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Abstract
Introduction Gastric cancer (GC) is one of the leading causes
of cancer-related death in Iran. Genome stability is one of the
main genetic issues in cancer biology which is governed via the
different repair systems such as DNAmismatch repair (MMR).
A clear correlation between MMR defects and tumor progres-
sion has been shown. Beside the genetic mutations, epigenetic
changes also have a noticeable role in MMR defects.
Methods Here, we assessed promoter methylation status and the
level of hMLH1mRNA expression as the main component of
MMR system in 51 GC patients using the methylation-specific

PCR and real-time PCR, respectively.Moreover, we performed a
promoter methylation study of the E-cadherin gene promoter.
Results It was observed that, 12 out of 39 cases (23.5 %) had
hMLH1 overexpression. Hypermethylation of hMLH1 and E-
cadherin promoter regions were observed in 25.5 and 36.4 %,
respectively. Although, there was no significant correlation
between hMLH1 mRNA expression and clinicopathological
features, there are significant correlations between E-cadherin
promotermethylation and tumor stage (p =0.028) and location
(p =0.025). The rate of hMLH1 promoter methylation in this
study was lower than that in the other population, showing the
importance of the other mechanisms, in gastric tumorigenesis.
Conclusion The results of this study indicate that DNA repair
system is adversely affected by hypermethylation of hMLH1 in a
fraction of gastric cancer patients. Additionally, E-cadherin
hypermethylation seen in a subset of our gastric cancer patients
is consistent with other reports showing correlation with aggres-
siveness and metastasis of gastric cancer.
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Introduction

Gastric cancer (GC) is one of the highest rated cancer types and
the leading cause of cancer-related deaths in Iran with 10,000
new cases and 8,000 deaths annually [1]. Although it has been
observed that GC incidence has a constant decline during the last
several decades, it is still one of the most common cancers
worldwide [2]. Despite new therapeutic advances, GC has a poor
prognosis with a low rate of 5-year survival [3]. Cancer, as a
complex disease which has a high rate of mortality worldwide, is
affected with different factors such as genetics and environment
[4]. Genome stability is one of the main genetic issues in cancer
biology, which is governed via the different repair systems such
as DNA mismatch repair (MMR), and it has been shown that
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there is a clear relationship between MMR defect and tumor
progression [5, 6]. Microsatellite instability, as a well-known
mechanism in gastric and colorectal tumorigenesis, is directly
related to the function of mismatch repair genes such as hMLH1
and hMSH2 [7–9]. hMLH1, as one of the main components of
the MMR system, is responsible for the replacement of the
mispaired nucleotides in the genome during the replication.
Therefore, it is clear that every aberration in the hMLH1 function
may lead to increased genetic instability in different cancer-
related genes, specifically those that are involved in cell prolifer-
ation and death [10].

Beside the mutations in hMLH1, promoter hypermethylation
is another important mechanism which can suppress the MMR
components, P16 and E-cadherin, transcriptionally [11–13].
Epigenetic changes include a variety of chromatin modifications
which are involved in different processes such as development
and tumorigenesis. Therefore, to elucidate the role of hMLH1
promoter methylation in the GC progression, we assessed its
methylation status andmRNA expression. Beside the hMLH1 as
one of the MMR components, E-cadherin also has an important
role in GC progression. E-cadherin is an epithelial transmem-
brane glycoprotein, involved in cell adhesion which is directly
related to tumor metastasis [14]. Considering the lack of a good
prognostic marker in GC, usually, it is diagnosed in the advanced
stages of tumor progression, which has a clearly poor prognosis
[15]. Therefore, it is essential to identify the new prognostic and
diagnostic markers for GC. Although it has been observed that
the gastric cancer arises through the genetic and epigenetic
changes which lead tomalfunction of cancer-related genes, some
other reports show that genetic mutations are not frequent in
gastric tumor progression [16, 17]. On the other hand, the
epigenetic aberrations such as DNA methylations, specifically
in the promoter regions, play a significant role in cancer [18].

