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The most common inactivation mechanism of tumor suppressor genes, RASSF1A and p16INK4a, in lung 
cancer is hypermethylation. We detected the methylation status of RASSF1A and p16INK4a in serum of lung 
cancer patients using methylation-specific PCR and analyzed their clinicopathological significance. Each of 
RASSF1A and p16INK4a hypermethylation was detected in 31.1% cancer patients but not in benign lung 
lesion patients. Hypermethylation was preferentially observed in small cell lung cancer (SCLC) for RASSF1A 
(50%), but not for p16INK4a. In non-small cell lung cancer (NSCLC), RASSF1A and p16INK4a 
hypermethylation were found in 27% and 37.8% respectively. Hypermethylation of RASSF1A was not 
correlated with clinicopathological character. While, p16INK4a hypermethylation was associated with age 
>60 years, smoking and squamous cell carcinoma (SCC) (P = 0.033), but not with gender and pathological 
stages of NSCLC. Sensitivity and specificity of each gene were 31.1% and 100% respectively and the 
sensitivity improved with evaluation of a combination of the two genes (55.6%). These findings suggest that 
serum RASSF1A and p16INK4a hypermethylation are promising diagnostic method for detection of lung 
cancer. As regard the clinicopathological characteristics, p16INK4a hypermethylation may provide a more 
specific approach than RASSF1A hypermethylation.

ung cancer is the main cause of cancer 
mortality worldwide (Salim et al.,
2011). Human lung cancer is classified 

into 2 major types, non small cell lung cancer 
(NSCLC) and small cell lung cancer (SCLC), 
the former consisting of several types: 
adenocarcinoma, squamous cell carcinoma 
and large cell carcinoma (Choi et al., 2005). 
In spite of major advances in therapy, the 
overall 5-year survival rate remains less than 
15% (Pastorino, 2010). At the time of 
diagnosis, only one-third of the patients have 
disease suitable for surgery, the most effective 
treatment for lung cancer. The poor outcome 
of the disease may be attributed to its late 
diagnosis, low cure rate for advanced stage 
tumors, and the poor understanding of biology 
of the lung tumors (Niklinska et al., 2009). 
Early-stage detection through the 
development of sensitive techniques able to 
detect molecular and cellular signatures of 

tumorigenesis not only in tissues but also in 
body fluids is thus the only way to improve its 
responsibility and, likely, its prognosis 
(Bearzatto et al., 2002; Gao et al., 2015).

In many human cancers, including lung 
cancer, both hypomethylation and 
hypermethylation of normally unmethylated 
areas rich in dinucleotides Cytosine–Guanine 
(CpG), known as CpG islands, is located in or 
near the promoter region of genes. Such 
aberrant DNA methylation may lead to 
carcinogenesis in several ways. 
Hypomethylation may contribute to 
chromosomal instability and loss of 
imprinting (Robertson, 2001). 
Hypermethylation of CpG sequences may 
facilitate C-to-T transition mutations in tumor 
suppressor genes (TSG) and/or oncogenes by 
deamination of 5-methylcytosine to thymine.
Methylated CpG sequences may also increase 
susceptibility to attack by some environmental 
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carcinogens (Yoon et al., 2001). Finally, 
hypermethylation of CpG sequences may lead 
to silencing of TSG and DNA repair genes 
(Jang et al., 2005).

Several studies have shown that several 
genes, including TSG, such as retinoic acid 
receptor h (RARh; Virmani et al., 2000) and 
p16INK4a (Kersting et al., 2000), apoptosis-
associated genes, such as death-associated 
protein kinase (DAPK; Tang et al., 2000) and 
Ras-association domain family 1A 
(RASSF1A; Dammann et al., 2001), and the 
DNA repair gene O6-methylguanine DNA 
methyltransferase (MGMT; Zochbauer-
Muller et al., 2001), were frequently 
methylated in lung cancer cells (Lee et al.,
2012). Furthermore, DNA methylation 
reversibility makes it possible that the 
expression of genes that have undergone 
epigenetic silencing becomes reactivated by 
the DNA methylation inhibitors (Zhang et al.,
2011).

The Ras-Association Domain Family 
(RASSF) gene family members are tumor 
suppressor proteins, cell cycle modulators, 
activators of cell death, and possibly 
inflammatory mediators linked to Nuclear 
Factor kappa B (NFκB) (Gordon & Baksh, 
2011). RASSF gene family comprises 10 
members, termed RASSF1 to RASSF10. 
There are seven different RASSF1 isoforms 
(RASSF1A to RASSF1G) that are generated 
by alternative splicing (van der Weyden &
Adams, 2007; Bayram, 2014). The RAS-
association domain family 1, isoform A 
(RASSF1A) gene is a TSG in the RAS 
pathway that can induce apoptosis and 
regulate proliferation (Liu et al., 2005). 
Inactivation of RASSF1A is frequently 
observed in a number of epithelial cancers and 
solid tumors (Yegnasubramanian et al., 2004; 
Dammann et al., 2005).

The RASSF1A gene is located within a 
120-kb region of chromosome 3p21. It is 
thought that RASSF1A functions as a scaffold 

for building of multiple tumor suppressor 
complexes and may transmit proapoptotic 
signaling by K-RAS. It has also been 
suggested that RASSF1A is an important TSG 
acting at the level of G1/S phase cell cycle 
(Shivakumar et al., 2002). Inactivation of 
RASSF1A by RNA interference caused a cell 
division defect that was characterized by 
centrosome abnormalities and multipolar 
spindles (Choi et al., 2005). Inactivation of 
RASSF1A can occur by gene deletion or 
mutation; however, the most common cause 
of loss of RASSF1A function is 
transcriptional silencing through promoter 
hypermethylation (Palakurthy et al., 2009).

Hypermethylation of the RASSF1A
promoter gene was reported in up to 60% of 
non-small cell lung cancer and 100% of 
small-cell lung cancer cases. These findings 
suggest that RASSF1A is likely to be 
involved in the genesis of lung cancer, and 
plays an important role in the progression of 
tumorigenesis (Grote et al., 2006).

The p16INK4a (also known as cyclin
dependent kinase inhibitor 2A, CDKN2A) a 
TSG located on 9p21 is one of the key 
regulators of the cell cycle and is often 
inactivated in many solid tumors (Wang et al.,
2004). The p16INK4a is a well-known D-type 
cyclin-dependent kinase (cdk) inhibitor gene 
that interferes with the interaction of cdk4 
with cyclin D1, stimulating the progression of 
eukaryotic cells through the G1 phase of the 
cell cycle (Suga et al., 2008). The p16INK4a 
has been found to be inactivated either 
genetically (mainly homozygous deletion) or 
epigenetically (promoter hypermethylation) 
(Zöchbauer-Müller et al., 2001; Sato et al.,
2002). Hypermethylation of p16INK4a 
promoter correlates with loss of protein 
expression, and represents a frequent event in 
lung cancer. Moreover, the fact that 
p16INK4a hypermethylation has also been 
found in precursor lesions of lung carcinomas 
renders this marker an interesting candidate 
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for early detection and risk assessment 
(Bearzatto et al., 2002).

The aim of this study was to evaluate the 
diagnostic role of serum RASSF1A and 
p16INK4a hypermethylation in lung cancer 
and to analyze the correlation between serum 
RASSF1A and p16INK4a hypermethylation
and patients’ clinicopathologic parameters to 
further evaluate the clinical significance of 
this molecular change.

Subjects and Method

Patients Characteristics

This study was conducted on 45 lung cancer patients,
41 males and 4 females, and they ranged in age from 31 
to 92 years with mean value ±SD (64.5± 12.6) years. 
They were recruited from the Chest department, Assiut
University hospital after exclusion of other 
malignancies and patients receiving chemotherapy, 
during the period of 2012-2014. Patients' pretreatment 
staging procedures included physical examination,
chest radiographs, bronchoscopy (using a flexible 
fiberoptic bronchoscopy, Pentax SB 15; Pentax, Japan), 
multi-detector computed tomography (MDCT) of the
chest (done using 16-slice MDCT system Bright Speed 
Elite, GE Healthcare, Milwaukee, Wiskonson, USA),
transthoracic ultrasonography (using an ultrasound 
scanner (Aloka Echo Camera SSD-3500; Aloka
Prosound, Yokohama, Japan) equipped with a 3.5-MHz 
convex probe) and histopathological evaluation of the 
needle biopsy taken during bronchoscoy.
Histopathological classification was assessed according 
to the World Health Organization (WHO) criteria. 
Tumor-node-metastasis (TNM) staging followed the 
American Joint Committee on Cancer (AJCC) staging 
system as revised in 2010 (7th edition) was used. Eight 
patients had SCLC (limited stage) and 37 patients had 
NSCLC. Of the 37 patients with NSCLC, 9 patients 
were diagnosed with adenocarcinoma (ADC), and 28 
patients had squamous cell carcinoma (SSC). The 
pathologic stages were 11 patients had stage I NSCLC, 
while 6 and 20 patients had stage IIIb and IV NSCLC, 
respectively. Twenty patients (16 males and 4 females) 
diagnosed as benign lung lesions [4 idiopathic 
pulmonary fibrosis (IPF), 2 pneumonia, 12 chronic 
obstructive pulmonary disease (COPD) and 2 left 
bronchiectasis] were included in this study as a control 
group for comparison. The control group was matched 
for age and sex. Their age ranged from 32-78 years old
with mean value ±SD (61.5±14.5) years. A written 
informed consent was obtained from patients involved 

in the study and the study was approved by the Faculty 
of Medicine Ethics Committee, Assiut University.

