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Abstract. Aberrant DNA methylation has been investigated 
in carcinogenesis and as biomarker for the early detection of 
colorectal cancer (CRC). The present study aimed to define 
the methylation status in the regulatory elements of two 
proapoptotic genes, Fas cell surface death receptor (FAS) 
and BCL2‑associated X  protein (BAX). DNA methyla-
tion analysis was performed in tumor and adjacent normal 
tissue using HpaII/MspI restriction digestion and methyla-
tion‑specific polymerase chain reaction (PCR). The results 
observed downregulation of the FAS and BAX genes in the 
CRC tissues compared with the adjacent normal samples. 
Furthermore, demethylation using 5‑aza‑2'‑deoxycytidine 
treatment followed by reverse‑transcription quantitative PCR 
were performed on the HT‑29 cell line to measure BAX 
and FAS mRNA expression following demethylation. The 
5‑aza‑2'‑deoxycytidine treatment resulted in significant FAS 
gene upregulation in the HT‑29 cell line, but no significant 
difference in BAX expression. Furthermore, analysis of 
CpG islands in the FAS gene promoter revealed that the 
FAS promoter was significantly hypermethylated in 53.3% 
of tumor tissues compared with adjacent normal samples. 
Taken together, the results indicate that decreased expression 
of the FAS gene due to hypermethylation of its promoter may 
lead to apoptotic resistance, and acts as an important step 
during colorectal carcinogenesis.

Introduction

Colorectal cancer (CRC) is the third most common malignancy 
and third leading causes of cancer‑related mortality (9‑10% 
incidence and mortality rates) in the United States. The risk 
of developing invasive CRC within a lifetime is estimated to 
be ~5% (1). Due to increased early detection and precancerous 
lesion removal using screening methods in recent years, the rate 
of CRC‑related mortality is being reduced in United States, 
however, this rate is increasing in developing countries (2). For 
example, previous studies have shown that the incidence of CRC 
is increasing in Iran (3‑5). Furthermore, due to the high propor-
tion of young people in the Iranian population, the incidence 
rate of different types of cancer, such as CRC, is expected to 
increase in the coming years as the population grows older.

It has been suggested that three major pathways are 
involved in colorectal tumorigenesis, including chromosomal 
instability, microsatellite instability and the CpG island 
methylator phenotype (CIPM)  (6). Previous studies have 
demonstrated that epigenetic modifications, such as aberrant 
DNA methylation, have important roles during CRC develop-
ment. CIPM‑positive CRC cases, which account for ~15% of 
sporadic cases, have hypermethylation in the promoter regions 
of certain tumor suppressor genes  (7,8). CpG islands are 
genomic regions with a high percentage of CpG dinucleotides. 
DNA methylation occurs at CpG dinucleotides, and has been 
demonstrated to suppress the expression of nearby genes (9). 
There are ~25,500 CpG islands in the human genome, half 
of which are associated with constitutively expressed genes; 
a number of these constitutively expressed genes are meth-
ylated in CRC (10). In a study by Kim et al, the previously 
reported methylation markers has been reviewed in CRC (11). 
Epigenetic modifications, such as promoter hypermethylation, 
commonly precede disease pathology, making them valuable 
diagnostic biomarkers for the early detection of diseases or 
for determining clinical response to the therapeutics (12,13). 
Furthermore, DNA methylation markers are more stable 
compared with RNA and protein markers, thus, making them 
more suitable biomarkers for detection in different biological 
substances, such as blood and stool samples (14).
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Apoptosis or programmed cell death is an important 
homeostatic process; its failure is considered to contribute to 
cancer development and resistance to cancer therapies (15). 
Apoptosis occurs through two interconnected pathways; the 
extrinsic and the intrinsic pathways. The extrinsic pathway 
initiates by the binding of death ligands to their respective cell 
surface death receptors: Tumor necrosis factor receptor 1, Fas 
cell surface death receptor (Fas), and tumor necrosis factor 
receptor superfamily members 10a and 10b. Ligand binding 
leads to caspase activation and subsequent apoptotic signaling 
cascades  (16). By contrast, the intrinsic or mitochondrial 
pathway is triggered by oxidative stress and DNA damage, 
and progresses through proteolytic caspase cascades. The key 
elements of apoptosis include pro‑apoptotic and anti‑apoptotic 
proteins that are involved in the progression and regulation of 
apoptosis (17,18). Molecular alterations, such as genetic muta-
tions or epigenetic silencing of apoptotic genes, frequently 
occur in tumor progression and drug resistance (19). As an 
epigenetic mechanism of gene inactivation, aberrant DNA 
methylation, in addition to genetic mutations, may act as a 
second hit to turn off important tumor suppressor genes, and 
initiate or progress cancer development (20).

