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Detection of DNA hypermethylation in
sera of patients with Crohn's disease
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Abstract. Mounting evidence suggests that inflammatory
bowel disease (IBD) is caused by genetic predisposition of
various genes as well as an abnormal interaction with environ-
mental factors, resulting in epigenetic alterations. It has become
evident that epigenetic factors play a significant contributory
role during disease development. Additionally, DNA methyla-
tion has been reported to be correlated with the development
of IBD. In the present study, we examined the role of DNA
hypermethylation in Crohn's disease (CD) patients. The
transcription elongation regulator 1-like (TCERGIL) gene,
which has been previously reported to be highly frequently
methylated in colon tumors was selected as a candidate for
the early detection of biomarkers for colon cancer patients.
DNA methylation of TCERGIL in 101 serum samples of CD
patients was examined. Results of conventional MSP analysis
revealed high methylation [57% (58/101)] of serum samples
in CD patients. The DNA methylation pattern of TCEEGIL
was confirmed using bisulfate sequencing analysis. The results
of the present study suggest that using regular colonoscopic
surveillance sensitive DNA methylation markers may detect
serum samples of CD patients, leading to reduced risk or
prevention of the progression of advanced stages of disease.
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Introduction

Inflammatory bowel disease (IBD) is a heterogeneous
disease characterized by Crohn's disease (CD) and ulcerative
colitis (UC). CD most commonly involves the ileum and colon
but can affect any region of the abominal area. UC often
involves the rectum, and inflammation may extend as far as the
cecum in a contiguous pattern (1). Strong familial aggregation,
twin studies and established genetic associations have demon-
strated the importance of genetics in IBD pathogenesis (2-4).
Currently, >32 susceptibility loci have been identified for
IBD (5-10). However, all these genetic risk factors only
account for ~20% of the genetic risk (11), suggesting that other
factors, including possible epigenetic factors, are involved in
IBD pathogenesis (12). However, the epigenetic aspect of IBD
has not been systemized.

DNA methylation is an important epigenetic altera-
tion that is involved in the development and differentiation
of diseases (13). The aberrant DNA methylation involves
promoter CpG island methylation and silenced genes in cancer
such as tumor suppressor genes (13). The involvement of DNA
methylation in various types of cancer and several other human
diseases including IBD has been widely investigated (14).
Abnormal DNA methylation has been observed in UC patients
in the estrogen receptor (ER), pI4*%F, and E-cadherin gene
and emerging evidence suggests the involvement of epigenetic
factors in the regulation of gene activity as a factors in the
pathogenesis of IBD (15,16). Additionally, it has been previ-
ously reported that CpG islands in the promoter region of
transcription elongation regulator I-like (TCERGIL) gene
are highly methylated, not only in colon cancer patient tissues,
particularly those obtained from early stage of colon cancer
patients (17), but also in patients with UC (18). However, little
is known regarding DNA methylation in patients with CD.

Analysis of DNA methylation is leading to a new
generation of cancer biomarkers (19). It was previously
demonstrated that abnormally high DNA concentrations can
also be detected in the serum, plasma, and urine of cancer
patients (20,21). Aberrantly methylated DNA sequences
occur frequently in tumors and have been detected in the
circulation of cancer patients by methylation-specific PCR
(MSP) (22,23). Findings of those studies demonstrated that
the presence of aberrantly methylated gene DNA in serum



726

is highly correlated with the occurrence of various types of
cancer as well as inflammatory disease such as that present
in patients with CD. In the present study, the methylation
status of TCERGIL gene in the serum samples of CD patients
was measured. In addition, detection of the promoter DNA
hypermethylation of TCERGIL in the serum samples of CD
patients was examined. The results obtained show that the
methylation status of TCERGIL gene in the serum of CD
patients has the potential to become a risk marker for the
progression of severe disease.

