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Promoter hypermethylation of p16 and APC in gastrointestinal
cancer patients
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ABSTRACT

Background/Aims: Cancer is a consequence of the disruption of cellular regulation. Epigenetic is one of the rea-
sons of this disruption. Epigenetic factors play a role in the carcinogenesis by affecting proto-oncogenes and tu-
mor suppressor genes and it is one of the most popular research areas in recent years. DNA methylation, which
is an epigenetic mechanism, occurs in the early stages of tumorigenesis. Promoter methylation which causes the
silence of tumor suppressor genes have been studied extensively in various tumor types. The aim of this study was
to investigate promoter methylation of certain tumor suppressor genes, Cyclin-dependent kinase inhibitor 2A (p16)
and Adenomatous polyposis coli (APC), which take part in gastrointestinal tumorigenesis.

Materials and Methods: To detect the promoter methylation of p16 and APC genes, tissue samples from 20 gas-
trointestinal cancer patients and peripheral blood samples from 15 healthy individuals were collected for Methyla-
tion-Specific Polymerase Chain Reaction (MSP) analysis.

Results: According to the statistical analysis, in tumor tissue, positive methylation ratio of p16 and APC genes was
found respectively 30% (6/20) and 50% (10/20). The difference of promoter methylation of these genes between
tumor tissues and control group was significantly observed (p=0.02 and 0.001, respectively). An alteration of pro-
moter methylation of APC gene according to tumor localization was found (p=0.007), but there was no significant
difference observed in p16.

Conclusion: In our study, promoter methylation which was considered to be occurred as an early event in gastro-
intestinal carcinogenesis was observed in p16 and APC genes.
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INTRODUCTION

Tumorigenesis is a multistep process which consists of
genetic alterations that drive the progressive transfor-
mation of normal human cells into highly malignant
derivatives (1). One of these steps is an epigenetic
modification which is a cellular process that takes part
in tumorigenesis. In addition to the epigenetic modifi-
cation, global changes in the epigenetic landscape are
also hallmarks of cancer.

Epigenetic is heritable changes in gene expression that
occur independent of changes in the primary DNA se-
quence (2-4). DNA methylation, covalent histone modi-
fications, and nucleosome positioning and histone vari-

ants are epigenetic mechanisms that have an effect on
the gene expression (4). Genetic studies showed that
the DNA methylation is required for embryonic devel-
opment, genomic imprinting and X-chromosome in-
activation, and alterations in this epigenetic mark also
cause many human diseases, including cancer (5). In a
cancer cell, the DNA methylation pattern is a combina-
tion of an overall decrease in the level of 5-methylcyto-
sine (hypomethylation) and regional hypermethylation
particularly CpG islands is generally disrupted (6). The
hypermethylation of DNA is a post-replication modi-
fication and it is predominantly found in cytosines of
the dinucleotide CpG that is presented throughout the
genome at small regions named CpG islands (6). CpG is-
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lands are generally found at the upstream region of genes that
is called promoter region and any changes in this area might
affect the gene expression. In other words, hypermethylation
of genes in a cell may silence the function of related gene (7).
It was reported that there is a strong correlation between gene
expression and methylation; however, only methylation in the
promoter region is associated with gene silencing (8). Aberrant
DNA hypermethylation of promoter regions occurs before a
bulk of tumor is seen through the proliferation of a single cell
(9). Thus, identification of promoter hypermethlaytion may be
useful to diagnose the disease at early stages.

Gastrointestinal cancer is one of the most common form of
cancer and one of the most important causes of cancer-related
death in our nation like the Western world. There is a myriad
of reasons that cause gastrointestinal cancer. Moreover, gastro-
intestinal cancer is a complicated and heterogeneous disease
in which genomic instability and DNA promoter methylation
play important roles (10). The hypermethylation of CpG islands
within the promoter and/or upstream exon regions is an im-
portant epigenetic mechanism underlying the inactivation of
tumor suppressor genes in this type of cancer (11). It was re-
ported that many tumor suppressor genes, such as Ras associa-
tion domain family 1A (RASSF1A), Cyclin-dependent kinase inhibi-
tor 2A (p16), Adenomatous polyposis coli (APC) are epigenetically
silenced by aberrant promoter hypermethylation in gastric and
colorectal cancer (11-15).