Proapoptotic genes that have important roles in apop-
tosis initiation and progression may contain CpG islands 
in their promoter sequences; hence, these genes are prone 
to be silenced by DNA hypermethylation. In our previous 
study, two proapoptotic genes, FAS and BCL2‑associated 
X protein (BAX), were demonstrated to be downregulated in 
adjacent normal colorectal tissue compared with CRC tissue 
samples (21). As a cell surface death receptor, Fas protein leads 
to the initiation of programmed cell death following binding to 
its ligand. By contrast, Bax is considered to have a significant 
effect on mitochondrial outer membrane permeabilization; 
this permeabilization allows cytochrome c to be directed from 
the mitochondrial intermembrane space into the cytoplasm, 
and eventually leads to activation of caspases during apoptosis 
initiation and progression (22). Both the FAS and BAX genes 
have CpG islands in their upstream sequences according to 
the MethPrimer criteria (23). The cell death receptor FAS 
is involved in initiating the extrinsic pathway of apoptosis, 
while the BAX protein has important roles in the intrinsic and 
extrinsic apoptotic pathways (24). Therefore, the aim of the 
present study was to investigate the methylation status of CpG 
islands in two essential downregulated proapoptotic genes, 
FAS and BAX, in CRC samples.

Materials and methods

Patient samples. Fresh‑frozen patient samples obtained 
from hospitals were provided by the Iran National Tumor 
Bank (Tehran, Iran), which is funded by the Cancer Insti-
tute of Tehran University (Tehran, Iran; Table I). A total of 
30 colorectal tumor samples and their adjacent normal tissues 
were collected from Baqiyatallah Hospital (Tehran, Iran) and 
Imam Khomeini Hospital Complex (Tehran, Iran). Samples 
were collected during surgical resection between March 2011 
and September 2012. The criteria for inclusion of patient 
samples was the sporadic colon cancer, and rectum mucinous 
and non‑mucinous adenocarcinoma. Tumors were classified 
based on the pathological diagnostic criteria of the WHO 

classification (25). No patients underwent chemotherapy prior 
to surgery and had no other forms of cancer. The adjacent 
normal tissues were obtained from at least 6 cm away from the 
tumor sites. The samples were snap‑frozen and stored in liquid 
nitrogen until extraction. The study was approved by Shahid 
Beheshti University of Medical Sciences ethical committee 
(Tehran, Iran) and written informed consent was obtained 
from all patients or close relatives for sampling. 

Cell culture and treatment. The HT‑29 colorectal adenocar-
cinoma cell line (ATCC HTB‑38; American Type Culture 
Collection, Manassas, VA, USA) was cultured in RPMI‑1640 
medium (Biosera, Sussex, UK) supplemented with 10% 
heat‑inactivated fetal bovine serum and 1% penicillin‑strep-
tomycin (Life Technologies; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) at 37˚C in a humidified atmosphere 
with 5% CO2. The cells were cultured in 6‑well plate at equal 
concentrations of ~1x104 cells per well. Subsequently, the cells 
were exposed media containing 10 µM 5‑aza‑2'‑deoxycytidine 
(Sigma‑Aldrich Chemie GmbH, Hamburg, Germany) for 48 h 
to induce DNA demethylation, while control cells were left 
untreated. After 24 h, the media was changed and replaced 
with fresh media containing 10 µM 5‑aza‑2'‑deoxycytidine.

