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Background: Ovarian cancer is the most common fatal gynecologic malignancy in women. The BRCA2 gene has a role in regulation of
cell cycle during proliferation, differentiation and DNA repair. Changes in the methylation of BRCA2 may be an effective mechanism for
ovarian cancer.
Objectives: The aim of the present study was to evaluate the association between ovarian cancer and methylation status of BRCA2.
Materials and Methods: In this study, methylation changes of BRCA2 genes in 44 tissue samples from patients with ovarian cancer
and 44 adjacent normal ovarian tissue samples were studied as the control group. After primer design and amplification of the BRCA2
gene sequence by the Polymerase Chain Reaction (PCR), gene methylation levels were evaluated using an enzymatic digestion method,
Restriction Fragment Length Polymorphism (RFLP).
Results: According to the study of the methylation status of subjects, status changes were observed only in three cases. The results did not
show a correlation between BRCA2 gene promoter methylation in ovarian cancer patients and healthy subjects.
Conclusions: According to the results obtained in this study, changes in the methylation status of BRCA2 cannot be the decisive factor to
ascertain the development of ovarian cancer.
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1. Background
Ovarian cancer is the most important cause of mortality
from cancer of the female reproductive system and is the
sixth most common cancer in women (1). Ovarian cancer
is the accumulation of abnormal cells and an imbalance
between proliferation and cell death that occurs in ovaries
and is able to invade nearby tissues and distant areas (2).
The most important symptom of ovarian cancer is pelvic
solid, regular and constant mass in physical examination.
Because of the location of the ovaries in pelvis deep space
and presence of non-specific symptoms, physical examination and diagnosis is difficult during early stages (1, 3, 4).
Around 85 to 90 percent of malignant tumors of the ovary
are a type of epithelial cancer (5, 6). Followed by repeated
ovulation, scare surface epithelium extends into the cortex
of the ovaries and creates small epithelial cysts. These cysts
can be involved in cancerous transformation and become
epithelial tumors with different histological types (7-9).
The incidence of ovarian cancer is different based on geographic region and ethnic group. Incidence in northwestern Europe, United States and Canada is high while it is low
in Asia and Latin America (10). Age, alcohol consumption,
smoking, family history, early menarche (age of less than 13
years), late menopause (the age range between 20 and 50)
and infertility increase the incidence of this cancer. In contrast, pregnancy, breastfeeding, use of oral contraceptives
tubal ligation and hysterectomy reduce the incidence of

this type of cancer (11, 12). Having a family history of ovarian
cancer in one of the family members is the most important
factor for developing this disease. Diagnostic procedures
such as pelvic examination, ultrasound evaluation CA-125,
series of images of lower Gastrointestinal (GI) or barium
enemas and biopsy are better and faster ways to identify
patients with this disease. Knowing the stage of the disease by imaging helps the doctor determine the treatment
plan. For the treatment of ovarian cancer different treatments and combinations of treatments such as surgery,
chemotherapy and radiotherapy are used. Many tumor
suppressor genes play a role in ovarian carcinogenesis. One
of inhibitors of tumor involved in ovarian cancer is BRCA
(Breast Cancer Susceptibility Gene). The BRCA2 is located
on chromosome 13q12-13 and comprises of 27 coding exons
and codes for 3418 amino acid proteins (13, 14). Furthermore,
BRCA2 has a role in regulation of cell cycle during proliferation, differentiation and DNA repair (15). Genetic and
epigenetic alterations in tumor suppressor genes include
genetic mutations, abnormal methylation changes in the
promoter region and loss of heterozygosity (16, 17). Among
factors associated with ovarian cancer, it is abnormalities
in the methylation promoter region of tumor suppressor
genes BRCA1 and BRCA2 that leads to changes in gene expression and can be effective in ovarian cancer (18). Methylation is one of the common epigenetic events in mam-
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malian genomes (19). Abnormal methylation alterations
include increased methylation or hypermethylation and
reduced methylation or hypomethylation. Hypermethylation in the promoter region of the gene is associated with
reduced gene expression (20). The relationship between
DNA methylation and cancer was expressed for the first
time in 1983. In this study it was shown that the genome of
cancer cells compared to their normal counterparts are hypomethylated (21). It seems that an improper methylation
(aberrant) gene is an early event in carcinogenesis and different types of cancer, including lung and bladder are affected by changes in methylation of CPG islands.

2. Objectives

Thus, determining the pattern of DNA methylation may
be useful for diagnosis and treatment (22). This change
was reversible thus could be considered as a therapeutic
target (19).

3. Materials and Methods

the BRCA2 promoter in cancer and control samples. The
results revealed that 39 of 44 (88.63%) cancer cases were
non-methylated in the promoter region and five of 44
(11.36%) were methylated (Table 1). Of the 44 control cases
two (4.54%) cases were methylated in the promoter region and 42 (95.45%) cases were non-methylated. Methylation status change was observed only in three cases.
In three of cases, non-methylated promoter had become
methylated (Figure 1). Changes in methylation statuses
were not created in other cases.
Table 1. Methylation Status of BRCA2
Sample Number
Case sample
number

Type

Non-Methylated a

Methylated a

Total Samples

42 (95.45)

2 (4.54)

44

5 (11.36)

44

Control sample
39 (88.63)
number
a Values are presented as No. (%).

