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Abstract
Background: DNA methylation is commonly linked with the silencing of the gene expression for many tumor
suppressor genes. As such, determining DNA methylation patterns should aid, in times to come, in the diagnosis
and personal treatment for various types of cancers. Here, we analyzed the methylation pattern from five colorectal
cancer patients from the Amazon state in Brazil for four tumor suppressor genes, viz.: DAPK, CDH1, CDKN2A, and TIMP2
by employing a polymerase chain reaction (PCR) specific to methylation. Efforts in the study of colorectal cancer are
fundamental as it is the third most of highest incidence in the world.
Results: Tumor biopsies were methylated in 1/5 (20 %), 2/5 (40 %), 4/5 (80 %), and 4/5 (80 %) for CDH1, CDKN2A,
DAPK, and TIMP2 genes, respectively. The margin biopsies were methylated in 3/7 (43 %), 2/7 (28 %), 7/7 (100 %), and
6/7 (86 %) for CDH1, CDKN2A, DAPK, and TIMP2, respectively.
Conclusions: Our findings showed DAPK and TIMP2 to be methylated in most samples from both tumor tissues and
adjacent non-neoplastic margins; thus presenting distinct methylation patterns. This emphasizes the importance of
better understanding of the relation of these patterns with cancer in the context of different populations.
Keywords: Methylation, Colorectal cancer, Amazon, Epigenetic
Background
Colorectal cancer (CRC) comprehends tumors that affect
the colon and rectum; it is the third type of cancer with
the highest incidence in the world [1]. According to the
2014 estimates for Brazil, about 576,000 new cases of
cancer were expected [2] of which 15,070 of those being
for CRC in men and 17,530 for women. In particular, for
the Amazon state (Brazil), a rate of 4.65 cases per 100,000
inhabitants [2] was estimated. The standard treatment for
localized colorectal cancer involves surgical resection by
open surgery of the primary tumor and regional lymph
nodes. It has been shown that excessive consumption of
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red meat, alcoholism, body and abdominal fat, smoking,
family history of CRC, genetic susceptibility to the development of chronic intestine disease, and age are all positively correlated to CRC [3, 4]. Nevertheless, about 90 %
of CRC occurs sporadically and without family history or
genetic predisposition; i.e., less than 10 % of the cases are
believed to be linked to one’s genetics [5].
The study of epigenetics alterations has gained
increasing attention; it comprises investigating how
external or environmental factors affect the control of
gene expression by turning genes “on” or “off ” [6]. An
example of a key epigenetic event is the methylation that
occurs in small regions of DNA called CpG island which
are located in the promoter region of genes [7]. Methylation defines the process of adding a methyl (CH3–)
group in the promoter cytosine bases at the 5′ position
to form 5-methylcytosine (5-MC). DNA methylation
is usually linked with the silencing of gene expression
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for many tumor suppressor genes, such as, CDH1 [8],
CDKN2A [9], TIMP2 [10], and DAPK [11]. The CDH1
gene expresses E-cadherin which is a transmembrane
protein contained between epithelial cells and represents one of the main proteins involved in cell adhesion [12]. The loss of adhesion mediated by E-cadherin
appears to have a fundamental importance in neoplastic
processes. A down regulation of this gene is correlated
with a decrease in the efficiency of cellular adhesion
and therefore facilitating cellular motility; this in turn
facilitates cancer cells for invading surrounding tissues
[8]. Another gene strongly correlated to cancer is the
CDKN2A; one of its products is the p16, a regulatory
protein that inhibits the progression of cells through the
G1 phase of the cell cycle [11]. Inactivation of p16 can
cause abnormal cells and uncontrolled cell growth [13].
The TIMP2, for tissue inhibitor of metalloproteinases
2, is known to antagonize the activity of matrix metalloproteinases and suppress tumor growth, angiogenesis,
invasion, and metastasis [14]; the mechanism of inhibition of this gene’s expression remains unknown. Finally,
DAPK (for death-associated protein kinase) participates
in several functions in the cell, among them, playing
a key role in the reorganization of the cytoskeleton in
cytokine stimulation and induction of apoptosis [11].
Understanding DAPK’s role in transcriptional regulation
may lead to the discovery of novel therapeutics to combat cancer and inflammation associated diseases.
According to literature, abnormal methylation patterns of these genes is an indicative of cancer [15–18].
Studies have reported such alterations, for example, in
the mucosa of colorectal tumor and suggested these
genes as cancer markers [19, 20]. In another work, the
hypermethylation of DAPK and CDKN2A in the normal
colonic mucosa of patients with CRC was evaluated by
the methylight assay and the results showed their levels of methylation to be relatively low [mean percentage
of a methylated reference (PMR) <1] [20]. In the same
work, the authors correlated patients with high levels of methylation of INK4A and DAPK with advanced
age (p < 0.1), supporting the hypothesis that age is one
of the risk factors for this pathology. Finally, a panel of

