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Abstract: Esophageal squamous cell carcinoma (ESCC) is a malignant tumor with poor prognosis and high mortality 
and incidence in Kazakh population. The decreased expression of RAS association domain family 1A (RASSF1A) by 
methylation in various cancers has been reported. This study aims to investigate the correlation of the RASSF1A 
promoter methylation and the esophageal squamous cell carcinoma (ESCC) in Kazakhs. To determine whether aber-
rant RASSF1A methylation occurs in esophageal cancer, the DNA methylation of 19 CpG units in the RASSF1A pro-
moter was quantitatively analyzed by MALDI-TOF mass spectrometry in 100 ESCC tissues and 100 normal tissues 
from the Kazakh population. The results indicating that the overall methylation status of RASSF1A in Kazakh ESCC 
patients is higher than that in controls (χ2=5.615, P=0.020). And the methylation levels of CpG_11.12, CpG_16.17 
and CpG_24.25 were respectively 25.4%, 18.8%, 16.3%, which were significantly higher than the mean methyla-
tion rate (5%) in normal group (5%, CpG_11.12, P=0.00; CpG_16.17, P=0.002; CpG_24.25, P=0.001). However,no 
correlation was found between the RASSF1A overall methylation and clinicopathological characteristics (For age: 
t=1.716 P=0.089; gender: χ2=1.487 P=0.475; differentiation: χ2=0.770 P=0.680; HPV16 infection: χ2=2.519, 
P=0.104. Similar conditions are to be found with CpG_11.12, CpG_16.17 and CpG_24.25 units (for age: t=1.706 
P=0.079; gender: χ2=1.847 P=0.415; differentiation: χ2=0.670 P=0.7; metastasis: χ2=3.765 P=0.463; HPV16 in-
fection: χ2=2.519, P=0.104). Our findings in this study suggest that the hypermethylation of RASSF1A play an im-
portant role in Kazakh esophageal squamous cell carcinoma (ESCC). Moreover, targeting RASSF1A methylation by 
demethylating agents may offer an approach for anticancer therapy of ESCC.
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Introduction

Esophageal carcinoma is the eighth most com-
mon cancer in the world and the seventh major 
cause of cancer death worldwide [1]. Eso- 
phageal carcinoma was divided into two prima-
ry histological subtypes: esophageal adenocar-
cinoma (EADC) and esophageal squamous cell 
carcinoma (ESCC). Esophageal squamous cell 
carcinoma (ESCC) still is the main predominant 
histological type of esophageal cancer and the 
leading cause of cancer-related deaths in China 
[2]. Compared with other ethnic populations in 
China, the Kazakh population in Xinjiang is 
characterized by higher incidence and mortality 
(90-150/100,000, age standardized) of ESCC 

