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Abstract
Hypermethylation is epigenetic alteration, well known for gene silencing. CHD1 gene is known as invasion and tumor suppressor
gene, decreased expression due to hypermethylation could promote tumor cell invasion and metastasis. Present study designed to
investigate the CDH1 gene promoter hypermethylation status by methylation specific polymerase chain reaction in 100 newly
diagnosed gastric cancer patients. 53% of hypermethylation was observed in DNA extracted from blood in Gastric cancer
patients while 66% was observed in serum based DNA. Significant differences in CDH1gene promoter hypermethylation was
observed in serum based DNA extracted fromGastric cancer patients. Patients in early stage (I & II) vs advanced stage (III & IV),
distant organ metastases vs no metastases had 60% vs 7% and 42% 24% of CDH1 promoter hypermethylation in serum DNA
(p = 0.006, 0.001) respectively. Patients whowere with lymph node invasion, loss of appetite, loss of weight had 55%, 47%, 61%
CDH1 gene promoter hypermethylation compare to who were not with lymph node invasion, loss of appetite, loss of weight had
11%, 19%, 5% of hypermethylation and these differences was found to be significant. Strong association was observed with
overall median survival of patients (p < 0.0001). Patients who had CDH1 gene promoter hypermethylation in serum based DNA
showed poor overall median survival (14.3 months) and unmethylated patients had better overall median survival (33.2 months).
CDH1 hypermethylation status was found to be associated with advancement of disease, distant organ metastases and lymph
node invasion in Gastric cancer patients.
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Introduction

Gastric cancer is one of the major widespread malignancy
over the world. However, in the recent decades frequency in
mortality rates has been reduced but it is still the 4th most
common malignancy and the 2nd most important cause of
cancer-related mortality globally [1]. Mostly gastric cancer
patients diagnosed in advanced stage and individuals diag-
nosed with gastric cancer’s 5 years of survival rate is only
20%–30%. Several environmental factors including
Helicobacter pylori infection is one of the major well-
established reasons of gastric cancer. However, alterations at

genetics level have been major cause for increased risk for
gastric cancer [2]. Same as other cancer, gain-of-oncogenes
function, loss of tumor suppressor genes function, accumula-
tion of multiple epigenetic changes and genetic alteration in-
volved in carcinogenesis. Tumor suppresser genes, promoter
CpG hypermethylation causes gene silencing or down expres-
sion of gene participates in gastric carcinogenesis [3].

Methyltransferases are group of enzymes which add meth-
yl group to ‘CpG’ islands of promoter region and it has been
found that ‘CpG’ hypermethylation is restricted to cell to cell
stages such as embryogenesis, adult cells development and
differentiation [4]. However, increased methylatranferases ac-
tivity was linked with CpG hypermethylation of tumor sup-
pressor genes in human cancers [5]. E-dadherin or Cadherin-1
(CDH1) gene belongs to cell adhesion molecules family
which located on q arm of chromosome number 16
(16q22.1) [6]. This protein has 3 domains, i.e. extracellular
domain, transmembrane domain which linked to highly con-
served cytoplasmic tail domain. It is essential for maintaining
cellular differentiation, cell to cell linkage and which
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maintained normal characteristic of epithelial cells [7]. CDH1
gene expression was frequently lost or reduced in wide
range of epithelial tumors that result in enhanced tumor
invasion and distant organ metastases which has been
found to be associated with several solid malignancies
including Gastric cancer [8].

It has been reported that methylation profile of genes linked
with different geographical location, different environmental
exposure due to that reason different level of methylation pat-
tern was observed with different ethnic groups [9]. Thus the
present study aimed to investigate the hypermethylation status
of CDH1 gene in Chinese Gastric cancer patients.

Materials and Methods

Patients Selection and Sample Collection Current study re-
cruited histopathologicaly confirmed newly diagnosed 100
Gastric cancer patients as well as healthy controls. All the
subjects recruited in current study were informed and written
consent was obtained. The study was done at Medical section,
Gansu Gem Flower Hospital and approved by the Institutional
Ethics Committee. 4 ml of peripheral blood sample were
drawn and 2 ml of blood were collected in EDTA and 2 ml
of blood were collected in plain vials. Blood samples collected
in EDTA vials were stored in -20 °C for DNA extraction and
blood samples collected in plain vials were centrifuged at
1500 rpm for 10 min to collect the serum in tube. Further
collected serum samples were stored at -20 °C for DNA
extraction.