Sample collection

Five mL of peripheral venous blood was collected from 
each patient after admission. At this time, the patients 
did not start their treatment. All blood samples were 
left to clot for 30 minutes at 37 °C and then centrifuge 
at 1600 x g for 10 minutes. The separated serum was 
immediately divided into aliquots and kept at -20°C for 
further investigations.

DNA extraction and bisulfite treatment

Serum DNA, extracted with the QIAamp blood mini kit 
(Qiagen, Germany) using the blood and body fluid 
protocol as recommended by the manufacturer’s 
instructions, was stored at -20℃ until use.

Bisulfite conversion of unmethylated cytosines in 
DNA was converted to uracil by Methyl Code™ 
Bisulfite Conversion Kit (Invitrogen, UK) (lot number
1510617) according to the manufacturer’s instructions.

Methylated specific polymerase chain reaction
(MSP)

The methylation status of the p16INK4a, and 
RASSF1A genes were analyzed in the Department of 
Clinical Pathology of Assiut University Hospitals by 
the methylated specific polymerase chain reaction 
(MSP) procedure that combines a nested, two-stage 
PCR approach. In stage I PCR: 280-bp and 260-bp 
fragment of the p16INK4a and RASSF1A genes were 
amplified, respectively. Primer sequences used in the 
stage 1 amplification of the RASSF1A and p16INK4a
genes have been described previously by Choi et al.,
2005 and Bearzatto et al. 2002 respectively and are as 
follows:

RASSF1A forward, '5-GGAGGGAAGGAAGGGTA
AGG- 3';

RASSF1A reverse, '5-CAACTCAATAAACTCAAAC
TCCC- 3';

P16INK4a forward,' 5-GAAGAAAGAGGAGGGGT
TGG-3'; 

P16INK4a reverse, '5-CTACAAACCCTCTACCCA
CC-3'.

Stage I PCR amplifications were carried out in 
PuReTaq Ready-To-Go™ PCR Beads (GE Healthcare, 
Munich, Germany) in 25-μl reaction mixture
containing 4 µl of modified DNA, 1 µl of each primer 
(p16INK4a or RASSF1A) and 19 µl of nuclease free 
water. The PCR amplification protocol for stage 1 was 
as follows: 95°C for 10 min, then denature at 95°C for 
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30s, anneal at 60°C (p16INK4a) or 55°C (RASSF1A) 
for 30 s, extension at 72°C for 30 s for 40 cycles 
followed by a 10-min final extension. The stage-1 PCR 
products were diluted 50-fold, and 5 µl was subjected 
to a stage-II PCR in which two pairs of primers were 
used: one pair recognizes unmethylated CpG sequence 
(bisulfite modified to UpG), and the other recognizes 
methylated CpG sequence (unmodified by bisulfite).
The primers used for methylated and unmethylated 
alleles of the RASSF1A and p16INK4a genes have 
been described previously by Palmisano et al., 2000 
and Bearzatto et al., 2002 respectively. GenBank 
accession number of RASSF1A and p16INK4a are 
AC002481 and X94154 respectively. Primer sequences 
are as follows:

RASSF1A unmethylated forward: 5'-GGTTTTGTGAG
AGTGTGTTTAG-3';
RASSF1A unmethylated reverse: 5'-ACACTAACAAA
CACAAACCAAAC-3';

RASSF1A methylated forward: 5'-GGGGGTTTTGCG
AGAGCGC-3';
RASSF1A methylated reverse: 5'-CCCGATTAA
ACCCGTACTTCG- 3'

p16INK4a unmethylated forward: 5'-TTATTAGAGG
GTGGGGTGGATTGT-'3,
P16INK4a unmethylated reverse: 5'-CAACCCCAAAC
CACAACCATAA-3'; 

p16INK4a methylated forward: 5'-TTATTAGAGGG
TGGGGCGGATCGC-'3;
P16INK4a methylated reverse: 5'- GACCCCGAA
CCGCGACCGTAA-3'. 

Each sample was amplified in two reactions for 
each gene, with one reaction containing primers 
specific for methylated alleles and the other reaction 
containing primers specific for unmethylated alleles.
PCR reaction was carried out in PuReTaq Ready-To-
Go™ PCR Beads (GE Healthcare, Munich, Germany)
in 25-μl reaction mixture containing about 5 µl of stage 
I DNA product, 1 µl of each primer (For each DNA 
sample, primer sets for methylated DNA and 
unmethylated DNA p16INK4a or RASSF1A were used 
for analysis) and 18 µl of nuclease free water. PCR 
amplification conditions were as follow for p16INK4a:
Each reaction was heated at 95ᵒC for 10 minutes, then 
denaturation at 95℃ for 30 s, annealing at 70ᵒC (for the 
reaction containing methylated primers) or 64ᵒC (for 
the reaction containing unmethylated primers) for 30s, 
extension at 72℃for 30 s for 40 cycles followed by a 
10 min final extension (Liu et al., 2006).The PCR 
amplification protocol for RASSF1A was as follows: 
prewarming at 95ᵒC for 5 min, then a denaturing step at 

95ᵒC for 30 sec, an annealing at 68ᵒC (for the reaction 
containing methylated primers) or 62ᵒC (for the 
reaction containing unmethylated primers) for 30 sec, 
extension at 72ᵒC for 1 min for 35 cycles; this was 
followed by a final extension at 72ᵒC for 7 min.(Choi 
et al., 2005). Water replacing for DNA was used as 
negative control for each set of PCRs. The amplified
PCR products were analyzed on 2% agarose gels and 
visualized under UV illumination after staining with 
ethidium bromide. The hypermethylation status was 
determined by visualizing a 150-bp PCR product for 
the p16INK4a promoter and a 169-bp PCR product for 
the RASSF1A promoter with the respective 
methylation- specific primer sets. A 100 bp DNA 
Ladder (Zymo Research, CA, USA) was used. 
Methylation-positive cases were defined as the cases 
whose serum DNA showed a visual band amplified 
with methylated specific primers, even if it was faint. 

Statistical Analysis

Categorical variables were described by number and 
percent (N, %), where continuous variables described 
by mean and standard deviation (Mean, SD). Chi-
square test and Fisher exact test used to compare 
between categorical variables where compare between 
continuous variables by t-test. Formula of calculating 
sensitivity, specificity, negative predictive value 
(NPV), positive predictive value (PPV) and accuracy 
was used for RASSF1A and p16INK4a. Multivariate 
binary logistic regression to determine the most risk 
factors of RASSF1A and p16INK4a. A two-tailed P < 
0.05 was considered statistically significant. All 
analyses were performed with the IBM SPSS 20.0 
software.

Results

A total of 45 lung cancer patients and 20 
benign lung lesions (control subjects) were 
included in this study. Clinico-pathologic 
information of patients and control groups 
including: age, gender, smoking condition, 
duration of complains and histologic types are 
summarized in Table 1. Patients and control 
subjects were age and sex matched. Current 
smokers were more commonly represented 
among patients with lung cancer than those 
with nonmalignant diseases (64.4% versus 
10%; P< 0.001). Duration of complain was 
significantly higher in nonmalignant diseases 
group (P < 0.001). Among patients with lung 
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cancer, hupermethylation was detected at a 
frequency of 31.1% (14/45) for RASSF1A 
and 31.1 % (14/45) for p16INK4a. Three of 
the 45 cases had hypermethylation of the two 
genes, 22 cases for one gene and 20 patients 
were hypermethylation negative for both 
genes. Among the controls, no subjects were 
positive for RASSF1A and p16INK4a 
hypermethylation while unmethylation was 
positive for all. Results of methylation 
analysis by MSP are shown in Figures 1 & 2.

We further analyzed the relationship 
between serum RASSF1A and p16INK4a 
methylation status and clinicopathologic 
features in lung cancer patients. Because the 
percentage of female in this study is low due 
to small sample size of female cases [4 
patients (8.9 %)], RASSF1A and p16INK4a 
hypermethylation appeared higher among 
male patients (43.1% and 31.7% in men vs 
zero and 25% in women respectively). 
Although the frequency of hypermethylation 
of the RASSF1A gene tended to be higher in 
elderly patients > 60 years, no statistically 
significant age association was observed. 
Serum p16INK4a hypermethylation frequency 
was significantly higher in elderly patients > 
60 years (P=0.033). 

The frequencies of serum RASSF1A and 
p16INK4a hypermethylation in NSCLC was 
(27.0% and 37.8 % respectively), while in 
SCLC only RASSF1A hypermethylation was 
detected (50.0%). Regarding different 
clinicopathological features of NSCLC, there 
was no statistically significant difference 
observed between RASSF1A hyper-
methylation and histological type of tumor, as 
33.3% of adenocarcinoma tumors showed 
RASSF1A promoter hypermethylation in 
comparison to 25.0% of squamous cell 
carcinomas. While, p16INK4a methylation 
showed statistical significant increase of 
squamous cell carcinoma (39.3%) in 
comparison to adenocarcinoma (33.3%) 

(P=0.033). There was no association between 
tumor stages and methylation status of the 
RASSF1A or p16INK4a genes (Table 2).