Adenomatous polyposis coli plays an important role in many cel-
lular processes which determine whether a cell may develop
into a tumor and p16 takes part in regulating the cell cycle.
Therefore, mutations in these two genes may result in cancer.

In this study, the methylation status of the p76 and APC genes
were examined in 20 tumor tissues derived from patients with
gastrointestinal cancer and 15 healthy individuals by using
Methylation-Specific Polymerase Chain Reaction (MSP), and
the correlation between the methylation status and the clini-
copathological findings was evaluated.

MATERIALS AND METHODS

Peripheral blood samples and gastrointestinal biopsy speci-
mens of 20 gastrointestinal cancer patients and only periph-
eral blood samples of 15 healthy individuals were collected
from the Department of Gastroenterology, Gulhane Military
Medical Academy between 2008 and 2010. All tissue and pe-
ripheral blood samples were carried on ice while they were
brought to the laboratory and all of them were processed im-
mediately. It was found that all of those gastrointestinal cancer
patients have no evidence of other diseases. Clinicopathologic
data were available for most of the 20 gastrointestinal cancer
patients; for some patients we were missing information on
age at surgery (n=1) and tumor stage (n=1). The localizations
of tumors are as follows: nine gastric, ten colorectal, and one
esophagus tumors. Tumor stages and pathologic features of
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primary tumors were defined according to the criteria of the
American Joint Committee of Cancer. The distribution of tumor
stages were as follows: two cases were stage Il, nine cases were
stage Ill, and eight cases were stage IV. The study protocol was
in adherence to the tenets of the Declaration of Helsinki and
the procedure was done according to the ethics committee
approval. Informed consent was obtained from all patients and
healthy individuals after giving the explanation on the nature
and possible consequences of the study.

Genomic DNA was isolated from peripheral blood and biopsy
specimens using the phenol-chloroform extraction method
and was stored at -20°C. DNA samples were measured at 260
nm with spectrophotometry (Quawell UV-Vis Spectrophotom-
eter Q5000; Quawell Technology, California, USA) and bisulfite
modification reaction was conducted by using 1 ug genomic
DNA. All of the DNA samples were modified with the reagents
provided in the Epigentek BisulFlash™ DNA Modification Kit (Epi-
gentek, New York, USA) and the modification reaction lasted for
approximately 25 minutes. After the bisulfite treatment, convert-
ed DNA samples were stored at -20°Cand could be used up to
four weeks. The modified DNA samples were then subjected to
MSP using with methylation-specific primers of the p16 and APC
genes. We used methylated primers (M) to amplify methylated
regions and unmethylated primers (U) to amplify unmethylated
regions. In addition, we also used CpGenome™ Universal Meth-
ylated DNA (Millipore, California, USA) as a positive control. Each
PCR reaction mixture contained 1X PCR buffer (16 mM (N H,.S0,,
67 mM TrisHCI pH 8.8, 0.1% Tween-20, 2,5 mM !\/\gCIZ), 0.1 mM
dNTP, 0.4 pmol sense and antisense primers for target genes and
Tu Tag DNA polymerase (Bioron, Ludwigshafen, Germany) in a
total volume of 25 ul. The primer sequences, PCR conditions, and
product sizes are given in Table 1. After PCR amplification, the
products were electrophoresed on 3% agarose gel (Sigma-Al-
drich, Steinheim, Germany) and visualized under ultraviolet light
after ethidium bromide staining.

Statistical analyses were done using SPSS 15.0 for Windows
Evaluation Version (SPSS Inc,; Chicago, IL, USA). MSP results
were compared between the subject and control group by the
X? test, p<0.05 was considered as statistically significant.