than the general population of China [3-5]. Also, 
in this high-risk areasof ESCC there is a strong 
tendency toward familial aggregation [6], indi-
cating that hereditary susceptibility with envi-
ronmental risk factors both contributes to the 
high rates of ESCC. The gene methylation is an 
alternative mechanism which leads to gene 
inactivation that occur early tumor progression 
and thus changes gene expression without 
changing the DNA sequence [7-9]. Abnormal 
methylation on CpG island is one of the earliest 
molecular alternations occurring during carci-
nogenesis [10]. Recently, various kinds of 
ESCC-susceptible genes with preternatural 
DNA methylation gene expression have been 
identified, including RASSF1A genes. 
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RAS association domain family 1A (RASSF1A) 
locates at 3p21.3 and participates in regulat-
ing cell cycle apoptosis, microtubule stability 
and other physiological activities [11]. RASSF1A 
inactivation by methylation is an extremely 
common event in many human cancers, includ-
ing 80 to 100% of small-cell lung cancer cell 
lines and tumors, 30 to 40% of non-small-cell 
lung cancer cell lines and tumors, 49 to 62% of 
breast cancer cell lines and tumors, 67 to 70% 
of primary nasopharyngeal cancers, and 91% 
of primary renal cell carcinomas,indicating the 
RASSF1A promoter was a candidate tumor sup-
pressor gene [11-13]. Some studies have also 
reported differences in the methylation fre-
quencies of RASSF1A between ESCC cancer 
tissues and non-cancerous tissues. However, 
previous studies have indicated the possible 
crucial role of RASSF1A methylation on esoph-
ageal carcinogenesis in Chinese population, 
the methylation rates varied from 14.9% [14] in 
Beijing with a low incidence for ESCC, to 48.5%  
[15] in Hangzhou with a higher incidence for 
ESCC, indicating the inconformity of RASSF1A 
methylation with different environment back-
ground. Although the increased methylation of 
RASSF1A in ESCC has been founded [16-18], 
the critical CpG sites and its role on ESCC pro-
gression have not been clarified. Moreover, 
their study was conducted in Han population 
with traditional methylation-specific PCR (MSP) 
method, not the quantitative method [19]. So 
the effects of RASSF1A methylation on esopha-
geal carcinogenesis have not been well charac-
terized in the Kazakh population from this high-
est incidence area in China. Given these 
observations, revealing the molecular patho-
genesis of Kazakh ESCC, especially the detec-
tion of abnormal CpG methylation, is therefore 
likely to provide new approaches to the preven-
tion, diagnosis and treatment of ESCC.

In this study, we used matrix-assisted laser 
desorption ionization time-of-flight mass spec-
trometry (MALDI-TOF MS) approach to evaluate 

with esophageal squamous cancer. Therefore, 
status of RASSF1A promoter methylation has 
the potential to serve as a biomarkerfor ESCC 
patients and represents a new candidate thera-
peutic target by pharmacological compounds 
with DNA demethylating activity for ESCC 
treatment.

Materials and methods

Patients and tissue samples

One hundred esophageal tissues from Kazakh 
patients were confirmed ESCC by pathological 
examination, which were randomly collected by 
multistage cluster sampling. All patients were 
recruited from the First Affiliated Hospital of 
Shihezi University and the Peoples Hospitalof 
Xinjiang Uygur Autonomous Region between 
1980 and 2004. No restrictions regarding age, 
sex, or disease stage were set. Patients were 
not pretreated with surgery other than diagnos-
tic biopsies,radiation therapy, or chemothera-
py, before gathered or any blood transfusion in 
the prior six months. The presentative tissue 
samples and matching normal tissue sam-
pleswere surgically resected and fixed in 10% 
buffered formalin then embedded in para- 
ffin, routinely processed. We also gathered clin-
ical data on clinic-pathological variables, such 
as invasion depth, tumor site, and distant 
metastasis from the medical records of the 
patients. In addition, 100 samples of normal 
esophageal tissue were obtained from 100 
healthy people without any primary esophageal 
tumor as controls. The healthy people were col-
lected in Yili area, the high incidence area for 
ESCC.

In this study, various clinicopathological char-
acteristics of Kazakh ESCC cases and controls 
were investigated. The age was 54.41 ± 9.14 
(mean ± SD) years for the cancer samples and 
52.81 ± 9.33 (mean ± SD) years for the normal 
sample (P=0.096). There were 60 (60%) males 

Figure 1. DNA quality evaluation. M: marker; 1: β-globin positive control; 2-7: 
β-globin target fragment samples, 8 blank control.

the methylation status of 19 
CpG units of the RASSF1A 
promoter regions with a total 
200 Kazakh subjects.We fou- 
nd that the promoter methyla-
tion level of the RASSF1A was 
increased in ESCCpatients 
than controls. Our results su- 
ggest that hypermethylation 
of RASSF1A is associated 
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and 40 (40%) females in the case group and 51 
(51%) males and 49 (49%) females in the con-
trol group (P=0.087). All of the patients and 
controls were enrolled by written informed  
consent, and the study had obtained approval 
from Shihezi University’s Research Ethics 
Committeeof Medicine, P. R. China. According 
to the ethical and legal standards, all subjects 
were handled and made anonymous in this 
research.

