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Abstract: Background:Recently genetics and epigenetics alterations have been found to be characteristic of 

malignancy and hence can be used as targets for detection of neoplasms. RASSF1A  genehypermethylation has 
been a subject of interest in recent researches on cancer breast patients. Design and methods: We investigated 

30 breast cancer patients and 10 control subjects diagnosed with benign lesions of the breast for RASSF1A 

methylation status in paired tissue and serum samples using MSP and we evaluated RASSF1A protein 

expression in tissues by IHC .Results were studied in relation to known prognostic clinicopathplogical features 

in breast cancer. Results: We evaluated 30 breast cancer patients mean age (50.9±7.7) years and 10 control 

patients mean age (38.4±8.6 years). Frequency of RASSF1A methylation in tissues, serum were 73% and 63.3% 

respectively and RASSF1A protein expression  showed frequency of 46.7%. There was an association between 

RASSF1A methylation in tissues, serum and loss of protein expression in tissues with invasive carcinoma, 

advanced stage breast cancer, L.N metastasis, ER/PR negativity and HER2 positivity.RASSF1A methylation in 

serum showed high degree of concordance with methylation in tissues (Kappa =0.851, P <0.001). Conclusion: 

RASSF1A hypermethylation in tissues and serum and its protein expression may be a valid, reliable and 
sensitive tool for detection and follow up of breast cancer patients. 
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1-Introduction: 
 Breast cancer is the most common cancer 

and the second most common cause of death from 

cancer in women. Every year more than one million 

women are diagnosed with breast cancer and 

approximately 400,000 die(1).Breast cancer is the 

most common malignancy among 

Egyptianwomen(2),.For successful treatment and 

outcome, early detection of breast cancer is a 

necessity. Despite the availability of mammography 

and prevalence of self-examination, there is still 

additional benefit to be gained from additional 

screening methodologies. 
 The genetic and epigenetic alterations that 

initiate and drive tumorgenesis can be used as 

targets for detection of neoplasms in body 

fluids(3),because they may precede clinically obvious 

cancer, can be detected at sensitive levels, may be 

specific for tumor cells, and can potentially provide 

information about the prognosis and treatment of the 

disease(4,5). CpG islands located in promoter regions 

of genes are normally unmethylated. In cancer cells, 

aberrant hypermethylation of these promoter regions 

is associated with transcriptional silencing. 
Hypermethylation is therefore an alternative 

mechanism for inactivation of tumor suppressor 

genes(6,7). 

 Also It has been found that gene 

hypermethylation is a common and early alteration 

in many tumor types(8-10), including breast(11,12), 
hence it is considered as a promising target for 

detection strategies in clinical specimens(4,5). 

 RASSF1 encodes several isoforms, 

including RASSF1A, RASSF1B, and RASSF1C, 

which are derived from alternative mRNA splicing 

and promoter usage(13). 

 RAS association domain family protein 1A 

(RASSF1A) methylation status has been examined in 

different tumors(13,14,15) and breast cancer(3,14). 

RASSF1A identified at 3p21.3 was suggested as the 

major target tumor suppressor on the basis of its 

frequent epigenetic silencing(13).It was reported 
previously that RASSF1A is epigenetically 

inactivated in 40 –72% of primary lung tumors by 

de novo methylation at the CpG island in the 

promoter(16,17,14). Methylation-associated inactivation 

of RASSF1A was also observed in a considerable 

proportion of breast, ovarian, and nasopharyngeal 

cancer cell lines and primary tumors(14,17-20). In small 

cell lung cancers, allelic deletion at 3p21.3 is 

associated with RASSF1A methylation, suggesting 

that both genetic and epigenetic steps are crucial for 

RASSF1A inactivation in some tumor types. The 
tumor suppressor function of RASSF1A has been 

suggested by observations that exogenous 

expression of RASSF1A decreases in vitro-colony 

formation, suppresses anchorage-independent 

growth, and dramatically reduces tumorigenicityin 
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vivo(16,17). With these tumor suppression effects, the 

presence of a RAS association domain suggests that 

RASSF1 proteins may function as effector 

molecules in Ras or related growth inhibitory 

signaling pathways. 

 

Aim of the Work: 

 In this study we aim to study the 

methylation status of RASSF1A gene in paired 

serum and tissue samples in cancer breast patients 

together with immunohistochemical analysis of 
RASSF1A protein. Results will be studied in 

relation to prognostic clinicopathological features in 

a trial to reveal RASSF1A gene role in prognosis. 