RESULTS

Tumor tissues of 20 patients who were referred to the Clinic of
the Department of Gastroenterology, Gulhane Military Medical
Academy and 15 healthy individuals were examined for pro-
moter methylation of p16 and APC by using MSP.

Aberrant methylation of p76 and APC were detected in 6 out of
20 (30%) patients and 10 out of 20 (50%) patients, respectively
(Figure 1).

Among the patients and healthy individuals, the difference be-
tween the tumor stage and methylation of p76 and APC genes
were found insignificant.
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Table 1. Primer sequences, PCR conditions and size of the PCR products
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Primer Sequence of 5’-3’ PCR conditions PCR products
p16-U-F TTATTAGAGGGTGGGGTGGATTGT 94°C 255/64°C 255/72°C 255/30 cycle 151 bp
p16-U-R CAACCCCAAACCACAACCATAA

p16-M-F TTATTAGAGGGTGGGGCGGATCGC 94°C 255/60°C 255/72°C 25s/30 cycle 150 bp
p16-M-R GACCCCGAACCGCGACCGTAA

APC-U-F GTG ATTGTGGAGTGTGGGTT 94°C 255/62°C 255/72°C 255/30 cycle 108 bp
APC-U-R CCAATCAACAAACTCCCAACAA

APC-M-F TATTGCGGAGTGCGGGTC 94°C 255/58°C 255/72°C 255/30 cycle 104 bp
APC-M-R TCGACGAACTCCCGACGA

p16-U-F: The forward primer sequence of the unmethylated sequence of p16 gene; p16-U-R: p16-U-F: The forward primer sequence of the unmethylated sequence of p16 gene;
p16-U-R: The reverse primer sequence of the unmethylated sequence of the p16 gene; p16-M-F: The forward primer sequence of the methylated sequence of p16 gene; p16-M-R:
The reverse primer sequence of the methylated sequence of p16 gene; APC-U-F: The forward primer sequence of the unmethylated sequence of APC gene; APC-U-R: The reverse
primer sequence of the unmethylated sequence of APC gene; APC-M-F: The forward primer sequence of the methylated sequence of APC gene; APC-M-R: The reverse primer

sequence of the methylated sequence of APC gene; bp: Base pair

mSubject (n=20)
= Control (n=15)

p16 M (+) :

ACPMO

PIEMO  ppc )

Figure 1. Promoter hypermethylation of p16 and APC genes in gastroin-
testinal cancer patients and healthy individuals.

We also found that the relation of p76 methylation and ages of
patients was significant (p=0.025); on the other hand, no sig-
nificance was found for the APC gene (Table 2). Methylation of
pl16 was seen more in patients who were 60 years and below
than patients who were above 60 years.

Methylated and unmethylated status of p16, APC, and p values
in different tumor types and stages and also in different age
groups are seen in Table 2.

DISCUSSION

Gastrointestinal cancer, which is seen in most countries with a
high incidence, is one of the most fatal type of cancer; there-
fore, it may be important to determine the genetic alterations,
such as epigenetic modifications before the surgery as a new
parameter to estimate the malignancy of the cancer (15).

In this study, we aimed to show that promoter hypermethyl-
ation of tumor suppressor genes correlates with the carcino-
genesis by using MSP technique. In our technigue, we used
Epigentek BisulFlash™ DNA Modification Kit instead of manual
method. Before the invention of these new modification Kits,
bisulfite modification was lasting for nearly more than 16 hours.
Both the long reaction time and the labor of this modification
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make this process hard. Thus, we used kit for modification and
there are many studies which use these modification kits for
their studies (16-28).