Figure 1. Agarose gel electrophoresis analysis of stage 
2 MSP products. MSP product size is 150bp. Samples 1 and 
4 contain methylated DNA (M), indicative of the presence of 
p16INK4a promoter methylation. By contrast, DNA Samples 2 
and 3 show absence of p16INK4a promoter methylation 
reaction (M). Sample 5 is water blank (WB).DNA molecular 
weight marker is 100 bp.

Figure 2. Agarose gel electrophoresis analysis of stage 
2 MSP products. MSP product size is 169 bp. Samples 2 
and 3 contain methylated DNA (M), indicative of the presence 
of RASSF1A promoter methylation. By contrast, DNA Samples 
1 and 4 show absence of RASSF1A promoter methylated 
reaction (M). Sample 5 is water blank (WB). DNA molecular 
weight marker is100 bp.
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Table 1. Clinicopathological data of lung cancer patients and control group

Malignant Benign
P. value

No. % No. %

Age

Mean+SD (range) 64.7+12.3 (31-92) 61.5+14.5 (22-78) NS

Sex

Male 41 91.1 16 80.0
NS

Female 4 8.9 4 20.0

Smoking

<0.001Non smoker 16 35.6 18 90.0

Smoker 29 64.4 2 10.0

Duration of complaint :(days)

Mean+SD (range) 66.5+60.6 (7-240) 3650+2320.6(3650-7300) <0.001

Malignant histologic type

Small cell lung cancer 8 17.8

Non small cell lung cancer 37 82.2

Histology

Adenocarcinoma

Squamous cell carcinoma

9

28

24.3

75.7

Stage

       I  

       IIIB

      IV

11

6

20

29.7

16.2

54.1

Benign diagnosis

COPD

IPF 

Left bronchiectasis

Pneumonia

12

4

2

2

60.0

20.0

10.0

10.0

RASSF1Ahypermethylation 14.0 31.1 0.0 0.0

p16INK4a hypermethylation 14.0 31.1 0.0 0.0

idiopathic pulmonary fibrosis (IPF), chronic obstructive pulmonary disease (COPD)

P>0.05 IS not significant (NS)
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Table 2. Frequency of hypermethylation of RAFFF1Aand p16INK4a in relation to clinicopathologic features

RASSF1A (n=14)
P. value

p16INK4a (n=14)
P. value

No. % No. %

Age

≤60 years (no=12) 5 41.7
NS

3 25.0
0.033*

> 60 years (no=33) 9 27.3 11 33.3

Sex

Male (no=41) 14 34.1
-

13 31.7
<0.001

Female (no=4) 0 0.0 1 25.0

Smoking

Non smoker (no=16) 4 25.0
NS

3 18.8
0.033

Smoker (no=29) 10 34.5 11 37.9

Histology NSCLC (no=37) 10 27.0 14 37.8

Adenocarcinoma (no=9) 3 33.3
NS

3 33.3
0.033

Squamous cell carcinoma (no=28) 7 25.0 11 39.3

TNM stage of NSCLC

I (no=11) 4 36.4

NS

6 54.5

NSIIIB (no=6) 4 66.7 2 33.3

IV (no=20) 2 10.0 6 30.0

Chi-square test used (for % comparison), t-test used (for means comparison), * P>0.05 IS not significant (NS)

Each of RASSFA1 and p16INK4a had a 
diagnostic sensitivity 31.1%, specificity 
100%, the positive predictive value (PPV) 
100% and negative predictive value (NPV) 
39.2%. The performance of combination of 2 
genes were analyzed considering a result to be 

positive if one of the two genes was positive 
and negative if both genes were negative for 
hypermethylation (Table 3). The sensitivity 
increased to (55.6%) with evaluation of a 
combination of the two genes.

Table 3. Sensitivity, Specificity, PPV, NPV and accuracy of RASSF1A and p16INK4a.

Sensitivity % Specificity % PPV % NPV % Accuracy

RASSF1A 31.1 100 100 39.2 52.3

p16INK4a 31.1 100 100 39.2 52.3

RASSF1A +p16INK4a 55.6 100 100 50.0 69.2

PPV; positive predictive value, NPV; negative predictive value
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Multivariate logistic regression was done to 
detect effects of clinicopathological variables 
such as age, gender, smoking status, histology 
and stage on RASSF1A and p16INK4a 
methylation status. As shown in table (4), 
these variables showed no effect on the 
methylation status of RASSF1A, while only 
smoking and histology showed significant 

effect on p16INK4a methylation status (odds 
ratio (OR) = 3.088, 13.8; 95% confidence 
interval (CI) = 1.9 –5.33, 8.7-15.21; P = 
0.042, 0.001 respectively). This indicates that 
p16INK4a hypermethylation seems to be 
associated with the risk factor tobacco 
smoking and with SSC.

Table 4. Multivariate analysis of clinicopathologic features and p16INK4a and RASSF1A methylation status. 

RASSF1A p16INK4a

OR (95% CI) P. value OR (95% CI) P. value

Age 3.2 (1.1-5.9) 0.113 0.62(0.03-2.24) NS

Sex 2.9(0.7-7.4) 0.512 0.67(0.06-9.11) NS

Smoking 1.83(0.38-6.7) 0.372 3.88 (1.9-5.33) 0.042

Histology 0.49(0.06-2.17) 0.289 13.8(8.7-15.21) 0.001

Stage 0.9(0.18-3.52) 0.588 0.39(0.11-1.44) NS

Binary logistic regression used for multivariate analysis. P>0.05 IS not significant (NS)

Discussion

Previous evidence suggests that tumor cells 
may release DNA into the circulation, causing 
the serum to become enriched with the DNA. 
In lung cancer, promoter hypermethylation
has been detected in blood, bronchial lavage,
sputum and pleural fluid of lung cancer 
patients (Suga et al., 2008).

In the present study, we examined 
promoter hypermethylation status of two TSG
(RASSF1A and p16INK4a) in serum DNA 
from 65 patients with malignant and 
nonmalignant disease. We found that 
promoter hypermethylation was detected only 
in lung cancer. We detected each of 
RASSF1A and p16INK4a hypermethylation 
in 31.1% (14 of 45) of lung cancer patients.
The combined hypermethylation rate of 

RASSF1A and p16INK4a was 55.6%. Results 
from a previous study of Fujiwara et al., 2005 
reported that p16INK4a and RASSF1A hyper-
methylation in serum or plasma has been 
detected in 15.4% % and 12.1%, respectively. 
In a Meta analysis study conducted by Ulivi et 
al., 2006 they found that p16INK4a gene 
hypermethylation was detected in a 
percentage of cases ranging from 17% to 84% 
in different studies probably due to the 
variability in technical procedure used. 
However, in one such study, Ramirez and 
coauthors (2003) examined DNA methylation 
of the RASSF1A, DAPK, and TMS1 genes in 
tumors and paired sera from 50 patients with 
lung cancer and reported that
hypermethylation in tumor and serum were 
closely correlated. Gao et al., 2015 studied 
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multiple samples including plasma, serum and 
biopsy tumor tissues, they found that the 
hypermethylation rates of RASSF1A were 
66.7% (26/39) in biopsy tissues, 52.5% 
(21/40) in serum, and 43.1% (25/58) in 
plasma of lung cancer patients. The 
hypermethylation rates of the three different 
sample types showed no significant 
difference. The detection of tumor molecular 
signatures in serum may have powerful 
implications for the identification of high risk 
subjects, patients with early stage lesions, and 
for monitoring the residual disease (Bearzatto 
et al., 2002).

Furthermore, three individuals (3/45; 
6.7%) of our study showed the co-occurrence 
of promoter hypermethylation of the two 
genes. The clinical implication of the co-
occurrence of promoter hypermethylation on 
lung cancer risk remains unclear since these 
subjects were not followed up further but may 
be used as a simple and effective index of the 
diagnosis of lung cancers, and can improve 
the positive rate.

In this study, the hypermethylation rate of 
RASSF1A gene was not correlated with age 
and sex. These results were similar to that 
found by Peng et al., 2010. Our results 
showed that the methylation rate of p16INK4a 
was not correlated with sex. This finding was 
in accordance with the result of Hong et al.,
2007 who found that the hypermethylation 
rate of p16INK4a was not correlated with sex. 
We found that the hypermethylation rate of 
p16INK4a was significantly increased in 
patients older than 60 years of age (P=0.033). 
Similarly, Bradly et al., 2012 found that 
Promoter hypermethylation levels of 
p16INK4a were generally higher in patients 
older than 60 years of age than in patients 60 
years or younger at diagnosis.

The mechanism of age-related methylation 
is unknown; however, environmental factors, 
such as tobacco-smoking (Yanagawa et al.,
2002) and Helicobacter pylori infection (Chan 

et al., 2003), as well as genetic factors (Paz et 
al., 2002), might influence an individual’s 
susceptibility to age-related methylation. The 
frequencies of the presence of methylated 
genes were almost constant after 40 years of 
age, however, the number of methylated cells 
and extent of methylated CpGs in each cell 
likely increases with age toward complete 
promoter hypermethylation, which leads to 
loss of gene function (Waki et al., 2003).

