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ABSTRACT 

Aim: This study investigated the association between methylation status and expression levels of BTG2, PPP1CA, and PEG3 genes in 

colon cancer. 

Background: Aberrant DNA methylation is one of the most important epigenetic modifications in the development of cancer. 

Evidence indicates that hypermethylation of various tumor suppressor genes could be a potential mechanism of colon tumorigenesis. 

Methods: The expression levels of BTG2, PPP1CA, and PEG3 genes were evaluated in HT-29/219, HCT116, SW48, SW742, 

SW480, and LS180 cell lines using quantitative Real-Time PCR. The methylation status of BTG2 and PPP1CA was determined by 

methylation-specific PCR (MSP) method, and the methylation pattern of PEG3 was evaluated by bisulfite sequencing PCR (BSP). To 

investigate the effect of methylation on the expression of these genes, all colon cancer cell lines were treated by 5-Azacitidine (5-Aza) 

and/or Trichostatin A (TSA).  

Results: The expression levels of BTG2, PPP1CA, and PEG3 were highly heterogeneous and quantitatively correlated to their 

promoter methylation status in the studied colon cancer cell lines. Treatment by 5-Aza and/or TSA increased the expression of the 

above-named genes in colon cancer cell lines.  

Conclusion: Overall, it seems that BTG2, PPP1CA, and PEG3 act as tumor suppressor genes in colon cancer, and methylation is a 

potential mechanism for their loss of expression. Therefore, these genes may be considered as suitable targets for demethylation 

approaches and, eventually, colon cancer treatment. Combined treatment by 5-Aza and TSA may be a promising therapeutic strategy 

for colon cancer treatment. Further studies may contribute to confirm these results.  
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Introduction
1Colorectal cancer (CRC) is the third most prevalent 

cancer and has become a big concern around the world 

(1). Lifestyle, micro-environmental factors, genetic and 

epigenetic modifications are considered in the etiology 

of this type of cancer (2, 3). DNA, histone proteins, and 
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non-coding RNAs are affected by epigenetic 

modifications (4, 5). DNA methylation is one such 

change that plays an important role in growth and 

evolution processes in the physiological condition. 

DNA methyltransferases constitute a family of 

enzymes which catalyze methyl transfer from S-

adenosyl methionine (SAM) to cytosine residues of 

DNA (6). Aberrant methylation leads to gene 

expression modification and ultimately results in 

different diseases, like cancer (4, 7), autoimmune 

diseases (8), high blood pressure (9), atherosclerosis 
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(10), cardiovascular diseases (11), mental disorders 

(12), diabetes, and obesity (13). Hypermethylation of 

DNA repair and tumor suppressor genes as well as 

hypomethylation of oncogenes are considered as 

epigenetic biomarkers for CRC (4). Continuing efforts 

to discover more about the epigenetic changes in 

various genes related to CRC may lead to identifying 

new epigenetic biomarkers for the diagnosis, prognosis, 

and prediction of this disease.  

B-cell translocation gene 2 (BTG2) is the first 

identified member of the BTG/TOB family; it is 

located on chromosome 1q32.1 and encodes a 158 

amino acid protein (14). As a member of the anti-

proliferative (APRO) gene family, BTG2 plays a 

critical role in different processes, like cell 

differentiation, DNA repair promotion, cell 

proliferation inhibition, and apoptosis induction (15). 

According to the available reports, BTG2 is 

downregulated and acts as a tumor suppressor gene in 

various types of cancers, such as lung (14), breast (16), 

prostate (17), liver (18), kidney (19), melanoma (20), 

larynx (21), and gastric cancers (22). Moreover, it is a 

target of miR-934. BTG2 knockdown by miR-934 

overexpression in colorectal cancer leads to cell 

proliferation, migration, invasion, and angiogenesis 

(23). 