methylation markers for CRC diagnosis comprising
CDKN2A, MGMT, MLH1, and SFRP was proposed [21].
Even though epigenetic markers are being increasingly applied in the screening for colorectal neoplasia’s
samples, further investigations, especially in different
populations, is fundamental for a proper understanding
of the applicability of these markers to the clinical practice. In the present study, we evaluated the methylation
of the CDH1, DAPK, CDKN2A, and TIMP2 genes in five
colorectal cancer patients from Manaus, the capital of
the Amazon state in Brazil. Although the Amazon region
presents a predominance of Indians, with approximately
342,800 indigenous people [22], this study included only
patients recognized as having brown or white skin. This is
the first study of this type performed in the population of
the Amazon region.

Results
Table 1 shows the clinical characteristics of the five
patients included in this study; we note that 20 % (1/5)
of the tumors were located in colon and 80 % (4/5) in
the rectum. The median age of the patients was 62 years.
All the patients had resection margins free of neoplasia
according to a histopathological exam. These results were
compared to the methylation status obtained here. All of
the tumor-node-metastasis (TMN) stages analyzed here
had one or more genes methylated. Table 2 shows the
gene methylation status for the CDH1, CDKN2A, DAPK,
and TIMP2 genes.
Tumor biopsies were methylated in 1/5 (20 %),
2/5 (40 %), 4/5 (80 %), and 4/5 (80 %) for the CDH1,
CDKN2A, DAPK, and TIMP2 genes, respectively.
The margin biopsies were methylated in 3/7 (43 %),
2/7 (28 %), 7/7 (100 %), and 6/7 (86 %) for the CDH1,
CDKN2A, DAPK, and TIMP2 genes, respectively. In all,
64 % (18/28) of the resection margins and 55 % (11/20) of
tumor tissue were methylated for the four genes.
Patient 4 had the tumor biopsy (4T) and margins (4PM
and 4DM) methylated for all, CDH1, CDKN2A, DAPK,
and TIMP2, except for 4DM not being methylated for
CDH1. The tumor tissue of patient 8 (8T) and the respective adjacent margin (8DM) were not methylated for

Table 1 Patients’ clinical characteristics
Patients no/sample

Cancer type

Gender

Age (years)

Skin color

Stage (TMN)

4

Rectal adenocarcinoma

M

65

Brown

T3N0M0

7

Colon adenocarcinoma

M

40

Brown

T3N0M0

8

Rectal adenocarcinoma

F

74

Brown

T4N2M0

1

Rectal adenocarcinoma

M

61

Brown

T3N0M0

9

Rectal adenocarcinoma

M

62

White

T3N1M0

M male, F female, TMN tumor-node-metastasis
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Table 2 Methylation status of CDH1, CDKN2A, DAPK
and TIMP2 genes
Patient no/sample

Methylation
CDH1

CDKN2A

DAPK

TIMP2

4T

M

M

M

M

4 PM

M

M

M

M

4 DM

U

M

M

M

7T

U

U

U

M

7 PM

M

U

M

M

7 DM

M

U

M

M

8T

U

U

M

M

8 DM

U

U

M

M

1T

NA

M

M

NA

1 DM

U

U

M

NA

9T

U

U

M

M

9 DM

NA

U

M

M

Methylation tumor (%)

1/5 (20 %) 2/5 (40 %) 4/5 (80 %)

Methylation adjacent
margin (%)

3/7 (43 %) 2/7 (28 %) 7/7 (100 %) 6/7 (86 %)

4/5 (80 %)

NA not amplified, U unmethylated, M methylated, T tumor, PM proximal margin
(2 cm), DM distal margin (5 cm)

CDH1 and CDKN2A; yet, DAPK and TIMP2 were both
methylated for 8T and 8DM. These results were similar to those from patient 9DM; other sections from this
patient, in our hands, were unable to have their genes
amplified by PCR. Patient 1 showed 1T to be methylated
for CDKN2A and DAPK and not for CDH1 and TIMP2.
DAPK showed to be methylated for 1DM. 7T was not
methylated for 7DM but was methylated for both DAPK
and CDH1 and thus showing a different methylation pattern. Amplification of CDH1 gene (1T, 6T, and 9DM samples) and TIMP2 (sample 1DM) were unsuccessful and
methylation could not be analyzed.

