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Abstract

Background: Thyroid tumors may arise following hyper-
methylation in the regulatory region of suppressor genes 
such as Rap1Gap. In this study, we aimed to investigate 
the gene expression of Rap1Gap and DNA methylation 
pattern of CpG24 in Iranian patients with papillary thyroid 
cancer (PTC).

Materials and methods: The study was done on 132 
individuals who had undergone thyroidectomy. Rap1Gap 
mRNA expression was examined by an optimized two-step 
real-time quantitative PCR assay. DNA methylation pattern 
of CpG24 was examined using the methylation-specific 
PCR (MSP). B-CPAP and SW1736 cell lines were treated 
with 5-aza-2,-deoxycytidine (5-Aza) in an attempt to de-
methylate the CpG24 in the regulatory region of the target 
gene.

Results: The results of qRT-PCR indicated a no significant 
decrease of Rap1Gap gene expression level in PTC 
individuals compared with control group (fold change: 
0.98; p=0.99). CpG24 was hyper-methylated in 82.3% of 
individuals with PTC, in 79.1% of benign nodules and only 
in 14% of normal thyroid tissues (p<0.001). The modest 
CpG24 de-methylation was achieved by 15 µM of 5-Aza in 
both cell lines.

Conclusion: It is concluded that aberrant DNA methylation 
in the CpG24 region, independent of Rap1Gap gene 
expression, could be determined as an epigenetic marker 
for papillary thyroid cancer.

Keywords: Epigenetic; DNA methylation; Papillary thyroid 
cancer; Tumor suppresser gene; Gene expression

1. Introduction

Thyroid cancer is the most prevalent endocrine malignancy 
and its incidence is increasing worldwide [1]. Papillary 
thyroid cancer (PTC) accounts for approximately 80% of 
all thyroid cancer [2]. Genetic and epigenetic modifications 
are involved in initiation and progression of thyroid cancer, 
of which mutations leading to the mitogen-activated protein 
kinase (MAPK) and phosphatidylinositol-4,5-bisphosphate 
3-kinase (PI3K) signaling pathways activation are crucial 
[3,4]. Other genetic and epigenetic factors which contribute 
to the malignant prognosis of PTC are insufficiently 
defined. Understanding these molecular alterations and 
their mechanisms may result in the development of novel 
molecular prognostic and therapeutic strategies [5-7]. 
DNA hyper-methylation is one of the epigenetic regulatory 
mechanisms which may silence the target gene without 
affecting the DNA sequence. 

Rap1Gap gene in the 1p36 region encodes a type of 
GTPase-activating protein (GAP) that down-regulates 
the activity of Ras-related Rap1 protein. The product of 
Rap1Gap gene promotes the hydrolysis of bound GTP and 
returns Rap1 to the inactive state. RAS superfamily proteins, 
such as Rap1, play key roles in receptor-linked signaling 
pathways that control cell growth and differentiation. 
Rap1 plays the role in diverse processes such as cell 
proliferation, differentiation, and embryogenesis [8]. It is 
reported that Rap1Gap is a tumor suppressor gene which 
is down-regulated in various cancers such as squamous 
cell carcinoma, renal cell carcinoma, melanoma and thyroid 
cancer [9-12]. Rap1Gap expression and its activity are 
mostly regulated at transcriptional and post-transcriptional 
levels. Tumors may arise following hyper-methylation in the 
regulatory region of Rap1Gap gene [13]. Understanding 
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the pattern of tumor suppressor gene down-regulation and 
underlying molecular mechanisms, in thyroid cancer, may 
provide a significant clinical impact. In this study, we aimed 
to investigate the gene expression of Rap1Gap and DNA 
methylation pattern of CpG24 region in Iranian patients 
with papillary thyroid cancer.