Paternally expressed gene 3 (PEG3) is a Kruppel-

type (C2H2) zinc-finger protein with molecular weight 

of 140 kDa. This protein is encoded by an imprinted 

gene located on 19q13.4 and expressed in tissue of the 

brain, testis, ovary, and placenta. PEG3 plays a key role 

in the control of fetal growth, nutritional behavior, and 

mammalian reproduction (24, 25). Evidence has 

confirmed the tumor suppressor activity of PEG3 and 

its methylation-induced downregulation in different 

types of cancer, like ovarian, cervical, breast, and 

glioma cancers (24, 26-28). The low expression of 

PEG3 mRNA and its role in the occurrence and 

prognosis of colon cancer has also been reported (29). 

Serine/threonine specific protein phosphatase 1 

(PP1) is involved in the regulation of different 

processes like cell division, protein synthesis, 

neurotransmission, muscle contraction, and glycogen 

metabolism (30). One of the three subunits of PP1 is 

Protein Phosphatase 1 Catalytic Subunit Alpha 

(PPP1CA). Reduced PPP1CA expression is reported in 

various cancers, including small intestine, prostate, 

vulva, colorectal, and kidney tumors. The significant 

allelic loss of PPP1CA has also been observed in 

colorectal and kidney cancers (31). Growth reduction 

due to PPP1CA upregulation and malignancy 

enhancement due to PPP1CA downregulation led to the 

determination that PPP1CA can act as a tumor 

suppressor (31).  

Previous studies have identified a significant 

association between methylation and reduced 

expression of the above-named tumor suppressor genes 

(BTG2, PEG3, and PPP1CA) in various cancers such 

as breast, ovary, cervix, glioma (24, 26-28), B-cell 

acute lymphoblastic leukemia (B-ALL) (32), and non-

small cell lung cancers (NSCLC) (14). Therefore, it 

seems that epigenetic modification regulates the 

expression of these tumor suppressor genes, and their 

aberrant methylation may lead to tumorigenesis.  

To the best of our understanding of the literature, 

there is yet no study on the association between 

methylation and expression status of these genes in 

colorectal cancer. Given the importance of this issue, 

the present study was designed to evaluate the 

expression status and methylation pattern of the BTG2, 

PEG3, and PPP1CA genes in different colon 

adenocarcinoma cell lines. For this purpose, we used 5-

Aza, which is FDA-approved for routine clinical 

treatment, as a DNA methyltransferase inhibitor 

(demethylating agent). However, varying results have 

been obtained for 5-Aza application in several solid 

tumors. The available evidence indicates there is a 

synergy between DNA methylation and histone 

modifications in the early stages of carcinogenesis (33, 

34). Therefore, combination therapy with inhibitors of 

these processes may have better therapeutic effects 

compared to each drug alone (33). In this regard, we 

applied TSA as a histone deacetylase inhibitor along 

with 5-Aza. 

Materials and methods 

Six human colon adenocarcinoma cell lines (HT-

29/219, HCT116, SW48, SW742, SW480, and LS180) 

were purchased from the National Cell Bank of Iran 

(NCBI, Pasteur Institute, Tehran). HCT116, SW48, 

SW742, HT29/219, and SW480 cells were cultured in 

RPMI 1640, and LS180 was cultivated in DMEM, 

containing 10% fetal bovine serum, 100 UmL-1 
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penicillin, 100 μgmL-1 streptomycin, and 2 mM 

glutamine in a 5% CO2 humidified incubator at 37 °C.  

5-Azacitidine and Trichostatin A 

treatment 

Each colon adenocarcinoma cell line was cultured 

in 6-well microplates. Then, after 24 hours (h), cells 

were treated with 2.5 µM 5-Aza (dissolved in DMSO) 

for 72 h. To inhibit histone deacetylation, cell lines 

were incubated for 24 h in media containing 300 nM of 

TSA (dissolved in DMSO). For combined inhibition, 

cells were treated with 5-aza for 3 days, and then TSA 

was added in the last 24 h of treatment, as previously 

described (32, 35). 

RNA extraction and real-time 

quantitative PCR assay 

RNA was extracted from cultured cells applying an 

RNA isolation kit (Roche Applied Science, Germany) 

according to the manufacturer’s guidelines. cDNA was 

synthesized using a RevertAid First Strand cDNA 

Synthesis Kit (Thermo Fisher Scientific, Germany). 

