
Abstract. Background/Aim: The difficulty of early
diagnosis of colitis associated colorectal cancer (CACRC)
due to colonic mucosal changes in long-standing ulcerative
colitis (UC) patients is often experienced in daily clinical
practice. Noninvasive objective monitoring for cancer
development is advantageous for optimizing treatment
strategies in UC patients. We aimed to examine the
epigenetic alterations occurring in CACRC, focusing on
DNA hypermethylation of CpG islands. Materials and
Methods: The level of DNA methylation in CpG cites was
compared between CACRC and the counterpart non-
tumorous mucosa using Infinium HumanMethylation 450K
BeadChip. Results: Our subjects included 3 males and 3
females (median age, 49.5 years). The 450K CpG site DNA
methylation microarray revealed that the difference in β
value (level of hypermethylation) was the highest for
corcicotropin releasing hormone receptor 2 (CRHR2)
between CACRC and counterpart non-tumorous mucosa.

Conclusion: Detection of hypermethylation of CRHR2 may
be promising for cancer screening in UC patients. 

Colorectal cancer (CRC) is one of the representative
causative factors for cancer-related mortality worldwide (1).
CRC is considered to occur through multistep genetic or
epigenetic alterations along with a pathological change (i.e.,
adenoma-carcinoma sequence or serrated pathway) (1-6).
The representative genetic pathways of sporadic CRC are: 1)
the chromosome instability pathway resembling the pathway
of hereditary CRC occurring in familial adenomatous
polyposis due to mutations in KRAS, APC, and p53, and 2)
the microsatellite instability pathway resembling the pathway
of Lynch syndrome CRC due to alterations in mismatch
repair genes (mainly methylation of MLH1) (7). 

Ulcerative colitis (UC) is defined as an idiopathic
inflammatory disorder mainly involving the colonic mucosa
and submucosa according to the report of the World Health
Organisation (WHO) Council for International Organization
of Medical Sciences, and is one of the main inflammatory
bowel diseases (IBDs) (8). The etiologies for UC are unclear,
however, UC development and acute UC exacerbation have
been associated with both physical and mental stress (9-11).
Colorectal epithelium in UC patients with long disease
duration has an increased risk of developing CRC, and IBD-
related CRC is responsible for 10-15% of the annual deaths
in IBD patients (12). It is therefore of high importance to
detect malignancy from UC at an earlier stage of the disease
(13-15). Mutation analyses of genes have suggested that
tumorigenesis derived from UC patients differ from that
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derived from patients without UC (13, 14, 16). The protein
expression of p53 in dysplastic crypts of the mucosa involves
potential to serve as a reliable biomarker in the early stages
of UC-related tumorigenesis (13). Tanaka, et al. reported that
mutational rates in APC and KRAS differ between patients
with CACRC and those with sporadic CRC (14).

As the role of genetic alterations in colorectal
carcinogenesis has been fully investigated, CRC also provides
an excellent model for the clarification of epigenetic
mechanisms involved in carcinogenesis (17). DNA
methylation is the most widely appreciated epigenetic
modification (18, 19). DNA hypermethylation of CpG islands
alters the expression of genes in tumor cells and exerts an
essential role in carcinogenesis (20, 21). In general, DNA
methylation of cancer-related gene promoters starts early in
the process of tumorigenesis, affecting various types of CRCs
to various degrees (22). Promoter hypermethylation at CpG
islands and global hypomethylation can be observed in tumor
cells (17, 23). Regulation of transcript expression by DNA
methylation involves genes relevant to colon tumorigenesis
and may account for differences in clinical findings and
outcomes between CACRC and sporadic CRC. Different
mechanisms of carcinogenesis involving epigenetic
alterations is suggested to account for CACRC and sporadic
CRC. Advancements leading to the better understanding of
the tumor biology can be expected to offer reliable
biomarkers that will aid future diagnosis, risk stratification,
and treatment strategies for patients with CRC (17). The
difficulty in the early diagnosis of CACRC due to colonic
mucosal changes in long-standing UC patients is often
experienced in daily clinical practice. Noninvasive objective
monitoring for cancer development is helpful and
advantageous for optimizing treatment strategies in UC
patients (24). Abnormal hypermethylation at specific DNA
sequences can serve as biomarkers for predicting diagnosis,
prognosis or treatment efficacy (25). 

