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ABSTRACT. Epigenetic inactivation of Ras-associated domain family
1A (RASSF1A4) by hyper-methylation of its promoter region has been
identified in various cancers. However, the role of RASSFI1A in renal
cancer has neither been thoroughly investigated nor reviewed. In this
study, we reviewed and performed a meta-analysis of 13 published
studies reporting correlations between methylation frequency of the
RASSF 14 promoter region and renal cancer risk. The odds ratios (ORs)
of eligible studies and their corresponding 95% confidence intervals
(95%CIs) were used to correlate RASSF1A4 promoter methylation with
renal cell cancer risk and clinical or pathological variables, respectively.
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RASSF 1A promoter methylation was significantly associated with the
risk of renal cell cancer (OR = 19.35, 95%CI = 9.57-39.13). RASSF14
promoter methylation was significantly associated with pathological
tumor grade (OR = 3.32, 95%CI = 1.55-7.12), and a possible positive
correlation between RASSF1A promoter methylation status and tumor
stage was noted (OR = 1.89, 95%CI = 1.00-3.56, P = 0.051). Overall,
this meta-analysis demonstrated that RASSF/A promoter methylation
is significantly associated with increased risk of renal cell cancer.
RASSF 1A promoter methylation frequency was positively correlated
with pathological tumor grade, but not the clinical stage. This study
showed that RASSFIA promoter methylation could be utilized to
predict renal cell cancer prognosis.

Key words: RASSF14; Promoter; Methylation; Renal cell cancer;
Meta-analysis

INTRODUCTION

Renal cell carcinoma (RCC), which originates from renal tubular epithelial cells, is
one of the most fatal and malignant tumors affecting the urological system. RCC accounts for
approximately 3% of all adult malignant tumors. According to the American Cancer Society
(ACS), RCC and pelvic carcinoma account for 5 and 3% of all newly diagnosed cancer patients
in the United States in 2014 among males and females, respectively (Siegel et al., 2014).

However, the mechanism of RCC tumorigenesis remains unclear. Surgery is the main
treatment option for early-stage RCC. Advanced renal cancer is caused by several intricate
mechanisms, and radiation and chemotherapy do not significantly affect the disease progression.
The application of molecular targeting drugs, such as Sola-fini and Sutent, has attracted increased
attention over the past few years. These drugs delay the progression of advanced renal cancer
(Guida et al., 2014), thereby prolonging the life of patients with metastatic renal cancer. Targeted
therapy drugs (Sorafenib, tyrosine kinase inhibitor, and Everolimus) that inhibit the occurrence
and development of tumor vessels block tumor cell signal transduction pathways and tumor cell
mitosis, which in turn inhibits the growth of renal cancer cells. Therefore, investigations into
the mechanism of tumorigenesis, progression, and apoptosis, and identification of therapeutic
targets at the genetic level are desirable for RCC treatment.

Among the large number of identified genes, the Ras-associated domain family 1A
(RASSF14) gene has been widely investigated and validated as a putative tumor suppressor gene;
this gene is located on chromosome 3p21.3, and is associated with cell cycle control, microtubule
stabilization, cellular adhesion, motility, and apoptosis (Serth et al., 2008; Pronina et al., 2012;
Mengxi et al., 2013). Epigenetic inactivation of RASSF1A4 by hyper-methylation of its promoter
region was originally identified in patients with various types of cancer. RASSF'/ A inactivation has
been reported in bladder, breast, lung, colorectal, and prostate cancers, among others (Abouzeid
et al., 2011; Sebova et al., 2011-2012; Yaqinuddin et al., 2013; Bilgrami et al., 2014; Zhai and Li,
2014). While RASSF14 inactivation by promoter methylation is known to perform an important
function in tumorigenesis, its specific action in renal cancer has neither been thoroughly investigated
nor reviewed. In this study, we performed a meta-analysis of data obtained from published studies
regarding RASSF 14 promoter methylation in patients with renal cell carcinomas.
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MATERIAL AND METHODS
Search strategy