Then, expression levels of BTG2, PPP1CA, and PEG3 

genes as well as the internal reference gene (GAPDH) 

were determined by real-time quantitative PCR (qPCR) 

assay using ABI 7500 Sequence Detection System 

(Applied Biosystems, USA) and the specific primers 

depicted in Table 1. The qPCR reactions were 

performed in triplicate with a 60-°C annealing 

temperature and a total cycle number of 40. The qPCR 

always included a no-template sample as a negative 

control. The relative expression levels of BTG2, 

PPP1CA, and PEG3 mRNA were normalized to 

GAPDH mRNA levels and determined using formula 

2-ΔΔCT. 

Methylation analysis 

Genomic DNAs of the cultured cells were extracted 

using the phenol-chloroform extraction method as 

previously described (36). Then, EpiTect Bisulfite Kit 

(QIAGEN) was applied to convert unmethylated 

cytosines to uracils. The methylation status of the 

BTG2 and PPP1CA genes was determined by 

methylation specific PCR (MSP) using the bisulfite-

converted DNA as the template. The sequences of 

methylated and unmethylated specific primers for each 

gene are listed in Table 2, based on previous study (32). 

The methylation status of the PEG3 gene promoter 

was evaluated in six cell lines using bisulfite 

sequencing PCR (BSP). The target region of the 

promoter of the PEG3 gene, containing 23 CpG sites, 

was amplified by PCR using Taq DNA Polymerase 

Master Mix RED (Cat No. A180301) and specific 

primers (Forward, 5'-

TTGTTGTTGTGGTAATCGTAGTTTGATTG-3' and 

Reverse, 5'-GTATTGAGGTGAGGTGAGTGCGTT-

3'). Then, PCR products were sent for sequencing by 

Bioneer Company. 

Table 1. Primer sequences applied for quantitative Real-Time PCR assay. 

Gene Primer sequence Product size (bp) 

PPP1CA Forward 5′-GCCAGCATCAACCGCATC-3′ 

Reverse 5′-CACAGCAGGTCACACAGC -3′ 

236 

BTG2 Forward 5′-GAGCCACGGGAAGGGAAC-3′ 

Reverse 5′-CTTGTGGTTGATGCGAATGC-3′ 

217 

PEG3 Forward 5′- CCTACCCAAGCACCAGTC -3′ 

Reverse 5′- GGAACTGCGTGACACATC -3′ 

137 

GAPDH Forward 5´- CGACCACTTTGTCAAGCTCA -3´ 

Reverse 5´- AGGGGTCTACATGGCAACTG -3´ 

258 

Table 2. Specific primers used for methylation-specific PCR, annealing temperatures, and PCR product sizes. 

Gene Primer sequences Annealing Temperature  Product Size  

PPP1CA MF: 5'-TAGCGAGGTTTCGTGGTC-3' 

MR: 5'-ACCGAACTTCCCGAATTTCT-3' 

UF: 5'-GGGTAGTGAGGTTTTGTGGTT-3' 

UR: 5'-ACCAAACTTCCCAAATTTCTCC-3' 

50 °C 

 

55 °C 

156 bp 

 

156 bp 

BTG2 MF: 5'-TTCGAGTTTTAAAAATGGGC-3' 

MR:  5’- CGCTCGCTATCGTCAATA-3’ 

UF:  5’- TAATTTGAGTTTTAAAAATGGGT-3’ 

UR:  5’- TCACTCACTATCATCAATACT-3’ 

46 °C 

 

53 °C 

175 bp 

 

175 bp 

MF: Methylated Forward, MR: Methylated Reverse, UF: Unmethylated Forward, UR: Unmethylated Reverse. 
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Statistical analysis 

Data analysis was conducted applying SPSS 

software version 20 (Chicago, IL). Experiments were 

analyzed using one-way ANOVA accompanied by 

Tukey’s multiple comparison tests. Data is presented as 

mean ± SD. Differences with a p-value ≤ 0.05 were 

considered as statistically significant. 