The frequencies of promoter 
hypermethylation for the RASSF1A and 
p16INK4a genes with the smoking status of 
the patients were compared. Our results 
showed that the frequency of promoter 
hypermethylation of RASSF1A was
insignificantly increased in smokers compared 
with non-smokers [34.5% (10 of 29) vs 25.0% 
(4 of 16)] and for p16INK4a, the frequency 
was significantly higher among smokers, 
compared with non-smokers [37.9% (11 of 
29) vs 18.8% (3 of 1), P =0.033]. Comparable 
results were found by Vaissie`re et al., 2009
who reported that hypermethylation levels in 
RASSF1A were not associated with smoking 
status. On contrary to our results, Wu et al., 
2014 did meta analysis of 19 case-control 
studies covered 2, 287 lung cancer patients. 
Their overall results suggested that smokers 
with lung cancer had a higher risk for 
RASSF1A gene hypermethylation than the 
non-smokers.

A significant increase of hypermethylation
of p16INK4a among smokers in comparison 
to non-smokers was reported in our study and 
previous studies (Kim et al., 2001; Toyooka et 
al., 2003; Liu et al., 2006; Shofer et al.,
2014). On contrary to our results, Sanchez-
Cespedes et al., 2001 and Vaissie`re et al., 
2009 found that hypermethylation levels of 
p16INK4a were not associated with smoking 
status.

The reason for the disagreement on the 
frequencies of hypermethylation for the 
p16INK4a and RASSF1A genes between 
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smokers and non-smokers among different 
studies may be due to the smaller number of 
non smokers involved in these studies, due to 
the smaller incidence of lung cancer 
occurrence among non-smokers compared 
with smokers. Furthermore, a nonsmoker has 
been defined in some studies as a patient who 
has smoked less than 100 cigarettes (Toyooka 
et al., 2003; Divine et al., 2005), whereas in 
our study, it refers to a patient who smoked no 
cigarettes during his lifetime. Geographical 
and/or ethnic differences of lung cancer 
patients among various studies may also be a 
factor in the disagreement.

The precise mechanism of the association 
between tobacco smoking and increased 
frequencies of p16INK4a genes promoter 
hypermethylation remains to be determined. 
Tobacco smoke contains many carcinogens 
(Liu et al., 2006). e.g. benzo(a)pyrene, a 
highly carcinogenic polycyclic aromatic 
hydrocarbon present in cigarette smoke, 
which bind preferentially to methylated CpG 
sites forming major mutational hotspots in 
human lung cancer (Smith et al., 2000; Yoon 
et al., 2001). Another possibility is that 
tobacco smoke compounds may remove cis-
acting elements that block the spread of 
methylation from a methylation center, thus 
exposing neighboring CpG sites to aberrant 
methylation. In addition, histone 
modifications including histone acetylation 
and methylation maintain local chromatin 
structure and are believed to play important 
roles in protecting against unscheduled DNA 
methylation (Vaissiere et al., 2008). 
Therefore, different agents from tobacco 
smoke may disrupt histone modification 
patterns and thus expose CpG sites to 
hypermethylation (Herceg, 2007).

In the current study the frequency of 
promoter hypermethylation of p16INK4a 
gene in NSCLC was 37.8%. In former studies 
in NSCLC, promoter hypermethylation of 
p16INK4a gene has been found in variety of 

studies with a frequency of 17% (Harden et 
al., 2003) to 83% (Georgiou et al., 2007) in 
the tumor tissue and 6% (Cirincione et al.,
2006) to 80% (Georgiou et al., 2007) in 
autologous clinical samples. In another study 
conducted by Gu et al., 2013 they found that 
the frequency of hypermethylation of 
p16INK4a gene ranged from 6% (Ng et al.,
2002) to 74% (Liu et al., 2003) in serum or 
plasma and 10% (Guo et al., 2004) to 80% 
(Georgiou et al., 2007) in sputum or BALF
(bronch-alveolar lavage) and this indicated 
that detection of methylation status in 
autologous samples such as plasma, serum or 
sputum can be a potential method for 
diagnosis of NSCLC without invasion. 

The frequency of promoter 
hypermethylation of RASSF1A in this study 
was 27.0% in NSCLC and in none of patients 
with benign pulmonary disease. Comparable 
results were reported by Choi et al., 2005;
Wang et al., 2007; Yu et al., 2008 who 
reported that hypermethylation of RASSF1A 
was detected in cancer patients but no benign 
pulmonary disease patients or healthy donors.

In this study RASSF1A promoter 
hypermethylation was detected in 50.0% of 
SCLC. In other studies conducted by Burbee 
et al., 2001, Choi et al., 2005 and Grote et al.,
2006 they found that RASSF1A promoter 
hypermethylation was detected in 80-100% of 
SCLC. Wang et al., 2007 have also detected 
that RASSF1A hypermethylation was 
preferentially observed in SCLC. The cause of 
heterogeneity between different studies and 
this study may be due to the small sample 
number of SCLC patients in our study.

In agreement with our findings, previous
studies done by Esteller et al., 2001; Kim et 
al., 2001; Zöchbauer-Müller et al., 2001, Sato 
et al., 2002 and Wang et al., 2004 found that 
p16INK4a hypermethylation was not detected 
in SCLC. 

In the current study, RASSF1A 
hypermethylation was noted to be 33.3% for 
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ADC and 25.0% for SCC. There was no 
correlation between RASSF1A promoter 
region hypermethylation and histology of 
NSCLC tumors. Comparable results were 
reported by Agathanggelou et al., 2001; Li et 
al., 2003 and Choi et al., 2005 who did not 
find any correlation between RASSF1A 
promoter region hypermethylation and 
histology of NSCLC tumors. In another 
studies conducted by Wang et al., 2007 and 
Peng et al., 2010 also detected that 
hypermethylation of RASSF1A showed no 
statistical difference among methylation 
frequencies of different subtypes of NSCLC. 
On contrary to our results, Tomizawa et al.,
2004 and Niklinska et al., 2009 found a 
statistically significant trend between the 
RASSF1A methylation and lung 
adenocarcinoma. The cause of heterogeneity 
between different studies can be explained by 
different ethnicity, etiological factors, racial 
differences sample size and methylation 
detection methods. 

In this study, p16INK4a hypermethylation
was statistically significant higher in SCC 
than ADC (P=0.033). Similar results were 
obtained by Yanagawa et al., 2003. Also, 
Sterlacci et al., 2011 found that loss of 
p16INK4a expression is a common event in 
NSCLC, especially in SCC in contrast to 
ADC. 

Until today the TNM staging system has 
remained the most powerful tool for medical 
decision making in NSCLC patients. Whereas 
the 5-year survival rate for patients with stage 
I disease is about 70%, it decreases to 30% in 
stage IIIa (Niklinska et al., 2009).In this 
study, there was no statistical significant 
difference between TNM stage of lung cancer 
and the RASSF1A or p16INK4a
hypermethylation. In accordance with our 
results Niklinska et al., 2009 found no 
statistically significant differences among
stages and the RASSF1A promoter 
hypermethylation. Similar results were 

obtained by Kim et al. (Kim et al., 2003; Kim 
et al., 2005) and Peng et al., 2010 who did not 
show any correlation between the RASSF1A 
methylation status and the TNM stage. Also, 
Liu et al., 2003 and Hong et al., 2007, found 
no statistically significant differences among 
clinical stages and p16INK4a promoter 
hypermethylation.

Lung cancer rates could be decreased 
through the development of a cost-effective 
screening approach by the identification of 
markers of lung cancer that can be detected 
through non invasive, sensitive and specific 
diagnostic assays. In this study, each of 
RASSFA1 and p16INK4a had sensitivity 
31.1%. There are multiple reports of DNA 
methylation in blood, but not all assess the 
sensitivity and specificity. In those who do,
Belinsky et al., 2007 reported that sensitivity 
ranged from 7 to 27% for CDH13, 
CDKN2A/p16, DAPK, GATA5, MGMT, 
PAX5α, PAX5β and RASSF1A in serum. 
Investigators have tried to increase sensitivity 
by considering a patient positive if a 
minimum number of loci is methylated and by 
using a panel of loci (Fujiwara et al., 2005; 
Anglim et al., 2008). In our study, although 
the sensitivity improved with evaluation of a 
combination of the two genes (55.6 %) the 
relatively high specificity and the positive 
predictive value in serum for each gene (100 
%) indicate that RASSF1A and p16INK4a 
had acceptable sensitivity and relatively high 
specificity in the diagnosis of lung cancer, 
which could be a useful non‑ invasive 
method for lung cancer diagnosis. Belinsky et 
al., 2005 found that the low sensitivity of 
serum DNA methylation was likely because 
the tumors are not releasing free DNA 
through apoptosis, or because the released 
DNA is too fragmented to allow detection of 
the methylated alleles of the investigated 
genes. Improving sensitivity might be 
achieved by using large number of tested 
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genes or applying a quantitative methylation 
assay. 

