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Abstract

Background and aims—A 5-bp insertion-deletion (indel) polymorphism in the promoter of 

interferon regulatory factor 5 (IRF5) has been associated with inflammatory bowel diseases (IBD). 

This polymorphism generates an additional binding site for the transcription factor SP1 and has 

been shown to augment the expression of IRF5. Additionally, it affects a CpG dinucleotide-dense 

genomic region. These features of the indel suggested that it may influence the epigenetic 

regulation of IRF5. The aim of this study was to investigate the potential effect of the 5-bp indel 

on the methylation pattern of four CpG sites upstream of the polymorphism. Possible CpG site 

methylation differences in this region between healthy persons and individuals suffering from IBD 

were also tested.

Methods—Genotype was determined by 4% polyacrylamide gel electrophoresis in 33 peripheral 

blood leukocyte (PBL) DNA samples. DNA methylation correlates of the genotypes were 

measured by bisulfite pyrosequencing. IRF5 promoter methylation in association to disease state 

was assessed in 87 proband (49 healthy, 18 Crohn's disease, 20 ulcerative colitis) PBL samples.

Correspondence to: Richard Kellermayer.

HHS Public Access
Author manuscript
Int J Colorectal Dis. Author manuscript; available in PMC 2018 January 03.

Published in final edited form as:
Int J Colorectal Dis. 2010 May ; 25(5): 553–556. doi:10.1007/s00384-010-0874-0.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Results—The polymorphism did not affect the methylation pattern of the IRF5 promoter nor 

could we detect significant differences in the average, low methylation of the locus between 

healthy persons and individuals with IBD.

Conclusions—These results implicate that epigenetic dysregulation of the IRF5 promoter is 

unlikely to be associated with IBD.
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Introduction

Epigenetics is the study of biological processes that can associate with mitotically heritable 

alterations in gene expression without a change in DNA sequence. One of the essential 

mechanisms of mammalian epigenetic regulation is the methylation of cytosines in cytosine-

guanine dinucleotides (CpG), designated as DNA methylation. DNA methylation frequently 

correlates with transcriptional silencing of associated genes [1]. Importantly, correlation 

between DNA methylation changes and disease prevalence has been observed in a number 

of cases suggesting an important role for this epigenetic process in the etiology of certain 

human disorders [2]. Additionally, association between single nucleotide polymorphisms 

and allele-specific gene methylation has been detected through genome-wide assessments 

[3]. Not surprisingly, more and more data have emerged on correlation between genetic and 

epigenetic disturbances in relationship to human disorders [4–6].

Crohn's disease (CD) and ulcerative colitis (UC), frequently referred to as inflammatory 

bowel diseases (IBD), are immunologically mediated chronic disorders. The prevalence of 

IBD increased rapidly in Europe and North America in the second half of the twentieth 

century, and it is becoming more common in the rest of the world, especially in countries 

adopting a Western lifestyle [7, 8]. Such epidemiologic observations indicate that there are 

strong environmental influences contributing to IBD and suggest a possible influence of 

these on epigenetic regulatory processes. Additionally, the discordance rate in monozygotic 

twins for a specific disorder is thought to correlate with the potential for epigenetic influence 

on pathogenesis [9]. Importantly, this discordance rate is 50–80% for CD and more than 

80% in UC [10]. Therefore, inflammatory bowel diseases have been recognized as disorders 

where epigenetic dysregulation may play a significant role [11]. Recent reports on genes 

with altered methylation pattern associated with IBD [12, 13] further the potential etiologic 

role of epigenetic dysregulation in these illnesses.

One of the genes linked to IBD among other autoimmune diseases is interferon regulatory 

factor 5 (IRF5) [14]. The presence of a 5-bp insertion (CGGGG) in the promoter region of 

the gene has been shown to confer the risk of IBD, by creating an additional binding site for 

transcription factor SP1 [14], and to associate with increased expression of the gene [15]. 