 

2-Materials and Methods 

2.1Specimen Collection:   

 Thirty consecutive patients diagnosed with 

breast cancer who were admitted to Zagazig 

University hospitals, in the period from January 

2011to December 2011, were enrolled in this study. 

Patients ages ranged from 34 to 62 years. There 
were 5 cases of ductal CIS, 2 lobular CIS, 20 

invasive ductal, and 3 invasive lobular carcinomas.  

Matched preoperative serum and tissue specimens 

were obtained from breast cancer patients and from 

control group that included 10 patients with benign 

breast lesions (7 fibroadenomas; 3 fibrocystic 

changes). 

 As regards tissue samples, Four µm thick 

sections from formaline-fixed, paraffine-embedded 

tissue blocks were stained with hematoxylin–eosin 

for morphological assessment. Tumors were 

evaluated for tumor grade using the Elston and Ellis 
grading system for invasive carcinoma, and the 

criteria of the European Breast Screening Group for 

DCIS, and tumor stage based on TNM, according to 

the 2003 WHO classification of breast tumors(20). 

Ethical consideration: A written consent was taken 

from all of the participants after explaining details, 

benefits as well as risks to them. 

2.2 Immunohistochemistry 

 Immunohistochemical staining was carried 

out using streptoavidin-biotin immunoperoxidase 

technique (Dako-cytomation, Glostrup, Denmark). 
Three µm thick sections, cut from formalin fixed  

paraffin embedded blocks, were deparaffinized in 

Xylene and rehydrated in graded alcohol. Sections 

were boiled in citrate buffer (pH 6.0) for 20 min for 

antigen retrieval and then washed in phosphate 

buffer saline (pH 7.3). Blocking of endogenous 

peroxidase activity by 3% H2O2 in methanol was 

attained. The slides were then incubated over night 

with the monoclonal antibodies: anti-RASSF1A 

(mouse monoclonal IgG, clone 3F3, code number  

AB23950), anti-ER(mouse monoclonal IgG, code 

number sc-56833, Santa Cruz Biotechnology, CA), 
anti-PR  (rabbit polyclonal IgG, code number sc-

539, Santa Cruz Biotechnology, CA) and anti-HER2 

(mouse monoclonal IgG, code number sc-33684, 

Santa Cruz Biotechnology, CA). Incubation with 

secondary antibody and product visualization was 

performed employing (DakoCytomation, Glostrup, 

Denmark) method with Diaminobenzidine (DAB) 

substrate chromogen. Slides were finally 

counterstained with Mayer’s haematoxylin. The 

primary antibody was replaced by phosphate buffer 

solution (PBS) for negative controls. 

 RASSF1A protein expression appeared as 

yellowish brown staining in the cytoplasm of the 

cells. Positivestaining in more than 10% of tumor 
cells in the examined area was considered.we 

calculated a score (intensity x % area) for each 

tumor as follows: weak <100, moderate 100–200, 

and strong >200. Then a score equal or over 100 was 

considered positive expression, and bellow 100 

considered as significant loss of expression(22). 

2.3 DNA Extraction: DNA was extracted from 

fresh frozen tissue or from blood using a standard 

technique according to the manufacturer’s 

instructions(QIAampDNAMinikit,QIAGEN GmbH, 

Hilden, Germany). 
 

2.4 Methylation Analysis: Specimen DNA was 

modified with sodium bisulfite, converting all 

unmethylated, but not methylated, cytosine to uracil 

followed by amplification with primers specific for 

methylated versus unmethylatedDNA(23)by using a 

commercial kit (EpiTect Bisulfite,QIAGEN GmbH, 

Hilden, Germany) according to the manufacturer’s 

instructions in brief the procedure comprises a few 

simple steps: bisulfite-mediated conversion of 

unmethylatedcytosines; binding of the converted 

single-stranded DNA to the membrane of an EpiTect 
spin column; washing; desulfonation of membrane-

bound DNA; washing of the membrane-bound DNA 

to remove desulfonation agent; and elution of the 

pure, converted DNA from the spin Column then 

kept at -20°C for further using. 

