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Abstract

Introduction: The endometrial cancer (EC) is the seventh most common malignancies worldwide among females with good prog-
nosis in early stages of the disease. The CpG Island in the promoter region of tumor-suppressor genes are frequently methylated
in various types of human cancers. In the present study, we investigated the methylation pattern in promoter region of RASSF1A
and RASSF2A genes in Endometrial cancer patients in Iranian women to identify correlations among promoter hypermethylation,
disease risk and clinicopathological parameters.
Methods: 28 patients and 22 healthy controls were studied. Isolation of genomic DNA from FFPE and peripheral blood was per-
formed and Methylation-Specific PCR (MSP) was applied for analysis of the promoter CpG methylation status of RASSF1A and RASSF2A
genes in the studied population.
Results: A significant difference was found among the study groups and the presence of promoter CpG hypermethylation status in
the RASSF1A (P = 0.0321) and RASSF2A (P = 0.0003) genes. RASSF1A, and RASSF2A gene promoter methylations were present in 53.57%
and 42.85% of EC samples when compared to those in the controls with 31.81% and 9.09% respectively. Furthermore, methylation
status between tissue and blood samples of RASSF1A, and RASSF2A genes was not significant (P = 0.49 and 0.09 respectively). Our
results indicated a corollation between ages, menosososal state and tumor grade with RASSF1A, and RASSF2A promoter methylation.
Conclusions: In our study, Hypermethylation of bothRASSF1AandRASSF2Agenes are important events in carcinogenesis of endome-
trial cancer. Epigenetic alternations may have diagnostic value for early diagnosis and better clicinal management of susceptibility
to endometrial malignancies.
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1. Intruduction

Endometrial cancer (EC) is the major cancer of the fe-
male genital tract in the United States and the fourth most
common cancer among women after breast, lung, and col-
orectal cancer (1), and the risk of its develpment in women
is about 2.6 percent (2). Aproximately 90% of cases are
sporadic and 10 % are hereditary type. Development of
endometrial cancer is a multistage process of activiation
of proto-oncogenes and inactivation of tumor suppressor
genes, according to histopathology, cell biology and clini-
cal course is classified into two main types: type I carcino-
mas, slow endometrioid diffrentiation and associated with
unopposed estrogen exposure; type II carcinomas mainly
composed by serous and clear cells and follow estrogen
unrelated pathways (3). Most endometrial cancers are the
type 1 that often result from an endometrial background
hyperplasi; in contrast, type 2 is less common and often is

detected by non endometrial tissues and during the clini-
cal invasion. The first and most common symptom of en-
dometrial cancer is abnormal bleeding from the vagina
that should be taken seriously. Risk factors for EC include:
obesity, anovularity states, infertility, early onset of men-
struation, late menopause, nulliparity, and exposure to es-
trogen therapy that would promote development of en-
dometrial hyperplasia with or without atypia which is a
possible precursor lesions of EC (4-6).

Genetic and epigenetic factors play important roles
in the development of endomentrial cancer. In previous
reports, genetic mutations of oncogens such as p53, K-
RAS and PTEN have been studied. However, recently it is
known that epigenetic changes such as methylation, his-
ton deacetylation, or micro RNA expressiorn can also af-
fect the molecular biology of endometrial lesions on lining
of the uterus (7, 8). Epigenetics refer to heritable changes
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in gene activity and expression without changing the DNA
sequence by pharmocological agents is dynamic and re-
versible. The most common epigenetic event is aberrant
DNA methylation in CpG dinucleotides by three types of
DNA methyl transfrase including DNMT3A, DNMT3B and
DNMT1, in which methyl group (CH3) covalently attatches
to cytosine, and creates 5 methyl cytosine (9). Promoter hy-
permethylation is associated with silencing of tumor sup-
pressor genes involved in cell cycle regulation, DNA repair,
cell-cell interaction, steroid receptors, apoptosis and an-
giogenesis (10). Thus, in the present study, promoter hy-
permethylation of two key genes involved in regulatin of
MAP kinase signaling pathway was investigated.