The Cochrane Library, Pubmed, Web of Science, and SinoMed databases were
searched for related studies published up to December 2014. The following search term
combinations were used: “renal or kidney”, “cancer or tumor or neoplasm or carcinoma or
Wilm’s tumor”, “RASSF1A”, and “methylation or methylated”. The identified studies were
then screened based on the content of publication. After exclusion of irrelevant publications
and identification of duplicates from different databases, the full-text versions of the remaining
papers were evaluated using the inclusion and exclusion criteria. Relevant articles in the
reference lists of these publications were also considered. All studies that passed the inclusion
criteria, except case reports or reviews, were collected. The language of publication was
restricted to English or Chinese. All relevant data were searched and retrieved. The author
bibliographies and references of selected studies were also searched for other relevant studies.
When the same cases were reported in various publications, the most complete study was
chosen to avoid duplication bias.

Selection criteria

All eligible articles that described the relationship between RASSFIA promoter
methylation and the clinical pathological features and outcomes of renal cancer were
collected. Studies meeting the following inclusion criteria were included: 1) RASSFI1A4
methylation in the CpG islands (CpG dinucleotides) of the promoter was evaluated in tumor
tissues and compared against normal tissues or adjacent non-tumor tissues; 2) study revealed
the relationship between RASSFIA methylation and clinical stage parameters of renal
cancer; 3) study provided sufficient information on the frequencies of RASSF A4 promoter
methylation; and 4) the clinical stages of tumors followed the American Joint Committee on
Cancer (AJCC) cancer staging manual.

The following exclusion criteria were applied: 1) letters, reviews, case reports,
conference abstracts, editorials, and expert opinions, as well as non-English and non-
Chinese language publications; 2) articles with no information on qualitative results of
RASSF 14 promoter methylation; 3) publications reporting in vitro or ex vivo studies, cell
lines, dialysis kidneys, and human xenografts; 4) less than five control cases (normal renal
tissues or normal adjacent non-tumor tissues); and 5) the use of combined bisulfite restriction
analysis (COBRA) as the testing method.

Data extraction

All data were independently extracted from eligible studies by two reviewers [B.X.
(Xu et al., 2012) and M.C. (Chen et al., 2014)]. Disagreements were resolved by discussion
and consensus. Two investigators reviewed all eligible articles that fit the inclusion and
exclusion criteria. The following information was recorded from each study: first author name,
year of publication, sample source, number of cases, and pathology type of the renal tumor.
Tumor stages were evaluated according to the AJCC, and RASSFIA promoter methylation
was assessed. Data from the study characteristics and clinical parameters were extracted and
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summarized into a table. Heterogeneity among investigations was evaluated to determine
whether or not the data from various studies was appropriate for meta-analysis.

Statistical analyses

Analysis was conducted using STATA v.12.0 (STATA Corporation, College Station,
TX, USA). The strength of correlation between RASSFIA promoter methylation and renal
cancer risk was measured by the Z-test and pooled according to the odds ratio (OR) and
its corresponding 95% confidence interval (CI). Stratified analyses were also conducted to
explore the heterogeneity of assaying methods. Subgroup analyses were performed to evaluate
dubious sources of heterogeneity. Meta-regression (Knapp-Hartung modification method)
was employed to test sources of heterogeneity. Statistical significance of the pooled OR
was assessed by Z-test, and P < 0.05 was considered to be significant. The heterogeneity
among studies was evaluated by the chi-square-based Q-test. The fixed-effect model (Mantel-
Haenszel model) was used to pool OR when heterogeneity was significant (P > 0.05 for /).
Otherwise, the random-effect model (DerSimonian and Laird method) was used. Stratified
analyses were performed by method, region, and ethnicity. Sensitivity analysis, wherein one
study in the meta-analysis is removed each time to determine the influence of individual data
on the overall pooled OR, was performed. To assess publication bias in the studies, Begg’s
funnel plot, the Harbord test, and the Egger test were performed.

A total of 170 articles were obtained from the Cochrane Library, Pubmed, Web of
Science, and SinoMed databases. After initial screening of all titles and abstracts and removal
of duplicate papers, 24 full-text studies were retrieved for detailed assessment. A reference
search of the articles did not produce additional papers. Eventually, 13 publications met the
inclusion criteria for the qualitative study and meta-analysis. The flow diagram of article
search and study selection is illustrated in Figure 1.

Studies obtained through database searching
(N=170)

.