2.5 Methylation-specific PCR analysis: 

 PCR was performed with methylation 

specific primers RASSF1A (U)  

F(5´TGGTTTTTTTTAGTTTTTTTTTGTT-3´) 

R(5´ACTACCATATAAAATTACACACA-3´) 

RASSF1A (M) 

F(5´GGTTTTTTTTAGTTTTTTTTCGTC-3´) 

R(5´- CTACCGTATAAAATTACACGCG -3´)  
using 200 ng of the bisulfite-modified genomic 

DNA as templates and  EpiTect MSP kit (QIAGEN 

GmbH, Hilden, Germany)  kit ,the cycling 

conditions consisted of an initial denaturation step at 

95°C for 5 min, followed by 35 cycles of 94°C for 

30 s, 57 °C for 30 s, and 72°C for 45 s the PCR 

products (15 μl) were resolved on a 2% agarose gel. 

2.6 Statistical analysis: 

 Data was analyzed using SPSS win 

statistical package version 17 (SPSS Inc., Chicago, 

IL). Chi-square test or Fisher’s exact test was used 
to examine the relation between qualitative 

variables. For not-normally distributed quantitative 
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data, comparison between two groups was done 

using Mann-Whitney test. Odds ratio (OR) with it 

95% confidence interval (CI) were used for risk 

estimation. A p-value < 0.05 was considered 

significant. 

 

3- Results: 

 In the current study we evaluated 30 breast 

cancer patients mean age (50.9±7.7)years and 10 

patients diagnosed as benign breast lesions (7 

fibroadenomas and 3 fibrocystic change) used as a 
control group. The mean age was 38.4±8.6 years. 

All patients were subjected to clinical and 

histopathologicalevaluation .Both patients and 

control groups were evaluated for RASSF1A gene 

hypermethylation in paired tissue and serum 

samples, furthermore RASSF1 protein expression in 

tissues was evaluated by Immunohistochemistry. 

 Demographic and clinicopathologic data of 

breast cancer patients and their frequencies as 

regards RASSF1A methylation status in tissues and 

serum and RASSF1A protein expression are shown 

in table (1). 

 

 RASSF1 in tissue RASSF1 in serum RASSF1 IHC score 

Frequency M U M U <100  
16(53.4%) 

≥ 100 
14(46.6%) N (%) 31 (70%) 9 (30%) 19(63.3%) 11(36.7%) 

Age: > 50 y n= 13 (43.3) 

≥ 50 y n= 17 (56.7) 

8 (61.5) 

13 (76.5) 

5 (38.5) 

4 (23.5) 

7 (53.8) 

12 (70.6) 

6 (46.2) 

5 (29.4) 

6 (46.2) 

10 (58.8) 

7 (53.8) 

7 (41.2) 

P- value 0.376 0.346 0.491 

 Type: 

carcinoma in situ 

 n=7 (23.3) 

Invasive carcinoma 

 n=23 (76.7)  

 

3(42.9) 

 

18(78.3) 

 

 

4(57.1) 

 

5(21.7) 

 

 

2(28.6) 

 

17(73.9) 

 

 

5(71.4) 

 

6(26.1) 

 

3(42.9) 

 

13(56.5) 

 

 

4 (57.1) 

 

10 (43.5) 

P- value 0.153 0.068 0.675 

Low grade (I, II) 

 n=14 (46.7) 

High grade (III)  

 n= 14 (46.7)  

9(64.3) 

 

12(85.7) 

5(35.7) 

 

2(14.3) 

8(57.1) 

 

11(78.6) 

6(42.9) 

 

3(21.4) 

5 (35.7) 

 

10 (71.4) 

9 (64.3) 

 

4 (28.6) 

P- value 0.385 0.42 0.058 

Early stage ( 0& I) 

 n=12 (40) 

Advanced stage (II& III)  

 n= 18 (60)  

5(41.7) 

 

16(88.9) 

7(58.3) 

 

2(11.1) 

4(33.3) 

 

15(83.3) 

8(66.7) 

 

3(16.7) 

4 (33.3) 

 

12 (66.7) 

8 (66.7) 

 

6 (33.3) 

P- value 0.006 0.005 0.073 

ER 

-ve   n=9 (30) 

+ve   n=21 (70) 

 

9(100) 

12(57.1) 

 

0(0) 

9(42.9) 

 

9(100) 

10(47.6) 

 

0(0) 

11(52.4) 

 

8 (88.9) 

8 (38.1) 

 