Despite the high incidence of GC in Iran, there are not
enough reports to clear the significant correlation between
epigenetic alterations and GC in this area. In the present study,
and in line with our recent study [11], the promoter methyla-
tion changes were assessed in two cancer-related genes (E-
cadherin and hMLH1) through the methylation-specific PCR
(MSP) in GC patients, which are well-known factors in gastric
tumorigenesis. Furthermore, the mRNA expression study was
performed to approve the role of promoter methylation in the
transcriptional repression of mentioned genes. Finally, the
correlations between methylation/expressional analyses and
clinicopathological features were assessed.

Materials and Methods

Tissue Samples

Fifty one freshly microdissected normal and tumoral gastric
samples were gathered via gastrectomy from the patients in

Emam Reza and Omid Hospitals of Mashhad University of
Medical Sciences. The samples were kept in RNAlater solution
(QIAGEN, Hilden, Germany) in −20 °C prior to RNA extrac-
tion. There were two excluding criteria in the case of tissue
samples: all the patients should have no chemo–radio therapeutic
treatment prior to the surgery and the tumoric samples were
histologically examined by a pathologist to ensure that they
contain at least 70 % tumor cells.

RNA Extraction, cDNA Synthesis, and Quantitative RT-PCR

RNA extraction and cDNA synthesis were performed as
described before [19]. Expressional analysis of hMLH1 was
done in triplicate reactions through a comparative threshold
cycle/SYBR Green method (GENET BIO, Korea) in a real-
time thermal cycler (StratageneMx3000P, La Jolla, CA) using
the primer sequences represented in Table 1. The thermal
program included an initial step of 95 °C for 10 min followed
by 95 °C (15 s), 52 °C (30 s), and 72 °C (30 s) for 40 cycles.
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was
used as normalizer [20]. All of the cases with an increase of
more and less than 2-fold in the level of mRNA expression in
the tumor samples in comparison with the normal tissues were
defined as the overexpressed and underexpressed cases, re-
spectively. The tumors with the level of mRNA expression
between −2 and +2-folds were considered as normal.

DNA Modification (Bisulfite Treatment)
and Methylation-Specific PCR

Sodium bisulfite modifies the unmethylated cytosine bases to
uracil, without any change in methylated cytosine. Therefore,
such discrimination between methylated and unmethylated al-
leles, prepares the opportunity to design allele (methylation)-
specific PCR primers. DNAmodification was performed using
the EpiTect Bisulfite Kit (QIAGEN, Hilden, Germany). DNA
samples were denatured via the NaOH prior to the bisulfite
modification followed by phenol/chloroform purification
according to the manufacturer's protocol. Specific MSP primer
sets for hMLH1 and E-cadherin are represented in Table 2. The
PCR reactions were performed as described before [11]. The
thermal profile of MSP–PCR comprised of an initial denatur-
ation in 95 °C for 10 min followed by 40 cycles of 94 °C for
45 s, 61 °C for 25 s, and 72 °C for 1 min. EpiTect PCR control
DNA (QIAGEN, Hilden, Germany) was used as a positive
control for the unmethylated and methylated DNA.

Statistical Analysis

All data were statistically analyzed using the SPSS 16.0
software (SPSS, Chicago, IL). The correlational studies be-
tween different variables were assessed by Pearson's χ2 test
and Fisher's exact tests.Moreover, the ANOVA and t test were
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used to find the significant correlations between levels of
mRNA expression and different clinicopathological features
based on their type. All the statistical tests were defined
significantly as a p value of <0.05.

Results

Study Population

Fifty one patients with GC including 16 (31.4 %) females and
35 (68.6 %) males were enrolled in this study. The mean age
was 63.7±10.5 years ranged from 30 to 85 years. The mean
tumor size was 6.2±2.8 cm with a range of 1 to 14 cm. Most
of the tumors were located in the cardia 24 (47 %), while the
others were located in the body and antrum with 16 (31.4 %)
and 11 (21.6 %), respectively. Most of the cases were in stages
II/III (78.4 %). Thirty-two (62.7 %) tumor samples had
showed moderate differentiation. In the case of tumor depth
of invasion, despite of 5 (9.8 %) cases, all tumors were in T2/3
and most of the tumors had lymph node metastasis 43
(84.3 %). Clinicopathological features of the patients are
showed in Table 3.