DNA isolation and bisulfite treatment

DNA was isolated from 10 tissue sections of 5 
μm thickness by proteinase K digestion and a 
tissue DNA extraction kit (Qiagen Inc, Valencia, 
CA, USA) according to the manufacturer’s pro-
tocol. As an internal control, all purified genom-
ic DNA samples were successfully tested by 
polymerase chain reaction (PCR) with humanβ-
globin primers (Forward: 5’-CAGACACCATGG- 
TGCACCTGAC-3’ and Reverse: 5’-CCAATAGG- 

CAGAGAGAGTCAGTG-3’), indicating that the 
suitable quality and quantity of DNA can be 
used to detect the profile of RASSF1A methyla-
tion (Figure 1). Genomic DNA was stored at 
-20°C until use as a template for each PCR 
reaction. The genomic DNA sodium bisulfite 
was performed with an EZ DNA Methylation 
KitTM according to the manufacturer’s instruc-
tions (Zymo Research, Orange, CA, USA) 
(Catalog No. D5001). The transferred DNA was 
measured by an ND-1000 spectrophotometer 
(NanoDrop Technologies, Inc. Wilmington, DE, 
USA).

RASSF1A CpG unit methylation analysis

The sequence of the RASSF1A CpG islands was 
determined by the UCSC genome browser. In 
view of that the genomic region site in the 
RASSF1A gene uncovering a prominent CpG 
island, we identified the area with proximal pro-
moter activity in prior experiments [22]. The 

Figure 2. Two-way hierarchical cluster analysis of 100 Kazakh ESCC samples and 100 samples from Kazakh nor-
mal tissues (rows) and DNA-methylation of CpG Units in 17 promoter regions (columns). Each vertex indicates an 
individual CpG site. DNA-methylation levels are depicted in this false-color image on a continuous scale from white 
(nonmethylated) to blue (100% methylated). Poor quality data are in gray. The cancer samples show more-variable 
methylation patterns.

Table 1. Sequences of PCR primers used in this study
Primer Sequence (5’-3’) Size (bp)
β-globin 5’-CAGACACCATGGTGCACCTGAC-3’ 210
β-globin 5’-CAGACACCATGGTGCACCTGAC-3’
RASSF1A 5’-aggaagagagtttagaataggttggaggtaggg-3’ 311
RASSF1A 5’-cagtaatacgactcactatagggagaaggcttcccattaaaaaaataacactcaaa-3’
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analyzed region and the CpG sites of the 
RASSF1A promoter are shown in Figure 2. We 
designed primer sets for the methylation analy-
sis of the RASSF1A promoter areas with 
EpiDesigner software (Table 1). For each 
reverse primer, we added an additional T7 pro-
moter tag for in vivo transcription, and the for-
ward primer was added a 10-mer tag to adjust 
for differences in melting temperature. The 
DNA methylation status of RASSF1A was quan-
titatively analyzed with the MassARRAY plat-
form (SEQUENOM) as prior described.

The 5 μl PCR mixture contained 25 mM dNTP, 
10 ng of bisulfite-treated DNA, 0.2 U of Hot 
Start TaqDNA polymerase (Sequenom Inc, San 
Diego, CA, USA), and a 1 μM mixture of reverse 
and forward primers. The cycles included pre-
heating for 4 min at 94°C, followed by incuba-
tion for 45 cycles for 20 s at 94°C, 30 s at 
62°C, and 60 s at 72°C and then by incubation 

transcription and RNase A digestion. Fifteen 
nanoliters of cleavage reaction was then roboti-
cally executed (by a nanodispenser) with a 
matrix (SpectroCHIP; SEQUENOM, San Diego) 
onto siliconmchips preloaded. Mass spectra 
were collected by MassARRAY Compact MALDI-
TOF (SEQUENOM), and the methylation rates of 
the spectra were generated by Epityper 1.0 
software (SEQUENOM, San Diego). All the ex- 
periments were performed in triplicate. Ina- 
pplicable readings and their corresponding 
sites were eliminated from analysis. The meth-
ylation level was expressed as the proportions 
of methylated cytosines over the sum total of 
methylated and unmethylated cytosines.

