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Abstract

AIM: To investigate the relationship between the meth-
ylation status in the SL/72 and 7GFB2 promoters and
colonic inflammation in inflammatory bowel disease
patients.

METHODS: We evaluated the methylation status of 2
genes (SLI72 and 7GFBZ2) in 226 biopsies taken from
62 colonoscopies of 38 patients (29 ulcerative colitis
and 9 Crohn’s colitis) using methylation-specific melting
curve analysis. The relationships between methylation
status and clinical, biological, endoscopic and histologi-
cal activities were evaluated. Twenty-three of the 38
patients had a second colonoscopy and were included
in a longitudinal analysis. Numerical results were given
as the means £+ SD of the sample and range, except
when specified. Student ¢ analysis, ¢ Mann Whitney
and ANOVA factor were used to compare the means.
Qualitative results were based on the 4 test.

RESULTS: SLI72 methylation was more frequent in
samples with endoscopic activity than with endoscopic
remission (55% vs 18%, P < 0.001). SLI72 methyla-
tion was also higher in samples with acute inflamma-
tion (56.5%) than in samples with chronic (24%) or
absent inflammation (15%) (P < 0.001). For 7GFB2
methylation, the correlation was only significant with
endoscopic activity. Methylation was higher in the distal
colon for both genes (P < 0.001 for SLI72 and P = 0.022
for 7GFB2). In the multivariate analysis, only inflam-
mation status (and not disease duration or extension)
was independently associated with SL/72 methylation
[OR = 6.6 (95%CI: 1.65-27.36), P = 0.009]. In the
longitudinal analysis, the maintenance of endoscopic
remission was protective for methylation.

CONCLUSION: Endoscopic and histological inflamma-
tion are predictive for SL/72 methylation.
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Core tip: In this paper, we analyze the relationship be-
tween the methylation status of selected genes (7GF52,
SLIT2) and the inflammation status (according to en-
doscopic and histological activity) in ulcerative colitis
and Crohn’s colitis patients with increased risks for
colorectal cancer. We observed that methylation cor-
related better with histological activity than with endo-
scopic activity. SLI72 and 7GFB2 were more frequently
methylated in the distal colon. In the multivariate
analysis after adjusting for disease extension, disease
duration and inflammatory status, only inflammatory
status was an independent predictor of methylation.
We also observed that the maintenance of histological
healing with time might be protective for methylation.
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INTRODUCTION

Dysplasia and Colitis-associated Colorectal cancer (CAC)
are among the main complications of chronic ulcerative
colitis (UC) or Crohn’s colitis (CC) patients, although in
recent years, population studies have shown their inci-
dence to be reduced"”. The diagnosis and prevention of
dysplasia and CAC in patients with inflammatory bowel
disease (IBD) remain a challengep’ﬂ. When available,
chromoendoscopy with targeted biopsies is the tech-
nique of choice to perform the colonic surveillance for
dysplasia in IBD patientsls’(’]. The histological diagnosis
of dysplasia is hampered by significant inter-observer
variations linked to concurrent chronic inflammatory
changes and the specific histological features of dysplas-
tic lesions™. Chronic intestinal inflammation has been
associated with an increased risk of CACP*”'!. Both the
presence and the severity of such histological inflam-
mation are independent risk factors for dysplasia/ CAC
in IBD patients“z] and can be even more predictive than
endoscopic activity'. However, their clinical perfor-
mance is still limited.

Biomarkers capable of stratifying patients according
to their risk are greatly needed to optimize surveillance
programsm. Three molecular pathways, according to the
type of genetic alterations detected (chromosomal insta-
bility, microsatellite instability and methylator pathway),
have been described in sporadic CRC. These pathways
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are also present in CAC at different times and frequen-
cies™™"¥. The aberrant methylation of specific gene pro-
moters is a common event in CAC, although its relative
contribution is a matter of controversy”"”"" Because
methylation often precedes dysplasia and CAC"" these
molecular changes may be used as surrogate biomarkers
for IBD patients with an increased risk of dysplasia or
CAC.

The molecular and histological pathways leading to
CAC in chronic IBD are still relatively unknown. The
relationship between inflammation and methylation has
been already studied in other organs, such as Helicobacter
Pylori infections in the stomach™] chronic biliary tract
inflammation™ and Barrett’s esophagusm. In IBD, some
studies have already suggested that aberrant methylation
might be related with the development of dysplasia and
CAC”*, On the other hand, inflammation has been as-
sociated with a higher methylation rate in IBD,

In a previous study, we showed that the SLITZ and
TGFB2 promoters offered a better discrimination be-
tween tumorous and adjacent mucosa in CAC, showing
distinct patterns in the patients at increased risks or low
risks of developing dysplasia or cancer””. However, a
number of issues remain to be elucidated. While ulcer-
ative colitis-CAC is more frequent in the distal colon™™"
no data are available on methylation, according to co-
lonic location. Furthermore, little is known regarding the
persistence of methylation when the inflammation status
changes over time.