In this study, we aimed to examine epigenetic alterations
occurring in CACRC focusing on DNA hypermethylation of
CpG islands, compared with counterpart colonic non-
tumorous mucosa. 

Materials and Methods 
Diagnosis and treatment of UC. Diagnosis for UC was based on
clinical, endoscopic, and histopathological findings based on the
diagnostic criteria of the Research Committee on Inflammatory
Bowel Disease in Japan. The severity of inflammation in UC
patients was graded as mild, moderate or severe (26). Treatment
strategies for UC were in compliance with the current Japanese
guidelines (27). 

Clinical samples. Cancer tissue samples and counter background
colon epithelium (paraffin-embedded tissue sections) were obtained
from the surgical specimens of 7 UC patients with CACRC
between July 2011 and February 2013. One case with insufficient

material was excluded and thus a total of 6 cases were analyzed in
the current analysis. All analyzed patients were treated with total
colectomy. DNA was extracted by the standard procedure involving
digestion with proteinase K and phenol chloroform extraction. All
samples were fixed in formalin and stored at 4˚C until use.

450K CpG site DNA methylation microarray. Bisulfite-converted DNA
was used for hybridization on Infinium HumanMethylation 450K
BeadChip, which contains all the reagents required for the DNA
methylation analysis, following the Illumina Infinium HD Methylation
protocol (28, 29). In brief, Infinium HumanMethylation450 BeadChip
includes 485,764 cytosine positions of the human genome. Of these
cytosine sites, 482,421 positions (99.3%) are CpG dinucleotides, while
3,343 sites (0.7%) are CNG targets. According to their associated
RNA transcripts, 361,766 CpGs (74.4%) correspond to classic coding
messenger RNA genes and 4,168 (0.85%) correspond to non-coding
RNAs (microRNAs and long non-coding RNAs). CpG contents were:
30.9% in CpG islands, 23% in CpG shores, 9.7% in CpG shelves and
36.3% in isolated CpG (open sea). We thoroughly investigated the
methylation of CpG cites using Infinium HumanMethylation 450K
BeadChip. 

The level of DNA methylation in the CpG cites was compared
between CACRC and the counterpart non-tumorous mucosa. The
level of DNA methylation in the CpG cites (β value) was
calculated using the following formula: Max (signal B, 0) divided
by {Max (signal A, 0) + Max (signal B, 0) + 100}. Signal A
indicates signal intensity of detection of non-methylated DNA,
while signal B indicates signal intensity of detection of methylated
DNA. When β value is close to 0, the proportion of non-methylated
DNA is considered to be high. When β value is close to 1, the
proportion of methylated DNA is considered to be high. When
comparing the level of DNA methylation between two groups, and
a ≥0.15 difference in the β values between the two groups is
observed, there appears to be a difference in the methylation level
between the two groups.

Traditional hierarchical clustering algorithm. The traditional
hierarchical clustering algorithm was performed before methylation
analysis using heat map (30). Clustering of genes was performed
for different levels of methylation by analysis of variance
(ANOVA). 

All analyzed subjects provided written informed consent for this
study. The study protocol was acknowledged by the institutional
review board in Hyogo College of Medicine Hospital (approval no.
0246) and declaration of Helsinki was strictly followed in order to
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Table I. Baseline characteristics (n=6).

Variables                                                      Number or median (range)

Age (years)                                                              49.5 (29-57)
Gender, male/female                                                      3/3
Disease duration (years)                                         26.5 (17-37)
Tumor location                                                                  
R/S/D/Tr/S to Rs                                                      2/1/1/1/1

Tumor factor                                                                     
T2/T3/T4                                                                      2/1/3

R: Rectum; S: sigmoid colon; D: descending colon; Tr: transverse
colon; Rs: recto-sigmoid colon.



guarantee the right of the study subjects. Personal information
(clinical data or genetic information) were protected during data
collection. 