RASSFIA, the first member of the RASSF family, as a tu-
mor suppressor gene, located on chromosome 3p21.3, con-
tributes to numerous cellular functions. This protein reg-
ulates apoptosis in two ways: in the first case, attached
to MST1 and Nore1 proteins, resulting complex, detecting
apoptosis signals, and thereby controlling the RAS signal-
ing pathway. In the second state, RASS1FA regulates apop-
tosis by MOAP1 interaction (apoptosis modulators and re-
lated bc12 family) which is followed by BAX and caspase
dependent expression (11-14). RASSF1A is thought to be in-
volved in cell cycle regulation through a direct connection
with cdc20 (a negative regulator of APC), proliferation, cell
mobility and adhesion (15). Also involved in regulation of
the cyctoskeleton dynamic, microtubules spindle appara-
tus and centrosome during metaphase and microtobule
stability (16). This protein inhibits passing G1 phase to S,
through corporation with P120E4F (a known protein re-
lated to RB, P53 and p14ARF) (17, 18). As well as inhibition of
cycline D1 complex accumulation through the JNK kinase
pathway and suppression the activity of AP1, cell cycle ar-
rest in G1/S phase. Also RASSF1A induces cell cycle G1 arrest
by increasing the activity of a known transcription factor,
P120E4F, which is involved in cycline A2 transcription,and
simulates the ubiquitination of MDM2 protein (negative
regulator of P53), so it increases the P53 protein activities
(19-21).

RASSF2A, the second member of RASSF family, is local-
ized on human chromosome 20p13 (22). Studies have de-
scribed RASS2FA nuclear localization sequence (NLS) at the
N terminal part, is required for full the tumor suppressor
activity of the protein (23). Suppressive properties, due to
its ability for apoptosis regulation and cell cycle progres-
sion, it has been shown that RASS2A is effective in stabil-
ity and mobility of microtubules (24), also it is known as a
potential suppressor of apoptosis, cell cycle arresting and
increased cell-death by k-RAS inhibiting activiteis. It has
been shown that RASSF2A connects with MST1 with a man-
ner beyond simple communication of protein-protein in-
teraction, and plays an important role in MST1 regulation

(25, 26). RASSF2A has a distinct role in the regulation of the
MST2 performance. Interestingly, RASSF2A overexpression
leads to increased levels of MST1, and provides MST1 protec-
tion. RASSF2A appears to be a substrate for MST1 and MST2
and co-expression of either kinase with RASSF2 relocalises
RASSF2 from the nucleus to the cytoplasm in a manner
dependent on kinase activity (23). RASSF2A has also been
shown to be frequently inactivated by promoter methyla-
tion in a wide range of tumor types.

While epigenetics refers to broad changes in several
types of malignancies, including gynecological. We fo-
cused on the role of DNA methylation in relation to
endometrial carcinogenesis. We aimed to investigate
the aberrant methylation of CpG islands within the pro-
moter regions of two tumor-suppressor genes RASSF1A and
RASSF2A, in the tumor tissue and blood samples from pa-
tients with endomentrial cancer in comparison with nor-
mal tissue, in order to define the frequency of the epige-
netic alterations and to determine the possible impact on
the disease histological pattern.