hMLH1 Expression in Gastric Cancer Patients

The level of hMLH1 mRNA expression was assessed via the
comparative real-time PCR in 51 gastric cancer patients, in
which, hMLH1 expression in tumor samples was compared
with the paired normal specimens. It was observed that 12 out
of 39 cases (23.5 %) had hMLH1 overexpression. The mean
fold changes were ranged totally between −4.3 and 5.63
(Mean ± SD, 0.22±1.99), while in normal/underexpressed
and overexpressed samples were (Mean ± SD, 2.96±1.09)
and (Mean ± SD, −0.62±1.32), respectively. Fold changes of
all patients are depicted as a scatter plot in Fig. 1. Moreover,
comparison between the levels of hMLH1 mRNA expression

in normal/underexpressed and overexpressed groups is
showed as box plot in Fig. 2.

Clinicopathological Features and hMLH1 mRNA Expression

Correlations between clinicopathological features and the level
of mRNA expression were studied to evaluate the probable
involvement of hMLH1 in gastric tumor progression and me-
tastasis. Although, there was no significant correlation between
clinicopathological features and hMLH1 overexpression, 8 out
of 12 (66.7 %) overexpressed cases were moderately differen-
tiated. Most of the overexpressed tumors were located in cardia
and they were in T2 tumor depth of invasion (6 from 12 cases,
50%). In the case of tumor types, 9 out of 12 cases (75%) were
intestinal type (p =0.631). The majority of overexpressed cases
had lymph node metastasis (11 of 12 samples, 91.7 %), indi-
cating a noticeable role of this factor in tumor metastasis. Mean
age in underexpressed and overexpressed cases were 64.87±
1.04 and 59.75±1.05 years, respectively, which shows that the
overexpressed tumors were meaningfully observed in younger
patients. Mean size of normal/underexpressed and over-
expressed tumors were 6.15±2.81 and 6.16±2.69 cm, respec-
tively, showing that there is no difference between the tumor
sizes regarding the levels of hMLH1 mRNA expression.
Generally, the number of males was higher than females in this
study and most of the overexpressed cases (9 out of 12 patients,
75 %) were observed in males.

Promoter Methylation Status

We assessed the promoter methylation status of hMLH1 and E-
cadherin in gastric cancer patients (Table. 3 and 4). Thirteen out
of 51 (25.5 %) cases showed hypermethylation in hMLH1
promoter sequence. From 33 cases with methylation status as-
sessment of E-cadherin promoter, only 12 (36.4 %) cases were
positive. As we expected, there was a significant correlation
between hypermethylation in hMLH1 promoter and the level

Table 1 Real-time PCR primer
sequences Forward Reverse

hMLH1 5-AACTGCAGTCCTTTGAGGAT-3 5-CCATCAGCTGTTTTCGTTGT-3

GAPDH 5-GGAAGGTGAAGGTCGGAGTCA-3 5-GTCATTGATGGCAACAATATCCACT-3

Table 2 MSP primer sequences
Forward Reverse

hMLH1 (M) ACGTAGACGTTTTATTAGGGTCGC CCTCATCGTAACTACCCGCG

hMLH1 (U) TTTTGATGTAGATGTTTTATTAGGGTTGT ACCACCTCATCATAACTACCCACA

E-cadherin (M) TTAGGTTAGAGGGTTATCGCGT TAACTAAAAATTCACCTACCGACC

E-cadherin (U) TAATTTTAGGTTAGAGGGTTATTGT CACAACCAATCAACAACACA
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of mRNA expression, in which all of the 12 overexpressed
tumors had no methylated promoter sequence (p =0.021).
However, there were 26 cases among the 39 (66.7 %) normal/
underexpressed tumors without any methylation in the hMLH1
promoter, emphasizing the probable role of other mechanisms on
the regulation of gene expression except the methylation. In the
case of clinicopathological features and hMLH1 promoter meth-
ylation, we observed a significant correlation between the meth-
ylation status and the stage of tumor in which 10 out of 13
hMLH1 promoter hypermethylated tumors (76.9 %) were in
stage III (p=0.028).Moreover, therewas a significant correlation
between methylation status and tumor location, showing that, 8
out of 13 (61.5 %) cases were located in the stomach (p=0.025).
Beside the hMLH1, we assessed the methylation status in E-
cadherin and although the numbers of cases were lower than the
hMLH1, we observed a noticeable but not significant correlation