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). To minimize gene 
expression variations, lysis buffer was poured directly on 
the cells in the wells. Total RNA from the 5‑aza‑2'‑deoxy-
cytidine‑treated and untreated control cells was extracted 
after 48 h exposure using an AllPrep DNA/RNA Mini kit 
(Qiagen, Valencia, CA, USA). cDNA was synthesized using 
a PrimeScript RT Reagent kit (Takara Bio, Inc.), and the 
expression of the FAS and BAX genes were measured in the 
5‑aza‑2'‑deoxycytidine‑treated and untreated HT‑29 cells. 
qPCR was performed under the following conditions: 30 sec 
initial denaturation step at 95˚C followed by 40 amplifica-
tion cycles at 94˚C for 5 sec and 60˚C for 30 sec. Melting 
curve analysis was then performed. Relative quantification 
of the FAS and BAX genes was performed by RT‑qPCR in 
a Rotor‑Gene  6000 cycler (Corbett Life Science, Sydney, 
Australia) using SYBR Premix Ex Taq II (Takara Bio, Inc.), 
and the GAPDH gene was used as a positive internal control, 
whilst no template control NTC reactions served as negative 
controls for nucleic acid contamination and primer dimer 
formation. The primer sequences for RT‑qPCR were extracted 
from PrimerBank (http://pga.mgh.harvard.edu/primerbank/) 
(Table II). RT‑qPCR was repeated twice for relative quan-
tification analysis, which was performed using the ∆∆Cq 
method (26).

Methylation‑sensitive restriction enzyme PCR. DNA and 
RNA were extracted simultaneously from tumoral and 
normal adjacent tissues using an AllPrep DNA/RNA 
Mini kit. The extracted DNA samples were digested using 
methylation‑sensitive HpaII and methylation‑insensitive 
MspI restriction enzymes (Fermentas EpiJET DNA Meth-
ylation Analysis kit; Thermo Fisher Scientific, Inc.). The 
primers for the PCR reactions were designed using Primer3 
software v0.4.0 (http://frodo.wi.mit.edu/primer3), wherein 
the primers flank the HpaII/MspI enzyme cutting site 
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(5'‑CCGG‑3') in the sequences. The primers used for ampli-
fication were as follows: Forward, 5'‑ACT​TCC​TGC​CTC​TGG​
CACT‑3' and reverse, 5'‑AGG​CTG​GGC​CTG​TAT​CCTAC‑3' 
for BAX gene (GenBank: AF339054.1); forward, 5'‑ACG​AAC​
CCT​GAC​TCC​TTCCT‑3' and reverse, 5'‑TCA​GAG​ACG​AGC​
TCA​CGAAA‑3' for FAS gene (GenBank: X82279.1). For PCR 
amplification, a 25‑µl reaction volume, including 12.5 µl Taq 
DNA Polymerase Master Mix Red from Ampliqon (Odense M, 
Denmark), 2 µl digested DNA, 8.5 µl ddH2O and 10 pmol of 
each primer, was added to 0.2‑ml Eppendorf microtubes. The 
reactions were performed for 30 cycles on a Mastercycler® 
Nexus (Eppendorf, Hamburg, Germany); 95˚C predenatur-
ation for 4 min followed by denaturation at 94˚C for 35 sec, 

annealing at 64˚C for 30 sec, extension at 72˚C for 30 sec and 
final extension at 72˚C for 5 min. The amplified products were 
visualized on 1.5% agarose gel electrophoresis and gel band 
pixel quantification was performed using ImageJ software 
v1.47p (National Institutes of Health, Bethesda, MD, USA).

Bisulfite conversion and methylation‑specific PCR (MSP). 
Sodium bisulfite conversion of genomic DNA was performed 
on 1 µg DNA using an EpiTect Bisulfite kit, according to the 
manufacturer's protocol (Qiagen, Hilden, Germany). Human 
control DNA, containing bisulfite‑converted methylated and 
unmethylated DNA (EpiTect PCR Control DNA Set; Qiagen), 
was used as the control for MSP reactions. The specific primer 
sets for PCR were designed by MethylPrimer software v1.0 
(Thermo Fisher Scientific, Inc.) and/or extracted from studies 
previously published in the literature (25,27). The primers 
were as follows: Forward, 5'‑AGT​GAT​ATA​TAG​GTG​TTT​
AAA​GAC​GT‑3' and reverse, 5'‑AAC​TAA​CCT​CAA​AAT​ATA​
TTC​CGT​A‑3' for methylated sequences; forward, 5'‑AGT​
GAT​ATA​TAG​GTG​TTT​AAA​GAT​GT‑3' and reverse, 5'‑AAC​
TAA​CCT​CAA​AAT​ATA​TTC​CAT​A‑3' for unmethylated 
sequences. The PCR protocol was the same as performed for 
methylation‑sensitive restriction enzyme PCR.

