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Introduction: Endometrial cancer is one of the most common cancers in women worldwide. The
underlying cause of endometrial tumorigenesis remains elusive. Several genetic and epigenetic
alterations are known to be involved in the carcinogenesis of endometrial carcinoma. One important
and early epigenetic alteration that is attributed to endometrial carcinoma is the aberrant promoter
hypermethylation of gene promoters. In this study, we have assessed the aberrant promoter
hypermethylation of APC and BRCA1 in 78 endometrial cancer samples. Methods: Histologically
confirmed tumour tissue samples were obtained post-surgery and DNA was extracted. The DNA was
subjected to sodium bisulfite conversion and used as a template for a polymerase chain reaction.
The PCR was performed using a nested PCR followed by methylation specific PCR. Results: A
33.33% and 46.15% methylation frequency was observed for APC and BRCA1 genes respectively. A
higher percentage of methylation was observed in stage IV for APC (66.66%) and in stage II for
BRCA1 (88.88%). Conclusion: Aberrant promoter hypermethylation is an early event in
endometrial carcinoma and can serve as a useful molecular marker for diagnosis and prognosis of
the disease along with existing screening modalities.
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Introduction
Endometrial cancer is the seventh most common
cancer in women worldwide and is one of the most
commonly diagnosed cancers in the developed
countries. It accounts for about 7% of new cases
and 4% of cancer-related deaths in women [1-3].
Though the underlying mechanism of tumorigenesis
in the endometrium is not fully understood several
data suggest the role of various genetic and
epigenetic alterations in the process of endometrial
carcinogenesis.

The role of epigenetic alterations has gained
considerable attention in the past decade.
Epigenetic alteration can be defined as a heritable
change in gene expression patterns that result
without causing any alteration to the nucleotide
sequence. One of the most well studied epigenetic
alterations is aberrant promoter hypermethylation.
During the process of tumor initiation and
progression various tumor suppressor genes (TSG)
are known to be transcriptionally silenced by the
addition of a methyl group to the cytosine residues
that reside in the CpG islands of the promoter
region. This addition of methyl group to the cytosine
prevents the interaction of transcription machinery
with the promoter and thereby renders the gene
silent (turned off) [4-6].

Adenomatous polyposis coli (APC), is a homodimeric
protein of 310kDa that is expressed in most of the
normal epithelial cells [7]. The protein localization of
APC is observed in the cytoplasm and nucleus and is
known to play a role in the maintenance of cell
adhesion, cytoskeletal integrity, cell cycle regulation
and wnt pathway [8-13]. The APC protein is known
to mediate the cell cycle progression from G1 to S
phase by its interaction with DLG, a tumour
suppressor protein [14]. It maintains the
cytoskeletal integrity by regulating microtubule
dynamics during cell division [15]. Another major
role of APC is to negatively regulate β-catenin
signaling with the aid of GSK-3 β and ubiquitin
pathway. The inactivation f APC either by genetic or
epigenetic alterations lead to the accumulation of β-
catenin activating the wnt pathway [16]. The β-
catenin /TCF-Lef complex is known to regulate the
protooncogenes, c-myc, c-jun and cyclin D1 [17-
22].

Breast cancer susceptibility gene 1 (BRCA1) was
mapped to 17q21 and is a well-established tumor
suppressor gene.

BRCA1 gene has 24 exons encoding 1863 amino
acid residues [23-25]. The protein is localized within
the nucleus of many cell types and is involved in the
maintenance of various cellular signaling cascades
that are involved in DNA repair, chromatin
remodeling, apoptosis and activation of DNA
damage checkpoints in the cell cycle. They play a
crucial role in the maintenance of genome stability
[26-29]. BRCA1 functions majorly via the
homologous recombination repair by forming an
association with the Mre11/Rad50/NBS1 (MRN)
complex [30]. Aberrations in the BCRA1 levels have
been attributed to many cancer types and its role
has been implicated in the initiation and progression
of sporadic breast and ovarian cancers. The BRCA1
gene has been known to be silenced by promoter
hypermethylation events in breast and ovarian
cancers [31-36]. There have not been studies that
have reported the methylation of the BRCA1 gene
promoter in endometrial cancer. The current study
aims to identify the aberrant promoter
hypermethylation frequency of APC and BRCA1
genes in endometrial cancer.