Statistical analysis

Statistical analysis was carried out using SPSS 
17.0 (SPSS Inc, Chicago, IL, USA) and GraphPad 
Prism 5.0. Two independent sample Wilcoxon 

Table 2. The comparison of the CPG sites number and rate of RASS-
F1A promoter methylation in Kazakh esophageal cancer and normal 
esophageal mucosa

The number of cases
χ2 P  

valuesTumor 
cases (n)

Normal 
tissues (n)

Number of RASSF1A sites methylation 5.445 0.000
    ≤3 50 25
    4-6 20 37
    ≥7 30 38
Methylation rate 4.035 0.001
    ≤10% 26 36
    11-50% 35 34
    ≥51% 39 30

Figure 3. Evaluation of promoter methylation of RASSF1A CpG island. Me-
dian methylation levels of 14 informative CpG units in RASSF1A promoter 
between control and ESCC subjects. **P<0.05, ***P<0.001 (Two samples 
rank sum Wilcoxon tests).

incubated for 40 min at 37°C, 
and the SAP was heat-inacti-
vated at 85°C for 5 min and 
was then maintained at 4°C. 
Five microliters of TCleavage 
Transcription/RNase Cocktail 
including 0.89 μl of 5× T7 
polymerasebuffer, 0.24 μl of 
T cleavage mix, 3.14 mM 
dithiothreitol, 22 U of T7 RNA 
and DNA polymerase, 0.09 
mg/ml of RNase A, and 2 μl of 
the PCR/SAP reactions pro-
duction was mixed and incu-
bated under the following 
steps: 37°C for 3 h of in vitro 

at 72°C for 3 min. Two mi- 
croliters of a shrimp alka-
line phosphatase (SAP) 
mix containing 0.3 μl (1.7 
U) and 1.7 μl of H2O of 
SAP (Sequenom) was 
used for digesting redun-
dant dNTPs with the fol-
lowing steps: 20 min at 
37°C, 5 min at 85°C, and 
4°C there. After the SAP 
treatment, 2 ml of premix 
including 0.3 U of SAP 
(Sequenom) was added 
for dephosphorylating of 
unincorporated dNTPs. 
The reaction mixture was 
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rank sum testswere performed to compare the 
RASSF1A methylation levels between normal 
control and tumor samples. A Mann-Whitney 
U-test was used to analyzethe RASSF1A meth-
ylation levels of every CpG site between the 
ESCC and control groups and between male 
and female samples. The correlation between 
each CpG site methylation of RASSF1A and the 
clinicopathological features was evaluated by a 
nonparametric test (the Mann-Whitney U-test 
between two groups and the Kruskal-Wallis H 
test for three or more groups). Hierarchical 
clustering analysis was used to describe the 
RASSF1A CPG units of 200 tissue samples. 
Each row represents the CpG unit of the ampli-
cons and each column represents the CpG unit 
of a sample. All P value is two-sided, and P 
value of <0.05 was considered statistically 
significant.

Results

Hypermethylation of RASSF1A promoter in 
Kazakh patients with esophageal squamous 
cell carcinoma

The MassARRAY system is an instrument for 
quantitative analysis of a single CpG site’s 
methylation at a target fragment (CpG island).
We can obtain accurate data that represent the 
ratio or frequency of methylation incident on a 

CpG site by MALDI-TOFMS. This system was 
used to assess the methylation level of 
RASSF1A in all the samples recruited from 
Kazakh patients with ESCC (n=100) and from 
control subjects (n=100).