Figure 1. Promoter Methylation Status of the Samples

3.1. Genotyping
In this case-control study, the samples were all collected
in form of paraffin blocks in pathology archives. As far as
the research and statistical consulting were concerned,
44 ovarian cancer samples of premenopausal women under 50 years old were entitled as the case group and the
other 44 samples, which were adjacent normal ovarian
tissue from the same people were selected as the control
group. After the sample collection, DNA was extracted
by an extraction kit. In the next step, the methylation
status of BRCA2 was studied using the Polymerase Chain
Reaction (PCR) and MspI and HpaII enzymes. Polymerase
Chain Reaction was performed using specific primers F:
GAAGCGTGAGGGGACAGATT and R: GTAAGCTGACAAAAACCGC. The PCR reaction consisted of 300 - 100 ng of extracted DNA, 1 unit of each primer, 200 mM MgCl2, 1.5 m/M of
each of dATP, dCTP, dTTP and dGTP. First stage: A - primary
denaturation at 94°C for five minutes during one cycle,
B - denaturation at 94°C for 40 seconds, C - annealing at
55°C for 35 seconds, D - extension at 7°C for 20 seconds, E final extension at 72°C for five minutes for 35 cycles. Next,
the PCR product was cut by restriction enzymes. One unit
of each of Msp1 and HpaII at 37°C in a 1 - 16 hour period
was used to evaluate the degree of methylation that these
changes were studied by gel electrophoresis.

3.2. Statistical Analysis

Methylation statuses were compared using the SPSS-16
software and calculations were performed based on Pearson’s Chi-Square test. It turned out that the P value was
less than 0.05.

4. Results

In this study we evaluated the methylation status of
2

Cases 3 and 11 had methylated promoters while the others had non-methylated promoters (1 is marker).
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5. Discussion
For reducing the risk of ovarian cancer, it is essential to
understand and characterize the cases of the disease. We
evaluated the promoter methylation status of BRCA2 on
CpG islands. The BRCA2 gene is a tumor suppressor gene
that may be useful in suppressing ovarian cancer. Previous studies demonstrated that BRCA1 and BRCA2 methylation is altered in breast cancer (23). The methylation
status of BRCA1 in ovarian cancer has been previously
examined, and we examined the BRCA2 methylation status in this study. Furthermore, CpG islands are routinely
found in the promoter of genes. Normally, non-methylated CpG islands (regions of rich CG content) are seen
in the promoters of expressed genes, whilst methylated
promoters are usually associated with genes with low
or decrease transcriptional rates. However, usual methylation status can be changed in neoplastic cells, possibly due to increased DNA MTase activity and/or through
local protection mechanisms. Hypomethylation of
regulatory DNA sequences can sometimes set up the
transcription of proto-oncogenes (24-27), potentially
giving them oncogenic operation. This can happen after the development of neoplastic progression. Promoters can become methylated in normal cells during the
entire aging process. This latter alteration may give rise
to aptitude to neoplasia (28). Methylation is the mechanism for gene deactivation that has been considered
to happen in some BRCA2 tumors. However, it should
also be noted that BRCA2 may also be inactivated posttranslationally by improper phosphorylation or other
post-translational modifications (29). This study investigated the promoter methylation status of BRCA2 in
tumor samples by comparing them with benign tissue
from an area adjacent to the tumor lesion. In our study
from a total of 44 cases having ovarian cancer, it was observed that 39 patients had non-methylated promoters
and five had promoter methylation. Of the total of 44
subjects of the control group, two cases had promoter
methylation and 42 cases had non-methylated promoters. Methylation status change was observed only in
three cases. In these three cases, the non-methylated
promoter had become a methylated promoter. In the
other groups, changes in methylation status were not
created. In previous studies on the methylation status
of BRCA2 in samples of ovarian cancer, Dhillon et al.
studied 25 samples of ovarian cancer where one case of
methylation change was observed in the promoter region of the BRCA2 gene (30). In other studies, Nurhan
et al. studied 12 samples of ovarian cancer where five
cases had methylation changes in the promoter region of the BRCA2 gene (31). The studies of Collins and
colleagues in 1997, and Bosviel and colleagues in 2011
found no evidence of BRCA2 promoter methylation (32,
33). In our study, three cases had methylation changes
in the promoter region of the BRCA2 gene. Based on
our results and those of previous studies, it can be conGene Cell Tissue. 2015;2(2):e28416

cluded that alteration in the methylation of BRCA2 may
not be a risk factor for ovarian cancer development in
this studied population, and thus it is not an appropriate biomarker for early diagnosis of ovarian cancer.
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