Materials and Methods
Sample collection: Endometrial carcinoma tissues
were obtained from 78 patients diagnosed with
endometrial cancer post-surgery.

Inclusion criteria: All primary, chemo naïve
endometrial cancers were included in the study.

DNA isolation and bisulfite modification: DNA
was isolated from histologically confirmed
endometrial carcinoma samples using a DNAeasy
mini kit (Qiagen, USA). The DNA was quantified
using a spectrophotometer. The DNA was further
subjected to sodium bisulfite modification using the
EZ DNA methyl lightening kit following the
manufacturer’s protocol. The modified DNA was
used as a template for the methylation specific PCR.

Methylation specific PCR: The assessment of
methylation was performed using two steps- nested
PCR and Methylation specific PCR (MSP). The primer
sequences, reaction conditions for nested and MSP
are listed in tables-1-3.

Table 1: Primer sequences for Nested and methylation specific PCR:
Gene Forward (5’ to 3’) Reverse (5’ to 3’) Amplicon size

APC Nested TGGGYGGGGTTTTGTGTTTTATT TACRCCCACACCCAACCAATC 136 bp
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Statistical analysis: Chi-square test was used to
perform statistical analysis. A p-value of <0.05 was
considered to be statistically significant.

Ethical approval: The study was approved by the
institutional scientific review board and medical
ethics committee and informed consent were
obtained from all patients before sample collection.

Results
Promoter hypermethylation of APC gene: Promoter
hypermethylation was observed in 26 of the 78
samples analyzed (33.33%). A high percentage of
methylation was observed in stage IV (66.66%) and
grade 3 (46.66%) of the disease. There was no
statistically significant association of APC
methylation with any of the clinicopathological
parameters such as histology, stage, grade,
menopausal status or invasion. The representative
gel image has been depicted in fig 1 and the
association of methylation frequency with
clinicopathologic parameters have been summarized
in table 4.

Promoter hypermethylation of BRCA1 gene: 36 of
the samples analyzed reported methylation for the
BRCA1 gene accounting for a methylation frequency
of 46.15%. The methylation frequency in Stage II
and stage IV of the disease was found to be 88.88%
and 66.66% respectively.

A methylation frequency of 50% was noted in
patients who showed >50% invasion in the disease.
The methylation frequency statistically correlated
only with the stage of the disease with a p-value of
0.037936. The association of methylation frequency
with clinicopathologic parameters and the
representative gel image has been depicted in table
4 and fig 2 respectively.

Table 4: Association of Methylation frequency
with clinicopathological parameters.

Clinicopathological

Parameters

N APC

methylation

BRCA1

methylation

Endometrial tumors 78

Type of tumor Endometriod 60 18(30%) 28 (46.66%)

Serous 06 3 (50%) 2 (33.33%)

Mucinous 02 1 (50%) 1 (50%)

Clear cell 02 1(50%) 1 (50%)

Poorly

differentiated

08 3 (37.5%) 4 (50%)

total 78 26 (33.33%) 36 (46.15)

P-value  0.806544 0.975926

FIGO stage I 64 21(32.81%) 25 (39.06)

II 9 2 (22.22%) 8(88.88)

III 2 1 (50%) 1 (50%)

IV 3 2 (66.66%) 2 (66.66%)

P-value  0.520651 0.037936*

Histological

grade

1 44 16(36.36%) 22 (50%)

2 19 3 (15.78%) 9 (47.36%)

3 15 7 (46.66%) 5(33.33%)

APC MSP TATTGCGGAGTGCGGGTC TCGACGAACTCCCGACGA 98 bp

APC USP GTGTTTTATTGTGGAGTGTGGGTT CCAATCAACAAACTCCCAACAA 108 bp

BRCA1 Nested GAGAGGTTGTTGTTTAGYGGTAGTTTT TCTAAAAAACCCCACAACCTAGTTTT 143 bp

BRCA1 MSP GGGTTTTGCGAGAGCGCGT AAAACTCAACGAACTCACGCCG 75 bp

BRCA1 USP TTGGTTTTTGTGGTAATGGAAAAGTGT CAAAAAATCTCAACAAACTCACACCA 86 bp

Table 2: Nested PCR Condition:
Gene Initial denaturation (°C) Cycling stage X35 Final Extension (°C)