We used gastrointestinal cancer patients as a subject group
and we examined the tumor suppressor genes, such as p76 and
APC. Among the subject group, we found that 30% of them
have methylated p16 and 50% of them have methylated APC.
In the control group, methylated p16 or APC were not seen. We
can say that methylation of p76 and APC correlates with tumor-
igenesis (p=0.02 and 0.001, respectively). In the present study,
we were supposed to find out if most of the gastrointestinal
cancer patients have methylated p76 promoter because there
are many researches which support this idea and our findings
also correlate with other researches. Kim et al. (29) suggested
that methylation of p16 causes low expression level of p16
and that situation may contribute to tumor enlargement. Ac-
cording to the clinicopathological analysis, p16 metyhlation in
serum of the patients with colorectal cancer was related with
later Dukes' stage (17). In another study, it is claimed that p16
gene silencing contributes to the changes in the epigenetic
landscape which are widespread in neoplasia (30). In addi-
tion, the rate of hypermethylation of APC is found to be high
in many studies. Cho et al. (31) observed that while 52.5% of
breast cancer patients have hypermethylated APC gene, there
is no APC hypermethylation in the control group. It was found
that the rate of methylated APC gene was 82.5% (33/40) in a
study which was about gastric cancer patients (32). Hyper-
methylation of APC promoter, like the mutations in the coding
region of APC, appears with the same frequency in colon neo-
plasia (33). Our results which resemble other studies indicate
that p16 or APC hypermethylation is an important epigenetic
modification which contributes to the tumor enlargement.

Moreover, we studied the unmethylated promoter regions
for these genes and we observed that 90% of the patients
have unmethylated p76 and 30% of them have unmethyl-
ated APC. Similar results were also obtained by the study of
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Table 2. Promoter hypermethylation in gastrointestinal tumors and healthy subjects

p16 M APCM

+ - Total p + Total p
Subject (n=20) 6 (30.0%) 14 (70.0%) 20 (100.0%) 10 (50.0%) 10 (50.0%) 20 (100.0%)
Control (n=15) 0 (0.0%) 15 (100.0%) 15 (100.0%) 0.02 0(0.0%)  15(100.0%) 15 (100.0%) 0.001
Location of Tumor
gastric (n=9) 3(33.3%) 6 (66.7%) 9 (100.0%) 8 (88.9%) 1(11.1%) 9 (100.0%)
colorectal (n=10) 3(30.3%) 7 (70.0%) 10 (100.0%) 2 (20.0%) 8 (80.0%) 10 (100.0%)
esophagus (n=1) 0 (0.0%) 1 (100.0%) 1 (100.0%) 0.788 0 (0.0%) 1(100.0%) 1(100.0%) 0.007
Total 6 (30.0%) 14 (70.0%) 20 (100.0%) 10 (50.0%) 10 (50.0%) 20 (100.0%)
Tumor Stage
lland Il 4 (36.4%) 7 (63.6%) 11 (100.0%) 6 (54.5%) 5 (45.5%) 11 (100.0%)
\Y 2 (25.0%) 6 (75.0%) 8(100.0%) 0.599 4 (50.0%) 4 (50.0%) 8 (100.0%) 0.845
Total 6 (31.6%) 13 (68.4%) 19 (100.0%) 10 (526%) 9 (47.4%) 19 (100.0%)
Age
>60 2 (15.4%) 11 (84.6%) 13 (100.0%) 6 (46.2%) 7 (53.8%) 13 (100.0%)
<60 4 (66.7%) 2(33.3%) 6 (100.0%) 0.025 4 (66.7%) 2(33.3%) 6 (100.0%) 0405
Total 6 (31.6%) 13 (68.4%) 19 (100.0%) 10(526%) 9 (47.4%) 19 (100.0%)

APC: adenomatous polyposis coli

Virmani et al. (34). They claimed that non-malignant cells are
always found in tumor specimens. That is why unmethylated
sequences are seen in methylated tumor samples (34). Tumor
tissue is a complicated structure and has many cells which
have different genotype. In other words, through the tumori-
genesis, many different genetic alterations affect tumor cells
in a tumor tissue and this tissue is a complex of many differ-
ent cells. Therefore, in a tumor tissue, while some cells may
have methylated p716, some of them may have unmethylated
p16 because of the complicated structure of tumor which is
the sum of genetically different cells. Thus, it can be seen in
both methylated and unmethylated types of genes in a tu-
mor tissue (35).