Discussions
The DNA methylation leads to an altered gene expression resulting in changes in the control of cell proliferation and therefore being recognized as a major epigenetic
modification in human genes [19]. There is increasing
evidence that an aberrant methylation pattern is actively
involved in early carcinogenesis [7]. In colorectal cancer,
both hyper- and hypomethylation have been observed
across different stages of progression. Here, we evaluated the prevalence of hypermethylation in the CDH1,
CDKN2A, DAPK, and TIMP2 suppressor tumors genes
of colorectal tumors tissue and their non-neoplastic
adjacent margin using methylation specific PCR (MSP),
which is a highly sensitive and specific technique [23].
Subjects having either brown or white skin were eligible for participating in this study. We note that the brown

classification decurrently from the so called caboclos,
descendants of Indians and Europeans—mostly English,
French, and Spanish, that are commonly found in the
northern part of Brazil [24]. It is the first time a study
addressing the methylation pattern in colorectal cancer patients from the Amazon is performed. Our results
show that each individual presented a distinct panel of
methylated genes. In general, the methylated tumor tissues had their respective margin methylated. Likewise,
genes, not methylated in tumor tissues were not methylated in their adjacent margin. Yet, patient 7 showed
an opposing result by not presenting methylation on
the tumor for genes DAPK and CDH1; these genes were
methylated only in the respective adjacent margins (7PM
and 7DM). We hypothesize that this may have happened
considering that methylation is a reversible process [25]
and, in this way, the gene could have been previously
methylated in the tumor but metabolic factors reversed
it. Another probable explanation is that tumor cells have
a great heterogeneity [26] and, therefore, the examined
area was not methylated.
The literature provides several studies that compare
the methylation status of histologically normal mucosa
with the neoplastic tissues. While some show no correlation between the methylation with the pathology,
many studies, from around the world, were able correlate methylation of the tumor region and the corresponding adjacent margin [27–30]. Li et al. reported that
2.4 and 57.4 % of the samples were methylated in their
tumor and adjacent tissue and that no methylation was
detected in all the control tissue. A meta-analysis study
revealed the frequency of the CDH1 promoter methylation in CRC tissues to be higher than those in control tissues (OR = 2.61, 95 % CI = 1:24–5:50, p = 0.012) [31].
When the ethnicity factor was considered, the CDH1
promoter methylation showed to be closely linked to the
pathogenesis of CRC among Asians and Africans, but
not among Caucasians. Our results show that the CDH1
promoter methylation in tumor tissue was lower than in
the adjacent margins. CDH1 gene promoter methylation
may lead to aberrant expression of E-cadherin [32]. The
loss of adhesion mediated by E-cadherin appears to have
a fundamental importance during the neoplastic processes, which allows cells having a controlled stop normal
growth signaling, resulting in the loss of differentiation
and increase in cell proliferation associated with the invasive behavior [8].
Xing et al. showed that hypermethylation of the
CDKN2A gene correlated with a poor prognosis for CRC
in European and Asian patients [28], but not for patients
from other locations. In this regard, Xing et al., highlights
the importance of more studies in different geographical locations to determine and clarify whether such
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suppressor genes serve as a prognostic factor for patients
with CRC. In our study, the percentage of methylation for
CDKN2A was 2/5 (40 %) for tumors tissue and 2/7 (28 %)
for adjacent margins. Kuan et al. showed that advanced
stage CRC patients presenting CDKN2A/p16 methylation were associated with higher risk of CRC recurrence
as compared to those with tumor tissues that were not
methylated [30].
In the literature, the methylation status of TIMP2 and
DAPK is far from a global picture. Here, 80 % (4/5) of
tumor samples and 86 % (6/7) of the adjacent margins,
respectively, were methylated for TIMP2. However, in a
histologically exam all margins were diagnosed as being
free of tumor. For DAPK, 80 % of tumor samples and
100 % of the margins samples were methylated. Since
DAPK is methylated, its anti-metastatic function is presumed to be lost [33]. Therefore, this work is aligned with
the thesis that DAPK methylation poses as an important
marker for the invasion, metastasis, and apoptotic processes in colorectal neoplasias and thus, ultimately, a
potential marker for diagnosis and prognosis.
Even though epigenetic markers are being increasingly
applied in the screening for colorectal neoplasia samples,
there is still need for further investigations, especially in
different populations, such as in Manaus. Although the
number of patients in this report is small to draw solid
conclusions on the importance of these markers in the
context of Manaus population, the TIMP2 and DAPK
were methylated on almost all tumors. Furthermore, our
results showed a correlation with previous works, thus,
supporting our claims.