2. Methods

2.1. Characterization of Clinical Specimens

A Number of 28 tumor and 22 normal tissues from
women with endometrial carcinoma were collected at the
time of Hysterectomy by a physician obstetrics and gy-
neocogy, and were identified through ultrasound. Mean-
while, 26 blood samples from related patients have been
collected. Written informed consent was obtained from
all study participants (ZUMS.REC.1395.141). Formalin Fixed
Paraffin Embedded tissues were kept in laboratorory tem-
pature and prior to DNA extraction hematoxylin- eosin
staining was performed and histopathology diagnosis of
endomentrial carcinoma was approved by pathologist
(Figure 1). Blood samples were collected in tubes con-
taining EDTA at - 20°C temperature for long-term storage.
Among the 28 endometrial cancers, the average age of pa-
tients was 65.56 years (range 32 - 76 years). All the women
with abnormal bleeding were refered to a doctor, 18 cases
tumor grade G1 and 10 patients grade had G2 and G3. Most
tumors in stage IA endometrioid carcinoma were discre-
tional and only 4 patients had papillay serous type. My-
ometrial invasion in 15 subjects less than 50% and in 10
cases more than 50 percent and the remaining 3 were not
myometrial invasion. Also 9 people were cases of metasta-
sis to other locations and 19 did not have metastasis. 11 pa-
tients were with diabetes, 8 patients with high blood pres-
sure, 4 patients with low thyroid and 3 patients had hy-
pelipidemind. 19 of these patients were added to Verne,
one of them for 2.5 years of hormonr use had.
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Figure 1. Microdissection of Endometrial Cancer Cells, (H & E, × 100), Neoplastic
Cells with Enlarged and Coading Nuclei, Which Occupied Most of the Cell Volum,
Seems to Have Different Size in Comparision with Normal Cells, Abundant Clear Cy-
toplasm

Innear of the cells under microscope seems clear cell.

2.2. DNA Extraction

Bisulfite modification and Methylation- specific PCR:
10 µm- thick sections from each tissue blocks were de-
paraffinized and genomic DNA was purified by the DNA ex-
traction kit (Qiagen, USA), then 1 - 2 µg of extracted DNA
was used for sodium bisulfite treatment (Qiagen, USA).
Treatment of genomic DNA with sodium bisulfite converts
unmethylatedcytosines (but not methylated cytosines) to
uracil, which is then converted to thymidine during the
subsequent PCR step, giving sequence differences between
methylated and unmethylated DNA. Methylation status
was determined by methylation specific PCR (MS-PCR). The
primer sequences for RASSF1A and RASSF2A genes are listed
in Table 1. The reaction volumne of 20 µL contained 100
ng bisulfite- modified DNA, 10 mL 2X Taq premix (master
mix) [Pars Tous, Iran], 0/5 µM of each primer and 7 mL of
deionized water was used. Amplification of two genes were
performed under the following condition: initial denatu-
ration at 95°C for 5 minutes, followed by 35 cycles, at 95°C
for 45 seconds (denaturation), at 56°C for 45 seconds (an-
nealing), at 72°C for 45 seconds (elongation), with a final
extension for 5 minutes at 72°C. Genomic DNA not treated
for bisultite modification and water blanks without added
DNA were included as negative controls in each assay. PCR
products were analyzed on 2% agarose gel containing safe
staine. The PCR for all sampels demonstrating methylation
was repeated at least once.

2.3. Statistical Analysis

Association between methylation frequencies of
RASSF1A and RASSF2A genes with endometrial carcinoma
(tissue and blood samples) and clinicopathologic pa-
rameters was statistically analyzed using chi- square (X2)

and Fisher exact test. Logistic regression analysis was
performed to estimate odds ratios (OR) and 95% confi-
dence intervals (CI). Values of P < 0.05 were considered to
indicate a statistically significant difference. All analyses
were performed using the SPSS 20 statistical software.

3. Results

We determined promoter hypermethylation fre-
quency of tumor suppressor genes RASSF1A and RASSF2A
in endometrial carcinoma and blood samples of patients
and compared the results with normal tissues Also the
relationship between hypermethylation of genes with
clinical and pathology parameters was evaluated. After
treatment of the extracted DNA with sodium bisuflite to
convert non-methylated cytosines to uracil, MSP analysis
in the study of genes by methylated and non-methylate
primers, respectively show 105, 93 bp and 121, 89 bp bands
(Figure 2).