Studies remained after duplicate removal
(N=84)

Studies excluded by title and abstract (N = 30)
-review or report of meeting (N = 8)
-onlyincell line (N =5)

-irrelevant study (N = 10)

l -dialysis kidney control (N = 1)

-no full text study (N = 6)

Studies screening by title and abstract

(N =54) =
! Studies excluded by full-text (N = 11)
Full-text articles assessed for eligibility “COBRA testing method (N = 4)
(N=24) —» | -Study covered by another (N = 2)
-Control group lessthan 5 (N = 2)
l -No normal tissues control (N =3)

Studies included in this meta-analysis
(N=13)

Figure 1. Flow diagram detailing the selection process.
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RESULTS
Identification of relevant studies

A total of 24 publications were deemed eligible according to the selection criteria. Ten
studies were excluded because they were laboratory studies, non-original articles (reviews),
or studies irrelevant to the current analysis. Eventually, 13 publications were included in the
final meta-analysis (Yoon et al., 2001; Morrissey et al., 2001; Ehrlich et al., 2002; Harada et
al., 2002; Wagner et al., 2002; Dulaimi et al., 2004; Gonzalgo et al., 2004; Loginov et al.,
2004; Tokinaga et al., 2004; Costa et al., 2007; Duan Jianmin, 2007; Zhang Jian-Ying, 2008;
Ellinger et al., 2011).

Study characteristics

Thirteen studies published from 2001 to 2011 were eligible for this meta-analysis. A
total number of 765 patients with different types of renal tumors (392 clear cell cancer, 101
papillary cell cancer, 101 Wilm’s tumor, 16 chromophobe, 25 oncocytoma, and 130 assorted
cases; pelvic cancers were excluded) were enrolled from China, Japan, England, Germany,
Portugal, Russia, and the USA. Basic patient characteristics are summarized in Table 1.

Table 1. Characteristics of 13 studies included in the meta-analysis.

First author Nationality Method Cancer type Control Patient Normal tissue Cancer tissue
source number

M+ M- M+ M-
Morrissey et al. (2001) England MSP CC, PC NRT 211 2 78 59 152
Costa et al. (2007) Portugal QMSP CC, PC, Onco, Chro NRT 85 62 0 68 17
Ellinger et al. (2011) Germany QMSP PC NRT 32 14 1 32 0
Zhang (2008) China MSP cC NRT 12 0 12 8 4
Tokinaga et al. (2004) Japan QMSP CcC NRT 50 38 1 39 11
Yoon et al. (2001) Japan MSP UA NRT 64 0 10 36 28
‘Wagner et al. (2002) England MSP WT NRT 39 2 7 21 18
Ehrlich et al. (2002) American M-LIGHT WT NRT 30 6 5 29 1
Duan Jianmin (2007) China MSP UA NRT 26 0 26 17 9
Harada et al. (2002) American MSP WT NRT 31 0 12 13 18
Dulaimi (2004) American MSP CC, PC, Onco, Chro NRT 94 0 10 43 51
Gonzalgo et al. (2004) American QMSP CC, PC, Onco, NRT 38 20 2 28 10
Loginov et al. (2004) Russia MSRA CcC NRT 53 10 20 50 3

CC = clear-cell renal cell cancer; PC = papillary-cell cancer; WT = Wilm’s tumor; Onco = oncocytoma; Chro =
chromophobe; UA=unasserted; NRT=normal renal tissues ornormal adjacent non-tumor tissues; MSP=methylation-
specific polymerase chain reaction (PCR); QMSP = quantitative methylation-specific PCR; M-LIGHT = MethyLight,
sodium-bisulfite-dependent, quantitative, fluorescence-based, real-time PCR; MSRA = methylation-sensitive
restriction enzyme analysis; M+ = RASSFI1A promoter methylation; M- = non-RASSFI1A promoter methylation.