1 (11.1) 

13 (61.9) 

P- value 0.019 0.006 0.017 

PR 

-ve  n=13 (43.3) 
+ve  n=17 (56.7) 

 

13(100) 
8(47.1) 

 

0(0) 
9(52.9) 

 

13(100 
6(35.3) 

 

0(0) 
11(64.7) 

 

10 (76.9) 
6 (35.3) 

 

3 (23.1) 
11 (64.7) 

P- value 0.002 > 0.001 0.024 

HER2 
-ve  n=15 (50) 

+ve  n=15 (50)  

 
7(46.7) 

14(93.3) 

 
8(53.3) 

1(6.7) 

 
7(46.7) 

12(80) 

 
8(53.3) 

3(20) 

 
7 (46.7) 

9 (60) 

 
8 (53.3) 

6 (40) 

P- value 0.014 0.058 0.464 

Lymph node  

-ve    n=20 (66.7)  

+ve    n=10 (33.3) 

 

12(60) 

9(90) 

 

8(40) 

1(10) 

 

10(50) 

9 (90) 

 

10(50) 

1(10) 

 

8 (40) 

8 (80) 

 

12 (60) 

2 (20) 

P -Value 0.091 0.032 0.038 

 

3.1 Comparison among different 

clinicopathological groups as regards RASSF1A: 

 There was near significant difference 

(P=0.153) between in situ and  invasive carcinoma 

when compared as regards RASSF1A methylation in 

tissues , similarly  it showed near significant 

difference (P=0.068) when compared as regards 

methylation status in serum, as there was association 

of RASSF1A methylation with invasive breast 

cancer. while there was no statistical difference 

when compared as regards RASSF1A protein 

expression in tissue. 

 Comparison between low grade and high 

grade tumors (cut off point was grades I& II versus 



Life Science Journal, 2012;9(3)                                                                        http://www.lifesciencesite.com 

 670 

Grade III). patients showed none significant 

difference when compared as regards methylation 

status in tissues and serum, while it showed near 

significant difference when compared as regards 

RASSF1A protein expression (P=0.058) .with 

higher frequency of loss of protein expression in 

tissues of high grade patients.  

 We found that when comparing early stage 

to advanced stage patients (cut of point was stage 0 

& I versus stage II & III) as regards RASSF1A 

methylation in tissues and serum , it showed 
significant difference (P=0.005, 0.006, respectively) 

between both groups with association of  RASSF1A 

methylation and advanced tumor stage, while when 

compared as regards RASSF1A protein expression 

in tissues it showed near significant difference 

(p=0.073) with higher frequency of loss of protein 

expression in tissues with advanced stage patients. 

 Patients without lymph node metastasis 

were compared to patients with LN metastasis as 

regards RASSF1A methylation in tissue and serum 

and protein expression in tissues , near significant 
difference was found between the two groups 

(P=0.091) when compared in tissue . A statistical 

significant difference was found when compared in 

serum or protein expression in tissues (P= 0.032, 

0.038 respectively), as there was an association 

between methylation in tissue and serum on one 

hand and lymph node metastasis on the other, 

moreover lymph node metastasis was associated 

with loss of protein expression. 

3.2 Comparison according to hormone receptors 

and HER2 status as regards RASSF1A: 

 In our study all patients were evaluated 
according to their hormone receptor status, we found 

that there was a significant difference between ER-

ve and ER+ve patients as regards RASSF1A 

methylation in tissue, serum and protein expression 

in tissue (P= 0.019 , 0.006, 0.017, respectively) as 

there was higher frequency of methylation in tissues 

and serum in ER-ve patients, moreover there was an 

association between ER negativity and loss of 

protein expression. 

 There was a significant difference between 

PR-ve and PR+ve patients as regards RASSF1A 
methylation in tissue, serum and protein expression 

in tissue (P=0.002 ,<0.001, 0.024 respectively), 

there was an association between methylation in 

tissue and serum ,also loss of  protein expression and 

PR-ve patients. 

 HER2-ve patients showed statistically 

significant difference from HER2+ve patients as 

regards RASSF1A methylation in tissue (P=0.014) 

while it showed near significant difference as 

regards methylation in serum (p=0.058) with higher 

frequency of methylation in HER2 +vepatients , 

while there was no significant difference as regards 

RASSF1A protein  expression in tissues.  