Figure 2. MPS Analysis of A, RASSF1A and B, RASSF2A Genes

The PCR products in the lanes 1, 2, 3 show the presence of methylated templates of
genes, wheras the products in lanes 4, 5, 6 indicate the presence of unmetylated tem-
plates. Gel electrophoresis band pattern for RASSF1A and RASSF2A genes methylation
and unmetylation visualized under 2.5% agarose gel and yielding 93, 85 and 105, 121
bp bands respectively, M: 50 bp ladder

3.1. RASSF1A and RASSF2A Genes Methylation Distribution

Methylation frequencies of RASSF1A and RASSF2A genes
in tumor and normal tissues and blood samples have been
shown in Table 2. Promoter methylation of RASS1FA and
RASSF2A were more frequent (53.57%, 42.85%) in tumor tis-
sues against those of normal tissues (31.81%, 9.09%). And
there was a significant difference (P = 0.03, P = 0.003) re-
spectively. Our results indicate that patients who show hy-
permethylation of RASS1FA and RASS2FA genes have signif-
icantly increased risk of developing endomethrial carci-
noma. In contrast there was no statistical association ob-
served beetween methylation status of blood and tissue
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Table 1. Sequences of Primers, Annealing Temperature and MSP Product Size

Gene Primer Sequences 5’ - 3’ PCR Product Size, bp Tm, °C

RASSF1A (FM) GTGTTAACGCGTTGCGTATC
93 58

RASSF1A (RM) AACCCCGCGAACTAAAAACGA

RASSF1A (FU) TTTGGTTGGAGTGTGTTAATGTG
105 55

RASSF1A(RU) CAAACCCCACAAACTAAAAACAA

RASSF2A(FM) GTTCGTCGTCGTTTTTTAGGCG
89 56

RASSF2A(RM) A AAAACCAACGACCCCCGCG

RASSF2A(FU) AGTTTGTTGTTGTTTTTTAGGTGG
121 57

RASSF2A(RU) AAAAAACCAACAACCCCCACA

samples of RASS1F1 gene (P = 0.49); therefore, blood sample
can be introduced as a prognostic marker for non-invastive
early detection of EC. Our results confirmed that there was
no statistically significant difference in promoter methyla-
tion analysis of RASSF2A between tissue and blood sample
of patients (P = 0.09).

3.2. Association with Clinopathological Factors

Based on the obtained results through statical analy-
sis, definitely diabetes and obesity are important risk fac-
tors for endometrial cancer incidence (P = 0.016, P = 0.026),
but hypothydoidism, hypertension, hypercholesterolemia
do not seems as risk factors. When correlated with clini-
cal data, there was marginal association between methy-
lation of RASSF1A gene (tissue and blood sampels) and
menopause (P = 0.006). In the case of menopause at the
age of 50 years and older, and promoter methylation of
RASSF2A gene in tissue, 24 samples have methylation sta-
tus, so our results have confirmed a significant correlation
between incidence of carcinoma at the age of 50 years and
older with methylation of RASSF2A gene in the tissue sam-
ples (P = 0.013). In regards to the histopathological vari-
ables and CpG methylation in the promoter region of both
tumor suppressor genes, we found a weak correlation be-
tween the RASSF2A gene methylation in tumor tissues and
the tumor grade (p=0.09). There was no significant differ-
ence in tumor stage, higher tumor grade, type of endome-
trial carcinoma, myometrial invasion, positive metastasic
involvement of pelvic lymph nodes and overweight among
methylation of endometrial tumor and normal tissues (P >
0.05) (Table 3 - 5).

4. Discussion

There is no effective screening or diagnostic tool for
down staging of endometrial cancer, thus its incidence is

rising when compared to other gynecological malignan-
cies, (e.g. cervical cancer). In contrast, common risk and
predisposing epidemiological and histopathological fac-
tors associated with the development of uterine carcino-
mas have been identified. Based on these factors, selection
of the women at higher risk for disease origin and offer
them increased attention. Moreover, scientists are still in
search for new screening methods toward the aim of de-
tecting premalignant at risk lesions or early stages of the
disease (27, 28).