Exploration of sources of heterogeneity: meta-regression and subgroup analysis

All 13 studies aimed to compare cancer risks between RASSF1A4 promoter methylation
and RCC; therefore, heterogeneity tests were performed prior to the meta-analysis. The
control sources employed in the studies were normal renal tissues or normal tissues adjacent
to tumors. The heterogeneity test showed I = 80.3%, P < 0.001. Significant heterogeneity was
observed among the 13 studies. Subgroup analyses stratified by testing method, region, and
case sample size were performed to evaluate the suspected sources of observed heterogeneity.
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As shown in Table 2, no sources of significant heterogeneity were found in regional subgroups
(P for Europe, America, and Asia were 84.3, 79.0, and 85.9%, respectively) and sample size
of cancer tissues (2 for <50 and >50 was 71.3 and 88.0%, respectively).

Table 2. Analysis of the association between RASSFIA4 promoter methylation and RCC risk, stratified based
on test method, region, and sample size.

Category Renal cancer risk Test of heterogeneity

N2 OR (95%CI) PP value 1 P
Method
MSP 7 15.099 (6.525, 34.942) 0.585 80.66 <0.1%
QMSP 4 0.230 (0.038, 1.376) 0.073 19.73 56.9%
Others 2 30.692 (9.324, 101.024) 0.816 35.16 <0.1%
Region
Europe 5 3.333 (2.038, 5.453) <0.001 25.72 84.3%
America 4 3.190 (1.473, 6.905) 0.001 10.38 79.0%
Asia 4 3.589 (1.869, 6.892) <0.001 18.91 85.9%
Case size
<50 7 5.245 (2.810, 9.789) 0.002 35.00 71.3%
>50 6 2.731 (1.783, 4.182) <0.001 23.85 88.0%
Total 13 4.993 (1.361, 8.319) <0.001 54.48 80.3%

“Number of comparisons; P value of Q-test for heterogeneity; Other-testing methods include MethyLight and
MSRA; Case size = number of patients; RCC = renal cell carcinoma, OR = odds ratio; 95%CI = confidence interval.

The ? decreased when data were stratified according to the testing method. To explore
this source of heterogeneity further, we conducted a meta-regression analysis using one single
variable (testing method, region, and case sample size) for each instance. As shown in Table
3, significant heterogeneity was observed in terms of the testing method (between-study
variance accounted for 96.38%, while residual variation due to heterogeneity was 20.84%;
P = 0.0019). Combined with the results of subgroup analysis, the quantitative methylation-
specific polymerase chain reaction (QMSP) testing method was considered to be the source
of heterogeneity. According to the reports by Kriston (2013) and Wang Dan (2009), the recent
studies were considered to be heterogeneous based on methodology. As such, we decided to
exclude four QMSP studies in the meta-analysis when normal renal tissues (NRT) were used
as controls, but included these studies when the control group was composed of tumor tissues.

Table 3. Meta-regression analysis.

Source of heterogeneity Coefficient 95% Confidence interval P-residual Adjusted R? P value
Testing method 3.50 (1.51,5.49) 20.84% 96.38% 0.0019
Case size -0.65 (-6.94, 5.62) 79.95% -6.21% 0.4524
Region 2.05 (-1.27,5.38) 99.72% -18.75% 0.8967

P value of meta regression test with Knapp-Hartung modification; Adjusted R? = proportion of between-study
variance; I? = residual - residual variation due to heterogeneity.

Correlation between RASSF1A4 promoter methylation and renal cell cancer risk

To evaluate the association of RASSF 1A promoter methylation with renal cell cancer
risk, and avoid methodology heterogeneity, we excluded four studies that used the QMSP
method. Therefore, only nine eligible studies were available for meta-analysis (349 cases of
RCC; 200 controls). After pooling data from the nine eligible studies, significantly higher
RASSF 1A promoter methylation was observed in RCC tissues than in NRT. Pooled ORs (OR =
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19.35,95%C1=9.57-39.13, P<0.001), as shown in Figure 2, indicate that RASSF /A promoter
methylation performs an important function in the pathogenesis of RCCs.