2. Materials and Methods 

2.1 Patients and tissue specimens

A total of 132 thyroid samples, diagnosed for normal thyroid 
tissue (n=50), benign nodule (n=48) and PTC (n=34), 
were obtained at the time of surgical resection between 
2013 and 2015 from the Erfan Grand Hospital in Tehran, 
Hospital of Emam Khomeini and Arvand in Ahvaz. Normal 
samples were reviewed to ensure that no microcarcinoma 
or lymphocytic infiltrate was present in the tissue. The size 
of PTC tumors was obtained 0.5 to 9 cm, as well as there 
were demonstrated 8 ones had lymph node involvement. 
Tissue samples were immediately snapped frozen in liquid 
nitrogen and stored at -80°C. Data of patients were collected 
after providing written informed consent to the committee 
of ethical research of vice chancellery for research and 
technology development Ahvaz Joundishapour University 
of Medical Sciences (code: ajums. REC.1393.151). 
Pathological diagnosis was independently confirmed by 
two experienced pathologists.

2.2 Cell lines 

B-CPAP and SW1736 cell lines were used from the tumor 
tissue of old women with metastasizing papillary thyroid 
cancer and anaplastic thyroid cancer, respectively. These 
cell lines were provided by Pasteur Institute of Iran and 
Iranian Biological Resource Center, respectively. Cells 
were cultured in the RPMI 1640 medium supplemented 
with 10% fetal bovine serum, 100 u/ml penicillin and 100 
u/ml Streptomycin at 37°C in a humidified atmosphere 
containing 5% CO2.

2.3 mRNA preparation

Total RNA of tissues and cell lines were extracted using 
RiboEx (Trizol) (Gene All Bldg, Seoul Korea) according to 
the manufacturer's instructions. Single-stranded cDNA was 
synthesized from 1 µg of total RNA in a 20 µl reaction and 
oligo (dt) primer (synthesized by Takara Bio Inc., Shiga, 
Japan). Quality of mRNA and cDNA were determined using 
the NanoDrop spectrometer (NB-1000, USA). 

2.4 Gene expression

Rap1Gap mRNA expression was examined by an optimized 
two-step real-time quantitative PCR assay. The primers 
sequences were checked with qprimer depot database 
(Wenwu Cui, PhD Laboratory of Receptor Biology and 
Gene Expression, E-mail: byunis@mail.nih.gov) (Table 1). 
PCR amplification mixture (20 µl) contained SYBR Green 
PCR master mix (10 µl, 2x, applied biosystem), 0.5 µl of 
each forward and reverse primers and template cDNA 
(70 ng total RNA equivalent). Reactions were run on an 
ABI step one 48 (ABI amplicone). The cycling conditions 
were as follow: 15 min at 95°C, 40 cycles at 95°C for 30 s 
and 63°C for 60 s. All assays were performed in duplicate. 
After PCR amplification, a melting curve was generated 
for every PCR product to ensure the specificity of the 
reaction. Data were analyzed according to the relative 
standard curve method, in which the transcription levels 
were normalized by the stably expressed reference gene 
GAPDH (glyceraldehydo-3-phosphate dehydrogenase).

2.5 Methylation-specific PCR (MSP)

Genomic DNA was extracted from thyroid tissues and 
cell lines using salting out method. DNA quality was 
determined using the Nano Drop spectrometer (NB-1000, 
USA). The amount of 0.35 µg of DNA was sodium bisulfate 
converted using the Ez DNA Methylation-Direct TM kit 
(Zymo Research, Orange, CA, USA) according to the 
manufacturer’s protocol, during which methylated cytosine 
is protected and un-methylated cytosine is converted to 
uracil. Subsequently, 200 ng of treated DNA was used as a 
template in the Methylation Specific PCR (MSP) reaction. 
The primers were designed to attach to the CpG24 region 
of Rap1Gap gene. MSP was performed with methylation-
specific primers sequences are shown in (Table 1). Each 
PCR reaction was performed with a total volume of 15 
µl, which contained 7.5 µl of Hot-Star Taq Master Mix 
(Ampliqon), 200 ng of bisulfite-treated DNA template and 
0.01 µM of each primer pair. The annealing temperature of 
PCR amplification was 60°C for methylated primer pair and 
56°C for un-methylated primer pair. The reaction mixture 
was incubated at 94°C for 3 min, followed by 35 cycles 
of 94°C for 60 s, 60 or 56°C for 60 s, 72°C for 60 s and 
a final extension at 72°C for 10 min. Each reaction was 
tested with untreated DNA to ensure a lack of amplification 
and two controls were included to ensure specificity. After 
electrophoresis on 2% agarose gel, MSP products were 
analyzed.

