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Abstract: Frequent hypermethylation of RASSF1A promoter has been reported to account for its expression silencing 
in multiple human malignancies including breast cancer. The methylated RASSF1A was found both in cancer tissues 
and in paired serum DNA samples of breast cancer patients, but was rare in the serum of non-neoplastic counter-
parts. In addition, RASSF1A methylation appears to correlate with poor prognostic features and impaired survival of 
cancer patients, thus indicating RASSF1A promoter methylation could serve as a useful and valuable biomarker for 
cancers. We made a comprehensive systemic review of publications in the past 15 years. With the meta-analysis 
and identification of outlier studies that significantly contributed to between-study heterogeneity, we reach the fol-
lowing conclusion: 1) Methylation of RASSF1A promoter could happen in adjacent normal samples. And it should be 
cautious to use well-validated adjacent normal samples as reference in study the methylation of RASSF1A in breast 
cancer patients. 2) Methylation of RASSF1A promoter is an early event in breast cancer development. And most 
importantly, its methylation remains constant across all stages during breast cancer development. 3) Methylation 
of RASSF1A promoter is positively associate with ER and PR status, but not with HER2 and LN status. That is, the 
methylation of RASSF1A promoter is lower in triple-negative subtype of breast cancer. 4) RASSF1A methylation in 
body fluid including serum and nipple fluid is usefully but with limited sensitivity. 5) Peripheral blood leukocytes or 
white blood cell genomic DNA is not suitable to be used as control for RASSF1A promoter methylation in breast 
cancer patients. Through the systemic review of the RASSF1A promoter methylation studies, we not only summarize 
the current discoveries; also, we pinpoint the pitfalls in the application of RASSF1A as biomarker for diagnosis or 
prognosis purposes. 
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Introduction

Breast carcinoma is a multi-factorial disease 
and becomes the most common malignancy 
among women worldwide [1]. Carcinogenesis is 
a multi-step process with the accumulation of 
numerous genetic and epigenetic changes 
involving oncogenes and tumor suppressor 
genes. The molecular differences may lead to 
distinct clinical outcomes, such as tumor pro-
gression, recurrence and response to treat-
ment. Although genetic alterations play a criti-
cal role in tumor initiation and progression, the 
germline mutations of breast cancer suscepti-
bility genes, including BRCA1, BRCA2, and 
TP53, account for only less than 25% of excess 

risk [2, 3]. Recent data implicated epigenetic 
events, including DNA methylation and chroma-
tin changes, may be in part responsible for 
tumor initiation, progression, metastasis and 
patient survival as well [4].  

Ras association domain family protein 1A 
(RASSF1A) is located at 3p21.3, a highly allelic 
loss chromosomal segment in a variety of can-
cers, and proposed as a putative tumor sup-
pressor gene. RasGTPases are a superfamily of 
molecular switches that regulate cell growth, 
cell cycle, differentiation and survival. As a neg-
ative effector of Ras, RASSF1A plays a crucial 
role in Ras-related pro-apoptotic signalling [5]. 
In the last decade, several studies found that 
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RASSF1A expression was reduced in both 
human cancer cell lines and primary tumors, 
including breast cancers. Subsequently, the 
frequent hypermethylation of RASSF1A promot-
er has been reported to account for its expres-
sion silencing in multiple human malignancies, 
rather than genetic events such as somatic 
mutation or deletion. The methylated RASSF1A 
was found both in cancer tissues and in paired 
serum DNA samples of breast cancer patients, 
but was rare in the serum of non-neoplastic 
counterparts [6]. In addition, RASSF1A methyl-
ation appears to correlate with poor prognostic 
features and impaired survival of cancer 
patients, thus indicating RASSF1A promoter 
methylation could serve as a useful and valua-
ble biomarker for cancers [7-9].

As an ideal biomarker could be easily detecta-
ble and obtained from patients by non-invasive 
techniques, analyses of specific DNA methyla-
tion in patient sera might be a useful tool of 
prognostic prediction and monitoring the out-
come of patient treatment. Recent advances in 
technologies for high-throughput genome-wide 
DNA methylation analyses have facilitated epi-
genetic profiling of human malignancies. Among 
them, RASSF1A methylation appears to be an 
independent predictor of poor prognosis in sev-
eral breast cancer study cohorts [10]. However, 
there is still a great deal of controversy regard-
ing whether RASSF1A methylation is an unfa-
vourable prognostic factor of breast cancer, 
probably due to case enrolment criteria, cohort 
size, sample type, methylation analysis meth-
ods and different statistical models. Thus, we 
performed a literature-based meta-analysis 
and aimed to give a comprehensive evaluation 
of the prognostic impacts of RASSF1A methyla-
tion on survival of breast cancer patients, espe-
cially analysing the data obtained from sera 
and tissue samples separately. We found 
RASSF1A methylation would be worth of fur-
ther development as a biomarker for prognostic 
prediction of breast cancer, but translating this 
finding into clinical practice still needs large-
scale clinical estimation.

Materials and methods

Publication selection

A comprehensive literature search was carried 
out by two independent reviewers (LW and  
HG) using the PubMed, Web of Science and 

Highware databases. The search ended on  
1st Jan 2015. The following keywords were  
used in alone or various combinations: ‘breast 
cancer’, ‘biomarkers’, ‘methylation’, ‘RASSF1’, 
‘RASSF1A’. We also used a manual reference 
search for relevant studies, including all origi-
nal articles, reviews, letters, and commentaries 
with no language restrictions. Abstracts were 
excluded because of insufficient data for meta-
analysis. To be eligible for inclusion, studies 
should meet the following criteria: (1) studies 
measured RASSF1A methylation status using 
semi-quantitative or quantitative methods; (2) 
studies investigated the relationship between 
RASSF1A methylation and breast cancer risk 
with sufficient and detailed data for meta-anal-
ysis; (3) if the same patient population reported 
in several publications, only the most recent or 
most complete one was included to avoid over-
lapping among cohorts.