between lymph node metastasis and methylation status of E-
cadherin, in which 11 out of 12 (91.7 %) E-cadherin promoter
hypermethylated tumors had lymph node metastasis. All the
correlations between the clinicopathological features and meth-
ylation statuses are shown in Tables 3 and 4. Only two patients
hadmethylated promoters in both of E-cadherin and hMLH1 and
interestingly, one of them was the youngest patient enrolled in
this study (30 years old). It seems that the promoter methylation
in these genes is more frequent among the males in compar-
ison with the females, 28.6 % of the males had hMLH1
methylation, against 18.8 % of the females. About the E-
cadherin, 42.3 % of cases were hypermethylated in their
promoter, while only 14.3 % of females were methylated.
Finally, having examined the tumor size, we can conclude
that although there was a significant correlation between
tumor size and hMLH1 promoter methylation, methylated

Table 3 Clinicopathological fea-
tures and hMLH1 expression and
methylation

Total hMLH1 Overexpression hMLH1 Promoter methylation

+ −

Patients 51 12 13 38

Mean age (mean ± SD) 63.7±10.5 59.8±1.1 62.8±1.4 63.4±9.5

Size (mean ± SD) 6.2±2.8 6.2±2.7 6.8±3.6 5.9±2.4

Sex

Male 35 (68.6 %) 9 (75 %) 10 (76.9 %) 25 (65.8 %)

Female 16 (31.4 %) 3 (25 %) 3 (23.1 %) 13 (34.2 %)

Location

Body 16 (31.4 %) 4 (33.3 %) 8 (61.5 %) 8 (21 %)

Cardia 24 (47 %) 6 (50 %) 3 (23.1 %) 21 (55.3 %)

Antrum 11 (21.6 %) 2 (16.7 %) 2 (15.4 %) 9 (23.7 %)

Grade

P.D. 7 (13.7 %) 1 (8.3 %) 2 (15.4 %) 5 (13.2 %)

M.D. 32 (62.7 %) 8 (66.7 %) 8 (61.5 %) 24 (63.2 %)

W.D. 12 (23.6 %) 3 (25 %) 3 (23.1 %) 9 (23.6 %)

Lymph node

Yes 43 (84.3 %) 11 (91.7 %) 11 (84.6 %) 32 (84.2 %)

No 8 (15.7 %) 1 (8.3 %) 2 (15.4 %) 6 (15.8 %)

Stage

Ι 3 (5.9 %) – 1 (7.7 %) 2 (5.3 %)

ΙΙ 17 (33.3 %) 5 (41.7 %) 2 (15.4 %) 15 (39.5 %)

ΙΙΙ 23 (45.1 %) 4 (33.3 %) 10 (76.9 %) 13 (34.2 %)

ΙV 8 (15.7 %) 3 (25 %) – 8 (21 %)

Depth of tumor invasion (T)

T2 19 (37.3 %) 6 (50 %) 4 (30.8 %) 15 (39.5 %)

T3 27 (52.9 %) 4 (33.3 %) 9 (69.2 %) 18 (47.4 %)

T4 5 (9.8 %) 2 (16.7 %) – 5 (13.1 %)

Tumor type

Intestinal 36 (70.6 %) 9 (75 %) 7 (53.8 %) 29 (76.3 %)

Diffuse 13 (25.5 %) 2 (16.7 %) 5 (38.5 %) 8 (21.1 %)

Mixed 2 (3.9 %) 1 (8.3 %) 1 (7.7 %) 1 (2.6 %)
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cases were bigger than the unmethylated cases (6.8±3.6 vs
5.9±2.4, p =0.402).