Moreover Triple negative patients(ER-ve,PR-
ve,HER2-ve) showed methylation in both tissue and 

serum and loss of protein expression in all 4 cases. 

3.3 Case-control comparison and risk estimate: 

 10 patients diagnosed as benign lesions of 

the breast, there was a highly significant statistical 

difference between patients group and control group 

when compared as regards age(P<0.001) with the 

older age incidence in cancer breast patients. 

 Comparison between Breast cancer patients 

and control group as regards RASSF1A methylation 

in tissue and serum ,showed highly statistical 
significant difference(P<0.001) with risk estimate 

(odd’s ratio 2.1, 1.9 respectively) 95% confidence 

interval (1.3-3.4) and (1.3-2.9), while it showed 

significant difference when both groups where 

compared as regards RASSF1 protein expression by 

IHC (P=0.003) with risk estimate (odd’s ratio: 1.7), 

(95% confidence interval 1.2-2.4). 

3.4 Measurement of agreement for RASSF1A in 

tissue, serum and protein expression by IHC: 

 In the present study, we evaluated the 

concordance (measurement of agreement )between 

RASSF1A methylation in tissue and serum it 
showed a highly significant agreement 

(Kappa=0.851, p<0.001) with a sensitivity of serum 

testing 90.5% and a specificity 100%, while the 

positive predictive value of serum was 100% the 

negative predictive value was 81.1% in reference to 

RASSF1A methylation in tissue. 

 As for symmetric measures for both 

RASSF1A protein expression by 

immunohistochemistry compared to RASSF1A 

methylation in tissue showed significant 

measurement of agreement(kappa=0.521, 
p=0.004),while it showed non significant agreement 

between RASSF1A protein expression and 

methylation in the serum. 

 

Patient number       (1)      (2)     (3)      (4)      (5)      (6) 

   

   
Fig.1. Representative samples of methylation specific PCR assays of RASSF1A in tissue and serum Methylated 

alleles (M) 269 bpunmethylated alleles (U) 271bp 

 

RASSF1A in serum 

RASSF1A in tissue  
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Fig. (2A): A case of ductal carcinoma in situ (UM) 

showing strong RASSF1A immunoreactivity (original 

magnification X 200) 

Fig. (2B): A case of invasive duct carcinoma (M) 

showing moderate RASSF1A immunoreactivity 

(original magnification X 400) 

 

 
Fig. (2C): A case of invasive duct carcinoma (M) showing negative RASSF1A immunoreactivity (original 

magnification X 400)  

 

4- Discussion: 

 Alteration in the methylation status of DNA 

are amongst the most frequent molecular changes 

associated with human cancers(24,4,25). Aberrant 

promoter methylation has been described for several 

genes in various malignancies and the wide 

spectrum of genes involved suggest that specific 

tumors may have their own distinct methylation 

profile(25,26). 

 RASS1A gene has been a common factor in 

recent studies using a panel of genes to study 

hypermethylation in cancer breast patients(27-29).They 
tried to explore the role of RASSF1A and other 

genes epigenetics in the prognosis, early detection 

and differentiation between malignant and non 

malignant lesions. 

 Similarly, we conducted our study to 

explore the importance of RASSF1A gene 

methylation and protein expression in breast cancer 

patients and study the link with clinicopathological 

characteristics in an attempt to assess its role in 

prediction of prognosis.Moreover, we tried to assess 

the sensitivity of non invasive , accessible serum 
samples as a potential tool for follow up of patients. 

 In the current study, we investigated 30 

breast cancer patients with mean age 

(50.9±7.7years) and 10 benign breast 

lesions(38.4±8.6years) ,as control group for 

RASSF1A methylation status in tissues ,and serum 

together with RASSF1A protein expression in 

tissues. We also studied clinicopathological features 

and hormone receptor status of cancer breast 

patients. 

 We found that there was no statistical 

significant difference between patients of different 

age groups (>,<50) as regards methylation status in 

tissue or serum or protein expression in tissues (P= 

0.376,0.346,0.491 respectively). This is similar to 

previous studies(27,30)who didn’t find any correlation 

between age and gene promoter methylation or 

protein expression. While it is different from another 
Tunisian study that found an association of age at 

diagnosis and methylation of RASSF1A gene 

(P=0.048) and they concluded that silencing of 

tumour suppressor gene by abnormal methylation is 

a prevalent event in tumors from younger 

patients(31)also other previous studies found 

association between age and methylation(32,33). The 

discrepancy among studies may be explained by the 

fact that methylation profile of cancers is ethnicity 

specific(34,35). 