Hypermethylation of tumor suppressor genes causes to silence
the expression of the related gene and this process increases
with higher stages of tumor. During the tumorigenesis, both
the hypermethylation of genes and tumor enlargement de-
velop by affecting each other. Methylation status of tumor sup-
pressor genes has a significant correlation with tumor stage
(36). However, we observed that there was no significant re-
lationship between the tumor stage and methylation status of
pl16 and APC genes. Thus, we think that low number of our sub-
jectand control group may affect our results in a negative way.

The relationship between the localization of tumor and the hy-
permethylation of APC gene was found significant (p=0.007)
but we did not found any significance for p16 methylation.
These genes are important tumor suppressors which take part

in the cell cycle; therefore, any changes which occurs in these
genes, affects the cell's normal route. Among these two genes,
there are many studies which showed that APC is methylated
more frequently in gastric carcinomas than other carcinomas
(37,38). According to our results; methylation of APC is seen in
gastric tumors than in colon tumors. The results of the study of
Esteller et al. (39) also observed that the frequency of promoter
hypermethylation of APC gene was 18% in colon tumors and
34% in stomach tumors.

DNA methylation is an important mechanism which regu-
lates gene expression and it is affected by aging (40). Recent
genome-wide studies showed that DNA methylation in aging
and cancer has a strong relationship (41). According to the
study of Waki et al. (42), DNA methylation is an age-related
phenomenon and Loyo et al. (43) showed that methylation of
APC increased with age. The probable cause of this is not only
the genetic background of people but also the accumulation
of cancer inducers in the cells (44-46). It was previously report-
ed that RASSF1A methylation increases the breast cancer risk
and methylation of this gene increased between ages 32 and
55 (47). In our study, although there was no significant rela-
tionship between the age of patients and APC methylation, we
found a significant relationship between age and p76 methyla-
tion. However, our results contradict with the idea that cancer
increases with age. According to our findings, patients whose
age were 60 and below shown methylated p76 more than
patients whose age were above 60. We think that our results
might be affected by the low number of subjects.
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In conclusion, the aim of this study was to investigate the re-
lationship between the gastrointestinal cancer and promoter
methylation of p16 and APC genes. We analyzed methylation of
p16 and APC with MSP and in the light of our results we can say
that gastrointestinal tumor tissue has a significant relationship
with the methylation of these genes. Of course, there are many
reasons for the cause of gastrointestinal cancer, and methyla-
tion of the tumor suppressor genes is one of them. However,
during the last decade, researches have attached more impor-
tance to this issue and early diagnosis of prospective cancer
cells via the methylation profile of tumor suppressor genes
may be effective in treatment. Therefore, identifying the rela-
tionship between the methylation and cancer will be impor-
tant for the future treatment strategies and our results showed
that promoter methylation of p76 and APC has a significant cor-
relation with gastrointestinal cancer tissues and these findings
will enlighten our future studies.

Ethics Committee Approval: Ethics committee approval was received
for this study from the ethics committee of Gulhane Military Medical
Academy.

Informed Consent: \Written informed consent was obtained from pa-
tients who participated in this study.

Peer-review: Externally peer-reviewed.

Author contributions: Concept - HM,; BE,; S.B; Design - H.M.; Super-
vision - HM.; Resource - H.M.,; Materials - Z.P; Data Collection&/or Pro-
cessing - B.E; SK; Analysis&/or Interpretation - BE.; SK,; HM; Literature
Search - BE,; SK, ES,; Writing - B.E; SK; ES,; Critical Reviews - HM.

Conflict of Interest: No conflict of interest was declared by the au-
thors.

Financial Disclosure: The authors declared that this study has re-
ceived financial support from Hacettepe University, Scientific Re-
search and Development Office.