Discussion

This report is the second study in Iran emphasizing the role of
epigenetic in gastric cancer progression. It has been shown that
hMLH1 silencing is one of the most important causes of gastric
cancer progression [21, 22]. Here, we examined the probable
correlation between epigenetic mechanisms and gastric cancer

progression. We performed a MSP analysis for promoter se-
quence of hMLH1 and partially, E-cadherin. Although we did
not assess all of the samples in the case of E-cadherin promoter
methylation, 12 out of 33 cases (36.4 %) had methylated pro-
moters and all of the hMLH1 overexpressed tumors had no
methylation in their promoters, as we expected. There was a
significant correlation between the levels of hMLH1 mRNA
expression and methylation status in which a lowered hMLH1
mRNA expression was observed in all of the hypermethylated
cases. As it was observed, a noticeable number of normal/
underexpressed cases had no methylation in the hMLH1

Fig. 1 Scatter plot of hMLH1
expression in GC patients

Fig. 2 Box plot illustration of
hMLH1 relative quantitative
mRNA expression in GC patients
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promoter sequence; therefore, it is concluded that beside the
methylation, a variety of processes and factors are probably
involved in hMLH1 gene silencing. Interestingly, there was no
significant correlation between the levels of hMLH1 mRNA
expression and clinicopathological features, whereas it has ob-
served that there was a significant correlation between methyl-
ation status of hMLH1 and tumor stages, in which most of the
promoter hypermethylated tumors were in higher stages. This
can emphasize the role of hMLH1 epigenetic silencing in gastric
tumor progression and shows that hMLH1 methylation plays a
probable role in the advanced stages of tumor progression.
Moreover, in one case, we observed a fold change of 1.26 while
it was positive in the case of hMLH1 promoter sequence,
indicating probable impurity of tumor tissue and presence of
some normal cells within the tumor sample.

While the loss of hMLH1 expression is closely related to
carcinogenesis in some cancers such as gastric, endometrial, and
colorectal malignancies [23–25], overexpression of hMLH1
and/or hMSH2 is also reported in some other cancers such as
some gastric cancers and sporadic endometrial cancer [26, 27].
Although the probable role of hMLH1 overexpression in tumor-
igenesis is not clear, there are some possible explanations about
it.

First of all, it has been shown that some mutations in the
MMR result to overexpression of a defected protein which has
no functional ability in gastric cancer [26]. The same event is
observed for p53 in a variety of cancers [28]. Second, it is
believed that theMMR overexpression happened as a result of
cellular adaptation in response to the accumulation of DNA
mismatch errors during the tumorigenesis, especially in divid-
ing cells [29]. Third, hMLH1 is able to induce apoptosis
through inhibition of PCNA, which leads to replication arrest
and induction of apoptosis [30]. Finally, hMLH1 is known
as one of the caspase-3 protease substrates which lead to
the production of a carboxyl terminal fragment with a pro
apoptotic role, emphasizing the probable role of hMLH1
overexpression as a cellular defense mechanism against
the uncontrolled cell division and malignant transforma-
tion [31].

To date, several epigenetic studies have been reported
working on different markers in gastric cancer such as p16
[32, 33], E-cadherin [12, 34], and hMLH1 [33, 35]. All of
these reports indicated the hypermethylation of E-cadherin up
to 58.8 % of tumor cases in comparison to our report with
36.4 %. It reveals a noticeable decrease in this regard in the
Iranian population, although we performed methylation as-
sessment on a low numbers of patients. Considering the role
of E-cadherin in cell attachment, we expected to see positive
methylation in E-cadherin promoter in most of the metastatic
cases, whereas only 11 out of 30 (36.7 %) cases with lymph
node metastasis show a positive methylation. Therefore, it
seems that although the E-cadherin abnormality has been
reported in different malignancies and gastric cancer
[36–38], it is not the only important factor in cell attachment
and metastasis and there are different factors which are in-
volved in this issue. E-cadherin hypermethylated cases were
equally observed in diffused and intestinal tumor types.

Different factors such as genetic, epigenetic, and environ-
mental are involved in gastric tumorigenesis [39]. Besides,
MMR system as the main repair process is responsible for the
mismatch correction during the replication and genome stabil-
ity. Therefore, every MMR disorder will result in mutations in
different cancer-related genes. hHML1 is one of the main
components of MMR which is the target of methylation in
gastric cancer [40]. Our data showed that 25.5 % of the cases
had hMLH1 promoter hypermethylation, indicating a signifi-
cant difference with the similar studies with almost up to 73 %
[41]. Therefore, it seems that in contrast with the mentioned