Conclusion
Taken together, our results disclose methylation patterns for the CDH1, CDKN2A, DAPK, and TIMP2 genes
on tumors and their respective margins. Although this
report was limited to five patients, our results can serve
as building blocks for future studies comprising metaanalysis of these genes and thus ultimately contributing
to generating models with more statistical power. Such
large-scale studies should consider establishing panels
tailored towards specific population. Our observations
pinpointed the heterogeneity of specific molecular abnormalities in each patient; most noticeably, the TIMP2 and
DAPK genes were methylated in almost all samples of
tumor and their adjacent margins. Yet, adjacent margins
were diagnosed as disease-free according to the histopathological assessment. These facts make evident that
a better understanding of these methylation patterns are
fundamental, in time to come, to aid in developing more
effective treatments and premature diagnosis of colorectal cancer.
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Methods
Patients

This study was approved by the Ethics Committee of
the Federal University of Amazonas (UFAM: MEMO,
No. 27598614.1.0000.5020, CAAE). The samples were
collected at the Oncology Control Center Foundation
of Amazonas State (FCECON). After signing informed
consent, five patients diagnosed with adenocarcinoma
were evaluated. We obtained biopsies of the tumor (T),
distal margin (DM), and proximal margin (PM) from two
patients (Fig. 1) and only T and DM from the remaining
three. Taken together, there were 12 biopsies. These samples were stored at −80 °C. The study includes patients of
both genders, all aging between 18 and 80 years and presenting CRC diagnosed by colonoscopy and biopsy.
DNA extraction

The tissues were pulverized with liquid nitrogen and the
DNAs were extracted from each sample using the kit
InnuPrep Forensic (Biometra, Germany) according manufacturer’s recommendations. The DNAs were quantified
using NanoDrop 2000 (Thermo, USA).
Sodium bisulfite modification

Two micrograms of DNA were used to a final volume
of 20 µL in sodium bisulfite modification according the
recommendations of the EZ DNA Methylation-Lightning
kit manufacturer (Synapse, Germany). Briefly, 130 µL of
lightning conversion reagent were added to 20 µL containing DNA, vortexed and incubated at thermocycler
(Mastercycler Gradient, Eppendorff ) under the conditions: 98 °C for 8 min, 54 °C for 60 min and 4 °C for
10 min to finish. After transferring the sample to the column, we added 600 µL of M-binding buffer, mixed and
centrifuged for 30 s at 10,000×g. The supernatant was

Fig. 1 Colorectal cancer tissue obtained after surgery. The tissue was
separated into tumor, proximal margin (2 cm), distal margin (5 cm)
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Table 3 Oligonucleotides used in the MSP
Primer pair

Methylated set (5′–3′) upstream/downstream

Unmethylated set (5′–3′) upstream/downstream

References

TIMP2

5′-AATAAAATTGCGGTTCGGTTTAAGTTC-3′
5′-CTCTCCTCTTTATCTCGAAAACGCG-3′

5′-GTAATAAAATTGTGGTTTGGTTTAAGTTT-3′
5′-TTCTCTCCTCTTTATCTCAAAAACACA-3′

[38]

CDKN2A

5′-TTATTAGAGGGTGGGGCGGATCGC-3′
5′- GACCCCGAACCGCGACCGTAA -3′

5′-TTATTAGAGGGTGGGGTGGATTGT-3′
5′CAACCCCAAACCACAACCATAA-3′

[37]

