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Abstract

Colorectal cancer is a heterogeneous disease which involves hereditary and environmental factors. The inherited forms have genes which are responsible for increasing the tumor development in carriers. Environmental
factors are considered responsible for many sporadic forms. The objective of this study was to analyze the
methylation status of five genes involved in colorectal carcinogenesis and their relationships with the various
clinical stages of these tumors. Our analysis revealed that the methylation status of the promoters of genes
HMLH1, APC, P15, P16 and CDH1, considered to be among the earliest alterations in this process, ranged
from 13.3% for HMLH1 to 56.6% for APC. In addition, epigenetic inactivation of APC and P16 genes could be
responsible for the appearance and progression of tumors since inactivation was found in stage II patients.
On the other hand, the APC and p15 gene were mutated in all stages of carcinogenesis, so they could be
involved throughout the processes of initiation, invasion and metastasis. Finally, our results support using
identification of methylation of suppressor genes since they identify epigenetic targets for development of new
chemotherapy treatments. This is emerging as a strategy with great potential since epigenetic alterations are,
in principle, potentially reversible.
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INTRODUCTION
Colorectal cancer (CRC) consists of uncontrolled growth of
the mucosal cells of these intestinal regions. It is considered
one of the biggest public health problems in many developed
countries and is the second leading cause of cancer in the
United States. This seems controversial since it is considered
to be curable when diagnosed early. In 2018, the EFE news
service in Bogotá reported that this type of cancer causes
approximately 49,000 cases a year and that he highest rates
in Latin America are found in Uruguay (29.5 new cases per
year per 100 000 inhabitants), Argentina (23.8/100 000),
Cuba (19.7/100 000), Costa Rica (16.4/100 000), Brazil
(15.8/100 000) and Chile (15/100 000) while Guatemala
(4.3/100 000) and Honduras (6.9/100 000) report the