DNA Extraction and Bisulfite Modification Stored blood sam-
ples in EDTA were thawed and processed for whole blood
DNA extraction using FlexiGene DNA extraction Kit (Cat
No: 51206) by following manufacturer protocol. Serum stored
in -20 °C were taken out at room temperature to thaw and then
DNAwas extracted using QIAamp Circulating Nucleic Acid
kit (Cat No: 55114) following manufacturer protocol.
Extracted DNA was subjected to bisulphite modification for
hypermethylation study. Bisulfite modification of extracted
DNA (1 μg) from whole blood and serum was carried out
by using EpiTect Bisulfite Kits (Cat no: 59826) following
manufacturer protocol and then immediately stored at -20 °C.

Methylation-Specific PCR After bisulfite conversion of DNA,
Qualitative hypermethylation status of CDH1 gene promoters
CpG island was determined in all the subjects participated in
study bymethylation specific polymerase chain reaction (MS-
PCR) using specific primers previously described by Kang
et al. in 2003 is as (MF 5’- TTAGGTTAGAGGGTTATCGC
GT-3’; MR 5’-TAACTAAAAATTCACCTACCGAC-3’, UF
5’- TAATTTTAGGTTAGAGGGTTATTGT-3’; UR 5’-
CACAACCAATCAACAACACA-3’) [10]. PCRs were

performed in 50 μl volume reaction, containing 4 μl
bisulfite-modified DNA, 24 μl of 2x Hot Start PCR
Mastermix (Fermentas), 0.50 μl forward primer (25 pm),
0.50 μl reverse primer (25 pm) and 21 μl nuclease free H2O.
The PCR programme was detailed as 94 °C for 10 min, 40 cy-
cles at 95 °C for 40 s, primer annealing at 56 °C for 40 s, 72 °C
for 40 s, final extension step at 72 °C 10 min and storage at
4 °C. The amplified PCR products were further electropho-
resed on 2% agarose gels and evaluated under UV light to
conferm amplification the hypermethylated (115 bp) and
unmethylated (97 bp) amplification.

Statistical Analysis of Data

All the data were recorded in excel file and analysis was done
by using SPSS 20.0 and Graph Pad Prism 5 version of soft-
ware. Chi square and Fisher exact test were used to compare
the different groups of variables. The Kaplan–Meier analysis
was used to compute the overall survival of Gastric Cancer
patients. p value <0.05 was considered to be statistically
significant.

Results

Demographics All clinical and demographic characteristic of
study subjects were depicted in Table 1. In detail, total 100
Gastric cancer patients were included in present study for
CDH1 gene hypermethylation. Among Gastric cancer patients
65% patients were males and 35% patients were females. 31%
patients were in age group of <50 years while 69% patients
were in age group of >50 years. Patients who diagnosed in
early stage of disease were 17% while 83% patients were in
advanced stage of disease. It was observed that 52% patients
had distant organ metastases while 48% patients were not
showed distant organ metastases. However,more details were
depicted in Table 1.

CDH1 Hypermethylation Status in Blood
among Gastric Cancer Patients

It was observed that Gastric cancer patients showed overall
53% of CDH1 gene hypermethylation while 47% patients
showed unmethylated CDH1gene in blood based DNA. It
has been observed that male patients had 38% hypermethyla-
tion while females had 15% of CDH1 gene hypermethylation.
Patients who were in age group of <50 years had 19% of
hypermethylation while age group of >50 years had 34% of
hypermethylation. Higher percentageof hypermethylation
was observed in advanced stage of patients (45%) while in
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early stage it was only 6%. In detail, CDH1 gene promoter
hypermethylation was mentioned in Table 2.

CDH1 Hypermethylation Status in Serum
among Gastric Cancer Patients

CDH1 gene promoter hypermethylation status was observed
in Gastric cancer patients and was found be associated with
different variables. Overall 66% of Gastric cancer patients
showed CDH1 promoter hypermethylation in DNA extracted
from serum. It was observed that patients in advanced stage
(III & IV) showed 60% CDH1 gene promoter hypermethyla-
tion compare to early stage (I & II) had 7% CDH1 gene pro-
moter hypermethylation and differences was found to be sig-
nificant (p = 0.006). Patients who had distant organ metastases
had 42% of CDH1 gene promoter hypermethylation while
patients without distant organ metastases showed 24% of
CDH1 gene promoter hypermethylation and the differences
was found to be significant (p = 0.001). Gastric cancer patients
who has lymph node invasion, loss of appetite, Loss of weight

had 55%, 47%, 61% CDH1 gene promoter hypermethylation
while those who did not had lymph node invasion, loss of
appetite, loss of weight showed 11%, 19%, 5% had CDH1
gene promoter hypermethylation and differences among them
was found to be significant (p = 0.0002, p = 0.03, p = 0.001)
respectively (Table 3).

