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Abstract: SMAD4 is a member of an intracellular signaling pathway protein family that is widely expressed in human tissues. 

This protein is responsible for carrying a chemical signal from the cell membrane to the nucleus. Since reduced SMAD4 

expression leads to several tumors and neural disease, it is important to elucidate the mechanisms affecting the expression of this 

protein. Methylation is among the major factors that affect the expression of the SMAD4 gene. While methylation of the promoter 

and non-coding exons of SMAD4 gene appear to affect expression, there is no information regarding the other regions of this gene 

in this regard. Furthermore, cytosine methylation in mRNA is also important in gene activity. For this reason, the demonstration 

of possible cytosine methylation in mRNA of the SMAD4 gene may be important in understanding gene activity. In this study, we 

aimed to determine the potential methylation regions in the exons corresponding to SMAD4 protein generation which have not 

been investigated before. In order to do this, we used the MethPrimer program and identified 25 single CpG sequences and a 

double CpGpCpG across the exons as potential methylation regions. In addition, 5 pairs of methylated/unmethylated primer 

sequences were designed with the same program. The study results have shown the presence of potential methylation sequences 

that are candidates to affect SMAD4 gene expression. 
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1. Introduction 

SMAD4 is a member of a gene family that produces 

signal transduction proteins. The SMAD4 protein carries a 

chemical signal from the cell surface to the nucleus. This 

signaling pathway works through the TGF-β pathway and 

may be influenced by cellular environment. Signal 

formation begins with the binding of the TGF-β protein to 

the relevant receptor on the cell surface, thereby activating 

the SMAD protein group. SMAD proteins create a protein 

complex by binding to SMAD4 and this complex moves 

towards the nucleus of the cell. Once inside the nucleus, it 

controls growth and activation of tumor suppressor genes 

[1, 2]. This gene is highly active and synthesized in 

several organs from human adrenal glands to the brain, 

colon, heart, kidneys and testes as well as the placenta [3, 

4]. 

In living organisms, all molecular structures are 

determined by nucleotide sequences located in the nucleus 

and collectively referred to as genome. The genome 

expresses itself through RNA or protein generation and 

this is called gene expression. There is another mechanism 

which affects gene expression and has the ability to be 

inherited and transferred from cell to cell. This mechanism 

is known as the epigenetic code. During the formation of 

this code, the DNA sequence is not altered in any way, 
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and only methyl groups are added to some bases [5, 6]. 

The most common epigenetic modifications are the 

changes in histone proteins and DNA methylation. The 

most widely studied and the most well-established 

epigenetic mechanism is DNA methylation. It is an 

enzymatic change where cytosines are converted to 5’-

methylcytosine. The cytosine-end methylation seen in 

mammalian genome often occurs at the 5’-CpG-3’ 

dinucleotides which are also called CpG dinucleotides [2, 

7]. In addition, this methylation can also be seen in 

mRNAs and gene expression can cause changes in the 

phenotype [8-10]. ‘MethPrimer’ is a web-based program 

which has been developed in 2002 by Li LC and Dahiya 

R (www.urogene/methprimer/ [11]). This program allows 

identifying the CpG islands and methylation regions in 

any gene or DNA sequence as well as determining 

bisulphite sequences for these regions and designing 

relevant primer sequences of SMAD4 for reverse 

transcriptase MS-PCR. Methylation-specific PCR is one 

of the most commonly utilized methods to identify 

methylation in DNA sequences. In this method, 2 pairs 

of specifically designed primers are employed for the 

region thought to be methylated. We used the 

‘MethPrimer’ program in the present study. In the new 

gene sequence to be formed after DNA bisulphite 

modification; a pair is designed to bind if the region is 

methylated while the other pair is designed to bind if the 

region is unmethylated and the reaction occurs in two 

separate PCR tubes. Human SMAD4 gene is a 

considerably large gene containing non-coding exons and 

a major portion of the gene has not been investigated in 

terms of methylation. 