In conclusion, Although limited by a small 
sample size, detection of aberrant promoter 
hypermethylation of RASSF1A and 
p16INK4a in serum DNA only in lung cancer 
and not in nonmalignant patients, suggest an 
effective means of detection of lung cancer 
and could be promising diagnostic cancer 
specific markers for such cancer and could be 
conducted before invasive procedure. These
results justify larger follow up studies to 
evaluate RASSF1A and p16INK4a as a 
diagnostic tool for detection of lung cancer. 
With regard to clinicopathological 
characteristics, hypermethylation of 
p16INK4a in serum samples may provide a 
more specific approach to molecular diagnosis 
of lung cancer than RASSF1A 
hypermethylation. The hypermethylation rate 
of p16INK4a was significantly higher in 
patients older than 60 years, in smoker 
patients and in tumor diagnosed as SCC. 
While, RASSF1A hypermethylation was not 
found to be correlated with age, sex, tumor 
stage, and histologic type. In future studies, it 
would be important to examine the 
relationship between the detection of aberrant 
promoter hypermethylation of RASSF1A and 
p16INK4a in serum DNA and the response to 
therapy. 
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The most common inactivation mechanism of tumor suppressor genes, RASSF1A and p16INK4a, in lung cancer is hypermethylation. We detected the methylation status of RASSF1A and p16INK4a in serum of lung cancer patients using methylation-specific PCR and analyzed their clinicopathological significance. Each of RASSF1A and p16INK4a hypermethylation was detected in 31.1% cancer patients but not in benign lung lesion patients. Hypermethylation was preferentially observed in small cell lung cancer (SCLC) for RASSF1A (50%), but not for p16INK4a. In non-small cell lung cancer (NSCLC), RASSF1A and p16INK4a hypermethylation were found in 27% and 37.8% respectively. Hypermethylation of RASSF1A was not correlated with clinicopathological character. While, p16INK4a hypermethylation was associated with age >60 years, smoking and squamous cell carcinoma (SCC) (P = 0.033), but not with gender and pathological stages of NSCLC. Sensitivity and specificity of each gene were 31.1% and 100% respectively and the sensitivity improved with evaluation of a combination of the two genes (55.6%). These findings suggest that serum RASSF1A and p16INK4a hypermethylation are promising diagnostic method for detection of lung cancer. As regard the clinicopathological characteristics, p16INK4a hypermethylation may provide a more specific approach than RASSF1A hypermethylation.


L


ung cancer is the main cause of cancer mortality worldwide (Salim et al., 2011). Human lung cancer is classified into 2 major types, non small cell lung cancer (NSCLC) and small cell lung cancer (SCLC), the former consisting of several types: adenocarcinoma, squamous cell carcinoma and large cell carcinoma (Choi et al., 2005). In spite of major advances in therapy, the overall 5-year survival rate remains less than 15% (Pastorino, 2010). At the time of diagnosis, only one-third of the patients have disease suitable for surgery, the most effective treatment for lung cancer. The poor outcome of the disease may be attributed to its late diagnosis, low cure rate for advanced stage tumors, and the poor understanding of biology of the lung tumors (Niklinska et al., 2009). Early-stage detection through the development of sensitive techniques able to detect molecular and cellular signatures of tumorigenesis not only in tissues but also in body fluids is thus the only way to improve its responsibility and, likely, its prognosis (Bearzatto et al., 2002; Gao et al., 2015).


In many human cancers, including lung cancer, both hypomethylation and hypermethylation of normally unmethylated areas rich in dinucleotides Cytosine–Guanine (CpG), known as CpG islands, is located in or near the promoter region of genes. Such aberrant DNA methylation may lead to carcinogenesis in several ways. Hypomethylation may contribute to chromosomal instability and loss of imprinting (Robertson, 2001). Hypermethylation of CpG sequences may facilitate C-to-T transition mutations in tumor suppressor genes (TSG) and/or oncogenes by deamination of 5-methylcytosine to thymine. Methylated CpG sequences may also increase susceptibility to attack by some environmental carcinogens (Yoon et al., 2001). Finally, hypermethylation of CpG sequences may lead to silencing of TSG and DNA repair genes (Jang et al., 2005).


Several studies have shown that several genes, including TSG, such as retinoic acid receptor h (RARh; Virmani et al., 2000) and p16INK4a (Kersting et al., 2000), apoptosis-associated genes, such as death-associated protein kinase (DAPK; Tang et al., 2000) and Ras-association domain family 1A (RASSF1A; Dammann et al., 2001), and the DNA repair gene O6-methylguanine DNA methyltransferase (MGMT; Zochbauer-Muller et al., 2001), were frequently methylated in lung cancer cells (Lee et al., 2012). Furthermore, DNA methylation reversibility makes it possible that the expression of genes that have undergone epigenetic silencing becomes reactivated by the DNA methylation inhibitors (Zhang et al., 2011).


The Ras-Association Domain Family (RASSF) gene family members are tumor suppressor proteins, cell cycle modulators, activators of cell death, and possibly inflammatory mediators linked to Nuclear Factor kappa B (NFκB) (Gordon & Baksh, 2011). RASSF gene family comprises 10 members, termed RASSF1 to RASSF10. There are seven different RASSF1 isoforms (RASSF1A to RASSF1G) that are generated by alternative splicing (van der Weyden & Adams, 2007; Bayram, 2014). The RAS-association domain family 1, isoform A (RASSF1A) gene is a TSG in the RAS pathway that can induce apoptosis and regulate proliferation (Liu et al., 2005). Inactivation of RASSF1A is frequently observed in a number of epithelial cancers and solid tumors (Yegnasubramanian et al., 2004; Dammann et al., 2005).


The RASSF1A gene is located within a 120-kb region of chromosome 3p21. It is thought that RASSF1A functions as a scaffold for building of multiple tumor suppressor complexes and may transmit proapoptotic signaling by K-RAS. It has also been suggested that RASSF1A is an important TSG acting at the level of G1/S phase cell cycle (Shivakumar et al., 2002). Inactivation of RASSF1A by RNA interference caused a cell division defect that was characterized by centrosome abnormalities and multipolar spindles (Choi et al., 2005). Inactivation of RASSF1A can occur by gene deletion or mutation; however, the most common cause of loss of RASSF1A function is transcriptional silencing through promoter hypermethylation (Palakurthy et al., 2009).


Hypermethylation of the RASSF1A promoter gene was reported in up to 60% of non-small cell lung cancer and 100% of small-cell lung cancer cases. These findings suggest that RASSF1A is likely to be involved in the genesis of lung cancer, and plays an important role in the progression of tumorigenesis (Grote et al., 2006).


The p16INK4a (also known as cyclin dependent kinase inhibitor 2A, CDKN2A) a TSG located on 9p21 is one of the key regulators of the cell cycle and is often inactivated in many solid tumors (Wang et al., 2004). The p16INK4a is a well-known D-type cyclin-dependent kinase (cdk) inhibitor gene that interferes with the interaction of cdk4 with cyclin D1, stimulating the progression of eukaryotic cells through the G1 phase of the cell cycle (Suga et al., 2008). The p16INK4a has been found to be inactivated either genetically (mainly homozygous deletion) or epigenetically (promoter hypermethylation) (Zöchbauer-Müller et al., 2001; Sato et al., 2002). Hypermethylation of p16INK4a promoter correlates with loss of protein expression, and represents a frequent event in lung cancer. Moreover, the fact that p16INK4a hypermethylation has also been found in precursor lesions of lung carcinomas renders this marker an interesting candidate for early detection and risk assessment (Bearzatto et al., 2002).


The aim of this study was to evaluate the diagnostic role of serum RASSF1A and p16INK4a hypermethylation in lung cancer and to analyze the correlation between serum RASSF1A and p16INK4a hypermethylation and patients’ clinicopathologic parameters to further evaluate the clinical significance of this molecular change.


Subjects and Method

Patients Characteristics

This study was conducted on 45 lung cancer patients, 41 males and 4 females, and they ranged in age from 31 to 92 years with mean value ±SD (64.5± 12.6) years. They were recruited from the Chest department, Assiut University hospital after exclusion of other malignancies and patients receiving chemotherapy, during the period of 2012-2014. Patients' pretreatment staging procedures included physical examination, chest radiographs, bronchoscopy (using a flexible fiberoptic bronchoscopy, Pentax SB 15; Pentax, Japan), multi-detector computed tomography (MDCT) of the chest (done using 16-slice MDCT system Bright Speed Elite, GE Healthcare, Milwaukee, Wiskonson, USA), transthoracic ultrasonography (using an ultrasound scanner (Aloka Echo Camera SSD-3500; Aloka Prosound, Yokohama, Japan) equipped with a 3.5-MHz convex probe) and histopathological evaluation of the needle biopsy taken during bronchoscoy. Histopathological classification was assessed according to the World Health Organization (WHO) criteria. Tumor-node-metastasis (TNM) staging followed the American Joint Committee on Cancer (AJCC) staging system as revised in 2010 (7th edition) was used. Eight patients had SCLC (limited stage) and 37 patients had NSCLC. Of the 37 patients with NSCLC, 9 patients were diagnosed with adenocarcinoma (ADC), and 28 patients had squamous cell carcinoma (SSC). The pathologic stages were 11 patients had stage I NSCLC, while 6 and 20 patients had stage IIIb and IV NSCLC, respectively. Twenty patients (16 males and 4 females) diagnosed as benign lung lesions [4 idiopathic pulmonary fibrosis (IPF), 2 pneumonia, 12 chronic obstructive pulmonary disease (COPD) and 2 left bronchiectasis] were included in this study as a control group for comparison. The control group was matched for age and sex. Their age ranged from 32-78 years old with mean value ±SD (61.5±14.5) years. A written informed consent was obtained from patients involved in the study and the study was approved by the Faculty of Medicine Ethics Committee, Assiut University.