Denaturation (°C) Annealing (°C) Extension (°C)

APC 95 95 53 72 72

7 mins 30 sec 30 sec 30 sec 7 mins

BRCA1 95 95 72 72 72

5 mins 30 sec 30 sec 30 sec 5 mins

Table 3: MSP/USP PCR Condition:
Gene Initial denaturation (°C) Cycling stage X35 Final extension (°C)

Denaturation (°C) Annealing (°C) Extension (°C)

APC 95 95 61 /58 (MSP/USP) 72 72

7 mins 30 sec 30 sec 30 sec 7 mins

BRCA1 95 95 65 /61 (MSP/USP) 72 72

5 mins 30 sec 30 sec 30 sec 5 mins
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 P-value  0.134432 0.531197

Menopausal status Premenopausal 10 3(30%) 3 (30%)

Postmenopausal 68 23 (33.82%) 33 (48.52%)

P-value  0.81073 0.272442

Invasion <50% 52 18 (34.61%) 23 (44.23%)

>50% 26 8 (30.76%) 13(50%)

pValue  0.734095 0.629939

Figure 1:

Figure 1: Representative agarose gel image
depicting the methylation pattern of APC in
endometrial cancer samples.

Figure 2:

Figure 2: Representative agarose gel image
depicting the methylation pattern of BRCA1 in
endometrial cancer samples.

Discussion
Genetic alterations such as mutations generally lead
to the gain of function in the otherwise silent
oncogenes leading to the initiation of
carcinogenesis. Epigenetic alterations on the other
hand do not lead to changes in nucleotide sequence
but involve the covalent addition of methyl or acetyl
groups to bases in the DNA [37]. In the case of
hypermethylation, the DNA methyltransferase adds
a methyl group to the fifth position of the cytosine
bases that are present in the CpG island of gene
promoters. This epigenetic alteration makes the
binding of transcriptional machinery inaccessible to
initiate gene transcription. These hypermethylation
led transcriptional silencing events have been
reported for several tumor suppressor genes in
various types of cancers. This epigenetic change is
however a reversible process and thus has been a
promising hope towards designing personalized
therapies for cancers [37,38].

APC protein is known to play an important role in
cell cycle regulation via the wnt pathway.

The mutation is the most common cause of APC
inactivation but epigenetic alterations such as
promoter hypermethylation have also been
attributed to cancer. APC gene promoter
hypermethylation has been extensively studied and
reported to be involved in the early development of
colon cancer. A 24%, 27%, 33%, 53 % methylation
was reported by various groups in colorectal cancer
[39-42]. A methylation frequency of 71% in
inflammatory breast cancer, 82.5% in gastric
carcinoma and 95% in non-small cell lung
carcinoma have also been reported [43-45]. A 77%
methylation was reported in early stage endometrial
cancers by Ignatova A et al., and a 43%
methylation was reported by Zysman Met al., and
17.86% by Ghazanfari T et al., respectively [46-48].
These results are similar to the methylation
frequency (33.33%) reported for APC in the present
study. BRCA1 gene hypermethylation has been
studied extensively in breast and ovarian cancer.
Studies in breast cancer have reported a
methylation frequency ranging between 5.2% to
65.2% [49-52]. A 5%-56% methylation has been
reported in ovarian cancer [34, 53-59]. The
aberrant promoter hypermethylation of BRCA1 has
not been reported in endometrial cancers as per the
search results available in PubMed. The current
study reports a methylation frequency of 46.15%.

Conclusion
Aberrant promoter hypermethylation of APC and
BRCA1 occurs in endometrial cancer and this
methylation frequency has been observed in the
early stages of cancer. The methylation pattern can
therefore be used in the early diagnosis of
endometrial cancer along with previously available
methods.

What this study adds to the
existing knowledge
The promoter hypermethylation event is an early
epigenetic alteration in tumorigenesis. The current
study reports the methylation frequency of two TSG
(APC and BRCA1) in endometrial cancer. No data are
reporting the methylation frequency of BRCA1 in
endometrial cancer available and therefore the
result presented in this research can add useful
insight into the silencing of the BRCA1 gene in
endometrial cancer. In addition, methylation-based
markers serve as an important tool in the diagnosis
and prognosis of cancers.
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