The process of silencing by hypermethylation of pro-
motor region is the most important inactivation mecha-
nism of tumor suppressor genes. Epigenetic inactivation
may affect the molecular pathways involved in cell im-
mortalization and transformation, but the silencing can
be partially relieved by demethylation of the promoter
region. Recently the growing list of genes inactivated
by promoter hypermethylation provided an opportunity
to examine the epigenetic alteration of multiple cancer
related genes in different tumors including endometrial
cancer and insights have been developed to understand
more deeply about role of these alternations in the diagno-
sis, treatment and prevention of endometrial cancer (29,
30). Development the field of epigenetic of DNA methy-
lation has several advantages compared to conventional
biomarkers such as cytology, RNA or protein derived from
tumor evaluation: first, DNA is more stable; secondly when
the limited amount of tissue or fluid is available, inves-
tigation is possible; thirdly promoter hypermethylation
usually happened in discrete CpG islands that minizes re-
gional analysis in comparison with mutations that con-
tains multiple exons, and finally a wide range of body flu-
ids can be studied (31, 32).

Studies have demonstrated that conventional tumor
markers in serum, such as carcinoembryonic antigen
(CEA), are generally insensitive for screening purposes.
Consequently, novel serum biomarkers are clearly needed
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Table 2. Comparison the Results of Promoter Hypermethylation of RASSF1A and RASSF2A Genes in Tumor and Normal Tissues and Blood Samplesa

Gene Sample, No. Methlyted Hemi-Methlyted Non-Methlyted OR 95%CI P Value

RASSF1A Healthy tissue (22) 7 (31.81) 9 (40.90) 6 (27.27)

RASSF1A Patients tissue (28) 15 (53.57) 11 (39.28) 2 (7.14) 2.4957 1.0812 - 5.7608 0.0321

RASSF1A Patients blood (26) 17 (65.28) 7 (26.92) 2 (7.69) 0.7333 0.3010 - 1.7864 0.4948

RASSF2A Healthy tissue (22) 2 (9.09) 10 (45.45) 10 (45.45)

RASSF2A Patients tissue (28) 12 (42.85) 15 (53.57) 1 (3.57) 4.9160 2.0957 - 11.5316 0.0003

RASSF2A Patients blood (26) 3 (11.53) 22 (84.61) 1 (3.84) 1.9664 0.8938 - 4.3263 0.0928

aValues are expressed as No. (%).

Table 3. Relationship Between Methylation and Pathological Condition of RASSF1A and RASSF2A Genesa

Clinical
Parameters

RASSF1A
Methylation in

Blood

P Value RASSF1A
Methylation in

Tissue

P Value RASSF2A
Methylation in

Blood

P Value RASSF2A
Methylation in

Tissue

P Value

Age
< 50 4 (15.4)

0.530
2 (8.0)

0.180
4 (15.4)

1
3 (11.1)

0.013

≥ 50 20 (83.3) 23 (10.7) 22 (84.5) 24 (100)

Menopause
Before 4 (15.4)

0.530
2 (8.0)

0.006
4 (15.4)

1
3 (11.1)

0.013

After 20 (83.3) 23 (10.7) 22 (84.5) 24 (100)

Grade

G1 16 (66.7)

0.618

17 (63.0)

0.750

17 (65.4)

1

18 (100)

0.092G2 4 (16.7) 5 (18.5) 4 (15.4) 4 (80.0)

G3 4 (16.7) 5 (18.0) 5 (19.2) 5 (100)

Stage

IA 13 (56.5)

0.714

16 (94.1)

0.644

15 (60.0)

0.221

17 (63.0)

0.183

IB 2 (8.7) 2 (100) 2 (8.0) 2 (7.4)