To examine relationships among ESCC and CpG 
sites, we made an unsupervised two-dimen-
sional hierarchical clustering analysis, which 
provides an impartial view on these relation-
ships (Figure 2). The patterns observed in the 
cluster analyses of the ESCC patients and nor-
mal controls show that the RASSF1A methyla-
tion profile of normal controls was remarkable 
different from that observed in tumor tissues. 
The sample clusters’ result is separation into 
different terminal branches of the tree of all 
normal tissue samples from all ESCC samples. 
The normal samples are characterized by con-
sistent low methylation levels. The ESCC sam-
ples show more-variable methylation patterns. 
What’s more, the number of the CpG unit meth-
ylation of RASSF1A promoter in ESCC is higher 
than that in controls (χ2=5.445, P=0.000, Table 
2). Then, we summarized the methylation rate 
of RASSF1A promoter in all samples, the meth-
ylation level was increased in ESCC compared 
with normal samples (χ2=4.035, P=0.001, 
Table 2). By using the two independent Wilcoxon 
test, we observe that the average methylation 
of CpG_11.12, CpG_16.17 and CpG_24.25 
were respectively 25.4%, 18.8%, 16.3%, which 
were significantly higher than the mean meth-
ylation rate (5%) in normal group CpG_11.12, 
P=0.000; CpG_16.17, P=0.002; CpG_24.25, 
P=0.001, Figure 3; Table 3).

Correlation of RASSF1A methylation and clini-
copathological features and HPV16 Einfection

Intriguingly, there was no relationship between 
the overall methylation of RASSF1A and gen-
der, age and differentiation (For gender, 
χ2=1.478, P=0.475; For age: t=1.716, P=0.089; 
For differentiation: χ2=0.770, P=0.680, Table 
4). What’s more, the association between the 
patterns of the quantitative methylation of 
RASSF1A promoter CpG units and the clinico-
pathological features of the 100 patients with 
ESCC was further evaluated (Table 5). However, 
no correlation was found between the RASSF1A 
CpG units methylation and age, gender, tumor 
differentiation and metastasis (For age: χ2= 
1.706, P=0.079; gender: χ2=1.847, P=0.415; 
differentiation: χ2=0.670, P=0.780; metasta-
sis: χ2=3.765, P=0.463, Table 5).

Table 3. Comparison of average methylation 
rate of RASSF1A CpG units in the Kazakh 
esophageal cancer and normal esophageal 
mucosa
CpG Units Wilcoxon W P Value
RASSF1A-CpG-1 279.500 0.675
RASSF1A-CpG-5 185.600 0.909
RASSF1A-CpG-6 165.700 0.674
RASSF1A-CpG-7.8 246.800 0.731
RASSF1A-CpG-9.10 289.300 0.080
RASSF1A-CpG-11.12 140.500 0.000*
RASSF1A-CpG-13 168.900 0.428
RASSF1A-CpG-14 332.500 0.714
RASSF1A-CpG-15 155.600 0.233
RASSF1A-CpG-16.17 264.000 0.002*
RASSF1A-CpG-18.19 180.900 0.969
RASSF1A-CpG-20 155.600 0.514
RASSF1A-CpG-24.25 178.900 0.001*
RASSF1A-CpG-26 125.600 0.0129
*P<0.05.
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Our previous study evaluated the frequency of 
HPV16 infection in Kazakh EC patients (41.1%) 
was prominently higher than in the control 
group (15.2%) [20]. Therefore, we explore the 
relationship between HPV16 infection and 
RASSF1A methylation in ESCC. The overall 
methylation level was increased in HPV positive 
ESCC samples, but it was not statistically sig-
nificant (χ2=2.519, P=0.104, Table 4). More- 
over, no correlation was found between the 
average methylation of CpG_11.12, CpG_16.17 
and CpG_24.25 and HPV16 infection of the 
Kazakh ESCC (χ2=3.765, P=0.463, Table 5).