lowest rates. (1) Countries in the intermediate range include
Colombia (12.9/100 000), Panama (12.5/100 000),
Paraguay (12.1/100 000), Peru (11.1/100 000), Ecuador
(10, 7/100 000), Dominican Republic (10.2/100 000),
Bolivia (9.1/100 000), Nicaragua (7.9/100 000) and Mexico
(7.8/100 000). According to the mortality statistics of the
Venezuelan Ministry of Popular Power for Health (MPPS),
in 2012 there were 1,474 cases in men with 756 deaths and
1,661 cases in women with 801 deaths. (2) According to statistics from the Venezuelan Oncology Society, in 2015 around
3,500 cases were diagnosed throughout the country. (3)
CRC is characterized by genetic and epigenetic deregulation of signals that occur in multi-step transduction cascades.
Long-term accumulation of these changes produces epigenetic alterations that lead to the appearance of CRC (4).
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Clinical-pathological staging is the best way to predict
the course of the disease, but this system offers only gross
estimates that lead to unnecessary treatment of a large
number of patients while recurrences occur among patients
who only received surgery. (5) The risk of CRC increases
with age, so given that the world’s population is growing
and aging, the coming decades will put unprecedented
pressure on the health care institutions around the world.
For these reasons, it is necessary to identify molecular biomarkers to guide clinical decision making on how to stratify patients for optimal treatment regimens. In particular,
this is needed for patients with stage II CRC. They are not
usually offered adjuvant therapy even though about 20% to
30% relapse and die within five years of surgery. Similarly,
stage III patients over the age of 75 do not routinely receive
adjuvant therapy even though the evidence suggests that
there is a benefit from such treatment. (6)
Prognostic biomarkers that distinguish between high
risk and low risk patients in these stages are highly justified.
Epigenetic regulation of gene function plays an important
role in development, and methylation is the mechanism
that ensures the specific expression of cell types of a limited
group or spectrum of genes. (7) Various diseases, including
cancer, present altered patterns of methylation that change
the perfect epigenetic balance that exists in normal cells.
(8) Methylation of deoxyribonucleic acid (DNA) is an
efficiently regulated dynamic process in which unmethylated sequences can be methylated and methyl groups can be
lost. Methylation patterns of somatic cells are the results of
both methylation and demethylation. The DNA methylation reaction is catalyzed by DNA methyltransferases and
involves the transfer of the methyl group of S-adenosylL-methionine to the carbon 5 of the cytosine. (9) Three
different enzymes that carry out this reaction have been
identified. Known as DNA methyltransferases (DNMTs),
DNMT 1 is responsible for maintenance DNA methylation
while DNMT3A and DNMT3B are involved in de novo
methylation. In humans, de novo activity adds a methyl
group to the cytosine of the unmethylated CpG dinucleotide to create a new, highly hemimethylated, CpG. (10)
This aberrant pattern of methylation is characterized by
overall hypomethylation of the genomic DNA but hypermethylation of the promoter areas. The former leads to
genomic instability while the latter leads to gene silencing.
(11, 12) The transcriptional repression associated with
aberrant methylation of the CpG islets in promoter areas
is the consequence of intense changes in the structure of
chromatin produced by the interaction of 5-methylcytosine with different protein complexes that recruit histonemodifying enzymes such as histone acetyltransferase and
histone methyltransferase. (12)
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Genes involved in many metabolic pathways can undergo
aberrant methylation. These genes include DNA repair
genes (human mut homologue 1, hMLH1), cell cycle regulators such as APC (adenomatous polyposis coli), APC
and DCC (deleted in colorectal cancer) which are genes
associated with apoptosis and cell invasion, a member of
the SMAD group called “mothers against decantaplegic
homolog”, and TP53 (tumor protein 53). In recent years,
methylation studies of CRC have been proposed with
multiple candidate genes including p16, MGMT (methylguanidine-DNA methyltransferase gene), RASSF2A (Ras
association [RalGDS/AF-6] domain family member 2nd),
APC, RUNX3 (Runt-related transcription factor 3 gene)
and IGF2 (insulin growth factor type 2). (13) These studies have found that for most CRCs, DNA methylation
analysis has found associations of methylating phenotypes
with specific groups of tumors. These advances have been
possible thanks to the emergence of new methodologies in
the field of research. (14, 15)
Studies of gene methylation of promoter areas have at
least four possible clinical applications: identification of
tumor cells in biological samples, methylation of individual
genes as prognostic markers, markers of response to chemotherapy or hormone therapy, and reactivation of genes
inactivated by methylation through the use of demethylating drugs. (16)
The possibility of reversing DNA methylation and reactivating genes that were affected is an attractive option as
a new therapy for treatment of cancer or preneoplastic
lesions, (17, 18) so study of gene methylation in CRC
tumors is likely to focus on identification of gene targets
that could be useful for tumor analysis.
The objective of this study was to analyze the frequency
of methylation of five tumor suppressor genes mentioned
in other studies because they are involved in carcinogenesis
in patients diagnosed with CRC and because they relate to
the various clinical stages of these tumors.
MATERIALS AND METHOD
Because previous studies have indicated the veracity of
data obtained from genomic DNA extracted from peripheral blood samples this method was chosen for study of 30
patients who were undergoing surgery due to diagnoses of
sporadic CRC. (19, 20) Samples were taken prior to administration of patients’ first cycle of chemotherapy at the
Onco-America chemotherapy center in the state of Zulia,
Venezuela. Patients were at different stages of evolution, their
ages varied, and both male and female patients were included. The protocol was approved by the ethics committee of
the Instituto de Investigaciones Genéticas (IIG- Institute
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of Genetic Research) and all the patients signed a consent
form prepared for this purpose. DNA was extracted using a
technique developed in the Molecular Genetics Laboratory
of the IIG that combines the Fenol/Sevag method and the
inorganic Salting Out method. (21, 22)
The integrity of the DNA was confirmed through 1%
agarose gel electrophoresis in TBE buffer (tris, borate and
ethylenediaminetetraacetic acid) 1X at 100 V. The gel was
stained with ethidium bromide. Subsequently, methylationspecific PCR (MSP) was carried out by polymerase chain
reaction modified with sodium bisulfite (Promega). (19)
We selected tumor suppressor genes from various metabolic pathways related to the cell cycle. They included
cyclin dependent kinase inhibitor 2B (CDKN2B; p15),
cyclin dependent kinase inhibitor 2A (CDKN2A; p16), an
inhibitor of β-catenins, APC, the hMLH1 gene (probably
the most important repairer of genomic DNA related to
microsatellite instability), and the CDH1 gene (Caderina
E) which encodes a transmembrane protein that participates in the complex of adhesion molecules involved in
metastasis and tumor invasion. (8, 9)
The methyledge bisulfite conversion system kit (Promega)
was used for MSP with sodium bisulfite. (19). For the study
of specific methylation, the primers presented in Table 1
were used.
Subsequently, reagents contained in the kit were used to
remove sulfur, and modified products were then amplified.
Reactions were carried out with approximately 100 ng of
modified genomic DNA, 0.2 μM of each primer, 200 μM of
each of the deoxynucleotide triphosphates, 1.5 mM of magnesium chloride (MgCl) and 0.75 U of Taq polymerase
(Promega) in a final volume of 25 μL. 100 ng of unmodified
genomic DNA was used as a negative control. Commercial
genomic DNA (Promega) methylated with SssI (Biolab)
was used as the positive methylation control.
PCR products were visualized by electrophoresis of 2%
agarose gel in TAE buffer (tris, acetic acid, and ethylenediaminetetraacetic acid) stained with ethidium bromide
(Figures 1, 2 and 3).
The methylation index was used as an indicator of the
proportion of methylated promoter regions with respect to
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Figure 1. APC gene run shows the molecular weight marker (MWM) in
column 1; the positive control (C +) in column 2; positive patients (P +)
in columns lanes 3, 5, 6, 8 and 11; the negative control (C-) in column 4;
and negative patients (P-) in columns 7, 9 and 10. bp: base pairs.