Data assessment

Data retrieved from the publications included 
first author name, year of publication, patient 
sources, population size, sample type, disease 
stage, histology, ER/PR status, LN metastatic 
status, and methylation analysis methods 
(Supplementary Table 1). The eligible publica-
tions selected for meta-analysis were evaluat-
ed independently by two reviewers (HG and 
LW), and consensual agreement about infor- 
mation regarding extracted data was made 
after comprehensive discussion between the 
two investigators.

Statistical analysis

Relative risk (RR) with 95% confidence interval 
were used to evaluate the associations 
between the RASSF1A methylation and breast 
cancer risks in both tissue and sera samples, 
patients ER and PR status, as well as the LN 
metastatic status. A χ2 based Q statistic test 
was performed to assess the between study 
heterogeneity. If P<0.10 of the heterogeneity 
test, the pooled RRs were analysed using ran-
dom-effects model, otherwise the fixed-effects 
model was applied. Heterogeneity between the 
studies was tested using Q-statistics. It was 
considered statistically significant if p value 
less than 0.10 and was also quantified using 
the I2 metric (I2<25%, no heterogeneity; I2=25-
50%, moderate heterogeneity; and I2>50%, 
strong heterogeneity). If the heterogeneity was 
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existed, we used a random-effects model in 
place of a fixed-effects model. Publication bias 
was examined with funnel plots and Egger’s lin-
ear regression test. All statistical analyses were 
performed using Stata10.0 software, College 
Station TX.

Results

Study selection and characteristics

Ninety-two relevant publications (from Jan 
2001 to Dec 2014) were retrieved for initial 
review using search strategies as described 
previously. Of these, twenty-nine publications 
(refs) were excluded due to the following rea-
sons: (1) Detail datacan not be extracted for 
meta-analysis (13 refs); (2) Patients could not 
be well defined as categories for analysis (6 
refs); (3) Independent experiment design that 
could not be comparable with other studies (3 
refs); (4) Methods discussion only (3 refs); (5) 
Studies using peripheral blood leukocyte DNA 
for methylation analysis that could not be com-
parable with tissue/serum DNA methylation 
studies (2 refs); (6) Study that not cancer risk 
related (1 ref); (7) Overlapping patient cohort (1 
ref). Ultimately, the remaining 63 studies com-
prising 5727 patients were eligible for final 
meta-analysis (Supplementary Table 1). The eli-
gible studies were conducted in multiple coun-
tries or regions. DNA methylation status of 
RASSF1A promoter was assessed in tumor tis-
sues or patient sera by MSP or quantitative 
MSP methods. ER and PR status could be 
extracted from 13 and 9 studies, respectively. 
Patient LN metastatic status was available in 8 
studies and extracted for meta-analysis. Funnel 
plot and Egger’s linear regression test were 
performed in each study groups and results 
provided no evidence of overt publication bias 
(data not shown). 

Methylation of RASSF1A promoter in adjacent 
normal samples causes heterogeneity

As the canonical source for determining tumor 
suppressor gene promoter methylation status, 
the genomic DNA from solid tissues of breast 
cancer patients provides the most accurate 
and reliable reference data. Therefore, we first 
analyze the methylation of RASSF1A in studies 
involving the comparison between normal 
breast tissue and primary tumor samples, total-
ly 28 studies were included in this analysis. 

Surprisingly, although the meta-analysis clearly 
shows that RASSF1A is methylated more in  
primary tumor tissues against normal breast 
tissues, the overall relative risk (RR=1.184, 
95% CI=1.093 to 1.282, P<0.001) with fixed 
effect model is pretty marginal (Supplementary 
Figure 1). As the forest plot suggests the pos-
sibility of heterogeneity, the I2 statistic was 
examined, which is the percentage of between-
study heterogeneity that is attributable to vari-
ability in the true treatment effect, rather than 
sampling variation. Here there is substantial 
between-study heterogeneity with the fixed 
effect model (P<0.0001). Even, there is strong 
evidence showing that RASSF1A is highly  
methylated in breast cancer patients; however, 
the presence of between-study heterogeneity 
means that the fixed-effect assumption (that 
the true treatment effect is the same in each 
study) is incorrect. Random effect model is 
used as alternative to avoid this problem, and 
the relative risk (RR=8.368, 95% CI=3.718 to 
18.834, P<0.001) with random effect model is 
significantly improved (Supplementary Figure 
2) and consistent with the observation from 
most of individual study. 

Since significant between-study heterogeneity 
was detected with both fixed and random  
effect models, we take a further step to investi-
gatepotential cause of such heterogeneity.  
Interestingly, in 25 out of the total 28 studies, 
the methylation of RASSFA1 promoter in health 
or adjacent normal tissues ranges from 0  
to 20%, with an average of 13.26% (95% 
CI=3.88% to 22.64%). In contrast, the average 
methylation rate in thesecorresponding prima-
ry tissue samples is 69.56% (95% CI=62.7% to 
76.42%). However, for the rest three studies, 
RASF1A promoter methylation pattern is rather 
different. Park SY et al [11] showed a relative 
high proportion methylation of RASSF1A (40%) 
in normal tissue. The methylation of RASSF1A 
promoter in the health samples of the other two 
studies is even higher. Yeo W et al [12] reported 
that 92.5% of normal breast was methylated at 
RASSF1A promoter, and Jeronimo C et al [13] 
revealed that weak but positive methylation of 
RASSF1A was observed in 12 out of 12 (100%) 
health group. The weight from each study is Yeo 
W 2005, 49.59%; Jeronimo C 2008 (39.93%) 
and Park SY 2011 (3.14%).