Correlation between RASSF 1A methylation and renal cancer risk

Study Events, Events, %
D OR (95%CI) RCC  NRT  Weight
MSP X
Morrissey (2001) — 15.14(3.60, 62.60)  59/211 2/80 33.56
Zhang (2008) : 47.22(2.24,996.02) 812 012 278
Yoon (2001) " 26.89(1.51,478.64) 26/64 0/10  6.02
Wagner (2002) 4 408(0.75,2219) 2129 29 24.09
Duan (2007) L 97.63(5.32, 1787.17) 17/26  0/26 23823
Harada (2002) 18.24 (0.99,235.71) 13/21 0112  6.60
Dulsimi (2004) . 17.74(1.01, 211.47) 4394  0/10 7.80
Subtotal (I-squared = 0.0%, P = 0.585) == 17.14(7.54,28.95)  197/477 4/159  82.69
|
|
METHY LIGHT i
Ehrlich (2002) —_— 24.17(237,24592) 29/20  €/11 470
Subtotal (l-squared =.%, P =) —_— T T 2417 (2.37,245.92) 29/20  €/11 470
|
MRSA :

Loginov VI (2004) —_— 33.33(8.20, 132.90) 50/53  10/20  11.61
Subtotal (l-squared =.%, P =) -ﬂ:;_'::}- 33.33(8.20, 132.90) 50/53 10/20 11.81
|
Overall (I-squared = 0.0%, P = 0.697) == 19.35(9.57, 39.13)  276/560 20/200 100.00
|
|

T * T
0.00056 1 1787

Figure 2. After exclusion of QMSP data, RASSF' 14 promoter methylation was significantly higher in RCC tissues
than in NRT (normal renal tissues). Heterogeneity chi-squared = 5.55, P = 0.697; I = 0.0%; test of OR = 1: Z =
8.25, P <0.001; OR =19.35, 95%CI = (9.57-39.13).

Correlation between RASSF1A4 promoter methylation status and clinical tumor stage

Five studies (96 high-stage RCC cases, 156 low-stage controls) detailing the correlation
between clinical tumor stage and RASSF'1A4 promoter methylation were included in this meta-
analysis. Stage I and II tumors were categorized as low-stage tumors, whereas stage III and/
or IV tumors were categorized as high-stage tumors in these studies (Table 4). Pooled ORs
(OR = 1.89, 95%CI = 1.00-3.56, P = 0.051) indicate a plausible positive correlation between
RASSF 14 promoter methylation status and tumor stage (Figure 3).

Table 4. Correlation of RASSF1A4 promoter methylation status with clinical tumor stage.

First author Method High /Low High stage Low stage Cut-off value
M+ M- M+ M-

Tokinaga et al. (2004) QMSP 8/42 5 3 15 27 1L, IV/ 1,11

Wagner et al. (2002) MSP 19/14 13 6 7 1L IV/ 1, 1T

Ehrlich et al. (2002) M-LIGHT 14/16 14 0 15 1 1L, IV/ 1, 11

Dulaimi (2004) MSP 30/54 18 12 25 31 1L, IV/ 1, 11

Loginov et al. (2004) MSRA 25/28 23 2 27 1 10, IV/ 1, 11

MSP = methylation-specific polymerase chain reaction (PCR); QMSP = quantitative methylation-specific PCR;
M-LIGHT = MethyLight, sodium-bisulfite-dependent, quantitative, fluorescence-based, real-time PCR; MSRA =
methylation-sensitive restriction enzyme analysis; M+ = RASSF1A promoter methylation; M- = Non-RASSF1A4
promoter methylation.
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Correlation between RASSF 1A promoter methylation and clinical RCC stage

Study Events, Events, %
ID OR (95%Cl) Advanced-stage Early-stage Weight
|
Tokinaga (2004) —_— 3.00(0.63, 14.34) 5/18 15/42 13.00
Wagner (2002) _— 2.17(0.52,9.02) 1319 ma 18.39
Ehrlich (2002) 2.81(0.11,74.56) 14/14 1516 3.50
1
Dulaimi (2004) —_——— 1.86 (0.76,4.58) 18/30 25/56 50.39
Loginov (2004) : 0.43(0.04,5.01) 23/25 27128 14.72
Overall (I-squared = 0.0%, P=0.767) <> 1.89(1.00,3.56) 73/96 89/156 100.00
i
!
T T
0.0134 1 746

Figure 3. Pooled OR (OR = 1.89, 95%CI = 1.00-3.56, P = 0.051) indicated a plausible positive correlation between
RASSF 14 promoter methylation status and tumor stage. Heterogeneity chi-squared = 1.83, P = 0.767; I> = 0.0%;
testof OR=1:Z=1.96, P=0.051.