Correlation between SP1 binding and DNA methylation has been observed at other genomic 

regions [16]. Additionally, the particular CGGGG insertion-deletion (indel) polymorphism 

affects a CpG-rich area of IRF5, suggesting the possible influence of the insertion on the 

DNA methylation of this locus.The present study was designed to investigate the possible 
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effects of the 5-bp indel on the methylation pattern of the locus and to examine whether 

there are significant differences in the methylation of this region in association with IBD.

Materials and methods

Samples

De-identified peripheral blood leukocyte (PBL) DNA samples were obtained from gene 

banks of the University of Pecs (Pecs, Hungary) [17] and of Yale University (New Haven, 

Connecticut) that were established in agreement with local and federal regulations. A total of 

87 proband PBL samples from white Caucasians were analyzed. Forty-nine were healthy (28 

female, 21 male), 18 with CD (nine female, nine male; four (1 female, 3 male) with history 

of surgery for fistulizing/stricturing disease) and 20 with UC (ten female, ten male; where 

two females with history of colectomy). The average age was 36–37 years in all groups 

without significant differences.

Bisulfite pyrosequencing

DNA was bisulfite converted according to Waterland et al. [18]. The IRF5 gene was 

amplified with both a universal biotinylated primer approach [19] and by traditional primer 

biotinylation (forward primer: GTYGTTTGGTATTTTT TTGGAGGTTTT; reverse primer: 

GGGACACCGCTGAT CGTTT ACCRCCCCTAAACAACTACTACTAAA— universal 

biotinylated primer underlined; sequencing primer: GGGGTTYGGAGTGGATT). 

Methylation results did not differ between the two methods (more than ten samples tested 

with both approaches, data not shown). A quantitative bisulfite pyrosequencing protocol was 

used for all methylation analyses [20] with the utilization of the Pyro Q CpG program 

(QIAGEN GmbH, QIAGEN Strasse 1, 40724 Hilden, Germany). The mean methylation was 

calculated from four CpG sites (−80, −78, −73, −68 bp from the transcription start site) 

upstream from the polymorphism to represent the average methylation degree of the locus. 

This approach is acceptable at CpG-dense regions [21]. Eighteen samples from the 

Hungarian cohort and 15 samples from Yale University were amplified with a Cy5-labeled 

primer (forward primer: CGGGGCCCGGAGTGGATTC; reverse primer: Cy5-

GGGCACTTCCGCGT CTTG) and evaluated with 4% polyacrylamide gel electrophoresis 

to determine the genotype in relationship to the 5-bp indel in the promoter region. Standard 

deviation of repeat bisulfite pyrosequencing measurements of methylation at a single CpG 

site usually varies between 1% and 5% [22]. Therefore, methylation differences of less than 

5% in group comparisons can be generally considered as nonsignificant.

CpG density calculation

CpG density in a 1,000-bp region surrounding the indel site was calculated with the CpG 

island searcher program (http://cpgislands.usc.edu/).

Statistical analysis

Nonpaired t test was applied for all statistical analyses in the study. Statistical significance 

calculations were performed by taking into account the 5% reliability limit of the 

pyrosequencing measurements. Error bars represent standard error of the mean. Data were 
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plotted, and calculations for confidence intervals were done with the utilization of the 

GraphPad Prism software (GraphPad Software Inc., San Diego, CA, USA).

Results

The methylation of four CpG dinucleotides immediately upstream of the CGGGG indel site 

was examined at the IRF5 promoter in parallel with 4% polyacrylamide gel electrophoresis 

analysis of the insertion. The insertion introduces an additional CGGGG pentanucleotide 

(4×) following the already existing three repeats (3×) of the same pentanucleotide, upstream 

of the first IRF5 noncoding exon. Therefore, an allele without the insertion is designated as 

3× (having three repeats of the CGGGG pentanucleotide, alternatively named as a deletion 

allele), while an allele with the insertion is designated as 4× (having four repeats of the 

CGGGG pentanucleotide, alternatively named as an insertion allele). 3×/3× (or homozygous 

deletion), hence, indicates a genotype where neither the maternal nor the paternal allele 

carries the CGGGG insertion at the IRF5 promoter, for example.