Results 

BTG2, PPP1CA, and PEG3 genes 

expression is heterogeneous in CRC 

cell lines  
Expression levels of BTG2, PPP1CA, and PEG3 

genes were evaluated by real-time quantitative PCR 

assay in six human colon adenocarcinoma cell lines, 

namely HT-29/219, HCT116, SW48, SW742, SW480, 

and LS180 (Figure 1). No expression of the BTG2 and 

PPP1CA genes was observed in the SW48 cell line; 

therefore, it was selected as the baseline/reference for 

BTG2 and PPP1CA expression levels (set at 1.0). In 

comparison with SW48 as a reference, the highest 

BTG2 levels were observed in HCT116, LS180, 

HT29/219 (p<0.01), and SW742 (p<0.05), respectively. 

BTG2 expression was low in SW480 cells, and no 

significant difference with SW48 as the reference 

(p>0.05) was observed. Similarly, the highest 

expression level of PPP1CA was observed in HCT116 

(p<0.001). The other four cell lines also had 

significantly higher levels of PPP1CA compared with 

SW48 (p<0.01). PEG3 gene expression was not 

observed in the SW480 cell line; accordingly, it was 

Figure 1. The relative expression of BTG2, PPP1CA, and PEG3 in colon adenocarcinoma cell lines was determined by 

quantitative RT-PCR. Expression was normalized to the GAPDH mRNA control. The SW48 cell line was considered as a 

reference for BTG2 and PPP1CA genes (A, B), and the SW480 cell line was applied as a reference for the PEG3 gene (C) with an 

expression level set to 1.0. Expressions in all other cells were presented as an n-fold difference compared with the references. Mean 

± SD of three experiments is reported. (*p<0.05, **p<0.01, ***p<0.001). 
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considered as the baseline/reference for PEG3 

expression. The HT29/219 (p<0.01), HCT116, and 

SW742 cell lines (p<0.05) had significantly higher 

PEG3 expression levels compared with SW480. 

However, no such difference was observed in the 

SW48 and LS180 cell lines. 

The methylation status of BTG2, 

PPP1CA, and PEG3 genes differ in 

CRC cell lines  
Methylation patterns were determined by MSP 

(BTG2 and PPP1CA) and bisulfite sequencing PCR 

(PEG3) methods before and after treatment by 5-Aza 

and/or TSA. As shown in Figure 2, both BTG2 and 

PPP1CA were completely methylated in the SW48 cell 

line. Heterologously methylated BTG2 was observed in 

HT29/219, SW748, and SW480, and the heterologously 

methylated PPP1CA was found in SW480, SW748, and 

LS180 cell lines. BTG2 was unmethylated in the 

HCT116 and LS180 cell lines, and PPP1CA was 

unmethylated in HCT116 and HT29/219 cell lines. The 

results indicated that demethylation of both BTG2 and 

PPP1CA genes was synergically increased in the 

presence of TSA along with 5-Aza (Figure 2). The 

methylation pattern of 23 CpG sites of the PEG3 gene 

is presented in Figure 3. As an imprinted gene, PEG3 is 

exclusively expressed from the paternal allele, and the 

 
Figure 2. Methylation status of BTG2 (A) and PPP1CA (B) genes was determined by MSP method before and after treatment with 

5-Azacitidine or 5-Azacitidine + Trichostatin A in colon adenocarcinoma cell lines. U: unmethylated, M: methylated. 
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maternal allele is normally methylated. As illustrated in 

Figure 3, the highest paternal allele methylation was 

observed in the SW480 cell line. PEG3 was also 

considerably methylated in SW742, LS180, and SW48 

and low methylated in HT29/219 and HCT116. Most of 

the CpG sites of PEG3 were unmethylated in normal 

colon tissues (Figure 3, part B). Evaluation results 

showed that 5-Aza demethylated most CpG sites of the 

PEG3 gene in SW480, which had the highest 

methylated PEG3.  