Materials and methods

Patients and samples. Serum DNA samples were obtained
from CD patients according to the guidelines of the IBD
Study Group of the Korean Association for the Study of
Intestinal Diseases (KASID). Of the 101 subjects, 62 were
male and 39 female, yielding a male:female ratio of 1.6:1. The
median age at diagnosis of CD was 24 years (range, 12-66).
CD was diagnosed on the basis of conventional clinical,
radiologic, endoscopic, and histopathologic criteria (24-26).
Briefly, patients were diagnosed with CD if they met at least
two of the following criteria: i) a history of abdominal pain,
weight loss, malaise, diarrhea, and/or rectal bleeding; ii)
endoscopic findings of mucosal cobblestoning, linear ulcer-
ation, skip areas, or perianal disease; iii) radiologic findings
of stricture, fistula, mucosal cobblestoning, or ulceration; iv)
macroscopic appearance of bowel wall induration, mesen-
teric lymphadenopathy, and ‘creeping fat’ on laparotomys;
and v) pathologic findings of transmural inflammation and/or
epithelioid granulomas. At the time of diagnosis, 26 patients
(25.7%) had disease located in the small bowel alone (L1),
12 (11.9%) had disease in the colon alone (LL2), and 63 (62.4%)
had disease in the small bowel and colon (L3). Disease
behavior at diagnosis was inflammatory (B1) in 63 patients
(62.4%), stricturing (B2) in 27 (26.7%), and penetrating (B3)
in 11 (10.9%). Clinical characteristics of these patients are
shown in Table I.

Cell culture and treatment. Colorectal cell lines (HCT116,
RKO, HT29, SW480, DLD1, COLO 320, Lovo, and Caco-2)
were obtained from the American Type Culture Collection
(ATCC, Manassas, VA, USA) and cultured in an appropriate
medium and under conditions described by the ATCC. Media
were obtained from Invitrogen Life Technologies (Carlsbad,
CA, USA), supplemented with 10% fetal bovine serum
(Gemini Bio-Products, West Sacramento, CA, USA) and 1%
penicillin/streptomycin (Invitrogen Life Technologies).

DNA extraction and methylation analyses. DNA was
extracted following a standard phenol-chloroform extrac-
tion protocol. Bisulfite modification of DNA was performed
using the EZ DNA Methylation kit™ (Zymo Research,
Irvine, CA, USA) as per the manufacturer's instructions.
MSP was carried out in a 25-ul reaction containing 10X MSP
buffer, 10 mM dNTPs, 10 pmol of each of the methylated
or unmethylated primers, 1 unit of JumpStart™ REDTaq®
DNA polymerase (Sigma, St. Louis, MO, USA) and 4 pl of
bisulfite-treated DNA. Amplification cycles were as follows:
1 cycle of 95°C for 5 min followed by 35 cycles of 95°C for
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Table I. Characteristics of samples of patient with CD.

Characteristics Values
Blood samples (total n=101)
Age (years)
Median (range) 24 (12-66)
Gender, n (%)
Male 62 (61.3)
Female 39 (38.6)
Disease location at diagnosis, n (%)
Small bowel alone 26 (25.7)
Colon alone 12 (11.9)
Small bowel and colon 63 (62.4)
Disease behavior at diagnosis, n (%)
Inflammatory (B1) 63 (62.4)
Stricturing (B2) 27 (26.7)
Penetrating (B3) 11 (10.9)
Tissue samples (total n=7)
Age (years)
Median 21.7
Gender, n (%)
Male 4 (57.1)
Female 3(42.9)
Disease location at diagnosis, n (%)
Small bowel alone 3(42.9)
Colon alone 1(14.2)
Small bowel and colon 3(42.9)
Disease behavior at diagnosis, n (%)
Inflammatory (B1) 4 (57.2)
Stricturing (B2) 2 (28.6)
Penetrating (B3) 1(14.2)

CD, Crohn's disease.

30 sec, 60°C for 30 sec, 72°C for 30 sec, and a final extension
step of 72°C for 5 min. In vitro-methylated DNA (IVD) was
used as a positive control for MSP. A total of 10 pl of each
amplification reaction was loaded and run on 2% agarose gel
containing GelStar™ Nucleic Acid Gel Stain (Lonza, Basel,
Switzerland) and visualized under ultraviolet illumination.
Primers for MSP analysis were previously reported in the
study by Yi et al (17).