After removal of these three outlier studies, the 
overall estimation of methylation in tumor 
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patients is significantly improved (Figure 1). 
The relative risk estimation from fixed effect 
model (RR=7.242, 95% CI=5.394 to 9.724, 
P<0.001) is close to the result with random 
effect model. Most importantly, heterogeneity 
between studies was not significant (P=0.409). 

As high percentage of RASSF1A methylation is 
observed in multiple independent groups as 
well as different detection methods.It is highly 
possible that the methylation of RASSF1A 
occurred even in adjacent pathological normal 
tissues in breast cancer patients, which signifi-
cantly contributes to the between-study hetero-
geneity observed. These analyses show that 
RASSF1A promoter is highly methylated in pri-
mary breast cancer samples. And it should be 
cautious to use well-validated “adjacent normal 
samples”. 

Methylation of RASSF1A promoter is an early 
event in breast cancer development

To investigate whether there is a progres- 
sive RASSF1A promoter methylation at differ-
ent tumorigenesis stages, that is, higher meth-
ylation in advanced stage of breast cancer 
patients, we analyzed the methylation status  
of RASSF1A promoter in a collection of stu- 
dies with data available from different cancer 
stages. 

Firstly, we test whether RASSF1A is methylated 
more in primary tumor tissues than benign 
samples. Totally, we collected 7 studies that 
measured the methylation of RASSF1A in both 
benign and tumor samples. The average meth-
ylation rate in benign samples is 67.64% (95% 
CI=48.7% to 86.58%). For primary tumor sam-
ple the average methylation rate is 78.2% (95% 

Figure 1. Meta-analysis shows that RASSF1A is methylated more in primary tumor tissues against normal breast 
tissues, with fixed effect model and removal of three outlier studies. 



RASSFA1 methylation in breast cancer

7733	 Int J Clin Exp Med 2016;9(5):7729-7742

CI=66.42% to 89.98%). Interestingly, the meta-
analysis result with the fixed model shows 
there is no significant difference (RR=1.039, 
95% CI=0.963 to 1.120, P=0.321) between 
benign and primary tissues (Supplementary 
Figure 3). Since the fixed effect model also sug-
gests significant heterogeneity (P<0.001), the 
null hypothesis of fixed model is incorrect, so, 
alternative random effect model was used. The 
random effect model also shows there is no dif-
ference (RR=1.123 95% CI=0.916 to 1.376, 
P=0.266) between benign and primer tumor 
tissues (Supplementary Figure 4). 

Since significant between-study heterogeneity 
was also identified in this set of studies, we 
sought out to explore which study contributed-
to such heterogeneity. We then remove study 
one by one from our analysis, and find that the 
removal of any study will not affect the hetero-
geneity status (P<0.0001), except Kim JH et al  
[14]. This study profiled the RASSF1A promoter 
methylation in borderline and malignant phyl-
lodes tumors, which are rare tumors character-
ized by myoepitehlial and luminal epithelial 
component arranged in clefts surrounded by 
an overgrowing hypercellular mesenchymal 
component typically organized in leaf-like struc-

ture. After removal of this study, the between-
study heterogeneity is not significant (P=0.173) 
any more. Then, we applied the fixed effect 
model to the rest studies, and the relative risk 
from this model is 0.997 (95% CI=0.922 to 
1.078, P=0.941). So, RASSF1A promoter is 
highly methylated in both benign and primary 
breast cancer tissues (Figure 2), and there is 
no significant difference.

Another important question associated with 
the using RASSF1A promoter methylation as a 
potential biomarker for breast cancer diagnosis 
is whether it is methylated more in patients of 
advanced infiltration stage tumors. Therefore, 
we collected 6 studies involving both local and 
invasive breast cancer samples. The average 
methylation rate in localized breast cancer tis-
sues is 69.93% (95% CI=52.33% to 87.53%).
While for invasive samples, the average meth-
ylation level is 75.52% (95% CI=68.51% to 
82.53%). We then use fixed model to com- 
pare RASSF1A promoter methylation in these 
two types of tumor tissues. However, meta-
analysis result reveals no significant difference 
(RR=0.981, 95% CI=0.879 to 1.095, P=0.736) 
between localized samples and invasive sam-
ples (Figure 3). Also, no significant between-

Figure 2. Meta-analysis result with the fixed model shows there is no significant difference between benign and 
primary tissues in RASSF1A promoter methylation status.
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study heterogeneity detected (P=0.281), which 
suggesting the consistent results from all 
studies. 

Finally, we asked the question whether the 
methylation of RASSF1A promoter is different 
between primary breast cancer tissues and 
corresponding distant metastatic tissues. 
Therefore, we collected 4 studies involving both 
primary and metastatic breast cancer tissues. 
The average methylation rate in primary tissues 
is 65.27% (95% CI=55.3% to 75.25%), and in 
distant metastatic samples, the average meth-
ylation rate of RASSF1A promoter is slightly 
lower (62.94%, 95% CI=57.97% to 67.92%). We 
then use fixed model to compare these two 
types of tumor samples. The meta-analysis 
result shows no significant difference (RR= 
1.091, 95% CI=0.888 to 1.340, P=0.408) 
between primary tissues and distant metastat-
ic tissues (Supplementary Figure 5). Also, no 
significant between-study heterogeneity was 
detected (P=0.491). 

Therefore, with a serial of comprehensive com-
parisons between different tumor types or 
stages, the meta-analysis suggests that meth-
ylation of RASSF1A promoter is an early event 

as it is highly methylated in benign tissues. How- 
ever, its methylation remains constant across 
all stages during breast cancer tumorigenesis. 