II 3 (13.0) 3 (75.0) 3 (12.0) 3 (11.1)

AIII 3 (13.0) 3 (100) 3 (12.0) 3 (11.1)

BIII 2 (8.7) 2 (100) 2 (8.0) 2 (7.4)

Type

Endometrioid
carcinoma

21 (87.5)

0.595

24 (96.0)

0.724

32 (88.0)

0.713

24 (96.0)

0.724

Serous papillary 3 (12.5) (100)3 3 (12.0) 3 (11.1)

Invasion

Invading not
meyometrial

2 (12.5)

0.164

2 (7.7)

0.112

3 (11.5)

1

3 (11.1)

0.393Invasion less
than 50%

12 (50.0) 15 (57.5) 14 (53.8) 15 (55.6)

Invasion more
than 50%

10 (41.7) 9 (34.6) 9 (34.6) 9 (33.3)

Metastasis
Yes 9 (39.1)

0.180
9 (32.1)

0
8 (32.0)

0.497
8 (29.9)

0.139

No 14 (60.9) 19 (67.9) 17 (68.0) 19 (70.4)

a Values are expressed as No. (%).

Table 4. Comparison of Clinical Features and Methylation of RASSF1A and RASSF2A Genes

RASSF1A (Blood) RASSF1A (Tissue) RASSF2A (Blood) RASSF2A (Tissue)

Parameters N M U p M U P M U P M U P Value

Over weight + 19 11 8 0.741 11 8 0.657 12 7 0.945 12 7 0.856

Over weight - 9 5 4 6 3 5 4 6 3

Diabetes + 11 9 2 0.374 7 4 0.576 7 4 0.619 7 4 0.463

Diabetes _ 17 11 6 9 8 9 8 13 4

Blood pressure + 8 6 2 0.186 5 3 0.716 5 3 0.390 6 2 1.0

Blood pressure - 20 12 8 11 9 11 9 15 5

for the early detection of malignancies. Patients with early and advanced stage cancer have abnormally high levels
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Table 5. Relationship Between Clinical Characteristics of the Study Groups with En-
dometrial Cancer

Number of
Sampeles

Metylation, % P Value

Diabetes 11 39.9 0.016

Over weight 19 67.9 0.026

Blood pressure 8 28.6 NS

Low thyroid 4 18.2 NS

Hypercholesterolemia 3 13.6 NS

Abbreviation: NS, not significant.

of circulating DNA in the serum or plasma compared to
healthy patients or those with non-malignant diseases (33).
Nanogram quantities of DNA circulating in the blood are
present in healthy individuals, while cancer patients have
an average of 219 ng DNA/mL plasma (10 ~ 1,200 ng/mL
plasma) (34). The mechanism surrounding the origin of
tumoral DNA that is released into the circulation is poorly
understood, but it is assumed that DNA is released dur-
ing necrosis and/or apoptosis of tumor cells (35). It was
reported that genetic and epigenetic alterations in serum
DNA (such as point mutation like P53 or Ras, gene ampli-
fication, loss of heterozygosity, microsatellite instability,
and aberrant methylation) are identical to those found in
primary human cancers (36). The presence of gene pro-
moter hypermethylation in the serum and plasma DNA has
been demonstrated in patients with cancers of the lung,
head and neck, liver, colon, stomach, and breast (34). Also
several studies have reported RASSF1A methylation levels
in DNA isolated from plasma or serum in the range of
23% to 55% (37). The present data demonstrated that aber-
rant promoter methylation of RASSF1A andRASSF2Awas ob-
served in 65% (P = 0.4948), and 11% (P = 0.09) of blood sam-
ples. The serum methylation rate was less than methyla-
tion rate in tissues about RASSF2A gene; this is likely due
to a loss in extraction and bisulfite conversion, instability,
and a high background of normal DNA. Circulatory DNA
molecules are easily isolated, simple, non-invasive, and suf-
ficiently sensitive method, so they can serve as a promis-
ing biomarker for early diagnostic and prognostic of en-
dometrial cancer screening. Further studies are necessary
to confirm the findings in larger samples.