Target Primer sequences AT (°C) Product size (bp)

GAPDH
F: 5´-ctcatttcctggtatgacaacga-3´ 61.1

121
R: 5´-cttcctcttgtgctcttgct-3´ 58.4

Rap1Gap
F: 5´-acgagcatgtcatcagcaat-3´ 56.4

138
R: 5´-ccttctggccaagaaattca-3´ 56.4

Rap1Gap, 
MSP (U)

F: 5´-tagagataaagtttaagagttgtga-3´ 54.8
220

R: 5´-ttctaaatcaaataaaaacatcaaa-3´ 49.9
Rap1Gap, 
MSP (M)

F: 5´-tagagataaagtttaagagtcgcga-3´ 58.1
220

R: 5´-ttctaaatcaaataaaaacgtcgaa-3´ 53.1

MSP: Methylation Specific PCR; M: Methylated; U: Un-Methylated; F: Forward; R: Reverse; AT: Annealing Temperature; 
bp: Base Pair

Table 1. The primer sequences used in qPCR amplification and methylation specific PCR. 
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2.6 5-aza-2,-deoxycytidine treatment of cell lines

B-CPAP and SW1736 cell lines were grown for 24 h before 
treatment as the control cells, then they were treated with 
5-aza-2,-deoxycytidine (5,-aza; sigma) in an attempt to de-
methylate the CpG24 in the regulatory region of the target 
gene. Cells were cultured in the RPMI1640 medium and 
then 5-aza was added with concentrations of 5 µM, 15 µM 
and 25 µM during 72 h treatment before the extraction of 
DNA and RNA.

2.7 Statistical analysis

Quantitative RT-PCR results were assessed using REST 
2009 software (Qiagene, Hilden. Germany). The chi-square 
test was applied to analyze the frequency of methylation in 
thyroid tissues; this statistical test was also used to assess 
the correlation of CpG24 methylation and lymph node 
involvement. The correlation of Rap1Gap gene expression 
with methylation status and also the correlation of tumor 
size with methylation status of CpG24 in papillary thyroid 
cancer group were evaluated by Spearman correlation 
test. All statistical analysis was done with SPSS software, 
version 20 (SPSS, Inc. Chicago, IL, USA). P ≤ 0.05 was 
considered to indicate the statistically significant difference.

3. Results 

This study was done on 132 individuals (25 (19%) 
males and 107 (81%) females) who had undergone 
thyroidectomy. From among this population, 34 subjects 
had PTC, 48 subjects had benign nodules, and 50 
individuals had healthy thyroid tissue (Table 2). The mean 
age of participants was 47.4 ± 12.1 years. The lowest age 
was significantly observed in the PTC group in compare 
with benign nodule and control groups (PTC: 40.0 ± 8.6 
years; benign: 49.4 ± 12.8 years; control group: 48.7 ± 10.5 
years; p=0.07). The PTC group contained four males and 
30 females. Total studied population were overweight (25 
≤ BMI<30 kg/m2); but there was obtained a no significant 
difference at BMI of benign and PTC groups in compare 
with control group (benign: 28.9 ± 6.6 kg/m2; PTC: 26.6 ± 
0.57 kg/m2; control: 28.2 ± 4.9 kg/m2; p=0.661). The mean 
size of tumor was 4.75 ± 1.91 cm in PTC population; this 
measurement was 6.4 ± 2.8 cm among CpG24 hyper-

methylated samples and 3.5 ± 1.2 cm among CpG24 un-
methylated samples. Methylation pattern of CpG24 was 
significantly correlated with tumor size (p=0.036). 

From among PTC population, 8 (23.5%) ones had lymph 
node involvement and the Rap1Gap methylation was 
correlated with this characteristic (p=0.04).