Sample collection


Five mL of peripheral venous blood was collected from each patient after admission. At this time, the patients did not start their treatment. All blood samples were left to clot for 30 minutes at 37 °C and then centrifuge at 1600 x g for 10 minutes. The separated serum was immediately divided into aliquots and kept at -20°C for further investigations.


DNA extraction and bisulfite treatment

Serum DNA, extracted with the QIAamp blood mini kit (Qiagen, Germany) using the blood and body fluid protocol as recommended by the manufacturer’s instructions, was stored at -20℃ until use.


Bisulfite conversion of unmethylated cytosines in DNA was converted to uracil by Methyl Code™ Bisulfite Conversion Kit (Invitrogen, UK) (lot number 1510617) according to the manufacturer’s instructions.


Methylated specific polymerase chain reaction (MSP)

The methylation status of the p16INK4a, and RASSF1A genes were analyzed in the Department of Clinical Pathology of Assiut University Hospitals by the methylated specific polymerase chain reaction (MSP) procedure that combines a nested, two-stage PCR approach. In stage I PCR: 280-bp and 260-bp fragment of the p16INK4a and RASSF1A genes were amplified, respectively. Primer sequences used in the stage 1 amplification of the RASSF1A and p16INK4a genes have been described previously by Choi et al., 2005 and Bearzatto et al. 2002 respectively and are as follows:

RASSF1A forward, '5-GGAGGGAAGGAAGGGTA AGG- 3';


RASSF1A reverse, '5-CAACTCAATAAACTCAAAC TCCC- 3';


P16INK4a forward,' 5-GAAGAAAGAGGAGGGGT TGG-3'; 


P16INK4a reverse, '5-CTACAAACCCTCTACCCA CC-3'.


Stage I PCR amplifications were carried out in PuReTaq Ready-To-Go™ PCR Beads (GE Healthcare, Munich, Germany) in 25-μl reaction mixture containing 4 µl of modified DNA, 1 µl of each primer (p16INK4a or RASSF1A) and 19 µl of nuclease free water. The PCR amplification protocol for stage 1 was as follows: 95°C for 10 min, then denature at 95°C for 30s, anneal at 60°C (p16INK4a) or 55°C (RASSF1A) for 30 s, extension at 72°C for 30 s for 40 cycles followed by a 10-min final extension. The stage-1 PCR products were diluted 50-fold, and 5 µl was subjected to a stage-II PCR in which two pairs of primers were used: one pair recognizes unmethylated CpG sequence (bisulfite modified to UpG), and the other recognizes methylated CpG sequence (unmodified by bisulfite). The primers used for methylated and unmethylated alleles of the RASSF1A and p16INK4a genes have been described previously by Palmisano et al., 2000 and Bearzatto et al., 2002 respectively. GenBank accession number of RASSF1A and p16INK4a are AC002481 and X94154 respectively. Primer sequences are as follows:


RASSF1A unmethylated forward: 5'-GGTTTTGTGAG AGTGTGTTTAG-3'; 
RASSF1A unmethylated reverse: 5'-ACACTAACAAA CACAAACCAAAC-3';

RASSF1A methylated forward: 5'-GGGGGTTTTGCG AGAGCGC-3';
RASSF1A methylated reverse: 5'-CCCGATTAA ACCCGTACTTCG- 3'

p16INK4a unmethylated forward: 5'-TTATTAGAGG GTGGGGTGGATTGT-'3,
P16INK4a unmethylated reverse: 5'-CAACCCCAAAC CACAACCATAA-3'; 


p16INK4a methylated forward: 5'-TTATTAGAGGG TGGGGCGGATCGC-'3;
P16INK4a methylated reverse: 5'- GACCCCGAA CCGCGACCGTAA-3'. 


Each sample was amplified in two reactions for each gene, with one reaction containing primers specific for methylated alleles and the other reaction containing primers specific for unmethylated alleles. PCR reaction was carried out in PuReTaq Ready-To-Go™ PCR Beads (GE Healthcare, Munich, Germany) in 25-μl reaction mixture containing about 5 µl of stage I DNA product, 1 µl of each primer (For each DNA sample, primer sets for methylated DNA and unmethylated DNA p16INK4a or RASSF1A were used for analysis) and 18 µl of nuclease free water. PCR amplification conditions were as follow for p16INK4a: Each reaction was heated at 95ᵒC for 10 minutes, then denaturation at 95℃ for 30 s, annealing at 70ᵒC (for the reaction containing methylated primers) or 64ᵒC (for the reaction containing unmethylated primers) for 30s, extension at 72℃for 30 s for 40 cycles followed by a 10 min final extension (Liu et al., 2006).The PCR amplification protocol for RASSF1A was as follows: prewarming at 95ᵒC for 5 min, then a denaturing step at 95ᵒC for 30 sec, an annealing at 68ᵒC (for the reaction containing methylated primers) or 62ᵒC (for the reaction containing unmethylated primers) for 30 sec, extension at 72ᵒC for 1 min for 35 cycles; this was followed by a final extension at 72ᵒC for 7 min.(Choi et al., 2005). Water replacing for DNA was used as negative control for each set of PCRs. The amplified PCR products were analyzed on 2% agarose gels and visualized under UV illumination after staining with ethidium bromide. The hypermethylation status was determined by visualizing a 150-bp PCR product for the p16INK4a promoter and a 169-bp PCR product for the RASSF1A promoter with the respective methylation- specific primer sets. A 100 bp DNA Ladder (Zymo Research, CA, USA) was used. Methylation-positive cases were defined as the cases whose serum DNA showed a visual band amplified with methylated specific primers, even if it was faint. 


Statistical Analysis

Categorical variables were described by number and percent (N, %), where continuous variables described by mean and standard deviation (Mean, SD). Chi-square test and Fisher exact test used to compare between categorical variables where compare between continuous variables by t-test. Formula of calculating sensitivity, specificity, negative predictive value (NPV), positive predictive value (PPV) and accuracy was used for RASSF1A and p16INK4a. Multivariate binary logistic regression to determine the most risk factors of RASSF1A and p16INK4a. A two-tailed P < 0.05 was considered statistically signiﬁcant. All analyses were performed with the IBM SPSS 20.0 software.

Results

A total of 45 lung cancer patients and 20 benign lung lesions (control subjects) were included in this study. Clinico-pathologic information of patients and control groups including: age, gender, smoking condition, duration of complains and histologic types are summarized in Table 1. Patients and control subjects were age and sex matched. Current smokers were more commonly represented among patients with lung cancer than those with nonmalignant diseases (64.4% versus 10%; P< 0.001). Duration of complain was significantly higher in nonmalignant diseases group (P < 0.001). Among patients with lung cancer, hupermethylation was detected at a frequency of 31.1% (14/45) for RASSF1A and 31.1 % (14/45) for p16INK4a. Three of the 45 cases had hypermethylation of the two genes, 22 cases for one gene and 20 patients were hypermethylation negative for both genes. Among the controls, no subjects were positive for RASSF1A and p16INK4a hypermethylation while unmethylation was positive for all. Results of methylation analysis by MSP are shown in Figures 1 & 2.

We further analyzed the relationship between serum RASSF1A and p16INK4a methylation status and clinicopathologic features in lung cancer patients. Because the percentage of female in this study is low due to small sample size of female cases [4 patients (8.9 %)], RASSF1A and p16INK4a hypermethylation appeared higher among male patients (43.1% and 31.7% in men vs zero and 25% in women respectively). Although the frequency of hypermethylation of the RASSF1A gene tended to be higher in elderly patients > 60 years, no statistically significant age association was observed. Serum p16INK4a hypermethylation frequency was significantly higher in elderly patients > 60 years (P=0.033). 


The frequencies of serum RASSF1A and p16INK4a hypermethylation in NSCLC was (27.0% and 37.8 % respectively), while in SCLC only RASSF1A hypermethylation was detected (50.0%). Regarding different clinicopathological features of NSCLC, there was no statistically significant difference observed between RASSF1A hyper-methylation and histological type of tumor, as 33.3% of adenocarcinoma tumors showed RASSF1A promoter hypermethylation in comparison to 25.0% of squamous cell carcinomas. While, p16INK4a methylation showed statistical significant increase of squamous cell carcinoma (39.3%) in comparison to adenocarcinoma (33.3%) (P=0.033). There was no association between tumor stages and methylation status of the RASSF1A or p16INK4a genes (Table 2).