In the present study, experimental evidence indicated
that the frequency of hypermethylation of the CpG island
in the promoter region of tumor suppressor genes RASSF1A
and RASSF2A has close relashipship with carcinogenesis
of endometrial cancer. We detected that the patterns of
methylation of RASSF1A and RASSF2A genes were 53% and
42% of patient’s tissues, whereas methylation was estab-

lished in 31%, 9% of normal tissues, respectively. For both
genes methylation was significantly associated with en-
donetrial carcinoma (P = 0.03, P = 0.003).

In a similar study performed by Seeber et al. hyperme-
thylation of RASSF1A gene was analyzed in endometrial car-
cinomas and it reported 79% methylation positively for the
observed gene and significantly higher cumulative methy-
lation index of tumor-suppressor gene in EC type I com-
pared to type II (29). Other studies confirmed this finding:
RASSF1Apromoter region was reported to be methylated, in
average 74% of cases of endometrial cancer patients which
was associated with diseass progression (38). In a research
conducted by Arafa et al. it was observed that methylated
promoter occurred in 74 % of patients and was corrolated
with decreased gene expression level (39). It should be
noted that aberrant methylation is associated with loss of
heterozygosity (LOH) in chromosome 3p that frequently
occur in endometrial cancer which is related with develop-
ment, recurrence and survival of cancer and significantly
associated with microsatellite instability in endometrial
carcinomas that could block the increasing rate of genetic
abnormalities in uterine carcinogenesis (40-42).

Fiolka and et al. have previously reported that fre-
quency of RASSF1A aberrant promoter metyaltion as high
as 85.5% and 30% in case and controls respectively. Col-
lectively, privious studies confirmed a high frequency (33%
up to 85%) of CpG promoter methylation of the RASSF1A
gene in endometrial carcinomas. Moreover, this epige-
netic alteration showed different frequencies according to
the type of disease, with a higher incidence in endometri-
oid compared to serous or clear cell carcinomas (38, 40).

Due to variable histopathology, significant association
betweenRASSF1Agene promoter metylation and higher de-
gree of tumor, invasion to biometrial and metastasis to
pelivic lymph nodes observed. But not a significant dif-
ference between menarche parity, history of oral contra-
ceptive consumption, hormone replacement therapy and
smoking among patients and the control group were ob-
served (43). In other reseraches correlation of hyperme-
thylation of CpG islands with clinicopathological parame-
ters (tumor grade, myometrial invasion and nodal involve-
ment) has been demonstrated.

Liao et al. (2008) demonstrated an increased risk for
endometrial cancer for patients who hadRASSF2Agene pro-
moter methylation 25 of 75 cases (33 %). Also there was an
increase in endometrial cancer incidence for elderly pa-
tients (40). Hesson et al. (2005) observed similar find-
ings for colon cancer patients (44). Weimeng et al. (2011)
analyzed combined methylation pattern of RASSF1A and
RASSF2A genes as a diagnostic marker for bladder cancer.
They observed methylation in 72% of the cancer cells and
only 6% of healthy tissues and confirmed that RASSF1A and
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RASSF2A genes have a distinct methylation pattern in blad-
der tumor tissues compared to normal tissues (45).

In conclusion, the present study demonstrated that
promoter metyaltion of RASSF1A and RASSF2A genes is a fre-
quent epigenetic event in EC. The results indicated that hy-
permethylation of these genes was involved in some clin-
ical and pathogenesis of the diseass. Furthurmore, the
methylation pattern of these genes in blood samples em-
phasize that this epigenetic event has the potential to be
as a molecular marker for cancer and has digonostic and
prognostic values for early carcinogenesis detection in EC.
Finally, our data represents a clinical tool for the proper
management of the EC.
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