REFERENCES

1. Hanahan D, Weinberg RA. The hallmarks of cancer. Cell 2000; 100:
57-70. [CrossRef]

2. Bird A. Perceptions of genetics. Nature 2007; 447. 396-8.
[CrossRef]

3. Goldberg AD, Allis CD, Bernstein E. Epigenetics: A landscape takes
shape. Cell 2007; 128: 635-8. [CrossRef]

4. Sharma S, Kelly TK, Jones PA. Epigenetics in cancer. Carcinogen-
esis 2010; 31: 27-36. [CrossRef]

5. Weber M, Hellmann |, Stadler MB, et al. Distribution, silencing po-
tential and evolutionary impact of promoter DNA methylation in
the human genome. Nat Genet 2007; 39: 457-66. [CrossRef]

6. Frigola J, Solé X, Paz MF, et al. Differential DNA hypermethylation
and hypomethylation signatures in colorectal cancer. Hum Mol
Genet 2005; 14: 319-26. [CrossRef]

7. Sayin DB. Methylation and cancer: Review. Turkiye Klinikleri J Med
Sci 2008; 28: 513-24.

8. HuM,Yao J, Cail, et al. Distinct epigenetic changes in the stromal
cells of breast cancers. Nat Genet 2005; 37: 899-905. [CrossRef]

9. Vogelstein B, Kinzler KW. Cancer genes and the pathways they
control. Nat Med 2004; 10: 789-99. [CrossRef]

10. Derks S, Postma C, Carvalho B, et al. Integrated analysis of chro-
mosomal, microsatellite and epigenetic instability in colorectal

20.
21.

22.

23.
24.
25.
26.

27.

28.

516 P

Turk J Gastroenterol 2014; 25: 512-7

cancer identifies specific associations between promoter meth-
ylation of pivotal tumor suppressor and DNA repair genes and
specific chromosomal alterations. Carcinogenesis 2008; 29: 434-9.
[CrossRef]

. Wang YC,Yu ZH, Liu C, et al. Detection of RASSF1A promoter hyper-

methylation in serum from gastric and colorectal adenocarcinoma
patients. World J Gastroenterol 2008; 14: 3074-80. [CrossRef]
DingY, Le XP, Zhang QX, Du P. Methylation and mutation analysis of
p16 gene in gastric cancer. World J Gastroenterol 2003; 9: 423-6.

. Xu XL, Yu J, Zhang HY, et al. Methylation profile of the promoter

CpG islands of 31 genes that may contribute to colorectal carci-
nogenesis. World J Gastroenterol 2004; 10: 3441-54.

Esteller M. Epigenetics in cancer. N Engl J Med 2008; 358: 1148-59.
[CrossRef]

Goto T, Mizukami H, Shirahata A, et al. Aberrant methylation of
the p16 gene is frequently detected in advanced colorectal can-
cer. Anticancer Res 2009; 29: 275-7.

Yi J, Wang ZW, Cang H, et al. p16 gene methylation in colorec-
tal cancers associated with Duke’s staging. World J Gastroenterol
2001;7:722-5.

Zou HZ, Yu BM, Wang ZW, et al. Detection of aberrant p16 meth-
ylation in the serum of colorectal cancer patients. Clin Cancer Res
2002; 8:188-91.

Zhang YJ, Ahsan H, ChenY, et al. High frequency of promoter hy-
permethylation of RASSFTA and p16 and its relationship to afla-
toxin B1-DNA adduct levels in human hepatocellular carcinoma.
Mol Carcinog 2002; 35: 85-92. [CrossRef]

To KF, Leung WK, Lee TL, et al. Promoter hypermethylation of
tumor-related genes in gastric intestinal metaplasia of patients
with and without gastric cancer. Int J Cancer 2002; 102: 623-8.
[CrossRef]

Cheung TH, Lo KW, Yim SF, et al. Epigenetic and genetic altera-
tion of PTEN in cervical neoplasm. Gynecol Oncol 2004; 93: 621-7.
[CrossRef]

Gonzalgo ML, Nakayama M, Lee SM, et al. Detection of GSTP1
methylation in prostatic secretions using combinatorial MSP
analysis. Urology 2004; 63: 414-8. [CrossRef]

Jeong DH, Youm MY, Kim YN, et al. Promoter methylation of p16,
DAPK, CDH1, and TIMP-3 genes in cervical cancer: correlation
with clinicopathologic characteristics. Int J Gynecol Cancer 2006;
16: 1234-40. [CrossRef]