Figure 1. Agarose gel electrophoresis analysis of stage 2 MSP products. MSP product size is 150bp. Samples 1 and 4 contain methylated DNA (M), indicative of the presence of p16INK4a promoter methylation. By contrast, DNA Samples 2 and 3 show absence of p16INK4a promoter methylation reaction (M). Sample 5 is water blank (WB).DNA molecular weight marker is 100 bp.




Figure 2. Agarose gel electrophoresis analysis of stage 2 MSP products. MSP product size is 169 bp. Samples 2 and 3 contain methylated DNA (M), indicative of the presence of RASSF1A promoter methylation. By contrast, DNA Samples 1 and 4 show absence of RASSF1A promoter methylated reaction (M). Sample 5 is water blank (WB). DNA molecular weight marker is100 bp.


Table 1. Clinicopathological data of lung cancer patients and control group


		

		Malignant

		Benign

		P. value



		

		No.

		%

		No.

		%

		



		Age

		

		

		

		

		



		Mean+SD (range)

		64.7+12.3 (31-92)

		61.5+14.5 (22-78)

		NS



		Sex

		

		

		

		

		



		Male

		41

		91.1

		16

		80.0

		NS



		Female

		4

		8.9

		4

		20.0

		



		Smoking

		

		

		

		

		<0.001



		Non smoker

		16

		35.6

		18

		90.0

		



		Smoker

		29

		64.4

		2

		10.0

		



		Duration of complaint :(days)

		

		

		



		Mean+SD (range)

		66.5+60.6 (7-240)

		3650+2320.6(3650-7300)

		<0.001



		Malignant histologic type

		

		

		

		

		



		Small cell lung cancer

		8

		17.8

		

		

		



		Non small cell lung cancer

		37

		82.2

		

		

		



		Histology


Adenocarcinoma


Squamous cell carcinoma

		9


28

		24.3


75.7

		

		

		



		Stage


       I  


       IIIB


      IV

		11


6


20

		29.7


16.2


54.1

		

		

		



		Benign diagnosis


COPD


IPF 


Left bronchiectasis


Pneumonia

		

		

		12


4


2


2

		60.0


20.0


10.0


10.0

		



		RASSF1Ahypermethylation

		14.0

		31.1

		0.0

		0.0

		



		p16INK4a hypermethylation

		14.0

		31.1

		0.0

		0.0

		



		idiopathic pulmonary fibrosis (IPF), chronic obstructive pulmonary disease (COPD)


P>0.05 IS not significant (NS)





Table 2. Frequency of hypermethylation of RAFFF1Aand p16INK4a in relation to clinicopathologic features

		

		RASSF1A (n=14)

		P. value

		p16INK4a (n=14)

		P. value



		

		No.

		%

		

		No.

		%

		



		Age

		

		

		

		

		

		



		≤60 years (no=12)

		5

		41.7

		NS

		3

		25.0

		0.033*



		> 60 years (no=33)

		9

		27.3

		

		11

		33.3

		



		Sex

		

		

		

		

		

		



		Male (no=41)

		14

		34.1

		-

		13

		31.7

		<0.001



		Female (no=4)

		0

		0.0

		

		1

		25.0

		



		Smoking

		

		

		

		

		

		



		Non smoker (no=16)

		4

		25.0

		NS

		3

		18.8

		0.033



		Smoker (no=29)

		10

		34.5

		

		11

		37.9

		



		Histology NSCLC (no=37)

		10

		27.0

		

		14

		37.8

		



		Adenocarcinoma (no=9)

		3

		33.3

		NS

		3

		33.3

		0.033



		Squamous cell carcinoma (no=28)

		7

		25.0

		

		11

		39.3

		



		TNM stage of NSCLC

		

		

		

		

		

		



		I (no=11)

		4

		36.4

		NS

		6

		54.5

		NS



		IIIB (no=6)

		4

		66.7

		

		2

		33.3

		



		IV (no=20)

		2

		10.0

		

		6

		30.0

		



		Chi-square test used (for % comparison), t-test used (for means comparison), * P>0.05 IS not significant (NS)





Each of RASSFA1 and p16INK4a had a diagnostic sensitivity 31.1%, specificity 100%, the positive predictive value (PPV) 100% and negative predictive value (NPV) 39.2%. The performance of combination of 2 genes were analyzed considering a result to be positive if one of the two genes was positive and negative if both genes were negative for hypermethylation (Table 3). The sensitivity increased to (55.6%) with evaluation of a combination of the two genes. 

Table 3. Sensitivity, Specificity, PPV, NPV and accuracy of RASSF1A and p16INK4a.

		

		Sensitivity %

		Specificity %

		PPV %

		NPV %

		Accuracy



		RASSF1A 

		31.1

		100

		100

		39.2

		52.3



		p16INK4a

		31.1

		100

		100

		39.2

		52.3



		RASSF1A +p16INK4a

		55.6

		100

		100

		50.0

		69.2



		PPV; positive predictive value, NPV; negative predictive value





Multivariate logistic regression was done to detect effects of clinicopathological variables such as age, gender, smoking status, histology and stage on RASSF1A and p16INK4a methylation status. As shown in table (4), these variables showed no effect on the methylation status of RASSF1A, while only smoking and histology showed significant effect on p16INK4a methylation status (odds ratio (OR) = 3.088, 13.8; 95% confidence interval (CI) = 1.9 –5.33, 8.7-15.21; P = 0.042, 0.001 respectively). This indicates that p16INK4a hypermethylation seems to be associated with the risk factor tobacco smoking and with SSC.


Table 4. Multivariate analysis of clinicopathologic features and p16INK4a and RASSF1A methylation status. 


		

		RASSF1A

		p16INK4a



		

		OR (95% CI)

		P. value

		OR (95% CI)

		P. value



		Age

		3.2 (1.1-5.9)

		0.113

		0.62(0.03-2.24)

		NS



		Sex

		2.9(0.7-7.4)

		0.512

		0.67(0.06-9.11)

		NS



		Smoking

		1.83(0.38-6.7)

		0.372

		3.88 (1.9-5.33)

		0.042



		Histology

		0.49(0.06-2.17)

		0.289

		13.8(8.7-15.21)

		0.001



		Stage

		0.9(0.18-3.52)

		0.588

		0.39(0.11-1.44)

		NS



		Binary logistic regression used for multivariate analysis. P>0.05 IS not significant (NS)





Discussion


Previous evidence suggests that tumor cells may release DNA into the circulation, causing the serum to become enriched with the DNA. In lung cancer, promoter hypermethylation has been detected in blood, bronchial lavage, sputum and pleural fluid of lung cancer patients (Suga et al., 2008).


In the present study, we examined promoter hypermethylation status of two TSG (RASSF1A and p16INK4a) in serum DNA from 65 patients with malignant and nonmalignant disease. We found that promoter hypermethylation was detected only in lung cancer. We detected each of RASSF1A and p16INK4a hypermethylation in 31.1% (14 of 45) of lung cancer patients. The combined hypermethylation rate of RASSF1A and p16INK4a was 55.6%. Results from a previous study of Fujiwara et al., 2005 reported that p16INK4a and RASSF1A hyper-methylation in serum or plasma has been detected in 15.4% % and 12.1%, respectively. In a Meta analysis study conducted by Ulivi et al., 2006 they found that p16INK4a gene hypermethylation was detected in a percentage of cases ranging from 17% to 84% in different studies probably due to the variability in technical procedure used. However, in one such study, Ramirez and coauthors (2003) examined DNA methylation of the RASSF1A, DAPK, and TMS1 genes in tumors and paired sera from 50 patients with lung cancer and reported that hypermethylation in tumor and serum were closely correlated. Gao et al., 2015 studied multiple samples including plasma, serum and biopsy tumor tissues, they found that the hypermethylation rates of RASSF1A were 66.7% (26/39) in biopsy tissues, 52.5% (21/40) in serum, and 43.1% (25/58) in plasma of lung cancer patients. The hypermethylation rates of the three different sample types showed no significant difference. The detection of tumor molecular signatures in serum may have powerful implications for the identification of high risk subjects, patients with early stage lesions, and for monitoring the residual disease (Bearzatto et al., 2002).


Furthermore, three individuals (3/45; 6.7%) of our study showed the co-occurrence of promoter hypermethylation of the two genes. The clinical implication of the co-occurrence of promoter hypermethylation on lung cancer risk remains unclear since these subjects were not followed up further but may be used as a simple and effective index of the diagnosis of lung cancers, and can improve the positive rate.

In this study, the hypermethylation rate of RASSF1A gene was not correlated with age and sex. These results were similar to that found by Peng et al., 2010. Our results showed that the methylation rate of p16INK4a was not correlated with sex. This finding was in accordance with the result of Hong et al., 2007 who found that the hypermethylation rate of p16INK4a was not correlated with sex. We found that the hypermethylation rate of p16INK4a was significantly increased in patients older than 60 years of age (P=0.033). Similarly, Bradly et al., 2012 found that Promoter hypermethylation levels of p16INK4a were generally higher in patients older than 60 years of age than in patients 60 years or younger at diagnosis.


The mechanism of age-related methylation is unknown; however, environmental factors, such as tobacco-smoking (Yanagawa et al., 2002) and Helicobacter pylori infection (Chan et al., 2003), as well as genetic factors (Paz et al., 2002), might influence an individual’s susceptibility to age-related methylation. The frequencies of the presence of methylated genes were almost constant after 40 years of age, however, the number of methylated cells and extent of methylated CpGs in each cell likely increases with age toward complete promoter hypermethylation, which leads to loss of gene function (Waki et al., 2003).