Methylation of RASSF1A promoter is associ-
ated with clinical characteristics 

Triple-negative breast cancer refers to these 
breast cancers that does not express the genes 
for estrogen receptor (ER), progesterone recep-
tor (PR) or human epidermal growth factor 
receptor 2 (HER2). The absence of hormone 
receptors makes it more difficult to treat since 
most chemotherapies target either one of the 
three receptors, so triple-negative cancers 
often require combinatorial therapies [15]. 
Triple-negative breast cancers have a relapse 
pattern that is very different from these posi-
tive breast cancers. Therefore, it would be inter-
esting to investigate the association between 
RASSF1A promoter methylation and hormone 
status. We collected 13 samples with complete 
record of hormone status or LN status. 

We start with the possible association between 
ER status and RASSF1A promoter methylation, 
and a collection of 13 studies was analyzed. 
With the ER positive patients the average meth-

Figure 3. Meta-analysis result with the fixed model shows there is no significant difference between localized sam-
ples and invasive samples in RASSF1A promoter methylation status.
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ylation rate of RASSF1A promoter is 75.96% 
(95% CI=66.5% to 85.42%). And the ER nega-
tive patients the methylation of RASSF1A is on 
average 60.48% (95% CI=50.95% to 70.01%). 
We then use fixed effect model to compare 
these two types of ER+/ER- samples. Meta-
analysis result (Supplementary Figure 6) sug-
gests significant difference between ER posi-
tive and negative patients (RR=1.185, 95% 
CI=1.109 to 1.266, P<0.001). Since the fixed 
effect model also revealedthe presence of  
heterogeneity (P=0.001), alternative random 
effect model was used. The random effect 
model also shows there is significant difference 
(RR=1.221, 95% CI=1.060 to 1.406, P=0.006) 
between ER positive and negative patients 
(Supplementary Figure 7). 

Karray-Chouayekh S et al [16] reported the 
aberrant methylation of RASSF1A is associated 
with poor survival in Tunisian breast cancer 
patients. And Rasti M et al [17] discussed the 
association between RASSF1A promoter and 
clinicopathological features of breast cancer in 
Iranian patients. Therefore, the strong hetero-

geneity that contributed by these two studies 
may reflect the regional difference of breast 
cancer patients. After removing them, weap-
plied fixed effect model to evaluatethe methyla-
tion of RASSF1A promoter in ER+ and ER- 
patients. And meta-analysis result indicates 
there is indeed significant difference (RR= 
1.277, 95% CI=1.186 to 1.375, P<0.001) 
between ER positive and negative patients 
(Figure 4). RASSF1A promoter is hypermethyl-
ated more in ER+ patients than ER- patients. 
Also, no significant between-study heterogene-
ity detected (P=0.236), which suggesting the 
consistent results from all studies. 

Taking the same strategy, we also assess the 
methylation of RASSF1A promoter in PR+ and 
PR- patients. With PR positive patients the 
average methylation rate of RASSF1A promoter 
is 70.61% (95% CI=59.12% to 82.11%). For the 
PR negative patients the methylation of 
RASSF1A is on average 63.83% (95% CI= 
49.27% to 78.4%). We then use fixed model to 
compare these two types of tumor samples. 
Surprisingly unlike the association of RASSF1A 

Figure 4. Meta-analysis with fixed effect model shows significant difference between ER positive and negative pa-
tients in RASSF1A promoter methylation status.
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promoter methylation with ER status, the initial 
meta-analysis result (Supplementary Figure 8) 
suggested that there is no significant differ-
ence between PR positive and negative patients 
(RR=1.057, 95% CI=0.998 to 1.119, P=0.060). 
Similar conclusion is also obtained with ran-
dom effect model (RR=1.050, 95% CI=0.929 to 
1.188, P=0.434), It looks like noassociation 
betweenPR status with RASSF1A promoter 
methylation (Supplementary Figure 9). 

Since Karray-Chouayekh S et al and Rasti M  
et al significantly contributed to the overall het-
erogeneity in analyzing ER status, which proba-
bly reflects the regional or racial difference 
among breast cancer patients. These two stud-
iesare also removed from the PR status analy-
sis in an effort to reduce between-study hetero-
geneity. We then apply the fixed model to re-
evaluate the association between PR status 
and RASSF1A promoter methylation. Interes- 
tingly, with the re-defined study list, meta-anal-
ysis indicates that there is significant differ-
ence (RR=1.104, 95% CI=1.037 to 1.175, 
P=0.002) between PR positive and negative 
patients (Figure 5). Also, no significant between-
study heterogeneity detected (P=0.550), which 

suggesting the consistent results from all 
studies.

Finally, we analyzed the association of RASSF1A 
promoter methylation with HER2 positive or 
negative patients. The average methylation 
rate of RASSF1A promoter in PR+ patients is 
73.21% (95% CI=54.12% to 92.31%). While  
for HER2 negative patients the methylation of 
RASSF1A is on average 69.33% (95% CI= 
55.78% to 82.89%). We then use fixed model to 
compare these two types of tumor samples. 
Although meta-analysis result (Supplementary 
Figure 10) suggested significant difference 
between HER2 positive and negative patients 
(RR=1.145, 95% CI=1.035 to 1.267, P=0.009), 
and significant heterogeneity (P=0.036) was 
also detected. So, random effect model was 
used, and analysis with random effect model 
failed to find any significant difference (RR= 
1.101, 95% CI=0.923 to 1.313, P=0.284) 
between HER2 positive and negative patients 
(Supplementary Figure 11). 

The lymph nodes in the underarm (the axillary 
lymph nodes) are the first place breast cancer 
is likely to spread. And lymph node status is 
highly related to prognosis. We collected 8 

Figure 5. Meta-analysis with fixed effect model shows significant difference between PR positive and negative pa-
tients in RASSF1A promoter methylation status.
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studies involved in the RASSF1A promoter 
methylation and LN status. With LN positive 
patients the average methylation rate of 
RASSF1A promoter is 71.47% (95% CI=63.6% 
to 79.34%). While the LN negative patients the 
methylation of RASSF1A is on average 61.61% 
(95% CI=49.38% to 73.84%). We then use fixed 
effect model to compare the methylation of 
RASSF1A in LN+ and LN- patients. And meta-
analysis (Figure 6) indicates that there isno sig-
nificant difference between LN positive and 
negative patients (RR=1.054, 95% CI=0.956 to 
1.161, P=0.291). Also, no significant between-
study heterogeneity detected (P=0.340), which 
suggesting the consistent results from all 
studies.