Yamada N, Nishida Y, Tsutsumida H, et al. MUC1 expression is reg-
ulated by DNA methylation and histone H3 lysine 9 modification
in cancer cells. Cancer Res 2008; 68: 2708-16. [CrossRef]

Gallardo E, Navarro A, Vifiolas N, et al. miR-34a as a prognostic
marker of relapse in surgically resected non-small-cell lung can-
cer. Carcinogenesis 2009; 30: 1903-9. [CrossRef]

Everhard S, Tost J, El Abdalaoui H, et al. Identification of regions
correlating MGMT promoter methylation and gene expression in
glioblastomas. Neuro Oncol 2009; 11: 348-56. [CrossRef]

Guan M, Xu C, Zhang F, Ye C. Aberrant methylation of EphA7 in
human prostate cancer and its relation to clinicopathological fea-
tures. Int J Cancer 2009; 124: 88-94. [CrossRef]

Sulong S, Moorman AV, Irving JA, et al. A comprehensive analysis
of the CDKN2A gene in childhood acute lymphoblastic leukemia
reveals genomic deletion, copy number neutral loss of hetero-
zygosity, and association with specific cytogenetic subgroups.
Blood 2009; 113: 100-7.[CrossRef]

Mishra DK, Chen Z, Wu'Y, Sarkissyan M, Koeffler HP, Vadgama JV.
Global methylation pattern of genes in androgen-sensitive and



http://dx.doi.org/10.1016/S0092-8674(00)81683-9
http://dx.doi.org/10.1038/nature05913
http://dx.doi.org/10.1016/j.cell.2007.02.006
http://dx.doi.org/10.1093/carcin/bgp220
http://dx.doi.org/10.1038/ng1990
http://dx.doi.org/10.1093/hmg/ddi028
http://dx.doi.org/10.1038/ng1596
http://dx.doi.org/10.1038/nm1087
http://dx.doi.org/10.1093/carcin/bgm270
http://dx.doi.org/10.3748/wjg.14.3074
http://dx.doi.org/10.1056/NEJMra072067
http://dx.doi.org/10.1002/mc.10076
http://dx.doi.org/10.1002/ijc.10783
http://dx.doi.org/10.1016/j.ygyno.2004.03.013
http://dx.doi.org/10.1016/j.urology.2003.08.039
http://dx.doi.org/10.1111/j.1525-1438.2006.00522.x
http://dx.doi.org/10.1158/0008-5472.CAN-07-6844
http://dx.doi.org/10.1093/carcin/bgp219
http://dx.doi.org/10.1215/15228517-2009-001
http://dx.doi.org/10.1002/ijc.23890
http://dx.doi.org/10.1182/blood-2008-07-166801

Turk J Gastroenterol 2014; 25: 512-7

29.

30.

32.

33.

34.

35.

36.

37.

androgen-independent prostate cancer cells. Mol Cancer Ther
2010; 9: 33-45. [CrossRef]

Kim BN, Yamamoto H, lkeda K, et al. Methylation and expression
of p16INK4 tumor suppressor gene in primary colorectal cancer
tissues. Int J Oncol 2005; 26: 1217-26.

Hinshelwood RA, Melki JR, Huschtscha LI, et al. Aberrant de
novo methylation of the p16INK4A CpG island is initiated post
gene silencing in association with chromatin remodeling and
mimics nucleosome positioning. Hum Mol Genet 2009; 18:
3098-109. [CrossRef]

. Cho YH, Yazici H, Wu HC, et al. Aberrant promoter hypermethyl-

ation and genomic hypomethylation in tumor, adjacent normal
tissues and blood from breast cancer patienst. Anticancer Res
2010; 30: 2489-96.

Tsuchiya T, Tamura G, Sato K, et al Distinct methylation patterns
of two APC gene promoters in normal and cancerous gastric epi-
thelia. Oncogene 2000; 19: 3642-6. [CrossRef]

Esteller M, Sparks A, Toyota M, et al. Analysis of adenomatous pol-
yposis coli promoter hypermethylation in human cancer. Cancer
Res 2000; 60: 4366-71.