Induction of BTG2, PPP1CA, and 

PEG3 gene expression after 

treatment with DNA 

methyltransferase and histone 

deacetylase inhibitors in a cell line-

dependent manner 
To evaluate the association between DNA 

methylation, histone acetylation, and silencing of the 

BTG2, PPP1CA, and PEG3 genes, gene expression 

levels were determined by real-time quantitative PCR 

assay after treatment by 5-Aza and/or TSA. and 

 
Figure 3. Methylation patterns of PEG3 imprinted gene in colon adenocarcinoma cell lines were detected by bisulfite sequencing 

PCR. The methylation status of 23 CpG sites in the promoter was assessed using genomic DNA from six cell lines (A), normal 

colon tissues (B), and SW480 after treatment by 5-Azacitidine (C). Each circle indicates one CpG site. Circles filled with black 

represent methylated CpG sites, and open circles indicate unmethylated CpG sites.  
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compared between treated groups and the vehicle group 

(DMSO-treated cell lines). The results for the BTG2, 

PPP1CA and PEG3 genes are presented in Figures 4, 5, 

and 6, respectively. As can be seen in these figures, 

treatment by 5-Aza and/or TSA significantly increased 

the expression level of PEG3 but not those of BTG2 

and PPP1CA in the SW480 cell line. 5-Aza alone and 

combined with TSA significantly enhanced the 

expression levels of all three genes in the SW48 and 

SW742 cell lines; however, TSA alone had such an 

effect only on the PEG3 gene in the SW48 cell line and 

on the BTG2 gene in the SW742 cell line. We also 

found that treatment by 5-Aza alone did not increase 

the expression levels of all three genes in the HCT116 

and HT29/219 cell lines, although TSA alone and 

combined with 5-Aza significantly enhanced the BTG2 

and PPP1CA expression levels in the HT29/219 cell 

line and the PEG3 expression level in the HCT116 cell 

line. According to the results for the LS180 cell line, 

TSA alone and combined with 5-Aza significantly 

increased the expression of all three genes; however, 

after treatment with 5-Aza alone, significant expression 

enhancement was only observed for PEG3 in the 

LS180 cell line. 

Discussion 

Evidence indicates that epigenetic modifications 

like DNA methylation and histone acetylation can lead 

to loss of different tumor suppressor genes expression 

in CRC (37). Further investigations to find other genes 

with aberrant epigenetic alterations in CRC can 

contribute to recognizing new epigenetic biomarkers 

for the diagnosis, prognosis, and prediction of CRC. In 

a continuing effort to recognize other genes involved in 

CRC, our aims were to evaluate the expression of 

BTG2, PPP1CA, and PEG3 genes in colon 

adenocarcinoma cell lines and to investigate epigenetic 

modification as a possible mechanism for inactivation 

of these genes. 

Previous studies have illustrated the downregulation 

and tumor suppressor activity of BTG2 in various 

cancers including lung, breast, prostate, liver, kidney, 

melanoma, larynx, and gastric cancer (14, 16-22). The 

association between methylation and reduced BTG2 

expression in non-small cell lung cancer was reported 

by Shen et al. (14). This association was also observed 

in B-cell acute lymphoblastic leukemia (B-ALL) by et 

al. (32). Similarly, we evaluated the BTG2 gene 

expression and methylation status in six human colon 

 
Figure 4. Relative BTG2 mRNA expression in colon adenocarcinoma cell lines after 5-Azacitidine and/or Trichostatin A 

treatment was determined by Real-Time RT-PCR. BTG2 mRNA expression was normalized to GAPDH mRNA. Each DMSO-

treated cell line was considered as the vehicle control, with an expression level set to 1.0. BTG2 expression levels after 

treatments were presented as an n-fold difference compared with the vehicle control. (*p<0.05, **p<0.01, ***p<0.001) 
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carcinoma cell lines. BTG2 mRNA expression was quantitatively correlated to its promoter methylation 

 
Figure 5. Relative PPP1CA mRNA expression in colon adenocarcinoma cell lines after 5-Azacitidine and/or Trichostatin A 

treatment was determined by Real-Time RT-PCR. PPP1CA mRNA expression was normalized to GAPDH mRNA control. Each 

DMSO-treated cell line was considered as the vehicle control, with an expression level set to 1.0. PPP1CA expression levels 

after treatments were presented as an n-fold difference compared with the vehicle control. (*p<0.05, **p<0.01, ***p<0.001) 