DAPK

5′-GGATAGTCGGATCGAGTTAACGTC-3′
5′-CCCTCCCAAACGCCGA-3′

5′-GGAGGATAGTTGGATTGAGTTAATGTT-3′
5′-CAAATCCCTCCCAAACACCAA-3′

[35]

CDH1

5′- GTGAATTTTTAGTTAATTAGCGGTAC-3′
5′-CATAACTAACCGAAAACGCCG-3′

5′- GTAGGTGAATTTTTAGTTAATTAGTGGTA3′
5′-ACCCATAACTAACCAAAAACACCA-3′

[36]

Oligonucleotides were used for regions containing frequent cytosines (to distinguish between modified and unmodified DNA) and contained CpG dinucleotides at
the 3′ end (to provide maximal discrimination between methylated and unmethylated DNA). For each row, the gene names are listed in the primer pair column viz.:
TIMP2 tissue inhibitor of metalloproteinases, CDKN2A cyclin dependent kinase 2a/p16, DAPK death-associated protein kinase, CDH1 Cadherin 1

discarded, 100 µL of M-washing buffer were added, centrifuged again at 10,000×g for 30 s, and added to 200 µL
of buffer l-desulphonation. The solution was incubated
at room temperature for 20 min and then centrifuged at
10,000×g for 30 s. Another washing step was performed
with 200 µL of M-washing buffer and then centrifuged at
10,000×g for 30 s. The modified DNA was eluted from
the column by adding 13 µL of M-elution buffer.
Methylation‑specific PCR (MSP)

DNA from the biopsies was subjected to bisulfite treatment and later was amplified by MSP, using primers
specific to distinguish methylated from unmethylated
DNA in bisulfite-modified DNA, taking advantage of the
sequence differences resulting from bisulfite modification. The treatment with bisulfite results in conversion of
unmethylated cytosines to uracil and leaves methylated
cytosine intact. To detect these changes, specific primers
were used (Table 3), as described previously [34–37].
For PCR analysis, 1 µL of bisulfite modified DNA in a
final volume of 12.5 µL of reaction mixture was used containing 1× PCR buffer, MgCl2 1.25 mM, 0.2 mM dNTPs,
0.4 M of each primer, 0.3U Taq polymerase (5U/µL). The
reactions methylated and unmethylated were performed
in a mastercycler thermocycler (Eppendorff ) and the
parameters were: 96 °C for 1 min followed by 35 cycles
of 94 °C for 1 min, 55 °C for 1 min, 72 °C for 1 min and
final extension step of 72 °C for 7 min. The PCR product
(10 µL) was directly loaded onto 10 % polyacrylamide gel
stained with silver. Negative controls used in PCR were
reaction mixture without DNA.
Authors’ contributions
All authors contributed to either the acquisition of data or writing of this
manuscript. SV and SC contributed to the collection of samples. Substantial
contributions to the acquisition of data together with analysis and interpreta‑
tion were made by MC, TC, FA and MS. PC, JF, PA, AQS and ADS contributed
to the writing of the manuscript. All authors read and approved the final
manuscript.

Author details
Laboratory of Chromatography and Mass Spectrometry, Institute of Exact
Sciences, Federal University of Amazonas, Manaus, Brazil. 2 Leonidas and Maria
Deane Institute, FIOCRUZ, Manaus, Brazil. 3 High School of Health, Amazon
State University, Manaus, Brazil. 4 Laboratory of Molecular Pathology, Depart‑
ment of Pathology, Federal University of Rio de Janeiro, Rio de Janeiro, Brazil.
5
Department of Abdominal Surgery, Oncology Control Center Foundation
of Amazon State, Manaus, Brazil. 6 Laboratory of Proteomics and Protein Engi‑
neering, Carlos Chagas Institute, Curitiba, Brazil.
1

Acknowledgements
The authors thank the medical team of the CECON foundation for assisting
with the samples. This work was supported by CAPES, CNPq, Cancer Founda‑
tion (Oncobiologia Grant), and FAPEAM.
Compliance with ethical guidelines
Competing interests
The authors declare that they have no competing interests.
Received: 22 March 2015 Accepted: 1 September 2015