 Frequency of methylation of RASSF1A 
gene in tissues and serum was 70% and 

63.3%respectively). In tissues it is lower than 

Karray –chouayekhet al.(31)who found that 

frequency of methylation in breast cancer patients is 

87% and somehow it is comparable to another study 

by Park et al.
28) who found that frequency of 
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methylation in tissues was 76% , ours was higher 

than another study(22) who found that methylation 

frequency among breast cancer patients was 67%.As 

regards serum , hypermethylation frequency in 

another study was 65%(3). Regarding RASSF1A 

protein expression, 53.4% of our cases showed weak 

or absent expression. This is lower than the 

incidence in the work of Li et al.
(30) (72.2%). These 

differences may be attributed to different selection 

criteria and difference in sensitivity of MSP 

technique and anti-RASSF1A antibodies. 
 Comparison between in situ and invasive 

breast cancer as regards RASSF1A methylation in 

tissue, serum and protein expression revealed near 

significant difference between the groups with 

association of hypermethylation and invasive 

tumors. This is similar to a previous study(3) who 

found an association of hypermethylation of 

RASSF1A and invasive tumors .this can be 

explained by the fact that RASSF1A modulates 

multiple apoptotic cell cycle checkpoints pathways 

and hence its methylation may lead to progression of 
the disease(36,37). 

 As for protein expression in tissues, we 

found no significant difference between in situ and 

invasive carcinomas. However, Alvarez et al.(22) 

found a significant decrease in protein expression in 

cases of in situ carcinoma which is contradicting our 

study this can be explained by the difference in 

genetic behavior among ethnic populations.  

 There was no statistical significant 

difference between low and high grade tumors as 

regards RASSF1A methylation in tissues and serum 

this is similar to a recent study(31). While there was 
near significant difference (P=0.058) when 

compared as regards protein expression in tissues 

with association between loss of expression and high 

tumor grade. 

 These findings are different from Alvarez 

et al.
(22) who did not find any correlation between 

RASSF1A and protein expression this can be 

explained by difference in sample size and selection 

criteria. 

 In the present study we found that there 

was a statistical difference between patients 
diagnosed with early and advanced stages. this is 

similar to another study(31) who found an association 

between RASSF1A methylation and advanced 

tumor stage.(P=0.03).  

 On the other hand comparison between the 

same groups as regards protein expression in tissues 

showed near significant difference with association 

between loss of protein expression and advanced 

tumor stage, this is similar to a previous study(22). 

This can be explained by the fact that promoter 

hyper methylation is a relevant molecular 

mechanism in inhibiting protein expression  
 Comparing patients with lymph node 

metastasis to patients without L.N metastasis as 

regards  RASSF1A methylation in tissues showed 

near significant difference, and there was a statistical 

significant difference when compared as regards 

RASSF1A methylation in serum or protein 

expression in tissues, as there was an association 

between L.N metastasis and methylation in tissues 

and serum also an association with loss of  protein 

expression in tissues. This is similar to a study by 

Muller et al.
(38)who found that L.N metastasis had a 

trend of high prevalence of methylation compared to 

the primary breast carcinoma which suggests that 

RASSF1A methylation may be a participant of key 
molecular pathways in tumor progression and 

aggressive tumor behavior.  

 In our study there was a significant 

association between RASSF1A methylation in 

tissue, serum and loss of protein expression and 

ER/PR negativity .This is similar to Sunamiet 

al.
(39)who found a strong correlation between double 

negative marker and hypermethylation. Similarly  a 

recent study(36) found a strong correlation between 

ER/PR/HER2 triple negative and hypermethylation, 

this may have been explained by the possibility that 
RASSF1A methylation is associated with bad 

prognosis and poor clinical outcome, but the 

findings by previous studies(40,22,41,29,30) contradicted 

with our results as they found an association 

between ER/PR positivity and RASSF1A 

methylation , we recommend further studies in this 

context with larger number and more sensitive MSP 

techniques. 

 On the other hand a significant association 

between HER2 positivity and RASSF1A 

methylation in tissues and serum, but not with 

protein expression. Previous studies(31,40) found non 
significant correlation between methylation and 

Her2 status. The contradiction can be explained by 

the difference in distribution of grades and stages 

among patients. 