all of the genes studied. It was calculated by dividing the
number of methylated promoter regions by the number
of genes analyzed. The methylated products were grouped into tables and analyzed on the basis of percentages of
methylation according to the type of gene analyzed and the
stage of the tumor (Figure 4).
RESULTS
Table 2 shows clinical characteristics and methylation
stages of the 30 patients studied. The average age of the
patients was 60 years, and twenty out of the thirty patients
were men (66.66%). The majority of the tumors (90%)
were in stages III and IV of Dukes’ classification. The gene
methylation statuses of the promoter regions of the genes
studied (Table 3) ranged between 7.70% for hMLH1 and
32.89% for APC. In general, the methylation frequencies of

Table 1. Primers used in specific methylation
Primer
CDKN2B
CDH1
APC
CDKN2A
hMLH1

Sequence (sense/antisense)
GCGTTCGTATTTTGCGGTT/CGTACAATAACCGAACGACCGA
GCGTTTGGTCGCGGGAGTTC/TTCCCTCAAAAATCGTCCCCAC
TATTGCGGAGTGCGGGTC/’TCGACGAACTCCCGACGA
TTATTAGAGGGTGGGGCGGATCGC/GACCCCGAACCGCGACCGTAA
AGAGTGGATAGTGATTTTTAATGT/ACTCTATAA ATTACTAAATCTCTTCA

Base pairs
147
106
108
149
130

Recognized temperature
60º C
53° C
63º C
66º C
60º C
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Figure 2. Agarose gel run of the P15 gene shows molecular weight
marker in Column 1; control (+) in column 2; control (-) in column
3; patients (-) in columns 4-9; and patients (+) in columns 10 and 11.

Figure 3. Agarose gel run of the E-cadherin gene shows molecular
weight marker of 100 bp, positive control (C +), negative control (C-),
positive patient (P +), and negative patients (P-).
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Figure 4. Methylation index by genes analyzed and by stage.
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Table 2. Clinical characteristics and methylation status of genes analyzed
CRC Stage