Statistical analysis. GraphPad Prism 5 software (GraphPad 
Software, Inc., San Diego, CA, USA) was used to perform 
statistical analyses. Student's t‑test was applied to compare 
mean gene expression value between tumor samples and adja-
cent normal samples. The experiments were repeated twice or 
in cases of discrepancy they were repeated three times, and all 
data are expressed as mean ± standard deviation. P<0.05 was 
considered to indicate a statistically significant difference.

Results

RT‑qPCR. Using RT‑qPCR, BAX and FAS gene expression 
were analyzed in CRC and normal samples according to their 
pathological grade (I‑IV). RT‑qPCR revealed downregula-
tion of the two genes (19 out of 30 FAS samples and 18 out 
of 30 BAX samples) in CRC tissues compared with adjacent 
normal samples in almost all pathological grades; however, 
this decrease in expression was more significant in tumor 
grades I and III (Fig. 1). Furthermore, RT‑qPCR demonstrated 
that FAS gene expression was significantly upregulated in 
5‑aza‑2'‑deoxycytidine‑treated HT‑29 cells compared with 
untreated HT‑29 control cells (P=0.00518); however, the differ-
ence in BAX gene expression was not significant between 
treated and untreated control cells (Fig. 2).

Methylation‑sensitive restriction enzyme PCR. PCR 
amplification of the selected region (‑166 to ‑6) was performed 
in the upstream region of the FAS gene to yield a 160‑bp 
product containing two HpaII/MspI cutting sites. Semi‑quan-
tification of agarose gel bands using ImageJ software revealed 
significant methylation of the desired region of the FAS gene 
in 19 out of 30 tumor samples compared with adjacent normal 
samples (Fig. 3).

MSP. Two different CpG rich sections in the regulatory regions 
of the FAS gene were analyzed by MSP (Fig. 4A). MSP analysis 

Table II. Reverse transcription‑quantitative polymerase chain 
reaction primer sets, extracted from the PrimerBank database. 

Gene name	 Primer sequence, 5'¦3'

GAPDH	 F: AAGGTGAAGGTCGGAGTCAAC
	 R: GGGGTCATTGATGGCAACAATA
FAS	 F: CACCCGGACCCAGAATACC
	 R: TGTTGCTGGTGAGTGTGCATT
BAX	 F: CCCGAGAGGTCTTTTTCCGAG
	 R: CCAGCCCATGATGGTTCTGAT

F, forward; R, reverse; GAPDH, glyceraldehyde 3‑phosphate dehydro-
genase; FAS, Fas cell surface death receptor; BAX, BCL2‑associated 
X protein.

Table I. Clinical data of 25 colorectal cancer samples.

Characteristic	 Cases, n (%)

Gender
  Male	 14 (56)
  Female	 11 (44)
Age, years	
  <60	 15 (60)
  ≥60	 10 (40)
Site of primary tumor	
  Colon	 13 (52)
  Rectum	 12 (48)
Histological type	
  Non‑mucinous adenocarcinoma	 20 (80)
  Mucinous adenocarcinoma	 5 (5)
Tumor grade	
  I	 15 (60)
  II	   5 (20)
  III	   4 (16)
  IV	 1 (4)
T classification	
  T2	   4 (16)
  T3	 21 (84)
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of the promoter region revealed marked methylation in the 
tumor samples compared with the normal adjacent samples 
(Fig. 4B). The results identified that 16/30 (53.3%) tumoral 
samples were markedly methylated in the FAS promoter 
region compared with the normal samples. To determine if 
the hypermethylation in the FAS promoter is correlated with 
its downregulation, the expression of FAS in these 16 hyper-
methylated samples were compared and 12/16  samples 
showed significantly lower expression in tumor samples than 
in normal adjacent samples. The first intron of the FAS gene 
has a putative enhancer containing a P53 response element. 
To determine the methylation in the enhancer region of the 
FAS gene in CRC tissue samples, the MSP technique was 
performed with sodium bisulfate‑treated DNA from tumor 
and normal adjacent tissues. Methylation status analysis of the 
FAS enhancer region using MSP indicated no methylation in 
this region in CRC and normal samples (Fig. 4C).