Quantitative methylation-specific PCR using gPCR. Bisulfite
modification of genomic DNA was carried out using the
EZ DNA methylation kit (Zymo Research). For quantita-
tive real-time analyses, the Maxima SYBR-Green qPCR kit
(Fermentas, Seoul, Korea) was used and the amplification
conditions consisted of an initial 10-min denaturation step
at 95°C, followed by 40 cycles of denaturation at 95°C for
15 sec and annealing and extension for 30 and 60 sec, respec-
tively. A CFX96 real-time PCR detection system (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) and for quantification



MOLECULAR MEDICINE REPORTS 9: 725-729, 2014

the comparative cycle threshold (Ct) method were used,
normalizing the Ct values for the indicated gene to the Ct
values of unmethylated reaction relative to a methylated reac-
tion sample.

Bisulfite sequencing analysis. Genomic DNA (1 pg) from
each sample was converted by bisulfite using the EZ DNA
methylation kit (Zymo Research) following the manufac-
turer's instructions. PCR conditions and primer sequences
are available subsequent to request. The PCR amplicons
were gel-purified and subcloned into a pCRII-TOPO vector
(Invitrogen Life Technologies). Clones were randomly
selected and sequenced on an ABI3730x]1 DNA analyzer to
ascertain the methylation patterns of each locus. The primers
for bisulfite sequencing analysis have been previously reported
by Yi et al (17).

Statistical analysis. Statistical analysis was performed using
the STATA 9.2 software package (Stata Corporation, College
Station, TX, USA). Most analyses were conducting using
a t-test, while continuous variables were analyzed using the
Mann-Whitney U test. P<0.05 was considered statistically
significant.

Results and Discussion

Detection of DNA promoter hypermethylation of TCERGIL
gene in sera of patients with CD. Understanding the causes
and molecular mechanisms of CD and UC, the two forms
of idiopathic IBD, is a major challenge in gastroenterology
research. Although significant effort has been made to identify
genetic and environmental factors that may increase the risk
of IBD, little is known IBD-specific factors (8,27). Mounting
evidence supports the theory that IBD is caused by a complex
interplay between genetic predispositions of various genes,
combined with an abnormal interaction with environmental
factors. Thus, it appears that epigenetic factors significantly
contribute to the pathogenesis of disease.

Recently, studies have focused on two separate DNA
hypermethylation biomarker candidate genes in patients
with colon cancer and UC (17,18). In the present study, the
hypothesis that extremely sensitive DNA methylation marker
candidates in colon cancer are capable of detecting high-risk
inflammatory diseases such as UC and CD in patients, led to
DNA methylation analysis in the serum samples of CD patients
using TCERGIL gene promoter region.

The TCERGIL gene which is located on chromosome 10,
has exhibited frequent cancer-specific methylation in
microarray-based approaches (28). TCERGIL is potentially
involved in the elongation-related factors in HeLa nuclear
extracts (29), however, this remains to be elucidated. CpG
islands of the TCERGIL gene promoter region are known
to be frequently methylated in the early stage of colon
cancer (17), thus genomic DNA from the sera of patients with
CD (n=101) was extracted. First, we assessed the methyla-
tion level of TCERGIL gene promoter region in 101 serum
samples of patients with CD by MSP analysis. Conventional
MSP analysis was performed successfully in the majority of
samples. Fig. 1 shows the frequency of hypermethylation for
the TCERGIL gene promoter region in the sera of patients
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Figure 1. Methylation analysis of transcription elongation regulator 1-like
(TCERGIL) gene in 101 serum samples of patients with Crohn's disease (CD).
Each square and numbers show single CD patient serum samples. White
squares show unmethylated samples. Black squares show methylated samples.
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Figure 2. Quantitative MSP (qMSP) analysis for transcription elongation
regulator I-like (TCERGIL) gene in Crohn's disease (CD) patient serum
sample, CD patient tissue, and colon cancer cell lines. Each dot indicates
the methylation levels of each tested samples (n=20 for serum samples of
CD patients, n=7 for tissue samples of CD patients, n=8 for colon cancer cell
lines) by real-time qMSP. P-values <0.05 were considered significant.

with CD, and 58 (57%) of the 101 samples were found to
be methylated. We also tested FBN2 gene in the serum
samples of patients with CD which is known to be frequently
methylated in the early stages of colon cancer. However, no
methylation was detected in the samples tested in the present
study (data not shown). Previously, we demonstrated that
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Figure 3. Representative bisulfite sequencing results for transcription elongation regulator 1-like (TCERGIL) gene in Crohn's disease (CD) patient serum
(patient #11), tissue (patient #3), and RKO colon cancer cell line. The location of each CpG site relative to the transcription start site is shown at the bottom of
the panels. Open and filled circles indicate methylation and no methylation, respectively.