Virmani AK, Rathi A, Sathyanarayana UG, et al. Aberrant methyla-
tion of the adenomatous polyposis coli (APC) gene promoter 1A
in breast and lung carcinomas. Clin Cancer Res 2001; 7: 1998-
2004.

Herman JG, Graff JR, Myodhénen S, et al. Methylation-specific PCR:
a novel PCR assay for methylation status of CpG islands. 1996,
Proc Natl Acad Sci U S A 1996; 93: 9821-6. [CrossRef]

Liu JW, Nagpal JK, Jeronimo C, et al. Hypermethylation of MCAM
gene is associated with advanced tumor stage in prostate cancer.
Prostate 2008; 68: 418-26. [CrossRef]

Horii A, Nakatsuru S, Miyoshi Y, et al. The APC gene, responsible
for familial adenomatous polyposis, is mutated in human gastric
cancer. Cancer Res 1992; 52: 3231-3.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Erdem et al. Hypermethylation of p16 and APC

Leung WK, To KF, Chu ES, et al. Potential diagnostic and prog-
nostic values of detecting promoter hypermethylation in the se-
rum of patients with gastric cancer. Br J Cancer 2005; 92: 2190-4.
[CrossRef]

Esteller M, Corn PG, Baylin SB, Herman JG. A gene hypermethyl-
ation profile of human cancer. Cancer Res 2001; 61: 3225-9.
Akintola AD, Parrish AR. Gene-specific hypermethylation in ag-
ing. In: Tollefsbol TO. Springer Science+Business Media, LLC;
2010.0.29.

Cruickshanks HA, Adams PD. Chromatin: A molecular interface
between cancer and aging. Curr Opin Genet Dev 2011; 21: 100-6.
[CrossRef]

Waki T, Tamura G, Sato M, Motoyama T. Age-related methylation
of tumor suppressor and tumor-related genes: an analysis of au-
topsy samples. Oncogene 2003; 22: 4128-33. [CrossRef]

Loyo M, Brait M, Kim MS, et al. A survey of methylated candidate
tumor suppressor genes in nasopharyngeal carcinoma. Int J Can-
cer 2011; 128: 1393-403. [CrossRef]

Ahuja N, Li Q, Mohan AL, Baylin SB, Issa JP. Aging and DNA meth-
ylation in colorectal mucosa and cancer. Cancer Res 1998; 58:
5489-94.

Issa JP, Ahuja N, Toyota M, Bronner MP, Brentnall TA. Accelerated
age-related CpG island methylation in ulcerative colitis. Cancer
Res 2001; 61:3573-7.

Teschendorff AE, Menon U, Gentry-Maharaj A, et al. Age-depen-
dent DNA methylation of genes that are suppressed in stem cells
is a hallmark of cancer. Genome Res 2010; 20: 440-6. [CrossRef]
Euhus DM, Bu D, Milchgrub S, et al. DNA methylation in benign
breast epithelium in relation to age and breast cancer risk. Cancer
Epidemiol Biomarkers Prev 2008; 17: 1051-9. [CrossRef]

i
.U
)

1)
<<
—

igina

(0]



http://dx.doi.org/10.1158/1535-7163.MCT-09-0486
http://dx.doi.org/10.1093/hmg/ddp251
http://dx.doi.org/10.1038/sj.onc.1203704
http://dx.doi.org/10.1073/pnas.93.18.9821
http://dx.doi.org/10.1002/pros.20709
http://dx.doi.org/10.1038/sj.bjc.6602636
http://dx.doi.org/10.1016/j.gde.2010.10.007
http://dx.doi.org/10.1038/sj.onc.1206651
http://dx.doi.org/10.1002/ijc.25443
http://dx.doi.org/10.1101/gr.103606.109
http://dx.doi.org/10.1158/1055-9965.EPI-07-2582