We first determined the genotype in a group of DNA samples with 4% polyacrylamide gel 

electrophoresis and found 19 with 3×/3×, six with 3×/4×, and eight with 4×/4×, respectively. 

Then, bisulfite pyrosequencing measurements were performed in these samples to assess 

genotype-DNA methylation correlation (Fig. 1a). Thereafter, the DNA methylation 

measurements were expanded to all of the healthy and IBD probands to determine the 

possible association between DNA methylation at the IRF5 promoter region and CD, or UC, 

respectively (Fig. 1b).

Since the standard deviation of repeat bisulfite pyrosequencing measurements of 

methylation at a single CpG site usually varies between 1% and 5% [22], methylation 

differences of less than 5% in group comparisons can be generally considered as 

nonsignificant. The 95% confidence interval for a mean difference, based on variation in the 

measurements and sample size, estimates the range within which we can be 95% confident 

the true mean difference lies. Confidence intervals (95%) for comparing DNA methylation 

of 3×/4× and 4×/4× with 3×/3× were −1.515 to 3.773 and −1.725 to 3.032, respectively, both 

essentially ruling out the possibility of a difference of more than 5% (Fig. 1a). Confidence 

intervals (95%) of −0.85% to 1.47% and −0.37% to 2.58%, respectively, were detected for 

comparison of CD and UC with the healthy group (Fig. 1b). Both of these intervals provide 

assurance that the true mean difference is less than 5%. Further, given the variation and 

sample size for each of these comparisons, the power for detecting a group mean difference 

of 5% is greater than 90% for each. Additionally, correlation between age and the 

methylation level of the IRF5 promoter was not detected (n=87, r=0.14, p=0.2; data not 

shown).

The area of interest is a CpG-dense genomic region meeting the criteria for a dense CpG 

island. The mean methylation of a few CpG sites from such regions usually correlates well 

with regional methylation [21]. Therefore, our results indicate that the methylation pattern of 

the IRF5 promoter is not affected by the presence of the 5-bp insertion-deletion and does not 

correlate with IBD, at least in the cohort of this study.
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Discussion

There is more and more evidence for interactions between genetic and epigenetic regulation 

in the human genome that can associate with disease. Such interactions in regards to SP1 

binding sites have been specifically described [23]. Inflammatory bowel diseases have been 

recognized as disorders where epigenetic dysregulation may play an important etiologic role 

[11]. Yet, only a few definite studies have addressed this possibility thus far [12, 13]. 

Importantly, the 5-bp indel of the IRF5 promoter introduces an additional SP1 binding site to 

the region and has been associated with IBD [14]. Therefore, it appeared as an ideal 

candidate where epigenetic consequences of the polymorphism could arise and modulate 

IBD. However, in the Caucasian cohort of this study, we could not detect any significant 

differences in regional CpG methylation neither in relationship to the indel nor in respect of 

the presence of CD or UC compared to healthy individuals. Based on these findings, it is 

unlikely that epigenetic dysregulation of IRF5 may be a significant factor in the etiology of 

IBD in Caucasians. This study highlights the need for large scale epigenomic studies to 

identify epigenetic correlates of inflammatory bowel diseases because candidate gene 

approaches are less likely to yield positive results.
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Fig. 1. 
Comparison of mean CpG methylation adjacent to the IRF5 indel. a Mean methylation in 

relationship to genotypes. Average methylation was uniformly low (n=6–19). Confidence 

intervals (95%) for comparing 3×/4× (mean 3.1%) and 4×/4× (mean 3.57%) with 3×/3× 

(mean 4.2%) are −1.515 to 3.773 and −1.725 to 3.032, respectively. b Mean methylation in 

relationship to inflammatory bowel diseases (n = 18–49). Confidence intervals (95%) are 

−0.85% to 1.47% and −0.37% to 2.58%, respectively for comparison of CD (mean 3.74%) 

and UC (mean 4.9%) with healthy (mean 3.44%) groups. 3×/3× homozygous deletion, 

3×/4× heterozygous insertion, 4×/4× homozygous insertion
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