P15

P16

HLML1

APC1

CDH1

Met

Sex

Age

II

Not methylated

Not methylated

Methylated

Methylated

Not methylated

2

F

44

IV

Not methylated

Not methylated

Not methylated

Methylated

Methylated

2

M

59

IV

Methylated

Methylated

Methylated

Not methylated

Not methylated

3

F

75

IV

Not methylated

Not methylated

Not methylated

Methylated

Methylated

2

M

60

IV

Not methylated

Not methylated

Not methylated

Methylated

Not methylated

1

F

52

III

Methylated

Methylated

Not methylated

Methylated

Not methylated

3

M

62

III

Methylated

Not methylated

Not methylated

Not methylated

Not methylated

1

F

59

IV

Not methylated

Not methylated

Not methylated

Not methylated

Methylated

1

M

46

IV

Methylated

Not methylated

Methylated

Methylated

Not methylated

3

M

80

III

Not methylated

Not methylated

Not methylated

Not methylated

Methylated

1

F

51

III

Not methylated

Not methylated

Not methylated

Methylated

Not methylated

1

M

48

III

Methylated

Methylated

Not methylated

Not methylated

Not methylated

2

M

65

IV

Methylated

Not methylated

Not methylated

Not methylated

Not methylated

1

M

58

IV

Methylated

Not methylated

Methylated

Methylated

Not methylated

3

F

79

III

Not methylated

Not methylated

Not methylated

Methylated

Methylated

2

M

63

II

Methylated

Not methylated

Not methylated

Not methylated

Not methylated

1

M

56

III

Not methylated

Not methylated

Not methylated

Not methylated

Not methylated

0

F

58

III

Not methylated

Not methylated

Not methylated

Methylated

Not methylated

1

M

67

IV

Not methylated

Not methylated

Methylated

Not methylated

Methylated

2

M

76

II

Methylated

Methylated

Not methylated

Methylated

Not methylated

3

M

23

III

Not methylated

Not methylated

Not methylated

Methylated

Not methylated

1

M

50

III

Not methylated

Not methylated

Not methylated

Not methylated

Methylated

1

M

72

IV

Not methylated

Not methylated

Not methylated

Methylated

Not methylated

1

M

62

IV

Not methylated

Not methylated

Not methylated

Methylated

Not methylated

1

M

62

III

Methylated

Methylated

Not methylated

Not methylated

Methylated

3

M

81

III

Methylated

Not methylated

Not methylated

Not methylated

Not methylated

1

M

53

III

Methylated

Methylated

Not methylated

Methylated

Methylated

4

F

75

III

Not methylated

Not methylated

Not methylated

Methylated

Methylated

2

M

60

III

Not methylated

Methylated

Not methylated

Methylated

Not methylated

2

F

57

IV

Not methylated

Methylated

Not methylated

Not methylated

Methylated

2

F

64

F: female; M: male; Met: number of methylated genes.
Table 3. Methylation status by genes studied and by clinical stage
Genes analyzed

Stage II (%)

Stage III (%)

Stage IV (%)

Total (%)

P15

2 (6.66)

6 (20)

4 (13.33)

23.07

P16

1 (3.3)

2 (6.6)

5 (16.66)

15.39

HMLH1

0

0

4 (13.33)

7.70

APC

2 (6.6)

7 (23.33)

8 (26.66)

32.69

E-Cadherin

0 (0)

4 (13.33)

7 (23.33)