Correlation between RASSF1A4 promoter methylation status and pathological
tumor grade

A total of four studies (77 high-grade RCC cases, 113 low-grade controls) describing the
correlation between pathological tumor grade and RASSF'1A promoter methylation were included
in this meta-analysis. Grade I and II tumors were categorized as low-grade tumors, whereas grade
HI and IV tumors were categorized as high-grade tumors in these studies (Table 5). Pooled OR (OR
=3.32, 95%CI = 1.55-7.12, P = 0.001) shown in Figure 4 indicated that the RASSF'1A promoter
methylation was significantly higher in high-stage cases than in low-stage controls.

Table 5. Correlation of RASSF 1A promoter methylation status with tumor grade.

First author Method High/Low High grade Low grade Cut-off value
M+ M- M+ M-

Yoon et al. (2001) MSP 8/6 6 2 0 6 LIV /1,11

Dulaimi (2004) MSP 38/47 24 14 17 30 L IvV/1L 11

Gonzalgo et al. (2004) QMSP 16/22 16 0 20 2 ILIV/L 1T

Loginov et al. (2004) MRSA 15/38 14 1 36 2 /L1

MSP = methylation-specific polymerase chain reaction (PCR); QMSP = quantitative methylation-specific PCR;
MSRA = methylation-sensitive restriction enzyme analysis; M+ = RASSF1A promoter methylation, M- = Non-
RASSF 14 promoter methylation.

Sensitivity analyses

A sensitivity analysis was performed to assess the stability of our results. The pooled
OR did not alter significantly, which indicates the stability of our meta-analysis.

Publication bias

Begg’s funnel plot, the Harbord test, and the Egger test were performed to assess
publication bias in this meta-analysis. The funnel plots obtained were symmetric (Figure 5).
The results of Harbord and Egger tests (Table 6) suggested no significant publication bias
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in the meta-analysis of correlation between RASSFIA promoter methylation and clinical/
pathological features and cancer risk.

Study
D

Yoon (2001)
Dulaimi (2004)
Gonzalgo (2004)
Loginov (2004)

Correlation between the RASSF1A promoter methylation and cancer grade

Overall (I-squared = 10.8%, P = 0.339)

1
]
|
(d
'
e
'
]
'
1
1

Events,

OR (95%Cl)

33.80 (1.34, 850.3068)
3.03 (1.24,7.35) 24/38
4.02 (0.18, 89.76) 16/16
0.78 (0.07,9.27) 14/15
3.32(1.55,7.12) 60/77

Events, %

0/6
17/47
20/22
36/38
73/113

High-grade Low-grade Weight

2.05
73.42
6.72
17.81
100.00

0.00118
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Figure 4. Pooled OR (OR =3.32, 95%CI = 1.55-7.12, P=0.001) indicated the RASSF 14 promoter methylation was
significantly higher in high-stage cases than in low-stage controls. Heterogeneity chi-squared = 3.36, P = 0.339; I
=10.8%; test of OR =1: Z=3.09, P=0.001.

Funnel plot with pseudo 95% confidence limits

logOR
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20 304050

Figure 5. Funnel plot of publication biases on the correlation between RASSF1A promoter methylation and (A)
renal cancer risk, (B) clinical stage, and (C) the pathological grade. The funnel plots were symmetric suggesting

that there was no significant publication bias in the meta-analysis.
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Table 6. Statistical analysis of publication bias for RASSF /A4 promoter methylation.

Category RCC risk Clinical stage Tumor grade
Harbord test 0.197 0.996 0.790
Egger test 0.395 0.703 0.760

RCC =renal cell carcinoma.