3.1 Rap1Gap gene expression

The results of qRT-PCR indicated a no significant decrease 
of Rap1Gap gene expression level in PTC individuals 
compared with control group (fold change: 0.98; p=0.99). 
There was also obtained a no significant diminish in the 
expression level of Rap1Gap gene in benign group when 
they were compared to control group (fold change: 0.85; 
p=0.87). Finally, our results no significantly showed a 
reduction in Rap1Gap gene expression level of the papillary 
thyroid cancer samples compared with benign group (fold 
change: 0.96; P=0.83) (Table 3). There was demonstrated 
similar findings in thyroid cancer cell lines before treatment 
with 5-Aza. It was showed a no significant down-regulation 
of Rap1Gap in BCPAP cells (fold change: 0.83; p=0.95) 
and in the SW1736 cell line compared with control thyroid 
tissue (fold change: 0.20; p=0.79).

3.2 CpG24 hyper-methylation

Present study showed that CpG24 is hyper-methylated in 
82.3% of individuals with PTC, in 79.1% of benign nodules 
and only in 14% of normal thyroid tissues (p<0.001) 
(Table 4 and Figure 1A). According to these results, there 
was proposed that methylation status of CpG24 may be 
associated with PTC. Therefore, methylation pattern of this 

Variables Values
Sex (%)
Male 25 (19)
Female 107 (81)
Pathology (%)
Control 50 (37.9)
Benign 48 (36.4)
PTC 34 (25.7)
Methylation status (%)
UU 59 (44.7)
UM 71 (53.7)
MM 2 (1.5)

PTC: Papillary Thyroid Cancer; UU: Un-methylated Pattern; 
UM: Hetero-methylated Pattern; MM: Methylated Pattern

Table 2. A descriptive of anthropometrics data and CpG24 
methylation status in patients. 

 
Fold 

change 95% CI

Average 
value of 
95% CI P-value

Thyroid tissues
PTC/Control 0.99 0.02-6.45 3.22 0.99
Benign/Control 0.855 0.001-9.55 4.77 0.873
PTC/Benign 0.98 0.05-21.6 10.8 0.832
BCPAP cell line
[5]/[0]* 0.841 0.69-1.02 1.18 0.517
[15]/[0] 0.927 0.79-1.12 0.95 0.354
[25]/[0] 0.888 0.79-0.99 1.28 <0.001
SW1736 cell line
[5]/[0]* 4.44 3.46-5.72 4.58 <0.001
[15]/[0] 9.8 8.64-11.1 9.88 <0.001
[25]/[0] 2.84 2.27-3.55 2.91 <0.001

CI: Confidence Interval; PTC: Papillary Thyroid Cancer; *: 
Concentration of 5-Aza

Table 3. Rap1Gap mRNA expression levels in thyroid 
tissues and cell lines.

 UU UM MM
Control (%) 43 (86) 7 (14) 0
Benign (%) 10 (20.8) 37 (77) 1 (2.1)
PTC (%) 6 (17.6) 27 (79.4) 1 (2.9)*

UU: Un-Methylated; UM: Hetero-Methylated; MM: Homo-
Methylated; PTC: Papillary Thyroid Cancer; p-value<0.001 

  CpG24 methylation frequencies.Table 4.
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region could be considered as an epigenetic marker for 
papillary thyroid cancer, but this status is not necessarily 
associated with down-regulation of Rap1Gap gene. In this 
study, the levels of Rap1Gap gene expression were not 
correlated with methylation pattern of CpG24 in papillary 
thyroid cancer group (r=0.021; p=0.15). CpG24 was 
aberrantly methylated in B-CPAP and SW1736 cell lines. 
These cell lines were treated with 5-aza-2,-deoxycytidine in 
order to find, if the methylation pattern is associated with 
Rap1Gap gene expression and de-methylation of this region 
could induce the re-expression of this gene. Treatment with 
various concentrations of 5-Aza (5, 15, 25 µM) showed 
a dose dependent effect for 5-aza in both cell lines with 
optimum concentration of 15 µM (Table 3 and Figure 1B).