21.15
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the genes analyzed were similar to the averages found for
the particular organ. Among the most notable differences
are the high levels of methylation of the E-cadherin gene
in stages III and IV. On one hand, the hMLH1 gene was
observed to be 7.7% methylated in stage IV patients (Table
3), but on the other hand, a higher rate of methylation was
observed in patients who had at least one methylated gene
and who were in stage IV of CRC (Figure 1). Nevertheless,
differences were observed in the methylation statuses of
various genes in relation to the tumor stage (Table 3).
DISCUSSION
The distribution of methylation patterns is specific to each
cell type and is established during embryonic development.
This alteration of DNA has been described in several diseases and in many types of cancer. In most cases, alterations
may be due to hypermethylation that leads to repression of
gene transcription. (9) In recent years, interest in the study
of DNA methylation in CRC has been increasing. Around
50 genes related to methylation have been described in
different stages of CRC making them potential biomarkers.
(8, 23, 24)
Our study analyzed the hypermethylation status of 5
glutathione S-transferase (GST) at different stages of
carcinogenesis for different cancers by using MSP which
established that detection of methylation can be used as a
biomarker for CRC. (24)
The APC gene had highest frequency of methylation
with 32.89% (Figure 1) and the highest at all clinical stages
(Table 3). Kudryavtserva et al. have noted that the absence of normal functioning of the APC gene results in the
accumulation of β-catenins with subsequent induction of
proliferation. (4) Our findings corroborate this and indicate that APC could be involved in all events in CRC from
initiation and proliferation through to metastasis. APC has
been proposed by other researchers as an initiator of the
chromosomal instability pathway. (23, 24, 25)
The methylation frequency of the P15 gene was second
in our series, but the methylation of its promoter has been
detected in very few series. Almost no methylation has
been detected in this gene in series of colorectal tumors in
which methylation of P15 has been analyzed. In contrast,
we found a methylation rate of 23.07% (Figure 2) which
is a high rate in relation to studies of the Caucasian population which observed an absence of methylation (Figure
2). However, studies of Asians have detected quite high
methylation frequencies (26.1% and 68%). (26, 27) In
this case, the geographic origin of the patients could also
explain the difference between the frequencies observed in
the studies cited since our work was carried out in a mestizo population. (28)
6
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The CDH1 or E-cadherin gene’s frequency was third
with 21.15% (Figure 3). This is another GST whose promoter methylation has been observed in several neoplasms
including breast, lung and nasopharyngeal cancer. (15, 28,
29) In our CRC series the average methylation frequency
was ower than that reported by Wheeler and collaborators
who detected a methylation rate in CDH1 of 36%. (30)
Methylation of this gene has been considered responsible
for reducing the expression of E-cadherin. This gene has
been involved in the appearance of metastasis which coincides with our observati0ons of stags III and IV patients.
Other studies have not detected any relationship between
the alteration of this gene and colorectal carcinogenesis
(Xu et al., 2004; Kim et al., 2006) (31, 32). Nevertheless,
sample sizes could be the origin of high and discrepant
observed frequencies.
GST p16, one of the most frequently altered genes in
human neoplasms, was fourth in frequency in our series.
(26) The methylation rate detected was 15.39%. This is low
compared to findings of other studies whose rates are as
high as 40% in sporadic colorectal tumors, (3, 27) but it is
similar to those of Van Rijnsoever et al. and Ishiguro et al.
(26, 33) Most studies examine patients who have undergone
surgical resection of sporadic colorectal adenocarcinomas.
The exceptions are the studies by Esteller and Toyota. (15,
27, 34) The former analyzed samples from a tumor bank
whose provenances were known and which had heterogeneous characteristics. The frequency of methylation of p16
detected was 35%. In the second, methylation was analyzed
along cell lines established from CRC adenocarcinomas.
These were characterized by high methylation rates. The
methylation frequency found in p16 was 35.39%. These studies, except for the work of Toyota and collaborators, (27)
analyzed the same region of the p16 promoter using MSP
and used the primers described by Herman et al. (35) We
also used these primers in this study. The technique used is
MCA (Methylated CpG Island Amplification) which uses
restriction enzymes and hybridization. The main difference
between these studies and ours is the geographical origin of
the patients analyzed. (28)
The hMLH1 gene was fifth in frequency (13.30%, 4/30)
and was only observed in stage IV of the disease. The frequencies of methylation of this gene are presented heterogeneously among publications. A study of sporadic gastric
tumors in 46 patients in northern Brazil that analysed
methylation of several genes found an average frequency of
methylation of the hMLH1 gene of 21.74%. (32, 36, 37) In
2013, Xia et al. pointed out that methylation of this gene
is heterogeneous. They found 33% in non-selected tumors,
but when they separated sporadic tumors out, they found
a frequency of 16.4% which is similar to that found in our
study of 2013. (38) Nevertheless, they found no significant
Original articles

differences in relation to tumor stages. In 2013, Zhang et
al. performed a metaanalysis on the prevalence of somatic
mutations in the hMLh1 gene in CRC from December
1993 to September 2010. (39) They concluded that this
gene is mainly related to hereditary CRC and is mainly susceptible to mutations.
The use of epigenetic targets for the development of new
chemotherapy treatments is emerging as a strategy with
great potential since, in principle, epigenetic alterations
are potentially reversible. These agents could modify patterns of DNA methylation or histone status in tumor cells
through alteration of activity of enzymes responsible for
the establishment and maintenance of these patterns. The
drugs which have been most studied are demethylating
agents which work by deactivating DNA methyltransferases (DNMT). These enzymes are responsible for transferring the methyl group to the 5-carbon of the cytosine
nucleotide. Clinical studies are evaluating the use of low
doses of DNMT inhibitors for various cancers including
colon cancer in order to minimize toxicity. (40)
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