Overall Survival of Gastric Cancer Patients
with Respect to CDH1 Gene
Hypermethylation Status in Blood

Overall survival of Gastric cancer patients were calculated on
the basis of hypermethylation status evaluated in blood.
Patients who showed CDH1 gene hypermethylated had
26 months of overall median survival while patients who did
not had CDH1 gene hypermethylated showed better overall
median survival (32.8 months) and differences was found to
be border line significant (p = 0.04).

Overall Survival of Gastric Cancer Patients
with Respect to CDH1 Gene
Hypermethylation Status in Serum

Overall survival of Gastric cancer patients were calculated on
the basis of hypermethylation status in serum (Figs. 1 and 2).
Patients who showed CDH1 gene hypermethylated in serum
had 14.3 months of overall median survival while patients
who did not had CDH1 gene hypermethylated showed
33.2months of overall median survival and differences among
them was found to be significant (p < 0.0001).

Discussion

Promoter hypermethylation of tumor suppressor genes has
emerged as a potential mechanism for the gene silencing and
it is still under exploration in basic molecular biology, clinical
oncology and in medical research [5]. In gastric cancer, aber-
rant hypermethylation was more frequently found to inacti-
vate the genes than by genetic mutations [11].

Present research work evaluated the CDH1 gene promoter
hypermethylation status in DNA extracted from whole blood
and serum. We found significant association of serum based
DNA with gastric cancer patients. However, no association
was observed with variables among whole blood DNA ex-
tracted from Gastric cancer patients. Epigenetic alteration in
Gastric cancer patients associated with disease advancement
and spreads of disease. Patients who were in advanced stage
of disease (60%) and had distant organ metastases (42%)
showed higher level of CDH1 gene promoter hypermethyla-
tion were in serum based DNAwas found to be significantly

Table 1 Clinical and demographic characteristic of gastric cancer
patients

Variables Gastric cancer patients No (%)

Total no. of cases 100 (100)

Gender

Males 65 (65)

Females 35 (35)

Age (years)

≤50 31 (31)

>50 69 (69)

TNM Stage

Early Stage (I & II) 17 (17)

Stage (III & IV) 83 (83)

Distant Metastases

Positive 52 (52)

Negative 48 (48)

Histopathology grade

Well differentiated 20 (20)

Moderately differentiated 47 (47)

Poorly differentiated 33 (33)

Lymph node invasion

Yes 71 (71)

No 29 (29)

Loss of appetite

Yes 64 (64)

No 36 (36)

Loss of weight

Yes 84 (84)

No 16 (16)
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associated (p = 0.006, p = 0.001). However, less percentage of
CDH1 gene promoter hypermethylation were in advanced
stage (45%) and distant organ metastases (28%) observed in
blood based DNA. Positive association was observed with
CDH1promoter hypermethylation with respect to lymph
nodes invasion, loss of appetite and loss of weight. Gastric
cancer patients who has lymph nodes invasion (55%), loss
of appetite (47%), loss of weight (61%) showed higher per-
centage of CDH1 gene promoter hypermethylation in serum
based DNAwhile less in blood based DNA (39%, 35%, 46%)
respectively. Nawroz, H. et al. in 1996 and Hibi, K et al. in
1998 revealed that extracellular tumor derived DNA can be
found in serum as well as in plasma [12, 13]. Kopreski M.
S.et al. demonstrated that patients in early stage of cancer or
disease showed detectable amount of extracellular circulating
tumor DNA [14]. Patients with Sporadic Gastric cancer
showed CDH1 promoter hypermethylation ranges from 11%
to 75% [15]. A study by Haroon R. et al. in 2016 found 65%
of CDH1 promoter hypermethylation status in primary gastric
cancer patients and positive correlation was also observed
between CDH1 hypermethylation and metastasis in lymph
nodes [16]. Study by Tamura et al. in 2000 suggested 51%

of CDH1 gene hypermethylation as well as loss of expression
by western blotting in primary gastric cancer patients [17].
Low CDH1 gene expression was found by promoter methyl-
ation in breast cancer patients and study was confirmed in cell
lines as well. However, data is limited with tissues of primary
breast carcinoma [18, 19]. 40.9% of CHD1 promoter methyl-
ation was reported in the primary breast cancer samples com-
pared to matched normal tissues and decreased expression
was also reported at mRNA level [20].

