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Abstract. The aim of the present meta-analysis was to inves-
tigate the correlation of promoter methylation of the p16 and 
Ras association domain family 1 isoform A (RASSF1A) 
genes with the risk of the development of papillary thyroid 
cancer (PTC). A number of electronic databases were 
searched without language restrictions as follows: Medline 
(1966-2013), the Cochrane Library database (Issue 12, 2013), 
Embase (1980-2013), CINAHL (1982-2013), Web of Science 
(1945-2013) and the Chinese Biomedical Database (CBM; 
1982-2013). A meta-analysis was performed with the use 
of Stata statistical software. The odds ratios (ORs), ratio 
differences (RDs) and 95% confidence intervals (95% CIs) 
were calculated. In the present meta-analysis, eleven clinical 
cohort studies with a total of 734 patients with PTC were 
included. The results of the current meta-analysis indicated 
that the frequency of promoter methylation of p16 in cancer 
tissues was significantly higher compared with that in normal, 
adjacent and benign tissues (cancer tissues vs. normal tissues: 
OR=7.14; 95% CI, 3.30-15.47; P<0.001; cancer tissues vs. 
adjacent tissues: OR=11.90; 95% CI, 5.55-25.52; P<0.001; 
cancer tissues vs. benign tissues: OR=2.25; 95% CI, 1.67-3.03; 
P<0.001, respectively). The results also suggest that RASSF1A 
promoter methylation may be implicated in the pathogenesis 
of PTC (cancer tissues vs. normal tissues: RD=0.53; 95% 
CI, 0.42-0.64; P<0.001; cancer tissues vs. adjacent tissues: 
RD=0.39; 95% CI, 0.31-0.48; P<0.001; cancer tissues vs. 
benign tissues: RD=0.39; 95% CI, 0.31-0.47; P<0.001; respec-
tively). Thus, the present meta-analysis indicates that aberrant 
promoter methylation of p16 and RASSF1A genes may play a 
crucial role in the pathogenesis of PTC.

Introduction

Papillary thyroid cancer (PTC) is a common thyroid malig-
nancy originating from the thyroid follicular cells. It accounts 
for ~85% of all thyroid cancer cases with an estimated 66,200 
new cases in the United States in 2013 (1,2). PTC is more 
prevalent in females and although it may occur at any age, the 
peak incidence of PTC occurs between 30 and 50 years (3,4). 
Despite being considered a low grade malignancy, PTC poses 
a substantial threat to global health due to the marked rise in 
the incidence rate of PTC, with an estimated 2.9-fold increase 
from 2.7 to 7.7 cases per 100,000 individuals in the United 
States over the past three decades (5,6). Although the exact 
etiology of PTC remains to be fully elucidated, related studies 
have proposed an association between the risk of developing 
PTC and exposure to radiation (4,7). Furthermore, with the 
rapid development of molecular biology, genetic factors have 
been demonstrated to play a critical role in increasing suscep-
tibility to PTC (8). Therefore, in recent years, an increasing 
number of studies have attempted to investigate the exact 
cellular and molecular mechanisms that lead to the develop-
ment of PTC. Epigenetic inactivation of tumor suppressor 
genes, including Ras association domain family 1 isoform A 
(RASSF1A) and p16, has been suggested to be implicated in 
PTC development (9,10).

The p16 protein, also known as multiple tumor suppressor 1 
or cyclin-dependent kinase inhibitor 2A, is a cell cycle regu-
lator protein belonging to a class of cyclin-dependent kinase 
(CDK) inhibitory proteins that control two critical cell-cycle 
control pathways, namely the p16-Rb and p14-p53 path-
ways (11). It plays an important role in cell cycle regulation 
by decelerating cell progression from the G1 to the S phase, 
specifically binding to CDK4, and preventing the phosphoryla-
tion and subsequent inactivation of the retinoblastoma protein 
(pRb) (12). Furthermore, p16 is a tumor suppressor protein that 
regulates cellular proliferation and growth by acting as a CDK4 
inhibitor, and is implicated in the prevention of numerous types 
of cancer, including breast and pancreatic cancers (13,14). The 
human p16 gene is located on chromosome 9p21, and consists 
of 3 exons and 2 introns (15). There is evidence to suggest 
that inactivation and the aberrant methylation status of p16 is 
implicated in the pathogenesis and development of PTC (9). It 
has been widely accepted that methylation is a major etiology 
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for p16 inactivation in PTC (9). Furthermore, the aberrant 
methylation of the p16 gene may give rise to the lack of p16 
protein expression and affect its function, which may in turn 
provide a selective growth advantage for tumor cells, thereby 
contributing to an increased risk of PTC (16).