Discussion

Numerous efforts have been made to identify epigenetic 
biomarkers that can be used for CRC early detection, 
progression, tendency to metastasis, prognosis and response 
to chemotherapeutics  (28‑30). DNA methylation has been 
investigated for application in cancer screening of high‑risk 
populations due to its stability compared with protein and 
RNA biomarkers, and its easy detection using PCR‑based 
approaches. Methylation marks that are methylated more 
frequently in tumoral samples compared with normal samples 
may have potential as methylation biomarkers (31). A previous 
study revealed that the number of neoplasms containing meth-
ylated genes is not significantly different between advanced 

Figure 1. Relative expression of BAX and FAS genes between different grades of colorectal cancer. Stratifying and comparing the reverse transcription‑quanti-
tative polymerase chain reaction data from colorectal cancer tumoral and adjacent normal samples between four different grades (I‑IV) revealed that BAX and 
FAS proapoptotic genes were significantly downregulated in tumoral compared with normal samples. *P≤0.05, **P ≤0.01, ***P ≤0.001. Graphs were generated 
using GraphPad Prism software and data are expressed as mean ± standard deviation. BAX, BCL2‑associated X protein; FAS, Fas cell surface death receptor.

Figure 2. FAS and BAX gene expression variations between 5‑aza‑2'‑de-
oxycytidine‑treated and untreated control HT‑29 cells. Reverse 
transcription‑quantitative polymerase chain reaction data revealed that FAS 
gene was significantly upregulated in 5‑aza‑2'‑deoxycytidine treated cells 
campared with untreated normal control cells; however, BAX gene expres-
sion was not significantly different between two groups. ***P≤0.001. Data are 
expressed as mean ± standard deviation. FAS, Fas cell surface death receptor; 
BAX, BCL2‑associated X protein.

Figure 3. Semi‑quantitative methylation‑sensitive HpaII‑restriction enzyme 
polymerase chain reaction (PCR) for the FAS gene. PCR following digestion 
with HpaII demonstrated a significant difference in FAS gene expression 
between tumor (T) and normal adjacent (N) DNA. Relative pixel digital 
quantification was obtained using ImageJ software. The tumoral  samples 
shows higher pixel intensity compared with normal samples. ***P≤0.001.
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colorectal adenoma and colorectal adenocarcinoma; however, 
these methylated genes are highly different between early 
colorectal adenoma and colorectal adenocarcinoma  (32). 
Therefore, the methylation of specific gene promoters appears 
to occur during the early stages of CRC tumorigenesis, and 
these DNA marks may be classified as useful non‑invasive 
early detection biomarkers if they can be easily detected in 
available body specimens, such as blood and stool.

In the present study, we hypothesized that DNA meth-
ylation of proapoptotic genes that are considered to be tumor 
suppressor genes may lead to resistance to apoptosis and the 
development of CRC. Thus, two proapoptotic genes with CpG 
islands in their promoter regions and flanking their transcrip-
tion initiation sites were selected for analysis in the present 
study. Gene expression evaluation of tumoral and normal adja-
cent samples demonstrated that the two genes, FAS and BAX, 
exhibited significantly lower expression in tumoral compared 
with normal samples in the majority of specimens (Fig. 1). 
These genes contain CpG islands flanking the initiation site; 
hence, methylation and resultant transcriptional silencing may 
occur in carcinogenesis. Furthermore, methylation inhibition 
of the HT‑29 CRC cell line using 5‑aza‑2'‑deoxycytidine 
resulted in overexpression of the FAS gene due to DNA 
demethylation (Fig. 2).