Through a serial of comparisons between dif-
ferent tumor types, we made a comprehensive 
association analysis of RASSF1A promoter with 
various clinical characteristics. The meta-anal-
ysis reveals that methylation of RASSF1A pro-
moter is associate with ER and PR status, but 
not with HER2 and LN status. 

RASSF1A methylation in body fluid is usefully 
but with limited sensitivity

Changes in the status of DNA methylation, 
known as epigenetic alterations, are one of the 

most common molecular alterations in human 
neoplasia, including breast cancer. The pres-
ence of abnormally high DNA concentrations in 
the serum of breast cancer patients has been 
recorded long time ago [18-20]. The discovery 
that cell-free DNA can be shed into the blood-
stream has generated great interest. Lots of 
studies have suggested that tumor-specific 
alterations in DNA recovered from plasma or 
serum of patients (or other body fluid), and that 
these circulating nucleic acids may represent 
potential biomarkers for molecular diagnosis 
and prognosis.

To investigate whether circulating DNA from 
various body fluid including serum, nipple fluid, 
as well as bone marrow, peripheral blood leuko-
cyte (PBL) and milk. We analyzed a collection of 
studies involvedmeasuring the methylation of 
RASSF1A promoter in various the body fluid 
samples from both health and tumor patients. 

Firstly, we tested whether genomic DNA from 
patient serum is as reliable as these from solid 
tumor tissues (the canonical reference). Totally, 
we collected 14 studies that investigated the 
methylation of RASSF1A in serum from both 
health and tumor patients. The average meth-
ylation rate in health donor serum is 4.59% 

Figure 6. Meta-analysis with fixed effect model shows no significant difference between LN metastatic status posi-
tive and negative patients in RASSF1A promoter methylation.
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(95% CI=0.83% to 8.36%). For tumor patient 
serum the average methylation rate is 38.31% 
(95% CI=26.84% to 49.79%). Consistent with 
the result usinggenomic DNA from solid tumor 
tissues, the meta-analysis result with the  
fixed model shows there is significant differ-
ence (RR=3.509, 95% CI=2.446 to 5.035, 
P<0.001) between health and tumor patients 
(Supplementary Figure 12). Since the fixed 
effect model also suggests significant hetero-
geneity (P=0.004), the null hypothesis of fixed 
model is incorrect. So, alternative random eff- 
ect model was used. The random effect model 
also shows there is significant difference 
(RR=5.704, 95% CI=2.815 to 11.555, P<0.001) 
between health and tumor patients’ serum 
(Supplementary Figure 13). 

Since significant between-study heterogeneity 
was detected with both fixed and random effect 
models, we take a further step to investigate 
potential cause of such heterogeneity. And we 
find that two studies significantly contributed to 
the overall heterogeneity. Matuschek C et al 
[21] and Brooks JD [22] had reported unusual 
high level of RASSF1A promoter methylation in 

health donors (22.7% and 17.2% respectively). 
Therefore, these two studies were removed 
from our list. We then apply fixed model to eval-
uate the relative risk of RASSF1A promoter 
methylation in patient’s serum. And meta-anal-
ysis result indicates there is significant differ-
ence (RR=8.728, 95% CI=5.331 to 14.290, 
P<0.001) between health and tumor patients’ 
serum (Figure 7). Also, no significant between-
study heterogeneity detected (P=0.998), which 
suggesting the consistent results from all 
studies.

As the genomic DNA from solid tissues of breast 
cancer patients provides the most accurate 
and reliable data. We collected 6 reports that 
studied the RASSF1A promoter methylation 
with paired tumor tissues and serum samples. 
The mean methylation rate in tissue samples is 
82.65% (95% CI=73.65% to 91.66%), while the 
methylation in corresponding serum is much 
lower; the average methylation rate is 55.18% 
(95% CI=31.83% to 78.52%). Since significant 
heterogeneity (P<0.001) was identified in stud-
ies, we performed meta-analysis with random 
effect model, and the analysis (Supplementary 

Figure 7. Meta-analysis shows that RASSF1A is methylated more in primary tumor patients’ serum against normal 
or health donors’ serum, with fixed effect model.
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Figure 14) showed that there is no significant 
difference (RR=1.603, 95% CI=0.814 to 3.155, 
P=0.172) between tissue samples and serum 
samples, which proved the feasibility of using 
patient serum as source of DNA to measure 
RASSF1A promoter methylation. 

While the result using patient serum could 
largely recapitulate the data with solid tumor 
tissue, the association studies of RASSF1A pro-
moter methylation with various clinical features 
is not conclusive. The association of RASSF1A 
methylation with ER status (Supplementary 
Figure 15) was not significant (RR=1.292, 95% 
CI=0.712 to 2.344, P=0.400). The association 
of RASSF1A methylation with ER PR status 
(Supplementary Figure 16) is also not signifi-
cant (RR=1.065, 95% CI=0.692 to 1.638, 
P=0.776). 

Beside serum, several studies have attempted 
to use nipple fluid [23-25] as the source of 
genomic DNA to interrogate RASSF1A promoter 
methylation. Interestingly, with random effect 
model (RR=1.412, 95% CI=0.465 to 4.286, 
P=0.542), no significant difference between 
nipple fluid and solid tumor tissue samples was 
detected (Supplementary Figure 17), which 
proved the potential feasibility of using patient 
nipple fluid as source of DNA to measure 
RASSF1A promoter methylation. However, due 
to small sample size, the sensitivity of using 
nipple fluid still need more data to support the 
conclusion. 