The frequencies of promoter hypermethylation for the RASSF1A and p16INK4a genes with the smoking status of the patients were compared. Our results showed that the frequency of promoter hypermethylation of RASSF1A was insignificantly increased in smokers compared with non-smokers [34.5% (10 of 29) vs 25.0% (4 of 16)] and for p16INK4a, the frequency was significantly higher among smokers, compared with non-smokers [37.9% (11 of 29) vs 18.8% (3 of 1), P =0.033]. Comparable results were found by Vaissie`re et al., 2009 who reported that hypermethylation levels in RASSF1A were not associated with smoking status. On contrary to our results, Wu et al., 2014 did meta analysis of 19 case-control studies covered 2, 287 lung cancer patients. Their overall results suggested that smokers with lung cancer had a higher risk for RASSF1A gene hypermethylation than the non-smokers.


A significant increase of hypermethylation of p16INK4a among smokers in comparison to non-smokers was reported in our study and previous studies (Kim et al., 2001; Toyooka et al., 2003; Liu et al., 2006; Shofer et al., 2014). On contrary to our results, Sanchez-Cespedes et al., 2001 and Vaissie`re et al., 2009 found that hypermethylation levels of p16INK4a were not associated with smoking status.


The reason for the disagreement on the frequencies of hypermethylation for the p16INK4a and RASSF1A genes between smokers and non-smokers among different studies may be due to the smaller number of non smokers involved in these studies, due to the smaller incidence of lung cancer occurrence among non-smokers compared with smokers. Furthermore, a nonsmoker has been defined in some studies as a patient who has smoked less than 100 cigarettes (Toyooka et al., 2003; Divine et al., 2005), whereas in our study, it refers to a patient who smoked no cigarettes during his lifetime. Geographical and/or ethnic differences of lung cancer patients among various studies may also be a factor in the disagreement.


The precise mechanism of the association between tobacco smoking and increased frequencies of p16INK4a genes promoter hypermethylation remains to be determined. Tobacco smoke contains many carcinogens (Liu et al., 2006). e.g. benzo(a)pyrene, a highly carcinogenic polycyclic aromatic hydrocarbon present in cigarette smoke, which bind preferentially to methylated CpG sites forming major mutational hotspots in human lung cancer (Smith et al., 2000; Yoon et al., 2001). Another possibility is that tobacco smoke compounds may remove cis-acting elements that block the spread of methylation from a methylation center, thus exposing neighboring CpG sites to aberrant methylation. In addition, histone modifications including histone acetylation and methylation maintain local chromatin structure and are believed to play important roles in protecting against unscheduled DNA methylation (Vaissiere et al., 2008). Therefore, different agents from tobacco smoke may disrupt histone modification patterns and thus expose CpG sites to hypermethylation (Herceg, 2007).


In the current study the frequency of promoter hypermethylation of p16INK4a gene in NSCLC was 37.8%. In former studies in NSCLC, promoter hypermethylation of p16INK4a gene has been found in variety of studies with a frequency of 17% (Harden et al., 2003) to 83% (Georgiou et al., 2007) in the tumor tissue and 6% (Cirincione et al., 2006) to 80% (Georgiou et al., 2007) in autologous clinical samples. In another study conducted by Gu et al., 2013 they found that the frequency of hypermethylation of p16INK4a gene ranged from 6% (Ng et al., 2002) to 74% (Liu et al., 2003) in serum or plasma and 10% (Guo et al., 2004) to 80% (Georgiou et al., 2007) in sputum or BALF (bronch-alveolar lavage) and this indicated that detection of methylation status in autologous samples such as plasma, serum or sputum can be a potential method for diagnosis of NSCLC without invasion. 


The frequency of promoter hypermethylation of RASSF1A in this study was 27.0% in NSCLC and in none of patients with benign pulmonary disease. Comparable results were reported by Choi et al., 2005; Wang et al., 2007; Yu et al., 2008 who reported that hypermethylation of RASSF1A was detected in cancer patients but no benign pulmonary disease patients or healthy donors.

In this study RASSF1A promoter hypermethylation was detected in 50.0% of SCLC. In other studies conducted by Burbee et al., 2001, Choi et al., 2005 and Grote et al., 2006 they found that RASSF1A promoter hypermethylation was detected in 80-100% of SCLC. Wang et al., 2007 have also detected that RASSF1A hypermethylation was preferentially observed in SCLC. The cause of heterogeneity between different studies and this study may be due to the small sample number of SCLC patients in our study.


In agreement with our findings, previous studies done by Esteller et al., 2001; Kim et al., 2001; Zöchbauer-Müller et al., 2001, Sato et al., 2002 and Wang et al., 2004 found that p16INK4a hypermethylation was not detected in SCLC. 


In the current study, RASSF1A hypermethylation was noted to be 33.3% for ADC and 25.0% for SCC. There was no correlation between RASSF1A promoter region hypermethylation and histology of NSCLC tumors. Comparable results were reported by Agathanggelou et al., 2001; Li et al., 2003 and Choi et al., 2005 who did not find any correlation between RASSF1A promoter region hypermethylation and histology of NSCLC tumors. In another studies conducted by Wang et al., 2007 and Peng et al., 2010 also detected that hypermethylation of RASSF1A showed no statistical difference among methylation frequencies of different subtypes of NSCLC. On contrary to our results, Tomizawa et al., 2004 and Niklinska et al., 2009 found a statistically significant trend between the RASSF1A methylation and lung adenocarcinoma. The cause of heterogeneity between different studies can be explained by different ethnicity, etiological factors, racial differences sample size and methylation detection methods. 


In this study, p16INK4a hypermethylation was statistically significant higher in SCC than ADC (P=0.033). Similar results were obtained by Yanagawa et al., 2003. Also, Sterlacci et al., 2011 found that loss of p16INK4a expression is a common event in NSCLC, especially in SCC in contrast to ADC. 


Until today the TNM staging system has remained the most powerful tool for medical decision making in NSCLC patients. Whereas the 5-year survival rate for patients with stage I disease is about 70%, it decreases to 30% in stage IIIa (Niklinska et al., 2009).In this study, there was no statistical significant difference between TNM stage of lung cancer and the RASSF1A or p16INK4a hypermethylation. In accordance with our results Niklinska et al., 2009 found no statistically significant differences among stages and the RASSF1A promoter hypermethylation. Similar results were obtained by Kim et al. (Kim et al., 2003; Kim et al., 2005) and Peng et al., 2010 who did not show any correlation between the RASSF1A methylation status and the TNM stage. Also, Liu et al., 2003 and Hong et al., 2007, found no statistically significant differences among clinical stages and p16INK4a promoter hypermethylation.


Lung cancer rates could be decreased through the development of a cost-effective screening approach by the identification of markers of lung cancer that can be detected through non invasive, sensitive and specific diagnostic assays. In this study, each of RASSFA1 and p16INK4a had sensitivity 31.1%. There are multiple reports of DNA methylation in blood, but not all assess the sensitivity and specificity. In those who do, Belinsky et al., 2007 reported that sensitivity ranged from 7 to 27% for CDH13, CDKN2A/p16, DAPK, GATA5, MGMT, PAX5α, PAX5β and RASSF1A in serum. Investigators have tried to increase sensitivity by considering a patient positive if a minimum number of loci is methylated and by using a panel of loci (Fujiwara et al., 2005; Anglim et al., 2008). In our study, although the sensitivity improved with evaluation of a combination of the two genes (55.6 %) the relatively high specificity and the positive predictive value in serum for each gene (100 %) indicate that RASSF1A and p16INK4a had acceptable sensitivity and relatively high specificity in the diagnosis of lung cancer, which could be a useful non‑invasive method for lung cancer diagnosis. Belinsky et al., 2005 found that the low sensitivity of serum DNA methylation was likely because the tumors are not releasing free DNA through apoptosis, or because the released DNA is too fragmented to allow detection of the methylated alleles of the investigated genes. Improving sensitivity might be achieved by using large number of tested genes or applying a quantitative methylation assay. 

In conclusion, Although limited by a small sample size, detection of aberrant promoter hypermethylation of RASSF1A and p16INK4a in serum DNA only in lung cancer and not in nonmalignant patients, suggest an effective means of detection of lung cancer and could be promising diagnostic cancer specific markers for such cancer and could be conducted before invasive procedure. These results justify larger follow up studies to evaluate RASSF1A and p16INK4a as a diagnostic tool for detection of lung cancer. With regard to clinicopathological characteristics, hypermethylation of p16INK4a in serum samples may provide a more specific approach to molecular diagnosis of lung cancer than RASSF1A hypermethylation. The hypermethylation rate of p16INK4a was significantly higher in patients older than 60 years, in smoker patients and in tumor diagnosed as SCC. While, RASSF1A hypermethylation was not found to be correlated with age, sex, tumor stage, and histologic type. In future studies, it would be important to examine the relationship between the detection of aberrant promoter hypermethylation of RASSF1A and p16INK4a in serum DNA and the response to therapy. 
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