Statistical considerations. In the analysis of continuous parameters,
we employed Student’s t-test or ANOVA to assess group
differences, as appropriate. The correction method for multiple
comparison was not used. We set the threshold for statistical
significance at p<0.05. SPSS was employed for statistical analyses.

Results

Baseline characteristics of our UC-related CC cases are
shown in Table I. They included 3 males and 3 females with
a median age of 49.5 years. All cases had a long-term UC
duration of 10 years or more, ranging from 17 to 37 years.
The pathological findings of CACRC were varied, including
well, moderate or poorly differentiated adenocarcinoma,
signet cell ring carcinoma, and mucinous adenocarcinoma.
Tumor locations of CACRC were also varied, including
rectum, sigmoid colon and transverse colon. In terms of
disease inflammatory activity of UC, there were 3 cases with
mild activity and 3 cases with severe activity. 

Our hierarchical clustering algorithm and methylation analysis
using heat map are shown in Figures 1 and 2. Our case numbers
are presented is CC001 to CC006 in CACRC patients and as
CN001 to CN006 for counterpart colonic non-tumorous mucosa.
In the heat map, the left four CACRCs (CC006, CC003, CC002
and CC004) clearly showed different methylation patterns from
non-tumorous mucosa. The CC001 and CC005 on the right also
showed different methylation patterns.

The 450K CpG site DNA methylation microarray revealed
that when comparing the levels of DNA methylation between
CACRC and the counterpart non-tumorous mucosa, the
highest difference in β value was found in corcicotropin
releasing hormone receptor 2 (CRHR2). There were 4 genes
with differences in β values between CACRC and counterpart
non-tumorous mucosa >0.5: CRHR2 gene on chromosome 7
(difference=0.55729602, p=0.002023504), Ankyrin Repeat
Domain 13B gene on chromosome 17 (difference=
0.535918997, p=0.008445845), Crystallin Gamma D gene on
chromosome 2 (difference=0.51510056, p=0.013923275) and
SLIT-ROBO Rho GTPase Activating Protein 3 gene on
chromosome 3 (difference=0.501726707, p=0.024044769).
These four genes showed hypermethylation. 
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Figure 1. Our hierarchical clustering algorithm. Our case numbers are presented as CC001 to CC006 in CACRC patients and as CN001 to CN006
for counterpart colonic non-tumorous mucosa.



Discussion

In this study, CACRCs clearly showed different methylation
patterns from non-tumorous mucosa. We focused on the
CRHR2 gene on chromosome 7 that was specifically
methylated in CACRC patients, and a higher frequency of
hypermethylation of CRHR2 was identified in CC compared
with non-tumorous mucosa. This is the major finding of the
current study. To identify genes linked to CACRC in UC
patients is clinically important because they may determine
clinical outcome and assist in the early diagnosis of CACRC.
An increase or a decrease in DNA hypermethylation can

contribute to or be a marker for cancer development and
tumor progression (25). Moriyama, et al., have reported that
hypermethylation of p14 seems to be linked to an early stage
of dysplasia in UC patients (31). However, to the best of our
knowledge, there have been few reports on the role of
hypermethylation of CRHR2 on the development of CACRC
in UC patients (32). 