Through a serial of comparisons of the RASSF1A 
methylation level with different origin of DNA, 
including serum and nipple fluid, we proved the 
feasibility of using circulating DNA from various 
body fluids to measure RASSF1A promoter 
methylation.  

Discussion and conclusion

Accurately screening women with increased 
risk of developing breast cancer will significant-
ly facilitate early detection and prevention of 
this fetal disease. And there have been more 
and more accumulating evidences showing 
that epigenetic defects in breast cancer may be 
potentially used as prognostic biomarker with 
cancer progression. Lots of efforts have been 
made in searching for potential epigenetic bio-
markers with high sensitivity and specificity. 
Especially, we are interested in these candidate 

genes, which could be used as a prognostic 
indicator for breast cancer. 

Ideally, the promoter methylation correlated 
with the progression of breast cancer will be of 
greater clinical application value. The epigene-
tic methylation of RASSF1A promoter has been 
one example of these earliest applicationsthat 
measured the DNA methylation level and cor-
related it with both disease free survival and 
overall survival in female breast cancer [10]. In 
the past 15 years, the exploration of using 
RASSF1A promoter methylation in various clini-
cal applications has provide us enough inde-
pendent study to re-evaluate this important 
asset. In this study, we make a comprehensive 
assessment to all past publications. And sev-
eral important conclusions were reached, and 
potential pitfalls wereidentified. 

Although the dense promoter methylation of 
RASS1F1A gene in breast cancer has been 
firmly established, we still unexpectedly detect-
ed significant heterogeneity the initial meta-
analysis. Three outlier studies have significantly 
raised the question about the feasibility of 
using RASSF1A as good diagnosis biomarker 
[7-10]. As high percentage of RASSF1A methyl-
ation is observed in multiple independent 
groups as well as different detection methods. 
It is highly possible that the methylation of 
RASSF1A occurred even in adjacent pathologi-
cal normal tissues in breast cancer patients, 
which significantly contributes to the between-
study heterogeneity observed. Yan et al has 
reported that a field of methylation changes 
extending as far as 4 cm from primary tumors 
[26]. While the methylation of RASSF1A pro-
moter proposed the potential mechanism for 
local recurrence, it also brings the question 
that we need to use “adjacent normal tissue” 
more cautiously. Thus, carefully defining the 
normal level of RASSF1A promoter methylation 
will make a major impact about how we could 
draw the conclusion. 

The candidate gene or locus would be ideal if 
its promoter methylation also shows progres-
sive methylation with the development of 
breast cancer from local to invasive and meta-
static stages. Such epigenetic biomarker will be 
of great clinical value to be used as predictive 
factor. To investigate whether RASSF1A pro-
moter methylation meets these criteria, we 
make a serial of meta-analysis by pairwise 
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comparison the methylation in health tissue, 
benign tissue, primary local tissue, primary 
invasive tissue as well as distant metastatic 
samples. The meta-analysis results revealed 
that there is no higher methylation in primary 
samples than benign tissue. Also, in terms of 
the RASSF1A promoter methylation, there is no 
difference across primary, invasive as well as 
metastatic stages. Therefore, it is well estab-
lished that RASSF1A is an early epigenetic 
change in female breast cancer. Also, its pro-
moter methylation does not evolve with the pro-
gression of breast cancer from benign to local, 
to invasive as well as metastatic cancer. So, 
methylation of RASSF1A is not an ideally prog-
nostic biomarker, as it fails to distinguished 
advanced stages of breast cancer. 

There have been several individual reports 
about the association of RASSF1A promoter 
methylation with various clinical risk factors 
i.e., age, tumor grade, stage, and ER/PR/HER2 
status with methylation status of RASSF1A pro-
moter. However, the conclusion is quite contro-
versial [27-29]. While several publications 
showing the methylation correlated with ER+/
PR+, negative report also exists [30]. Therefore, 
we make further meta-analysis of published 
data about the association of ER, PR, HER2 as 
well as LN status with RASSF1A promoter 
methylation. Interestingly, our analysis clearly 
shows that the methylation is higher in ER  
positive patients (75.96%) than the ER nega-
tive patients (60.48%). Also it is higher in PR 
positive patients (70.61%) than the PR nega- 
tive patients (63.83%). And no association of 
RASSF1A promoter methylation with HER2 was 
found. This is quite opposite to some reports 
that RASSF1A is highly methylated in triple neg-
ative breast cancer, which was one of the most 
aggressive and refractory form of breast can-
cer. Again, our data shows that the promoter 
methylation is not associated with aggressive 
stage/group of breast cancer.  

DNA methylation analysis has been one of the 
rapidly developing field, however, a reproduc-
ible epigenetic blood-based assay for diagnosis 
and follow-up of breast cancer has yet to be 
successfully. Although serum is readily acces-
sible for molecular diagnosis in all individuals 
from a peripheral blood sample, the percent-
age of samples tested that shows a methyla-
tion response for any specific gene is highly 

variable. One of the possible reasons is at least 
in part the result of the different sensitivities 
and the difference of the various methods used 
to measure methylation. 

With our meta-analysis using solid tissue as  
reference, it was shown that there is no signifi-
cant difference between tissue samples and 
serum samples as useful biomarker for early 
diagnosis, which proved the feasibility of using 
patient serum as source of DNA to measure 
RASSF1A promoter methylation. However, it 
was noteworthy that 1) the average methyla- 
tion level in serum (55.18%) is much lower than 
paired tissue samples (82.65%). 2) There is sig-
nificant difference with the fixed model 
(RR=1.367, 95% CI=1.205 to 1.552, P<0.001), 
though the difference is not significant with ran-
dom effect model. 3) While the result using 
patient serum could largely recapitulate the 
data with solid tumor tissue, the association 
studies of RASSF1A promoter methylation with 
various clinical features is not conclusive. The 
same problems are also observed with nipple 
fluid samples. The problems raise the concern 
about the sensitivity of detecting epigenetic 
biomarker in body fluid. 