Ras association domain family 1 isoform A (RASSF1A) 
is a microtubule-binding protein that regulates the activa-
tion of RAS effector pathways and has been suggested to 
contribute to maintaining genomic stability, stabilizing 
microtubules, as well as regulating cell cycle arrest and 
mitotic progression (17-19). The RASSF1A gene is located 
on the small arm of the human chromosome 3p21.3 within 
an area of common heterozygous and homozygous deletions, 
which occur frequently in a variety of human tumors (20,21). 
Clinically, reduced expression or inactivation of RASSF1A 
has been associated with the pathogenesis of various human 
cancers, including hepatocellular, gastric and bladder carci-
nomas (22,23). It should be noted that the inactivation of 
RASSF1A has been found to be associated with the meth-
ylation of its CpG-island promoter region (24). Furthermore, 
RASSF1A CpG-island methylation may lead to transcriptional 
silencing and thus inhibit its function of tumor suppression, 
resulting in the development of PTC (9,25).

Previous studies have indicated that promoter methylation 
of the p16 and RASSF1A genes may play an important role in 
the pathogenesis of PTC (9,25). However, other studies have 
obtained contradictory results regarding the association of 
aberrant promoter methylation of the p16 and RASSF1A genes 
with PTC development (26,27). Therefore, the present study 
attempted to perform a meta-analysis of all eligible studies to 
provide insights into the role of p16 and RASSF1A promoter 
methylation on the pathogenesis of PTC.

Materials and methods

Literature search and selection criteria. A range of electronic 
databases were searched without language restrictions, as 
follows: Medline (1966-2013), the Cochrane Library database 
(Issue 12, 2013), Embase (1980-2013), CINAHL (1982-2013), 
Web of Science (1945-2013) and the Chinese Biomedical 
Database (CBM) (1982-2013). The following keywords and 
Medical Subject Headings (MeSH) were used, in conjunction 
with a highly sensitive search strategy: ‘methylation’, ‘DNA 
methylation’, ‘demethylation’, ‘hypermethylation’ or ‘promoter 
methylation’; and ‘thyroid cancer, papillary’, ‘papillary thyroid 
carcinoma’, ‘PTC’, ‘papillary thyroid cancer’ or ‘papillary 
thyroid neoplasms’; and ‘cyclin-dependent kinase inhibitor 
p16’, ‘CDKN2 protein’, ‘p16INK4A protein’, ‘RASSF1 protein, 
human’ or ‘RASSF1’. A manual search was also conducted to 
identify other potential studies based on the references listed 
in the individual studies.

The following criteria were used to determine the 
eligibility of the included studies: i) the study design was a 
clinical cohort study that focused on the association between 
promoter methylation of p16 and RASSF1A and the patho-
genesis of PTC; ii) all patients met the diagnostic criteria for 
PTC; and iii) the study provided sufficient information about 
the frequency of methylation. Studies that did not meet the 
inclusion criteria were excluded. The most recently published 
studies or those with the largest sample size were included 

when the authors had published several studies using the 
same subjects.

Data extraction and methodological assessment. Data were 
systematically extracted by two authors from each included 
study using a standardized form. The form used for data 
extraction documented the most relevant items including: 
study language, publication year, first author's surname, 
geographical location, design of the study, sample size, the 
source of the subjects, protein expression levels, source of 
samples and protein detection method.

Methodological quality was evaluated separately by 
two observers using the Newcastle-Ottawa Scale (NOS) 
criteria (28). The NOS criteria included three scores: i) subject 
selection, 0-4; ii) comparability of subjects, 0-2; and iii) clin-
ical outcome, 0-3. NOS scores ranged from 0-9 and a score ≥7 
indicated a study of good quality.