Strong and significant association of serum DNA based
CDH1 gene promoter hypermethylation was observed with
overall median survival of Gastric cancer patients. Patients
with CDH1 promoter hypermethylation in serum showed very
less overall median survival (14.3 months) while who did not
have CDH1 promoter hypermethylation in serum showed
33.2 months of overall median survival. It suggested that se-
rum based CDH1 gene promoter methylated patients showed
around 19 months of higher overall survival than CDH1 gene
promoter hypermethylated patients. However, blood DNA
based CHD1 gene hypermethylation was not highly signifi-
cant with overall median survival of Gastric cancer patients. It
has been observed that CDH1 hypermethylation causes

Table 2 Association of CDH1
hypermethylation status in blood
with different variables among
Gastric cancer patients

Gastric cancer patients CDH1 blood hypermethylation status P value

Yes, no (%) No, no (%)

Overall 53 (53) 47 (47) –

Gender

Male 38 (38) 27 (27) 0.13
Female 15 (15) 20 (20)

Age (In year)

≤ 50 years 19 (19) 12 (12) 0.26
> 50 years 34 (34) 35(35)

Stage

Early stage (I & II) 6 (6) 11 (11) 0.15
Advanced stage (III & IV) 45 (45) 38 (38)

Metastases

Yes 28 (28) 24 (24) 0.86
No 25 (25) 23 (23)

Histopathological grade

Well differentiated 11 (11) 9 (9) 0.81
Moderately differentiated 26 (26) 21(21)

Poorly differentiated 16 (16) 17(17)

Lymph node invasion

Yes 39 (39) 32 (32) 0.54
No 14 (14) 15(15)

Loss of appetite

Yes 35 (35) 29 (29) 0.65
No 18 (18) 18(18)

Loss of weight

Yes 46 (46) 38 (38) 0.42
No 7 (7) 9 (9)
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reduced expression or loss of expression which has been
found to be associated with decrease patient’s survival [21].

Study from Korea by Lee et al. in 2003 reported that the
CpG methylation status of CDH1 gene was linked with poor
overall survival of hepato-cellular carcinoma [22].

Thus the current study reveals that CDH1 gene promoter
hypermethylation status in serum based DNAwas associated
with advancement of disease, distant organ metastases and
lymph node invasion in Gastric cancer patients. It was ob-
served that CDH1 gene promoter hypermethylationwas found

Table 3 Association of CDH1
hypermethylation status in serum
with different variables among
Gastric cancer patients

Gastric cancer patients CDH1 serum hypermethylation status p value

Yes No (%) No No (%)

Overall 66 (66) 34 (34) –

Gender

Male 45 (45) 20 (20) 0.35
Female 21 (21) 14 (14)

Age (In year)

≤ 50 years 21 (21) 10 (10) 0.80
> 50 years 45 (45) 24 (24)

Stage

Early stage (I & II) 7 (7) 11 (11) 0.006
Advanced stage (III & IV) 60 (60) 23 (23)

Metastases

Yes 42 (42) 10 (10) 0.001
No 24 (24) 24 (24)

Histopathological grade

Well differentiated 10 (10) 10 (10) 0.15
Moderately differentiated 31 (31) 16 (16)

Poorly differentiated 25 (25) 8 (8)

Lymph node invasion

Yes 55 (55) 16 (16) 0.0002
No 11 (11) 18 (18)

Loss of appetite

Yes 47 (47) 17 (17) 0.03
No 19 (19) 17 (17)

Loss of weight

Yes 61 (61) 23 (23) 0.001
No 5 (5) 11 (11)
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Fig. 1 Association of blood CDH1 gene promoter hypermethylation
status with overall survival of Gastric cancer patients
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Fig. 2 Association of serum CDH1 gene promoter hypermethylation
status with overall survival of Gastric cancer patients
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to be is associated with worse overall survival of patients and
this gene could be used as prognostic indicator for disease.

Conclusions Present study provides valuable data to predict
the strong association of serum based DNA hypermethylation
status in Gastric cancer patients. CDH1 gene promoter hyper-
methylation status in serum based DNA was associated with
advancement of disease, distant organ metastases and lymph
node invasion in Gastric cancer patients.
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