To analyze the CpG island methylation status, the present 
study first performed methylation‑sensitive restriction enzyme 
PCR using HpaII and MspI enzymes. In the HpaII assays, 
no significant difference in methylation status was detected 
for the BAX gene (data not shown); however, a significant 
difference in the methylation status of the FAS gene promoter 
was identified between tumoral and normal specimens in the 
majority of current samples. To confirm the methylation of 
CpG island regions in the FAS gene, the MSP technique was 
also performed. Two hotspot CG‑rich regions in intron 1 and 

the promoter of the FAS gene were examined for methyla-
tion marks. As well as CpG islands, intron 1 of the FAS gene 
contains a P53‑response element, and is, therefore, considered 
to be an enhancer region (27).

The MSP results indicated no methylation in the tumoral 
or normal samples in the enhancer region of the FAS gene. 
Therefore, methylation of the enhancer region in intron  1 
of the FAS gene does not appear to be responsible for FAS 
downregulation and, thus, based on the current study, is not a 
causative risk factor for colorectal carcinogenesis (Fig. 4C). 
This result is in contradiction with a previous study, which 
identified partial methylation in 4/10 colon carcinoma tumor 
samples (27). However, the FAS gene has a CpG island around 
its 5'‑flanking region; therefore, DNA methylation in this region 
may be responsible for the decreased expression of the FAS 
gene observed in the present tumoral samples. In the present 
study, MSP was performed using a methylation‑specific primer 
set to confirm the methylation status of the CpG dinucleotides 
in the promoter region; the results revealed that the majority of 
tumoral samples (53.3%) contained a markedly higher propor-
tion of methylated FAS compared with the normal samples 
(Fig. 4B). To determine if the hypermethylation in the FAS 
promoter is correlated with its downregulation, the expression 
of FAS in these 16 hypermethylated samples were compared 
and 12/16 samples showed significantly lower expression in 
tumor samples than in normal samples (P=0.0219). Therefore, 
we propose that methylation in the promoter region may be 
responsible for downregulating FAS gene expression during 
CRC carcinogenesis. The current findings are in accordance 
with a previous study, which demonstrated that FAS promoter 
methylation is associated with the levels of FAS expression in 
different CRC cell lines; increased methylation of CpG dinucle-
otides was associated with lower FAS gene expression (27). This 
GC‑rich promoter region contains binding sites for specificity 

Figure 4. Methylation‑specific polymerase chain reaction (MSP) results for FAS promoter and enhancer regions. (A) Analysis revealed that FAS gene has 
CpG islands flanking its regulatory sequences. (B) MSP of the promoter region using a methylated specific primer set revealed a higher level of methylation in 
tumoral samples relative to the normal samples. (C) MSP of enhancer region using methylated and unmethylated specific primer sets on tumoral and normal 
samples identified no methylation in this region. In the MSP experiments, MC and UC were used to confirm the polymerase chain reaction results. FAS, Fas 
cell surface death receptor; MC, methylated control; UC, unmethylated control.
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protein‑1, activator protein (AP)‑1, AP‑2, GAGA factor, nuclear 
factor of activated T‑cells and nuclear factor‑κB transcription 
factors; and methylation of CpG dinucleotides in these binding 
sites may affect transcription of the FAS gene (33). By contrast, 
in another previous study, southern blotting was performed 
using methylation‑sensitive restriction enzymes for FAS 
promoter methylation evaluation, and revealed no correlation 
between promoter hypermethylation and loss of FAS expression 
during colorectal carcinogenesis (34).

In conclusion, the present results demonstrated that 
FAS promoter hypermethylation is associated with FAS 
downregulation in CRC but not normal adjacent samples in 
the investigated population. Furthermore, the FAS promoter 
exhibited higher levels of methylation in tumoral tissues 
compared with the normal adjacent tissues. Therefore, FAS 
promoter methylation levels may be used as an early detec-
tion biomarker for patients with CRC; however, confirmatory 
studies using larger sample sizes non‑invasive body specimens, 
such as blood and/or stool, are required.
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