4. Discussion

The results of this study showed that Rap1Gap gene 
expression was not statistically different between healthy 
thyroid gland, benign nodule, and papillary thyroid cancer 
groups. In addition, hyper-methylation status of CpG24 was 
quantified; to the authors, knowledge, this is the first report 
investigating the CpG24 methylation in Iranian patients with 
papillary thyroid cancer. Accordingly, in PTC and benign 
groups, this region was 68.3% and 65.1% hyper-methylated 
more than the control group. CpG24 hyper-methylation 
could be considered as an epigenetic biomarker in PTC; 
however, it could not be necessarily considered as a reason 
of decreased Rap1Gap gene expression. Moreover, study 
on the BCPAP and SW1736 thyroid cancer cell lines 
indicated 5Aza-2deoxi cytidine as a de-methylating reagent 
that is able to reduce the aberrant hyper-methylation of 
CpG24 and re-express the Rap1Gap gene. 

There are a few researches done about the role of 
Rap1Gap gene in determining thyroid cancer prognosis 
[14]. In this study we found that hyper- methylation of 
CpG24 is correlated with tumor size and lymph node 
involvement. Therefore, this epigenetic variation can be 
used as a prognosis biomarker in PTC patients, but more 
comprehensive studies are needed. 

Actually, Rap1 as a member of the RAS superfamily interferes 
in the regulation of mitogenic and oncogenic pathways in 
thyroid tissues [15,16]. Previous studies have demonstrated 
that Rap1Gap is a tumor suppressor gene and its down-
regulation is associated with tumor malignancies [11,17,18]. 
The Rap1Gap gene expression has been reported to be 
an important marker for risk assessment of various cancers 
including renal cell carcinoma [19], leukemia [20], pancreatic 
cancer [17] and melanoma [21]. Several studies, which 
examined the association of Rap1Gap gene and cancer, give 
an insight into genetic variations leading to silencing of this 
gene; however, epigenetic patterns remain elusive. Aberrant 
DNA methylation is an important epigenetic alteration that is 
responsible for enhanced expression of proto-oncogenes 
as well as silencing of tumor suppressor genes leading to 
abnormal proliferation and de-differentiation of tumor cells [22]. 

Down-regulation of Rap1Gap was identified in melanoma 
cells by Zheng et al. [11]. They demonstrated a reduction of 
Rap1Gap expression and activity in cutaneous and metastatic 
melanoma tumors compared with human epidermal 
melanocytes. Their study also showed a re-expression in 
the Rap1Gap gene after treatment of melanoma cells with 
5-Aza [11]. In another study, it was reported that the major 
mechanisms of Rap1Gap inactivation in thyroid cells are LOH 

Figure 1A. Representative of the methylation status of Rap1Gap gene in 1) normal thyroid tissue, 2) benign, 3) PTC, 
and 4) benign. 

Figure 1B.  De-methylation of Rap1Gap gene in the presence of different concentrations of 5-Aza (0, 5, 15 and  25 µM) 
in the BCPAP cell line. 
M: The presence of methylated allele; U: The presence of un-methylated allele; *: de-methylation of CpG24 in the presence 
of 15 µM of 5Aza in the BCPAP cell line
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and hyper-methylation in regulatory region [12]. Qiu et al. [20] 
have investigated the role of Rap1Gap gene in the leukemia 
cell differentiation, apoptosis and invasion. Their study 
indicated that Rap1Gap is able to promote differentiation, 
apoptosis and invasion of leukemia cells. Zhang et al. [23] 
identified Rap1Gap as a critical regulator of the aggressive 
tumor cells. They suggested that the Rap1Gap expression 
can influence on the migratory mechanisms of the operative in 
tumor cells [23]. Previous studies showed that CpG islands in 
the regulatory region of Rap1Gap gene are mostly methylated 
in cancer cells, but this aberrant DNA methylation is usually 
reversible [13,19,24]. Therefore, Rap1Gap gene could be 
considered as a potential target for cancer treatment.

Based on the above mentioned, our study strength includes 
its novelty for Iranian population. Despite to this strength, 
there were some limitations; first, methylation-specific PCR 
(MSP) was limited to provide the information at the level of 
individual CpG site, because there were various CpG islands 
in the regulatory region of the candidate gene. Second, it was 
impossible for us to find more thyroid cancer cell lines.

5. Conclusion

According to this study, we are able to conclude that aberrant 
DNA methylation in the CpG24 region, independent of 
Rap1Gap gene expression, could be considered as an 
epigenetic biomarker for papillary thyroid cancer.
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