Members of the CRH family, which consists of CRH,
urocortin I, II and III, and CRHR 1 and 2, are widely
expressed in the brain, peripheral tissues, intestine and
cardiovascular system (33, 34). Urocortin is a member of the
CRH neuropeptide family (34). CRH is one of the major
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Figure 2. Heat map comparing the degree of methylation in CACRC and background non-tumorous mucosa. Our case numbers are presented as
CC001 to CC006 in CACRC patients and as CN001 to CN006 in counterpart colonic non-tumorous mucosa. The horizontal axis shows each sample
number and the vertical axis shows the location of methylation and the corresponding gene. Clustering of genes was performed for different levels
of methylation by ANOVA analysis. The higher the intensity of red, the higher the methylation, whereas the higher the intensity of the blue colour,
the lower the methylation. The left 4 CACRCs (CC006, CC003, CC002 and CC004) clearly show different methylation patterns from non-tumorous
mucosa. The CC001 and CC005 on the right also show different methylation patterns. NA: Not applicable. 



modulators of various stress-related behavioral, autonomic,
and visceral changes (33). CRH binds to two known
receptors, CRHR1 and CRHR2 (35). A previous study
reported that CRHR2 exacerbates chronic cardiac
dysfunction (36). On the other hand, a functional alteration
in the epithelial intestinal barrier recognized in IBD is
considered to be a consequence of stress. It has been
proposed that CRHR2, the principal neuromediator of stress,
acts on cholinergic nerves and results in stress-mediated
dysfunction of the epithelial barrier (32). Chatzaki, et al.
have reported that CRHR2 expression in the colonic
epithelial cells was down-regulated both in patients with
moderately active UC and those in remission (37). CRHR1
has a pro-inflammatory and therefore a pro-tumorigenesis
effect in terms of colitis associated cancer (38). Inhibition of
the expression of CRHR2 correlates with tumor expansion,
epithelial-mesenchymal transition, distant metastasis risk and
poor survival in experimental CRC models and in CRC
patients (39). Therefore, hypermethylation of CRHR2 may
be associated with cancer development in UC patients
through inactivation of tumor suppressor genes (39). These
may support the importance of CRHR2 in CACRC
carcinogenesis.

Angiogenesis indicates the neovascularization in existing
vessels, and also reflects an underlying cause of many
diseases such as cancer and inflammation. In the
examinations of prostate cancer, although urocortin
expression did not differ between prostate cancer and non-
tumorous tissues, CRHR2 expression was identified in the
vascular endothelial cells of normal prostate tissue, but not
detected in prostate cancer tissue, and therefore a decrease
in CRHR2 expression in the prostate could be associated
with tumor progression and increased neovascularization (40,
41). These results are in accordance with our current data. 

Assaying molecular markers in stool samples is a
promising noninvasive method for screening CRC (42-46).
A recent systematic review demonstrated the eligibility and
feasibility of DNA methylation as a noninvasive biomarker
in stool samples for the diagnosis of CRC and adenoma (44).
Potential expanded applications of stool DNA testing involve
identification of cancers and high-grade dysplasia (HGD) in
IBD patients (42, 47). In UC patients undergoing
surveillance colonoscopy, when observation is insufficient
due to poor pretreatment, if the stool examination confirms
the hypermethylation of the CRHR2 gene, re-examination of
areas that have been poorly observed may be required to
detect neoplasia. If hypermethylation of the CRHR2 gene is
confirmed in UC patients by a stool test, the patients should
be subjected to colorectal cancer screening by colonoscopy.
While in this study, UC patients with HGD were not
included, however, if hypermethylation of the CRHR2 gene
occurs frequently in UC patients with HGD, it may be a
useful marker for the development of HGD. It is widely

accepted that total colectomy should be indicated for UC
patients with HGD or histologically severe lesions (48, 49).
Also, the prognostic impact of the hypermethylation of
CRHR2 in UC patients should be further investigated. 

The major limitation of the current study was its small
sample size, and that the study data were derived from
Japanese UC patient data. Additional investigations on
different races are needed to further verify these findings and
extend the application to different races. In addition, the
direct association between hypermethylation of CpG islands
and CACRC development remains unclear due to the cross-
sectional nature of our study. Caution must be therefore
exercised for the interpretation of our study data. However,
our DNA methylation microarray demonstrated that
hypermethylation of CRHR2 in UC patients can be a useful
marker for the development of CACRC. In conclusion,
detection of hypermethylation of CRHR2 may be promising
for cancer screening in UC patients. 
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