Statistical analysis. Meta-analysis was performed using Stata 
statistical software (version 12.0; Stata Corporation, College 
Station, TX, USA). The odds ratios (ORs), ratio differences 
(RDs) and 95% confidence intervals (95% CIs) were calculated 
as estimates of the associations. The Z-test was used to esti-
mate the statistical significance of pooled ORs. Heterogeneity 
amongst the studies was estimated by the Cochran's Q and 
I2 tests (29). If the Q-test revealed a value of P<0.05 or the 
I2 test exhibited a value >50%, which indicates significant 
heterogeneity, a random-effects model was conducted, or else 
a fixed-effects model was used. The reasons for the heteroge-
neity were also explored using meta-regression and subgroup 
analyses. In order to evaluate the effect of single studies on the 
overall estimate, a sensitivity analysis was performed. Funnel 
plots and Egger's linear regression test were applied to investi-
gate publication bias (30).

Results

Study selection and characteristics of included studies. Initially, 
the highly sensitive search strategy identified 133 studies, of 
which three were duplicates. The titles and abstracts of all 
studies were reviewed and 66 studies were excluded. The full 
texts were subsequently reviewed and a further 51 studies were 
excluded. Fig. 1 shows the selection process used to identify 
eligible studies. A total of 11 clinical cohort studies with 
734 patients with PTC met the inclusion criteria for qualita-
tive data analysis (9,16,26,27,31-37). Publication years of the 
eligible studies ranged from 2002-2013. The distribution of the 
numbers of topic-related studies in electronic databases during 
the last decade is shown in Fig. 2. Overall, 10 studies were 
conducted among Asian populations and one study among the 
Caucasian population. The methylation-specific polymerase 
chain reaction (PCR; MSP) method was used in 10 studies 
and one study used the combined bisulfite restriction analysis 
(COBRA) method. The study characteristics and method-
ological quality are summarized in Table I.

Quantitative data synthesis. The results of the present 
meta-analysis indicate that the frequency of promoter meth-
ylation of p16 in the cancer tissues was significantly higher 
compared with that in the normal, adjacent and benign tissues 
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(cancer tissues vs. normal tissues: OR=7.14; 95% CI, 3.30-15.47; 
P<0.001; cancer tissues vs. adjacent tissues: OR=11.90; 95% 
CI, 5.55-25.52; P<0.001; cancer tissues vs. benign tissues: 
OR=2.25, 95% CI: ~1.67-3.03, P<0.001; respectively; Fig. 3). 
The results also suggest that RASSF1A promoter methylation 
may be implicated in the pathogenesis of PTC (cancer tissues 
vs. normal tissues: RD=0.53; 95% CI, 0.42-0.64; P<0.001; 
cancer tissues vs. adjacent tissues: RD=0.39; 95% CI, 0.31-0.48; 
P<0.001; cancer tissues vs. benign tissues: RD=0.39; 95% CI, 
0.31-0.47; P<0.001; respectively; Fig. 3).

Sensitivity analysis revealed that no single study was able 
to influence the pooled ORs and RDs (Fig. 4). The funnel plots 
also demonstrated no evidence of clear asymmetry (Fig. 5). 
Furthermore, Egger's test did not exhibit strong statistical 
evidence for publication bias (all P>0.05).
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Figure 1. Flow chart showing the study selection procedure. A total of 
11 cohort studies for quantitative analysis were included in the present 
meta-analysis.

Figure 2. Distribution of the number of topic-related studies in the electronic 
databases during the last decade.
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Discussion

The present meta-analysis was carried out to determine 
whether promoter methylation of p16 and RASSF1A is an 
alternative mechanism for the development and progression 
of PTC. In the current meta-analysis, promoter methylation of 
the p16 gene was a frequent and early occurrence in benign to 
low/high aggressive tumors in patients with PTC, indicating 
that the methylation profile of p16 may play a significant role in 
the pathogenesis of PTC. A potential explanation for this is that 
promoter methylation of p16, an important tumor suppressor 
gene, may result in transcriptional silencing and consequently, 
the loss of p16 protein function which is believed to modulate 
the activity of CDK (38). The CDK inhibitor p16 acts as a 
negative cell cycle regulator through binding to CDK4 and 
CDK6, as well as inducing G1 phase arrest in the molecular 
machinery of the cell cycle by interfering with cyclin D-CDK4 
complexes (39). Therefore, it is plausible that p16 promoter 
methylation may lead to its impaired transcription, contributing 

to the loss of a designated regulatory mechanism to block cell 
cycle progression and leading to the uncontrolled growth of 
genetically damaged cells. The current results are consistent 
with a previous study reporting that functional repression of 
the p16 gene, resulting from promoter methylation, plays a 
vital role in neoplastic progression and tumor dedifferentiation 
in PTC (40).