Discussion 

To our best knowledge, it is the first report to 
reveal the interactions of RASSF1A promoter 
methylation and the esophageal squamous cell 
carcinoma in Kazakh population. We have used 
the matrix-assisted laser desorption ionization 
time-of-flight mass spectrometry (MALDI-TOF 
MS) approach to conduct a comprehensive 
analysis on the RASSF1A gene methylation of 
Kazakh ESCC. The MassARRAY system is an 
instrument that capacitates high-through put 
detection and quantitative analysis of methyla-
tion at one individual CpG unit of a target Using 
MASSarray mass spectrometer to analysis the 
methylation level of RASSF1A promoter and the 
correlative between RASSF1A methylation and 
esophageal squamous cell carcinoma in 
Kazakh Ethnic, have yet to see clear reports at 
home and abroad. In consideration the obvious 
impact of environmental factors on DNA meth-
ylation, the advantage of our study is the large 
sample size with similar lifestyle background. 
All the ESCC patients and control subjects 

involved in the genesis of ESCC, and plays an 
important role in the progression of tumorigen-
esis [15, 18, 19, 21-24]. We successfully repli-
cated the results of the study conducted on 
[19] Chinese Han population and Japanese [16, 
25] population by the traditional method (meth-
ylation-specific PCR), although the subjects in 
both studies had different genetic and environ-
mental backgrounds. Consequence, with non-
quantitative MSP method in Chinese Han and 
Japanese population and the quantitative 
MassARRAY way in Kazakh population, the uni-
formity of the methylation of the RASSF1A pro-
moter in both researches strengthens the 
association between such methylation and 
esophageal squamous cell carcinoma. Previous 
studies mostly focus on the overall methylation 
level in ESCC patients [1, 10, 11, 15, 21, 26, 
27], but our result indicating that the overall 
methylation level cannot represent the applica-
tion value,only the accurate information of CpG 
units methylation levels represents the clinical 
application value that could be used in in early 
diagnosis. The methylation of CpG_11.12, 
CpG_16.17 and CpG_24.25 were significant 
correlation with Kazakh ESCC, this result was 
not found in previous study. Perhaps it was the 
most remarkable founding of the present study. 
This result suggests that aberrant promoter 
methylation plays an important role in Kazakh 
patients with esophageal cancer and therefore 
represent promising targets for anticancer 
therapies.

In this study, we investigated whether the 
genetic and epigenetic alterations of RASSF1A 
could be used in addition to a prognostic bio-
marker as clinicopathological features in ESCC.
We have described the CpG unitmethylation 

Table 4. Relationship between promoter methylation status of 
RASSF1A and clinicopathological features

RASSF1A Methylation Status χ2 P values
<2 (n) 3-4 (n) >5 (n)

Gender 1.487 0.475
    Male 14 31 20
    Female 9 27 10
Age t=1.716 0.089
Differentiation 0.770 0.680
    Well 8 13 3
    Low and Moderate 10 27 5
HPV infection
    Positive 8 31 15 2.519 0.104
    Negative 12 19 6

enrolled in this study were from 
the same high incidence area 
and they are all Kazakh 
national.

Our results demonstrated that 
the overall RASSF1A methyla-
tion statusand the average 
methylation level of CpG_11.12, 
CpG_16.17 and CpG_24.25 
units in Kazakh patients were 
significantly higher than that in 
normal controls. The hypermeth-
ylation of the RASSF1A promot-
er in ESCC tissues was reported 
from 15% to 68%, indicating 
that RASSF1A is likely to be 
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status of the promoter region of RASSF1A in 
esophageal squamous cell carcinomas and its 
relationship with clinicopathological factors.
Statistical analysis showed no significant cor-
relation of RASSF1A hypermethylation with 
age, gender, histological differentiation, and 
metastasis. Similar findings were found in 
some previous studiesthat were determined by 
MSP method in ESCC patients [22]. However, 
the investigation conducted by Zhou et al dis-
played that age and histological differentiation 
were associated with RASSF1A promoter meth-
ylation [19]. What’s more, Kuroki et al study 
showed significant relationship betweenRASS-
F1A methylation status and the TNM stage in 
ESCC, but histological differentiationfailed to 
support the existence of such a relationship 
[21]. Generally speaking, the relationship 
between RASSF1A methylation and clinico-
pathological features is still not exact and fur-
ther research is needed.