DISCUSSION

Epigenetic alterations are hallmarks of various human cancers. In particular, DNA
methylation is a common mechanism for the inactivation or silencing of tumor-suppressor gene
(TSG) or other functional genes in tumor cells. Epigenetic alterations by DNA methylation of
CpG islands within the promoter regions of TSGs have been validated as important factors
influencing the development and progression of many types of cancers (Lee et al., 2009). The
exact diagnosis of kidney cancer during the early stages (for renal cancer treatment) has become
possible through developments in imaging technology. Unfortunately, failure of treatment of
advanced or metastatic renal cell cancer by surgery or radiation therapy impedes the development
of treatment methodologies, or improvement in patient OS. Targeted therapy, which has recently
become very popular, seeks to discover new key genes for the treatment of various diseases.
RASSF14, the putative TSG located in the chromosomal region 3p21.3, inhibits tumor cell
growth in various types of cancers both in vivo and in vitro. Although the exact mechanism of
action of RASSF 1A methylation in renal carcinogenesis remains to be elucidated, CpG island
hyper-methylation of the 7SG gene promoter region is widely accepted to cause transcriptional
silencing and loss of suppression of tumor development, thereby resulting in progression of
malignance. Therefore, the RASSF1A could be a potential locus for targeted therapy.

This study is the first to perform a meta-analysis of published reports evaluating
the association between RASSFIA promoter methylation and renal cancer risk. In this
meta-analysis, our results indicated that RASSF/A promoter methylation presents a strong
relationship with cancer risk and histological grade of RCC patients; these findings suggest
that aberrant promoter methylation of the RASSF1A4 gene may play an important role in RCC
development. Our findings are in accordance with a previous study that reported transcriptional
silencing of 7SG RASSFIA caused by aberrant promoter methylation, which participates in
the progression of human RCC (Peters et al., 2007; Kawali et al., 2010; Ohshima et al., 2012).

During the analysis, no significant heterogeneity was detected between methylation and
clinical stage or pathological grade, regardless of the testing method. However, in four QMSP
studies, the median methylation level in normal controls was lower than that in tumor tissues. As
such, heterogeneity in methodological bias was suspected. Sixteen CpG islands may potentially
be methylated in the promoter region of the RASSF1A gene. The QMSP, MethyLight, and MSRA
methods have higher sensitivity and specificity than the MSP method. For example, Loginov et
al. (2004) observed an MSP methylation detection rate of 89.4% (16/17 cases), and an MSRA
method detection rate of 94.7% (18/19 cases). The MSP and MSRA detection rates were identical
(16.6%) in six normal controls (1/6 cases). The COBRA method is a semi-quantitative detection
method that, as a result of the use of bisulfite restriction enzyme, may display methylation
frequencies at a specific enzyme locus (CGCQ), thereby yielding false-negative results (Eads
et al., 2000; Kristensen et al., 2008). Thus, the use of COBRA was regarded as an exclusion
criterion, and four QMSP studies in the meta-analysis were excluded when the control group
utilized NRTs to improve the reliability of the analysis results.
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A positive correlation between RASSFIA promoter methylation status and tumor
stage appears to exist; this result, however, was not significant (P = 0.051). Nevertheless, such
a finding indicates that the expression level of the tumor suppressor gene RASSFIA may have
a non-significant relation with clinical tumor stage. Other well-designed studies are required to
validate this conclusion. Significantly higher degrees of RASSFIA promoter methylation were
observed in high-grade tumor tissues, but not in low-grade tumor tissues (P = 0.02). Such results
are in conformance with the conclusions of previous studies that reported an association between
RASSF 14 expression and high pathological grade of cancers (Cong et al., 2006; Ram et al., 2014).

Some of the limitations of this meta-analysis are: 1) a majority of the studies used
normal tissues adjacent to tumor tissues as the control, with no effective measures to avoid
confounding of normal tissues by the micro-metastasis of tumor; 2) heterogeneity between
the QMSP method and other methods may also exist; 3) the sample size was too small to
adequately show a strong correlation; 4) detailed information pertaining to the subjects (e.g.,
age, gender, cancer subtypes, smoking history) could not be acquired. Thus, these results
require confirmation through well-designed prospective studies; 5) only studies published in
English and Chinese were enrolled in our meta-analysis, and this language criterion restricted
the sample size. Hence, the result of this meta-analysis must be interpreted with caution.

CONCLUSIONS

RASSFI1A promoter methylation is significantly associated with increased risk of
RCC. Positive correlations between RASSF1A4 promoter methylation and renal pathological
grade (and not clinical stage) were also observed. Other well-designed studies involving larger
sample sizes and a wider variety of cancer types must be conducted to verify our conclusions.
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