Other sources of body fluid have been reported 
such as bone marrow [31, 32], peripheral blood 
leukocyte [33, 34], even milk [35, 36]. However, 
these samples either show quite low sensitivity 
or not suitable for breast cancer. Especially, 
since peripheral blood leukocytes do not share 
any same origin with breast cancer cells, and 
genome DNA from these cells has shown no 
any methylation in either health donor or tumor 
patients. Therefore, unusual methylation con-
clusion could be drawn based on the methyla-
tion from peripheral blood leukocytes or white 
blood cells [33, 34]. 

In summary, our comprehensive systemic re- 
viewof related publication has reached the fol-
lowing conclusions: 1) Methylation of RASSF1A 
promoter could happen in adjacent normal 
samples. And it should be cautious to use well-
validated adjacent normal samples as refer-
ence in study the methylation of RASSF1A in 
breast cancer patients. 2) Methylation of 
RASSF1A promoter is an early event in breast 
cancer development. And most importantly, its 
methylation remains constant across all stages 
during breast cancer development. 3) Meth- 
ylation of RASSF1A promoter is positively asso-
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ciate with ER and PR status, but not with HER2 
and LN status. That is, the methylation of 
RASSF1A promoter is lower in triple-negative 
subtype of breast cancer. 4) RASSF1A methyla-
tion in body fluid including serum and nipple 
fluid is usefully but with limited sensitivity, and 
their applications, as non-invasive biomarker 
should be used with cautions. 5) Peripheral 
blood leukocytes or white blood cell genomic 
DNA is not suitable to be used as control for 
RASSF1A promoter methylation in breast can-
cer patients. 
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Supplementary Table 1. Summary of publications eligible for meta-analysis

ID/Author Year Pubmed ID Patient sources Population 
size 

Serum 
Stud

y ER/PR 
status 

LN metastat-
ic status Methylation analysis methods 

Agathanggelou A 2001 11313894 Glenfield Hospital NHS Trust, UK 44 Direct sequencing or restriction enzyme digestion 

Dammann R 2001 11306494 Beckman Research Institute, USA 45 Direct sequencing 

Lehmann U 2002 11839581 Medizinische Hochschule Hannover, Germany 57 Quantitative MSP (qMSP) 

Fackler MJ 2003 14601057 Johns Hopkins Medical Institutions, USA 103 Methylation specific PCR (MSP) 

Honorio S 2003 12527916 University of Birmingham, Italy 20 MSP 

Müller HM 2003 14633683 University of Innsbruck, Innsbruck, Austria 132 Yes Yes MethyLight 

Yan PS 2003 14559801 Ellis Fischel Cancer Center, USA 37 COBRA 

Dulaimi E 2004 15448006 Fox Chase Cancer Center Tumor Bank Facility 34 Yes MSP 

Fackler MJ 2004 15231653 Johns Hopkins Hospital 19 QM-MSP 

Krassenstein R 2004 14734448 Fox Chase Cancer Center Tumor Bank Facility 22 MSP 

Loginov VI 2004 15456137 Blokhin Cancer Research Center, Russia 59 MSP 

Mehrotra J 2004 15131050 Johns Hopkins Hospital 55 MSP 

Fiegl H 2005 15734995 University of Innsbruck, Innsbruck, Austria 148 MethyLight PCR 

Lewis CM 2005 15671542 University of Texas Southwestern 17 MSP 

Shinozaki M 2005 15788661 John Wayne Cancer Institute 151 Yes MSP 

Yeo W 2005 16028839 Prince of Wales Hospital, Hong Kong 40 MSP 

Hoque MO 2006 16908936 University of Dakar Tumor Institute 93 Yes QM-MSP 

Papadopoulou E 2006 17108217 Molecular Biology Research Center, Greece 50 Yes MSP 

Shukla S 2006 17998817 All India Institute of Medical Sciences 20 MSP 

Skvortsova TE 2006 16641902 Novosibirsk Regional Oncologic Dispensary, Ru 35 Yes MSP 

Taback B 2006 17108214 John Wayne Cancer Institute 33 Yes qMSP 

Yan PS 2006 17121881 The Ohio State University 23 MSO microarray and QM-MSP 

Euhus DM 2007 17855699 University of Texas Southwestern Medical Cent 34 QM-MSP 

Feng W 2007 17764565 MD Anderson Cancer Center 80 Pyrosequencing 

Pasquali L 2007 17706863 University of Pittsburgh Med-ical Cente 21 Pyrosequencing 

Tan SH 2007 17914577 National University Hospital, Singapore 19 Yes MSP 

Bagadi SA 2008 18538349 All India Institute of Medical Sciences 54 Yes Yes MSP 

Jeronimo C 2008 17549626 Portuguese Oncology Institute, Porto, Portugal 97 qMSP 

Li Y 2008 18425370 First Affiliated Hospital of Nanjing Medical Uni 36 Yes MSP 

Sunami E 2008 18485221 John Wayne Cancer Institute 65 Yes Yes MSP 

Wu JM 2008 18381931 Johns Hopkins Hospital 10 qMSP 

Buyru N 2009 19194828 Istanbul University Cerrahpasa Medical Faculty 77 Methylation-specific multiplex ligationdependent probe 
amplification (MS-MLPA) 

Kim JH 2009 19924440 Chonnam National University Medical, Korea 84 MSP 

Kioulafa M 2009 19374895 Hellenic Oncology Research Group Greece 93 Yes Yes MSP 

Rasti M 2009 19946345 Shiraz University Hospital, Iran 81 Yes Yes MSP 

Sharma G 2009 19940364 All India Institute of Medical Sciences 101 Yes Yes MSP 

Van der Auwera I 2009 19367284 General Hospital Sint-Augustinus, Belgium 80 Yes qMSP 
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Van der Auwera I 2009 19829046 General Hospital Sint-Augustinus, Belgium 100 qMSP 