 In the present study all cases with 

RASSF1A methylation showed loss of protein 

expression in tissues, this is in agreement with 

Alvarez et alet al.
(22) who found a highly significant 

association (P= 0.0063) between RASSF1A 

promoter hypermethylation and loss of protein 

expression, and they explained that promoter 
hypermethylation is a relevant molecular mechanism 

in inhibiting protein expression. furthermore, Li et 

al.
(30) suggested that methylation may be responsible 

for alleles silencing. The silencing of gene 

expression may also be explained by gene deletion 

or point mutation, tumors having deletion of 

RASSF1 and presenting M and UM PCR products 

,show a significant loss of protein expression(22). 

 In the current study we compared our breast 

cancer patients to a control group(n=10) diagnosed 

as fibroadenomaand fibrocystic disease, they were 

all negative for RASSF1A methylation and strongly 
expressing RASSF1A protein. 

We found that there was a highly significant 

statistical difference between patients and controls 
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as regards age, with older age incidence in cancer 

breast patients. This is similar to a recent study by 

Cho et al.
(29),this can be explained by the fact that 

cancer breast occurs in older age 

 Comparison between patients and control 

groups as regards RASSF1A methylation in tissue 

and serum showed highly significant difference with 

risk estimate (odd’s ratio 2.1,1.9) respectively while 

it showed a significant difference as regards protein 

expression by IHC with risk estimate (odd’s 

ratio1.7) . 
 This means that RASSF1A methylation and 

protein expression could be valuable tests in 

discrimination of malignant from non malignant 

breast lesions. This is consistent with a previous 

study(4) who stated that RASSF1A methylation 

could be used as a cancer molecular marker. 

 Also we are in agreement with several 

previous studies(42,43,44,38)who demonstrated that the 

acquisition of high level methylation at RASSF1A 

gene promoter and other studied genes is relevant 

for breast tumorgenesis, enabling their use as a 
specific breast cancer  marker. 

 Aberrant promoter methylation needs to be 

used as a routine clinical test for breast cancer 

detection which obligates the use of more accessible 

samples,less painful and less intruding with female 

privacy.  

 In a trial to evaluate how serum samples 

can be trusted with suspecting, diagnosis and follow 

up of cancer patients , we studied the degree of 

concordance between RASSF1A methylation in 

tissues and serum ,we found that measurement of 

agreement showed high degree of 
concordance(Kappa=0.851, P <0.001) 

 Moreover we found that sensitivity of 

serum testing of RASSF1A was 90.5%, specificity 

100% ,positive predictive value was 100% and 

negative predictive value was 81.1%. This is in 

context with Dulaimiet al.
(3) who confirmed that 

hypermethylation can be detected by MSP in serum 

DNA and it can be considered as a screening method 

which may enhance early detection of breast cancer. 

 Moreover a recent study by Yamamoto et 

al.
(45) evaluated paired serum and tissue samples 

from breast cancer patients for detection of hyper 

methylation in a panel of genes including RASSF1A 

and concluded that the use of more sensitive MSP 

technique is promising for enhancing the sensitivity 

for diagnosis of metastatic breast cancer and 

moreover this can be used as a potential tumor 

marker for early detection of cancer breast. They 

also evaluated RASSF1A gene methylation before 

and after surgery and they found  that it turned to be 

negative after surgery which confirms that the origin 

of serum DNA is the tumor itself. 

 

Conclusion: 

 RASSF1A gene hypermethylation in tissue 

and serum together with loss of RASSF1A protein 

expression are associated with clinicopathological 

features of bad prognosis in breast cancer patients. 

RASSF1A hypermethylation in serum shows high 

concordance with hypermethylation in tissue and 

shows reasonable sensitivity and specificity. In this 

context RASSF1A may be used in prediction , early 

diagnosis  , follow up  in breast cancer patients. 

 

Recommendations: 

 More researches should be done on gene 

hypermethylation including larger number of 
patients, and different panels of genes should be 

tried to come up with a panel that can be used as 

routine investigation for diagnosis and follow up of 

breast cancer patients. Indeed, researches on more  

accessible body fluids specially serum and blood 

plasma should be addressed for better screening 

procedures. Moreover, more sensitive MSP 

techniques should be enhanced and developed for 

more accurate detection. 
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