 
Figure 6. Relative PEG3 mRNA expression in colon adenocarcinoma cell lines after 5-Azacitidine and/or Trichostatin A 

treatment was determined by Real-Time RT-PCR. PEG3 mRNA expression was normalized to GAPDH mRNA. Each DMSO-

treated cell line was considered as the vehicle control, with an expression level set to 1.0. PEG3 expression levels after 

treatments were presented as an n-fold difference compared with the vehicle control. (*p<0.05, **p<0.01, ***p<0.001) 
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status. Our results indicated that the SW48 and SW480 

cell lines, which were highly methylated for BTG2, 

virtually did not express BTG2. In contrast, the 

HCT116 cell line, displaying the BTG2 unmethylated 

allele only, showed the highest expression level of 

BTG2 compared to other cell lines. We further 

investigated whether treatment with 5-Aza as a 

demethylating agent and TSA as a histone deacethylase 

inhibitor can change BTG2 gene expression. Our results 

indicated that 5-Aza and TSA, particularly their 

combination therapy, can increase BTG2 expression in 

a cell line-dependent manner according to their 

methylation pattern.  

The tumor suppressor role of PPP1CA and its 

repression was reported by E. Castro et al. in small 

intestine, prostate, vulva, kidney, and colorectal tumors 

(31). It has also been shown that methylation reduces 

PPP1CA expression in B-cell acute lymphoblastic 

leukemia (B-ALL) (32). Similarly, we found that 

methylation is the suppression mechanism for PPP1CA 

expression. In this regard, treatments with 5-Aza and 

TSA, especially in combination with each other, were 

effective in enhancing PPP1CA expression in a cell 

line-dependent manner. 

Chen et al. introduced PEG3 as a tumor suppressor 

gene in colorectal cancer (38). Zhou et al. also 

indicated that PEG3 mRNA expression was 

significantly lower in colon cancer tissues compared 

with their adjacent tissue, which suggests PEG3 as a 

tumor suppressor gene in the nucleus. Nonetheless, 

they intriguingly found that accumulation of the PEG3 

protein in the cytosol may be associated with the 

progression and prognosis of colon cancer (29). 

Previous studies found methylation-induced 

downregulation of PEG3 in breast, ovary, cervix, and 

glioma cancers (24, 26-28). 

Consistent with previous studies, the current results 

revealed that PEG3 expression is significantly 

associated with its promoter methylation. Similar to 

BTG2 and PPP1CA genes, PEG3 expression was also 

significantly increased after 5-Aza and/or TSA 

treatment in a cell line-dependent manner. It has been 

shown that DNA methylation and histone acetylation 

have a synergetic cross-talk in tumorigenesis (39). In 

this regard, Yang et al. reported combination therapy of 

5-Aza and TSA as a potential therapy for lung cancer 

(33). Similarly, we found that the combination of 5-Aza 

and TSA had the best effects on BTG2, PPP1CA, and 

PEG3 in all cell lines compared with either 5-Aza or 

TSA alone. Hence, the combination of these drugs may 

be considered as a potential therapy for colon cancer. A 

brief working hypothesis graph is shown in Figure 7. 

The current study had certain limitations: the 

expression of BTG2, PPP1CA, and PEG3 genes was 

 
Figure 7. A brief working hypothesis graph of the present study. M: Methylated, U: Unmethylated, 5-Aza: 5-Azacitidine, TSA: 

Trichostatin A, TSG: tumor suppressor gene. 
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not evaluated in normal cell lines, the phenotypical 

alterations of the cells upon treatment with 5Aza and 

TSA were not assessed, and positive/negative controls 

were not considered.  

Conclusion 
From the overall results of this study, it might be 

concluded that there is an inverse correlation between 

BTG2, PPP1CA, and PEG3 genes expression and 

promoter methylation levels, suggesting that epigenetic 

modifications may be the mechanism behind the 

expression regulation of these genes in colon cancer 

cells. Therefore, these genes may be targeted for 

demethylation approaches and, consequently, colon 

cancer treatment. The combination of 5-Aza and TSA 

may be a promising therapeutic approach for colon 

cancer. Further investigations are required to confirm 

this experimental conclusion. 
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