Table. 4 Clinicopathological features and E-cadherin methylation

E-cadherin promoter methylation p Value

+ −

Patients 12 21

Mean age (mean ± SD) 63.5±3.7 63.5±2.5

Size (mean ± SD) 6.3±1.7 6.3±2.5

Sex

Male 11 (91.7 %) 15 (71.4 %)

Female 1 (8.3 %) 6 (28.6 %)

Location 0.025

Body 2 (16.7 %) 8 (38.1 %)

Cardia 7 (58.3 %) 9 (42.9 %)

Antrum 3 (25 %) 4 (19 %)

Grade

P.D. 2 (16.7 %) 4 (19 %)

M.D. 7 (58.3 %) 12 (57.2 %)

W.D. 3 (25 %) 5 (23.8 %)

Lymph node

Yes 11 (91.7 %) 19 (90.5 %)

No 1 (8.3 %) 2 (9.5 %)

Stage 0.028

Ι – –

ΙΙ 5 (41.7 %) 7 (33.3 %)

ΙΙΙ 5 (41.7 %) 9 (42.9 %)

ΙV 2 (16.6 %) 5 (23.8 %)

Depth of tumor invasion (T)

T2 4 (33.3 %) 9 (42.9 %)

T3 6 (50 %) 9 (42.9 %)

T4 2 (16.7 %) 3 (14.2 %)

Tumor type

Intestinal 6 (50 %) 14 (66.7 %)

Diffuse 6 (50 %) 6 (28.6 %)

Mixed – 1 (4.7 %)
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studies in other countries, although the hMLH1 hypermethyla-
tion has a noticeable role on gastric cancer progression in
Iranian patients, it has a lower involvement in gastric tumori-
genesis in comparison with other populations; however, further
studies are needed to find the accurate biology of gastric cancer
in Iranian patients.

Acknowledgment This work was supported by two grants from the
Vice Chancellor for Research at Mashhad University of Medical Sci-
ences, no. 85031 and no. 85366.

Conflict of Interest The authors declare that they have no conflict of
interest.

References

1. Sadjadi A, Nouraie M, Mohagheghi MA, Mousavi-Jarrahi A,
Malekezadeh R, Parkin DM. Cancer occurrence in Iran in 2002, an
international perspective. Asian Pac J Cancer Prev. 2005;6(3):359–63.

2. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ. Cancer statistics,
2009. CA Cancer J Clin. 2009;59(4):225–49.

3. Wagner AD, Schneider PM, Fleig WE. The role of chemotherapy in
patients with established gastric cancer. Best Pract Res Clin
Gastroenterol. 2006;20(4):789–99.

4. Pharoah PD, Dunning AM, Ponder BA, Easton DF. Association
studies for finding cancer-susceptibility genetic variants. Nat Rev
Cancer. 2004;4(11):850–60.

5. Li GM. DNA mismatch repair and cancer. Front Biosci. 2003;8:
d997–d1017.

6. Li GM. Mechanisms and functions of DNA mismatch repair. Cell
Res. 2008;18(1):85–98.

7. Moghbeli M, Moaven O, Dadkhah E, Farzadnia M, Roshan NM,
Asadzadeh-Aghdaee H, et al. High frequency of microsatellite insta-
bility in sporadic colorectal cancer patients in Iran. Genet Mol Res.
2011;10(4):3520–9.

8. Strickler JG, Zheng J, Shu Q, Burgart LJ, Alberts SR, Shibata D. p53
mutations and microsatellite instability in sporadic gastric cancer:
when guardians fail. Cancer Res. 1994;54(17):4750–5.

9. Thibodeau SN, French AJ, Roche PC, Cunningham JM, Tester DJ,
Lindor NM, et al. Altered expression of hMSH2 and hMLH1 in
tumors with microsatellite instability and genetic alterations in
mismatch repair genes. Cancer Res. 1996;56(21):4836–40.

10. Xiao XQ, Gong WD, Wang SZ, Zhang ZD, Rui XP, Wu GZ, et al.
Polymorphisms of mismatch repair gene hMLH1 and hMSH2 and risk
of gastric cancer in a Chinese population. Oncol Lett. 2012;3(3):591–8.