Yazici H 2009 19755643 New York site of the Breast Cancer Family Reg 100 Yes MSP 

Ahmed IA 2010 20471512 Tubingen University Hospital Germany 26 Yes MSP 

Brooks JD 2010 20627767 New York University Women’s Health Study, N 100 Yes qMSP 

Cho YH 2010 20682973 University of Istanbul in Turkey 40 qMSP 

Feng W 2010 20642860 Fondazione IRCCS Istituto Nazionale dei Tumo 38 Pyrosequencing 

Huang KT 2010 20563638 Peter MacCallum Cancer Centre, Australia 112 Methylation-sensitive high resolution melting (MS-HRM) 

Jing F 2010 20490964 Laboratory Medicine Center of Taihe Hospital, S 90 Yes MSP 

Karray-Chouayekh S 2010 19657672 CHU Habib Bourguiba of Sfax in Tunisia 78 Yes Yes MSP 

Kim JH 2010 20466412 Chonnam National University Hwasun Hospital 119 Yes QM-MSP 

Matuschek C 2010 20696638 University of Dusseldorf, Germany 85 Yes qMSP 

Muggerud AA 2010 20056007 Uppsala University Hospital, Sweden 89 Pyrosequencing 

Van der Auwera I 2010 20226036 General Hospital Sint-Augustinus, Wilrijk, Belg 56 qMSP 

Göbel G 2011 21221769 Medical University Hospital in Innsbruck, Austr 428 qMSP 

Martins AT 2011 20842524 Portuguese Oncology Institute, Porto, Portugal 211 Yes qMSP 

Park SY 2011 21120523 Seoul National University Bundang Hospital. Se 125 Yes MethyLight PCR 

Alvarez C 2013 22315090 Pontificia Universi-dad Cato’ lica de Chile 47 Yes MSP 

Avraham A 2012 22407753 Assaf Harofeh Medical Center, Zerifin, Israel 52 Methylation-sensitive high resolution melting (MS-HRM) 

Cho YH 2012 21837480 Long island, NY, USA 765 Yes qMSP 

Sebova K 2012 22297548 Slovakia and the St. Elizabeth Cancer Institute, 92 Yes Yes QM-MSP 

Tserga A 2012 22159596 Hippocration Hospital of Athens, Greece 49 Yes Pyrosequencing 

Yamamoto N 2012 21594664 Osaka University Hospital, Osaka, Japan 253 Yes One-step MSP (OS-MSP) assay 

Kajabova V 2013 23730409 University Hospital in Bratislava, Slovakia 151 Quantitative multiplex MSP 

Klajic J 2013 24093668 Haukeland University Hospital in Norway 238 Pyrosequencing 

Twelves D 2013 23674191 Royal Marsden Hospital 42 MSP 

Pang JM 2014 25331261 Peter MacCallum Cancer Centre and Royal Prin 72 Methylation-sensitive high resolution melting (MS-HRM) 

Total 5727 
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Supplementary Figure 1. Metaanalysis shows that RASSF1A is methylated more in primary tumor tissues against 
normal breast tissues, with fixed effect model. 
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Supplementary Figure 2. Metaanalysis shows that RASSF1A is methylated more in primary tumor tissues against 
normal breast tissues, with random effect model. 
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Supplementary Figure 3. Metaanalysis result with the fixed model shows there is no significant difference between 
benign and primary tissues in RASSF1A promoter methylation status. 

Supplementary Figure 4. Metaanalysis result with the random effect model shows there is no significant difference 
between benign and primary tissues in RASSF1A promoter methylation status. 
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Supplementary Figure 5. Metaanalysis result with the fixed model shows there is no significant difference between 
primary tissues and distant metastatic tissues in RASSF1A promoter methylation status. 

Supplementary Figure 6. Metaanalysis with fixed effect model shows significant difference between ER positive and 
negative patients in RASSF1A promoter methylation status. 
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Supplementary Figure 7. Metaanalysis with random effect model shows significant difference between ER positive 
and negative patients in RASSF1A promoter methylation status. 

Supplementary Figure 8. Metaanalysis with fixed effect model shows significant difference between PR positive and 
negative patients in RASSF1A promoter methylation status. 
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Supplementary Figure 9. Metaanalysis with random effect model shows significant difference between PR positive 
and negative patients in RASSF1A promoter methylation status. 

Supplementary Figure 10. Metaanalysis with fixed effect model shows no significant difference between HER2 posi-
tive and negative patients in RASSF1A promoter methylation status. 
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Supplementary Figure 11. Metaanalysis with random effect model shows no significant difference between HER2 
positive and negative patients in RASSF1A promoter methylation status. 

Supplementary Figure 12. Metaanalysis shows that RASSF1A is methylated more in primary tumor patients’ serum 
against normal serum, with fixed effect model. 
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Supplementary Figure 13. Metaanalysis shows that RASSF1A is methylated more in primary tumor patients’ serum 
against normal serum, with random effect model. 

Supplementary Figure 14. Metaanalysis with random effect model shows no significant difference between paired 
tumor tissues and serum samples in RASSF1A promoter methylation status. 
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Supplementary Figure 15. Metaanalysis with random effect model shows no significant difference between ER 
positive and negative patients in RASSF1A promoter methylation status, with genomic DNA from patients’ serum. 

Supplementary Figure 16. Metaanalysis with random effect model shows no significant difference between PR 
positive and negative patients in RASSF1A promoter methylation status, with genomic DNA from patients’ serum. 
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Supplementary Figure 17. Metaanalysis with random effect model shows no significant difference between tumor 
tissues and nipple fluid samples in RASSF1A promoter methylation status. 