The results of the current meta-analysis also demonstrated 
that the frequency of promoter methylation of RASSF1A in 
cancer tissues was significantly higher compared with that 
in normal, adjacent and benign tissues. This implies that 
RASSF1A promoter methylation may play a causative role in 
the malignancy of PTC. Despite the precise role of RASSF1A 
promoter methylation in the development and progression of 
PTC, its mechanism remains unclear. It is hypothesized that 
the promoter methylation of RASSF1A may contribute to its 
silencing and inactivation (41). RASSF1A regulates the activa-
tion of RAS effector pathways and has been suggested to have 
a significant function in the maintenance of genomic stability, 

Figure 3. Forest plots for the correlation between p16 and ras association domain family 1 isoform A (RASSF1A) promoter methylation and susceptibility to 
papillary thyroid cancer. CI, confidence interval.
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cell cycle control, the modulation of apoptosis and cell 
motility and invasion (19,42). Furthermore, absent RASSF1A 
expression is considered to be associated with a change in 
the functional pathway through which RASSF1A may inhibit 
tumorigenesis (22). The results of a previous association study 
also demonstrated that the RASSF1A promoter region was 
methylated in 71% of patients with PTC (27). Thus, the results 
of the present study are in accordance with previous studies 
in that they indicate that promoter methylation of the p16 and 

RASSF1A genes may be implicated in the pathogenesis of 
PTC. This suggests that p16 and RASSF1A promoter meth-
ylation may be a candidate biomarker for the diagnosis and 
prognosis of PTC.

The current meta-analysis has several limitations that should 
be acknowledged. First, the results lacked sufficient statistical 
power to assess the association between p16 and RASSF1A 
promoter methylation and the pathogenesis of PTC due to the 
small number of studies included. Since certain studies had 

Figure 4. Sensitivity analysis of the odds ratio coefficients of the correlation between p16 and ras association domain family 1 isoform A (RASSF1A) promoter 
methylation and susceptibility to papillary thyroid cancer. CI, confidence interval.
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small sample sizes and standard deviations, it meant that the 
current meta-analysis induced fairly wide confidence inter-
vals that restrained the confidence in the conclusions drawn. 
Furthermore, the small number of studies may constrain the 
general applicability of the results obtained and consequently 
the cognitive function of the present meta-analysis should 
be regarded as preliminary. Secondly, the meta-analysis was 
a retrospective study that may have led to subject selection 
bias and thus had an impact on the reliability of the results. 
Thirdly, the meta-analysis failed to obtain original data from 
the included studies, which may have limited the further 
evaluation of the potential role of p16 and RASSF1A promoter 
methylation in the development of PTC. Although the present 
study has several limitations, to the best of our knowledge, it is 
the first meta-analysis focusing on the association between p16 

and RASSF1A promoter methylation and the development of 
PTC. Furthermore, a highly sensitive literature search strategy 
was performed of the electronic databases. A manual search of 
the reference lists from the relevant studies was also conducted 
to identify other potential studies. The selection process to 
select eligible studies was based on strict inclusion and exclu-
sion criteria. Importantly, rigorous statistical analysis of single 
nucleotide polymorphism (SNP) data provided a basis for the 
pooling of information from individual studies.

In conclusion, promoter methylation of p16 and RASSF1A 
genes may be implicated in the pathogenesis of PTC, 
suggesting that the promoter methylation of p16 and RASSF1A 
may be a candidate biomarker for the diagnosis and prognosis 
of PTC. However, due to the limitations acknowledged above, 
further studies with larger sample sizes and more detailed 

Figure 5. Funnel plot of publication bias on the correlation between p16 and ras association domain family 1 isoform A (RASSF1A) promoter methylation and 
susceptibility to papillary thyroid cancer. SE, standard error.
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information are required in order for a more representative 
and precise statistical analysis to be possible.
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