The aim of the present study is to investigate the 

potential methylation regions in protein-coding exon 

regions which have not been previously shown in the 

literature by means of the MethPrimer program and to 

design appropriate primer sequences for these regions to 

be utilized in MS-PCR. 

2. Materials and Methods 

Human SMAD4 gene contains non-coding exons and 11 

protein-coding exons [12]. Exact product of these sequences 

constitutes the SMAD4 protein. DNA sequence of this region 

has been obtained from www.ensembl.org and exon onset-

termination nucleotide sequences have been checked from the 

http://www.rcsb.org/pdb/gene/SMAD4?chromosome=chr18&r

ange=48573417&v=hg19database. Subsequently, the sequence 

in question was uploaded to the MethPrimer program and the 

program was run to identify CpG islands, methylation regions 

and primers.  

 

2.1. Bisulfite Modification 

mRNA sequence was modified to target the methylation 

specific primers. The aim is to convert the cytosines in the 

entire mRNA sequence to uracil while cytosines are 

converted to thymine in the CpG sequences with methylation 

potential. Primers were designed assuming that CpGs cannot 

be turned at the same locus. In this way, RNA for that region 

was considered to be two alleles for CpG and C5mpG [13]. 

Bisulfite modification with Sodium bisulfite is considered the 

“gold standard” for analyzing polinucleotid such as DNA or 

RNA methylation and can be followed by downstream 

applications such as PCR or sequencing. In this method, 

sodium bisulfite deaminates un-methylated cytosines to 

uracil and leaves methylated cytosines untouched (in other 

words that is methylated cytosines are resistant to conversion 

induced by sodium bisulfite). So un-methylated cytosine 

residues are deaminated to uracil and methylated cytosine (5-

mC) residues remain unaffected, enabling for PCR 

amplification to recognize uracil residues as thymine and 5-

mC or 5-hmC as cytosine residues before cDNA synthesis 

with revers transcription reactions [11]. 

2.2. Mertprimer and General Parameters for Primer Design 

Designing primers in the Methprimer program Tm: 

(Primer melting temperature). Tm: between 50 and 60 
o
C, 

size: 20-30 bp (For bisulfite PCR, primer size is usually 

bigger than that for regular PCR). Primer GC%: 10-80 (GC 

percentage of the primer), Primer poly X: 5 (The maximum 

allowable number of consecutive mononucleotides in a 

primer sequence except 'T') Primer poly T; 8 (The maximum 

allowable number of consecutive 'T's (or 'A's in a reverse 

primer) in a primer sequence. The 'T's here includes both 

original 'T's and non-CpG 'C's which have been converted to 

'T'.) and product size: adjust 100-400 bp. 

Parameters for MSP primers; 3'CpG constraint: 3, CpG in 

primer: 1, and Max Tm difference: 5. 

3. Results 

A total of 25 single CpGs and a CpGpCpG sequence were 

identified as potential methylation regions in the DNA 

sequence consisting of 1659 nucleotides investigated after 

running the MethPrimer program in Figure 4. A region 

suitable for MS-PCR was detected and the program 

generated 5 pairs of methylated and unmethylated primer 

sequences for this region. Among these, while forward 

sequences are specific to the CGCG region, reverse 

sequences are specific to two single potential CpG sequences 

and two individual CpG potential methylation sequences are 

located between the forward and reverse sequences 

respectively in Figures 1, 2 and 3. 
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Figure 1. Exons distribution of mCpG base pairs. 

 

Figure 2. Potential mCpG of SMAD4 mRNA exons and MS-PCR primer regions. 

 

Figure 3. Upper row: Original sequence Lower row: Bisulfite modified sequence for display, assume all CpG sites are methylated ++ unmethylated CpG 

sites,;::: Unmethlated-CpG 'C' converted to 'T', M >>>>>> Left or forward methylated-specific primer, M <<<<<< Right or reverse methylated-specific 

primer, U >>>>>> Left unmethylated-specific primer, U <<<<<< Right unmethylated-specific primer. 
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Figure 4. Possible Primer Sequences for Reverse Transcriptase MS-PCR. 