11. Abbaszadegan MR, Moaven O, Sima HR, Ghafarzadegan K, A'Rabi A,
Forghani MN, et al. p16 promoter hypermethylation: a useful serum
marker for early detection of gastric cancer. World J Gastroenterol.
2008;14(13):2055–60.

12. Mir MR, Shabir N, Wani KA, Shaff S, Hussain I, Banday MA, et al.
Association between p16, hMLH1 and E-cadherin promoter hyperme-
thylation and intake of local hot salted tea and sun-dried foods in
Kashmiris with gastric tumors. Asian Pac J Cancer Prev. 2012;13(1):
181–6.

13. Abbaszadegan MR, Raziee HR, Ghafarzadegan K, Shakeri MT,
Afsharnezhad S, Ghavamnasiry MR. Aberrant p16 methylation, a
possible epigenetic risk factor in familial esophageal squamous cell
carcinoma. Int J Gastrointest Cancer. 2005;36(1):47–54.

14. Wijnhoven BP, Dinjens WN, Pignatelli M. E-cadherin–catenin cell–
cell adhesion complex and human cancer. Br J Surg. 2000;87(8):
992–1005.

15. Kim HJ, Karpeh MS. Surgical approaches and outcomes in the treat-
ment of gastric cancer. Semin Radiat Oncol. 2002;12(2):162–9.

16. Ushijima T, Sasako M. Focus on gastric cancer. Cancer Cell.
2004;5(2):121–5.

17. Yasui W, Oue N, Aung PP, Matsumura S, Shutoh M, Nakayama H.
Molecular-pathological prognostic factors of gastric cancer: a review.
Gastric Cancer. 2005;8(2):86–94.

18. Suzuki H, Tokino T, ShinomuraY, Imai K, ToyotaM. DNAmethylation
and cancer pathways in gastrointestinal tumors. Pharmacogenomics.
2008;9(12):1917–28.

19. Moghbeli M, Abbaszadegan MR, Farshchian M, Montazer M,
Raeisossadati R, Abdollahi A, et al. Association of PYGO2 and EGFR
in esophageal squamous cell carcinoma. Med Oncol. 2013;30(2):516.

20. Rubie C, Kempf K, Hans J, Su T, Tilton B, Georg T, et al.
Housekeeping gene variability in normal and cancerous colorectal,
pancreatic, esophageal, gastric and hepatic tissues. Mol Cell Probes.
2005;19(2):101–9.

21. Fleisher AS, Esteller M, Tamura G, Rashid A, Stine OC, Yin J, et al.
Hypermethylation of the hMLH1 gene promoter is associated with
microsatellite instability in early human gastric neoplasia. Oncogene.
2001;20(3):329–35.

22. Kang GH, ShimYH, Ro JY. Correlation of methylation of the hMLH1
promoter with lack of expression of hMLH1 in sporadic gastric carci-
nomas with replication error. Lab Invest. 1999;79(7):903–9.

23. Kang YH, Bae SI, Kim WH. Comprehensive analysis of promoter
methylation and altered expression of hMLH1 in gastric cancer cell
lines with microsatellite instability. J Cancer Res Clin Oncol.
2002;128(3):119–24.

24. Peltomaki P. Role of DNA mismatch repair defects in the pathogen-
esis of human cancer. J Clin Oncol. 2003;21(6):1174–9.

25. Takai N, Kai K, Tsuno A, Nasu K, Kashima K, Narahara H.
Synchronous ovarian endometrioid adenocarcinoma with a function-
ing stroma and endometrial endometrioid adenocarcinoma by differ-
ent loss of heterozygosity findings. Arch Gynecol Obstet.
2011;284(4):951–5.

26. Li M, Liu L, Wang Z, Wang L, Liu Z, Xu G, et al. Overexpression of
hMSH2 and hMLH1 protein in certain gastric cancers and their
surrounding mucosae. Oncol Rep. 2008;19(2):401–6.

27. Hamid AA, Mandai M, Konishi I, Nanbu K, Tsuruta Y, Kusakari T,
et al. Cyclical change of hMSH2 protein expression in normal endo-
metrium during the menstrual cycle and its overexpression in endo-
metrial hyperplasia and sporadic endometrial carcinoma. Cancer.
2002;94(4):997–1005.