the DNA hypermethylation of TCERGIL and FBN2 was
detected in UC patient tissue samples (18). However, in the
present study, we only detected the DNA methylation of the
TCERGIL gene in serum samples of patients with CD. The
results suggest that TCERGIL gene is extremely sensitive as a
methylation marker in the detection of early stages of cancer
as well as inflammatory diseases such as IBD. In addition, it
was suggested that there may be differences in DNA methyla-
tion signatures at the gene level between UC and CD patients.
Therefore, genome-wide methylation analyses are necessary
to identify differential methylation levels between UC and
CD in future.

TCERGILmethylationanalysisinpatients withCD. TCERGIL
was previously reported to be completely methylated (17).
Fig. 2 shows the relative TCERGIL hypermethylation status
in the serum samples (n=20) and tissue (n=7) of patients with
CD compared with colon cancer cell lines (n=8) using qMSP.
In terms of methylation quantification, the methylation level
of TCERGIL gene in colon cancer cell lines was relatively
higher than that of patients with CD, thus the methylation
level in cancer is denser than that in inflammatory disease. We
also compared the methylation level of TCERGIL between
tissue from biopsy and blood samples. The methylation level
in tissue samples with CD was 2- to 4-fold higher than that
in blood samples. We detected TCERGIL methylation in
blood and tissue samples of patients with CD by conventional
MSP, however, quantification of the methylation level distin-
guished between cancer and CD. P-values were statistically
significant between CD and colon cancer cell lines (blood,
P<0.0001; tissue, P=0.0003) as well as blood and tissue with
CD (P=0.0002). Our data suggest that DNA hypermethylation
of TCERGIL gene is sensitive enough to detect patient blood
or tissue samples with CD. Limited clinical information of
the CD patients in the present study was obtained. Thus,
additional studies are required to investigate the correlation
between clinical data of CD patients such as duration and
methylation level.

The methylation pattern in the CpG islands of the promoter
region of TCERGIL gene by bisulfite sequencing analysis
was also confirmed (Fig. 3). The bisulfate sequencing region
amplified has 31 CpG sites. The TCERGIL gene was previ-
ously reported to have a dense CpG methylation pattern in

CRC tumors (17). In this study, we found that TCERGIL gene
showed a dense CpG methylation pattern in the blood (patient
#11) and tissue (patient #3) of CD patients at 51% (methyla-
tion site per CpG site) compared with complete methylation
(100%) in RKO colon cancer cells. Our results suggest that
TCERGIL gene is densely methylated in CD patients, and
the DNA methylation of TCERGIL is sensitive enough to
detect inflammatory diseases such as CD. However, certain
limitations of the present study should be considered. A lack
of control samples with CD did not yield specificity with
TCERGIL gene methylation. Additionally, there was a lack of
clinical information for CD samples including disease dura-
tion in the present study; thus we were not able to compare
results of various analyses associated with DNA methylation
of TCERGIL. Therefore, additional studies are needed to
define the use of DNA methylation markers with clinical data
of CD patients, including control samples.

In conclusion, we assessed the promoter DNA methylation
pattern of TCERGIL gene in the blood samples of CD patients.
We were able to detect TCERGIL gene promoter methylation
in 57% of patient blood samples with CD by conventional
MSP analysis. The DNA methylation status of TCERGIL in
CD patient tissue and blood samples was also confirmed by
bisulfite sequencing analysis. A comparison of the quantita-
tive methylation levels among CD patient tissue, blood and
colon cancer cell lines was conducted. Results showed the
methylation level of TCERGIL in colon cancer cell lines to be
significantly higher than that in CD patient blood and tissue
samples. Additionally, results of this study have demonstrated
that methylation of TCERGIL is sensitive enough to detect
inflammatory disease in tissue and blood samples of patients
with CD. Thus, sensitive methylation markers may be useful
in the detection of inflammatory diseases which have the
potential risk of progression of severe disease in CD patients.
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