4. Discussion 

The human genome contains plenty of methylated cytosine 

residues which play crucial roles in cellular development and 

differentiation. Regional DNA methylations begin to take 

shape in embryonic stages and regulate several reactions that 

are effective throughout human life. SMAD4 is an 

intracellular signaling protein involved in cell growth and 

differentiation, and the expression control of this protein has 

been shown be highly important in certain stages, with 

SMAD4 methylations also playing a role in this control [1]. 

Promoter methylations in the SMAD4 gene has been shown 

to be decreased and associated with SMAD4 expression in 

prostate cancers while this was not observed in colon cancer. 

Promoter hypermethylation has also been shown to reduce 

SMAD4 expression, thereby leading to tumor formation in 

gastric tumors [14] Furthermore, some studies have 

demonstrated an association between the methylation of exon 

1 and transcriptional silencing of SMAD4 [15]. In gliomas, 

decreased SMAD4 expression has been demonstrated 

although the underlying reason remains unclear. However, 

we believe that it may affect the neurological system during 

development of the organism as a high level of expression is 

seen in neurological structures such as the brain [4].  

In addition, highly dynamic modifications in mRNA can 

affect the posttranscriptional regulations of the RNA and the 

function of the gene or genes. For the last 20 years, covalent 

modifications of mRNA have been shown to be quite 

frequent and are particularly effective in RNA splicing. The 

most commonly studied of these covalent modifications are 

N6-methyladenosine (m6A), N6,20-O-dimethyladenosine 

(m6Am) N1-methyladenosine (m1A) and 5-methylcytosine 

m5C. There are more than 100 covalent base modifications 

that are known and have in all types of RNA (mRNA, rRNA, 

tRNA and snRNA). These modifications are effective in 

brain tissues that carry out highly complex functions [16, 17]. 

5-methylcytosine (5mC) is a nucleotide covalent 

transformation that can be seen in both DNA and different 

cellular RNAs. 5-methylcytosine has been a highly studied 

modification in recent years and the causes and consequences 

of such changes in RNAs have not been fully elucidated [18]. 

For the detection of 5mC, one of the methods that usually 

separates from unmethylated cytonzines is; thin layer 

chromatography (TLC), high-performance liquid 

chromatography (HPLC) and mass spectrometry. The most 

widespread use is by expensive methods such as two-

dimensional TLC [19]. Recently, developed DNA bisulfite 

modification systems, which are relatively more flexible than 

the above methods, such changes in DNA can also be studied 

by PCR-based methods. Studies on this subject increase that 

such methods in RNAs are applied. RNA bisulfite 

modifications are covalently effective application of 5-

methylcytosine that does not alter 5-methylcytosine on the 

RNA molecule (regardless of the type of RNA), while 

converting Citozines to Thymines without changing the A 

and U and T bases [20, 21]. As a result of this application 

there are two different case series based on 5-methylcytosine 

and thymine for the same locus in the medium. We believe 
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that these PCR-based methods will be applicable in SMAD4 

mRNA with primer regions and sequences we have defined 

with appropriate PCR conditions to be applied. For this 

reason, we find it highly important to identify the potential 

methylation regions in the SMAD4 gene. 

5. Conclusions 

To the best of our knowledge, the methylation regions in 

RNA for SMAD4. We have identified in the active exons of 

SMAD4 have not been investigated previously. Therefore, we 

believe that our study is important in terms of showing the 

methylation changes in exon regions corresponding to protein 

products of the SMAD4 gene by means of computer-assisted 

databases. Smad4 protein may be a molecular target for novel 

drug therapies due to detection of new potential changes in 

mRNAs of this gene due to the presence of a signaling molecule 

between cell surface and nucleus and its function as a tumor 

suppressor in cancer cells. Furthermore, because of 

physiological role of Smad4 in body systems, the role of balance 

between atrophy and hypertrophy may also have potential to 

help in development of new mechanisms to increase expression 

of smad4, even in future organ repairs. This may help 

elucidating the factors that affect SMAD4 gene expression. 

Furthermore, we believe that our study may contribute to wet 

lab studies by providing ready-to-use primer sequences.  
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