28. Starzynska T, Bromley M, Ghosh A, Stern PL. Prognostic signifi-
cance of p53 overexpression in gastric and colorectal carcinoma. Br J
Cancer. 1992;66(3):558–62.

29. Chang DK, Ricciardiello L, Goel A, Chang CL, Boland CR. Steady-
state regulation of the human DNA mismatch repair system. J Biol
Chem. 2000;275(24):18424–31.

30. Umar A, Buermeyer AB, Simon JA, Thomas DC, Clark AB, Liskay
RM, et al. Requirement for PCNA in DNA mismatch repair at a step
preceding DNA resynthesis. Cell. 1996;87(1):65–73.

31. Chen F, Arseven OK, Cryns VL. Proteolysis of the mismatch repair
protein MLH1 by caspase-3 promotes DNA damage-induced apo-
ptosis. J Biol Chem. 2004;279(26):27542–8.

32. Huang Q, Ai L, Zhang ZY, Fan CY, Weiss LM. Promoter hyperme-
thylation and protein expression of the p16 gene: analysis of 43 cases
of B-cell primary gastric lymphomas from China. Mod Pathol.
2004;17(4):416–22.

33. Ksiaa F, Ziadi S, Amara K, Korbi S, Trimeche M. Biological signif-
icance of promoter hypermethylation of tumor-related genes in pa-
tients with gastric carcinoma. Clin Chim Acta. 2009;404(2):128–33.

34. Chan AO, Lam SK, Wong BC, Wong WM, Yuen MF, Yeung YH,
et al. Promoter methylation of E-cadherin gene in gastric mucosa

46 J Gastrointest Canc (2014) 45:40–47

associated with Helicobacter pylori infection and in gastric can-
cer. Gut. 2003;52(4):502–6.



35. Carvalho B, Pinto M, Cirnes L, Oliveira C, Machado JC, Suriano G,
et al. Concurrent hypermethylation of gene promoters is associated
with a MSI-H phenotype and diploidy in gastric carcinomas. Eur J
Cancer. 2003;39(9):1222–7.

36. Corn PG, Heath EI, Heitmiller R, Fogt F, Forastiere AA, Herman JG,
et al. Frequent hypermethylation of the 5' CpG island of E-cadherin in
esophageal adenocarcinoma. Clin Cancer Res. 2001;7(9):2765–9.

37. Nass SJ, Herman JG, Gabrielson E, Iversen PW, Parl FF, Davidson
NE, et al. Aberrant methylation of the estrogen receptor and E-cadherin
5' CpG islands increases with malignant progression in human breast
cancer. Cancer Res. 2000;60(16):4346–8.

38. Rocha AS, Soares P, Seruca R, Maximo V, Matias-Guiu X,
Cameselle-Teijeiro J, et al. Abnormalities of the E-cadherin/

catenin adhesion complex in classical papillary thyroid car-
cinoma and in its diffuse sclerosing variant. J Pathol. 2001;194(3):
358–66.

39. Nagini S. Carcinoma of the stomach: A review of epidemiology,
pathogenesis, molecular genetics and chemoprevention. World J
Gastrointest Oncol. 2012;4(7):156–69.

40. Nobili S, Landini I, Mazzei T, Mini E. Overcoming tumor multidrug
resistance using drugs able to evade P-glycoprotein or to exploit its
expression. Med Res Rev. 2012;32(6):1220–62.

41. Wani M, Afroze D, Makhdoomi M, Hamid I, Wani B, Bhat G, et al.
Promoter methylation status of DNA repair gene (hMLH1) in gastric
carcinoma patients of the Kashmir valley. Asian Pac J Cancer Prev.
2012;13(8):4177–81.

J Gastrointest Canc (2014) 45:40–47 47


	Role of hMLH1 and E-Cadherin Promoter Methylation in Gastric Cancer Progression
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and Methods
	Tissue Samples
	RNA Extraction, cDNA Synthesis, and Quantitative RT-PCR
	DNA Modification (Bisulfite Treatment) and Methylation-Specific PCR
	Statistical Analysis

	Results
	Study Population
	hMLH1 Expression in Gastric Cancer Patients
	Clinicopathological Features and hMLH1 mRNA Expression
	Promoter Methylation Status

	Discussion
	References