References
1. WCRF. World Cancer Research Fund International: Worldwide. 2012.
Accessed 2 Dec 2014.
2. INCA. Instituto Nacional do Câncer/Estimativa 2014: Incidência de Câncer
no Brasil. 2014. http://www.inca.gov.br. Accessed 20 Aug 2014.
3. Pullar JM, Chisholm A, Jackson C. Dietary information for colorectal
cancer survivors: an unmet need. N Z Med J. 2012;125(1356):27–37.
4. Wang Z, McLoone P, Morrison DS. Diet, exercise, obesity, smoking and
alcohol consumption in cancer survivors and the general population: a
comparative study of 16282 individuals. Br J Cancer. 2014;27(10):598.
5. Fearon ER. Molecular genetics of colorectal cancer. Annu Rev Pathol.
2011;6:479–507.
6. Gu L, Frommel SC, Oakes CC, Simon R, Grupp K, Gerig CY, et al. BAZ2A
(TIP5) is involved in epigenetic alterations in prostate cancer and its
overexpression predicts disease recurrence. Nat Genet. 2014;47(1):22–30.
7. Molinari C, Casadio V, Foca F, Zingaretti C, Giannini M, Avanzolini A, et al.
Gene methylation in rectal cancer: predictive marker of response to
chemoradiotherapy? J Cell Physiol. 2013;228(12):2343–9.
8. Tsanou E, Peschos D, Batistatou A, Charalabopoulos A, Charalabopoulos
K. The E-cadherin adhesion molecule and colorectal cancer. A global
literature approach. Anticancer Res. 2008;28(6A):3815–26.
9. Sanz-Casla MT, Maestro ML, Vidaurreta M, Maestro C, Arroyo M, Cerdan J.
p16 Gene methylation in colorectal tumors: correlation with clinico‑
pathological features and prognostic value. Dig Dis. 2005;23(2):151–5.

Almeida et al. Biol Res (2015) 48:50

10. Nagase H, Visse R, Murphy G. Structure and function of matrix metallo‑
proteinases and TIMPs. Cardiovasc Res. 2006;69(3):562–73.
11. Benderska N, Schneider-Stock R. Transcription control of DAPK. Apoptosis.
2014;19(2):298–305.
12. Shiozaki H, Oka H, Inoue M, Tamura S, Monden M. E-cadherin mediated
adhesion system in cancer cells. Cancer. 1996;77(8 Suppl):1605–13.
13. Serrano M, Hannon GJ, Beach D. A new regulatory motif in cellcycle control causing specific inhibition of cyclin D/CDK4. Nature.
1993;366(6456):704–7.
14. De Clerck Y, Szpirer C, Aly MS, Cassiman JJ, Eeckhout Y, Rousseau G. The
gene for tissue inhibitor of metalloproteinases-2 is localized on human
chromosome arm 17q25. Genomics. 1992;14(3):782–4.
15. Trzeciak L, Hennig E, Kolodziejski J, Nowacki M, Ostrowski J. Mutations,
methylation and expression of CDKN2a/p16 gene in colorectal cancer
and normal colonic mucosa. Cancer Lett. 2001;163(1):17–23.
16. Furtado Y, Almeida G, Silveira FA, Silva KS, Maldonado P, do Val IC, et al.
TIMP-2 gene methylation in cervical precursor and invasive lesions. Exp
Mol Pathol. 2015;98(1):119–23.
17. Lu F, Du G, Zheng S, Peng L, Chen J. Detection of CDH1 gene methyla‑
tion of suspension cells in abdominal lavage fluid from colorectal cancer
patients and its clinical significance. Zhonghua Wei Chang Wai Ke Za Zhi.
2014;17(11):1133–6.
18. Bradly DP, Gattuso P, Pool M, Basu S, Liptay M, Bonomi P, et al. CDKN2A
(p16) promoter hypermethylation influences the outcome in young
lung cancer patients. Diagn Mol Pathol Am J Surg Pathol Part B.
2012;21(4):207–13.
19. Wong JJ, Hawkins NJ, Ward RL. Colorectal cancer: a model for epigenetic
tumorigenesis. Gut. 2007;56(1):140–8.
20. Kawakami K, Ruszkiewicz A, Bennett G, Moore J, Grieu F, Watanabe G,
et al. DNA hypermethylation in the normal colonic mucosa of patients
with colorectal cancer. Br J Cancer. 2006;94(4):593–8.
21. Zitt M, Muller HM. DNA methylation in colorectal cancer—impact
on screening and therapy monitoring modalities? Dis Markers.
2007;23(1–2):51–71.
22. IBGE C. http://censo2010.ibge.gov.br/. 2010. Accessed 24 Jan 2014.
23. Herman JG, Graff JR, Myöhänen S, Nelkin BD, Baylin SB. Methylationspecific PCR: a novel PCR assay for methylation status of CpG islands. Proc
Natl Acad Sci. 1996;93:9821–6.
24. IBGE. Censo Demográfico 2000. http://www.ibge.gov.br/home/estatis‑
tica/populacao/tendencia_demografica. 2000. Accessed 19 Aug 2015.
25. Bardhan K, Liu K. Epigenetics and colorectal cancer pathogenesis. Can‑
cers. 2013;5(2):676–713.
26. Wang Q, Jia P, Cheng F, Zhao Z. Heterogeneous DNA methylation contrib‑
utes to tumorigenesis through inducing the loss of coexpression connec‑
tivity in colorectal cancer. Genes Chromosom Cancer. 2015;54(2):110–21.