Human papillomavirus (HPV) is a nonenveloped 
double-stranded DNA virus, which contains 
more than 90 genotypes play a crucial role in 
ESCC (especially HPV16) [28, 29]. Our previous 
study and Ru-xing Xi et al study common certi-
fied a significantly high prevalence of HPV16 
E6-E7 infection in a case-control study [20, 
30]. Besides, a similar observation was also 
found in previous studies in Xinjiang Kazakhs 
[31-33]. Recently, some previous studies have 
proved that virus infection increased the 

ylation in EBV positive gastric cancer than EBV 
negative gastric cancer. Nevertheless, Kuzmin 
et al [36] verified that no synergistic relation-
ship between HPV infection and RASSF1A 
methylation in cervical squamous cell carcino-
ma. In this study, our results showed no rela-
tionship between RASSF1A promoter methyl- 
ation and HPV16 infection in Kazakh ESCC 
patients. Therefore, the relationship between 
RASSF1A methylation and virus infection is still 
little and controversial, needs our further 
investigation.

Conclusion

Our resultis not only the first time demonstrates 
that RASSF1A CpG island hypermethylation 
contributes to esophageal squamous cell carci-
noma in Kazakh population but also shows that 
some particular CpG units methyaltion (Cp- 
G_11.12, CpG_16.17 and CpG_24.25) are 
associated with the esophageal squamous cell 
carcinoma. Most importantly, RASSF1A methy-
altion may provide a mechanistic and molecu-
lar basis for the new therapeutic use of phar-
macological compounds with DNA deme- 
thylating activity to treat Kazakh patients with 
esophageal carcinoma. Furthermore, once 
again we proved the prevalence of HPV16E6 in 
ESCC patients is significantly higher than that 
in control, but no correlation is found between 
RASSF1A methylation and HPV16E6 infection.
Certainly, further work should be done to state 

Table 5. Association between RASSF1A promoter methylation and 
clinicopathological features in ESCC patients
Patients  
Characteristics

RASSF1A Methylation Units
χ2 P value

CpG11-12 CpG16-17 CpG24-25
Gender 1.847 0.415
    Male 54 59 70
    Female 46 41 30
Age 1.706* 0.079
Differentiation 0.670 0.780
    Well 58 53 59
    Low+Moderate 42 47 41
Metastasis 3.765 0.463
    Yes 23 32 28
    No 12 16 13
HPV infection
    Positive 23 32 28 3.765 0.463
    Negative 12 16 20
Note: *Students’ t test, others were chi-square test.

RASSF1A methylation level in 
cancer samples [34, 35]. 
However, the association 
between RASSF1A promoter 
methylation and virus infec-
tion is rarely studied and the 
findings are not the same.
Toyooka et al [34] found that 
the frequency of RASSF1A 
abnormal methylation and 
the methylation index were 
significantly higher in SV40 
sequence positive malignant 
mesotheliomas than in nega-
tive samples. Kang et al [35]
detected the RASSF1A meth-
ylation in gastric cancer with 
or without EBV infection by 
MSP method, the results 
showed a higher prevalence 
of RASSF1A promoter meth-
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the mechanism of RASSF1A methylation in the 
progression of ESCC, and ultimately develop 
RASSF1A gene as one of the molecular bio-
markers for high-risk subject screening and 
early detection for ESCC in the future. 
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