RUNX3 promoter
methylation was shown to have a frequency of 43.9% in
blood samples of lung cancer [55]. Nishio et al reported
that RUNX3 promoter methylation showed a frequency
0of 29% in the blood of a large colorectal cancer patients
(344 cases) [56]. Reprimo methylation was not frequently
studied in blood samples of other human cancers. Ellinger
et al reported that Reprimo promoter methylation had a
very low frequency (1.2%) in blood samples of prostate
cancer [57]. The current analyses indicated that the
three RUNX3, RASSFIA and Reprimo genes promoter
methylation had better diagnostic capacity (RUNX3:
sensitivity = 63.2% and specificity = 97.5%, RASSFI1A:
sensitivity = 61.5% and specificity = 96.3%, Reprimo:
sensitivity = 82.0% and specificity = 89.0%), which

CDHI gene: P =0.983

Egger's publication bias plot

standardized effect

T T T T
0 5 1
precision

Egger's publication bias plot MLHI gene: P = 0784

standardized effect
o
I

precision

Figure 6: Forest plot of publication bias using Egger’s test in the p16 (cancer vs control group: P=0.039 < 0.05), CDH]1,
RUNX3, and MLH]Igenes (cancer vs control group: all Ps > 0.05).
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suggested that the three tumor-related genes could become
potential noninvasive biomarkers using blood samples for
the early detection of GC, particularly Reprimo promoter
methylation.

When GC was compared to non-tumor controls in
the blood, significant heterogeneity was detected in the
pl16, RUNX3, and APC genes (P <0.1). When we removed
one study (Leung 2005 et al) [29] in pl6 promoter
methylation, this study by Lu 2012 et a/ [30] in RUNX3
promoter methylation, and one study by Bernal 2008 et
al [22] in APC promoter methylation. The re-calculated
OR remained significant in the sensitivity analyses, with
no obvious evidence of heterogeneity (P > 0.1). The
reasons for the observed bias were not very clear, perhaps
due to the use of inappropriate or different conditions in
methylation detection.

Several limitations of the present study should
be considered. First, our study mainly included Asian
population, and partly consisted of Caucasian population.
While Africans were lacking. Second, a slight evidence
of publication bias was measured in the p/6 gene, only
eligible articles published in English or Chinese were
included in our analysis. Other papers in other languages
and unpublished studies and conference abstracts,
were excluded because of the insufficient information,
which may result in a slight bias. Third, the sample
sizes and studies of gene promoter methylation with
clinicopathological features were small. More well-
designed studies with large sample sizes, detained clinical
stages and prognostic analysis are needed in blood
samples of GC in the future. Finally, gene methylation
with fewer than three studies should be further done in
large populations.

In conclusion, the current findings reveal that p/6,
CDHI, RUNX3, MLHI, RASSF14, pl5, APC, GSTPI,
Reprimo, or MGMTpromoter methylation is associated
with blood samples of patients with GC. RUNX3, RASSF 14
and Reprimo promoter methylation may be potential useful
noninvasive biomarkers for the detection of GC, but other
pl6, CDHI, MLHI, p15, APC, GSTP1, and MGMT genes
show a low diagnostic effect for GC in blood samples.
Additional clinical prospective researches with larger
populations of blood samples are essential to further
validate the diagnostic and screening value of the RUNX3,
RASSF 14 and Reprimo promoter methylation in GC.

MATERIALS AND METHODS

Search strategy

PubMed, EMBASE, EBSCO, Wanfang, and CNKI
databases were searched to find eligible publications prior
to April 28, 2017. We used the following key words and
free terms: (stomach OR gastric) AND (cancer OR tumor
OR neoplasm OR carcinoma) AND (blood OR serum OR
sera OR plasma) AND (methylation OR methylated OR

hypermethylation OR epigenetic silencing OR epigenetic
inactivation). A manual search from the reference lists of
the included studies was performed for other potential
articles.

Study selection

The eligible studies were selected if they satisfied
the inclusion criteria: 1) the patients were limited to
the diagnosis of GC; 2) case-control or cohort studies
reported the information between gene promoter
methylation and GC in blood samples; 3) studies provided
sufficient data to assess the difference of gene promoter
methylation between GC and controls without cancer,
and the correlation of gene promoter methylation with
clinicopathological features of GC. Only the article
with the most detailed information was chosen when the
overlapping study populations were reported in several
papers published.

Data extraction

The following data were extracted using a
standardized form: first author’s surname, year of
publication, study location, ethnicity, mean or median
age, methylation detect methods, cancer stage, sample
size of cases and controls, control types, and GC patients’
characteristics, such as gender (male vs female), age (> 60
years vs < 60 years), clinical stage (stage 3-4 vs stage 1-2)
and lymph node status (positive vs negative).

Data analysis

The pooled data were analyzed using Stata software
(version 12.0, Stata Corporation, College Station,
TX, USA). The overall odds ratios (ORs) with the
corresponding 95% confidence intervals (95% Cls) were
calculated to evaluate the relationship of gene promoter
methylation between GC and controls in blood samples.
Moreover, the correlation of gene promoter methylation
with clinicopathological characteristics of GC was
performed among more than one study. The Cochran’s Q
statistic was used to estimate the possible heterogeneity
among the included studies [58]. The random-effects
model was chosen to make the results more reliable in the
meta-analysis. When there was substantial heterogeneity
(P < 0.1) for the results with more than two studies, we
conducted a sensitivity analysis of the omission of an
individual study to assess the change of the recalculated
OR and heterogeneity [59, 60]. The possible publication
bias was estimated using Egger’s test for methylated genes
with more than five studies [61].
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