Page 6 of 6

27. Ahuja N, Li Q, Mohan AL, Baylin SB, Issa JP. Aging and DNA methylation in
colorectal mucosa and cancer. Cancer Res. 1998;58(23):5489–94.
28. Xing X, Cai W, Shi H, Wang Y, Li M, Jiao J, et al. The prognostic value of
CDKN2A hypermethylation in colorectal cancer: a meta-analysis. Br J
Cancer. 2013;108(12):2542–8.
29. Ally MS, Al-Ghnaniem R, Pufulete M. The relationship between genespecific DNA methylation in leukocytes and normal colorectal mucosa in
subjects with and without colorectal tumors. Cancer Epidemiol Biomark‑
ers Prev. 2009;18(3):922–8.
30. Kuan JC, Wu CC, Sun CA, Chu CM, Lin FG, Hsu CH, et al. DNA methylation
combinations in adjacent normal colon tissue predict cancer recurrence:
evidence from a clinical cohort study. PLoS One. 2015;10(3):e0123396.
31. Li YX, Lu Y, Li CY, Yuan P, Lin SS. Role of CDH1 promoter methylation in
colorectal carcinogenesis: a meta-analysis. DNA Cell Biol. 2014;33(7):455–
62. doi:10.1089/dna.2013.2291.
32. Li C, Dong J, Chen MQ, Li WL, Ren JY, Chen SX, et al. Effects of CDH1 gene
promoter methylation on expression of E-cadherin and beta-catenin and
its clinicopathological significance in colon carcinoma. Zhonghua Wei
Chang Wai Ke Za Zhi. 2011;14(7):538–41.
33. Gozuacik D, Kimchi A. DAPk protein family and cancer. Autophagy.
2006;2(2):74–9.
34. Ivanova T, Vinokurova S, Petrenko A, Eshilev E, Solovyova N, Kisseljov F,
et al. Frequent hypermethylation of 5′ flanking region of TIMP-2 gene in
cervical cancer. Int J Cancer. 2004;108(6):882–6.
35. Esteller M, Sanchez-Cespedes M, Rosell R, Sidransky D, Baylin SB, Herman
JG. Detection of aberrant promoter hypermethylation of tumor suppres‑
sor genes in serum DNA from non-small cell lung cancer patients. Cancer
Res. 1999;59(1):67–70.
36. Graff JR, Herman JG, Myohanen S, Baylin SB, Vertino PM. Mapping pat‑
terns of CpG island methylation in normal and neoplastic cells implicates
both upstream and downstream regions in de novo methylation. J Biol
Chem. 1997;272(35):22322–9.
37. Herman JG, Graff JR, Myöhänen S, Nelkin BD, Baylin SB. Methylationspecific PCR: a novel PCR assay for methylation status of CpG islands. Proc
Natl Acad Sci. 1996;93:9821–6.
38. Galm O, Suzuki H, Akiyama Y, Esteller M, Brock MV, Osieka R, et al.
Inactivation of the tissue inhibitor of metalloproteinases-2 gene by
promoter hypermethylation in lymphoid malignancies. Oncogene.
2005;24(30):4799–805.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