The aim of our study was to explore the relationship
between the methylation status in the SL.IT2 and TGFB2
promoters and the histological and endoscopic activities
in IBD patients at an increased risk for neoplasia. Addi-
tionally, we assessed the impact of colonic location and
performed a preliminary longitudinal analysis of meth-
ylation status according to histological and endoscopic
inflammation.

MATERIALS AND METHODS

Patients and tissue samples

Patients with an appropriate diagnosis of UC or CC who
were considered to be at an increased risk for dysplasia
and CAC were consecutively included. An increased risk
for dysplasia and CAC was defined as UC affecting co-
lonic mucosa proximal to rectum or CC affecting more
than one-third of the colon. In both cases, the duration
of the disease was > 8 years. Patients with CD of
ileal ot ileocolonic locations wete excluded.

A total of 62 colonoscopies were petrformed on 38
IBD patients (29 UC and 9 CC) between December 2010
and June 2012. Fifteen of these 38 patients had a single
colonoscopy. A second colonoscopy was performed in
23 patients, who were included in a longitudinal analysis.
Of the 62 colonoscopies, 57 were completed with indi-
cations of dysplasia surveillance, and samples were taken
from the five segments of the colon (rectum, left colon,
transverse colon, right colon and cecum). Five rectosig-
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Table 1 Patient characteristics 7 (%)

Patient characteristics Value
Number of patients 38

Patients with ulcerative colitis (UC)/Crohn’s colitis (CC) 29 (76)/9 (24)
Men 23 (58)

Age (yr): mean + SD 55.24 +14.11
Disease duration (yr): mean + SD 17.82 +£8.29

Number of colonoscopies 62
Number of colonoscopies in UC/CC 49 (79)/13 (21)
Disease extension'

Left colitis (UC) or segmentary colitis (CC) 20 (33)

Extensive colitis (UC and CC) 42 (68)
Medication at endoscopy’

Oral 5-ASA 40 (65)

IMM (AZA/6MP) 18 (29)/3 (5)

TNF inhibitor (IFX/ADA) 2(3)/2(3)
CRP (mg/dL): mean + SD 8.25+£16.56
Fecal calprotectin (ug/g): mean + SD 306.5 £ 690.1

Reason for colonoscopy
Endoscopic activity assessment 5(8)
Dysplasia surveillance 57 (92)
Clinical activity
Active disease 5(8)

Symptomatic remission 57 (92)
Endoscopic activity

Endoscopic remission 24 (39)

Endoscopic activity 38 (61)

Histological activity and presence of dysplasia
Dysplasia 8 (13)

Acute histological activity 23 (37)

Chronic histological activity 24 (39)

No histological activity 7 (11)
Methylation status

SLIT2 (patients with any methylated sample) 40 (65)

TGFB2 (patients with any methylated sample) 23 (42)

'As therapy regimens overlapped, the total is 104.7%. ASA: Aminosalicylic
acid; CS: Corticosteroids; IMM: Immunomodulators; AZA: Azathioprine;
6MP: 6 mercaptopurine; MTX: Methotrexate; TNF: Tumor necrosis factor;
IFX: Infliximab; ADA: Adalimumab.

moidoscopies were performed, and in these cases, only
samples of the rectum and sigmoid colon were taken.
Rectosigmoidoscopies were performed when there was
no indication for dysplasia surveillance. In all, 226 co-
lonic biopsies were taken. Most of the patients were in
clinical remission, and the reason for the colonoscopy
was surveillance for dysplasia. Only 5 patients under-
went colonoscopies due to clinical activity or to check
their endoscopic remission (ER). The epidemiological,
clinical, biological and endoscopic characteristics of the
patients are shown in Table 1.

Disease activity

Clinical activity: Clinical activity was scored according
to the Mayo index of the UC and Crohn’s disease (CD)
activity index (CDAI) for CC. For UC patients, symp-
tomatic remission was defined as a Mayo stool frequency
subscore of 0 or 1 and a Mayo rectal bleeding subscore
of 0, and for CD patients, as CDAI < 150. Biological
activity was measured according to CRP and fecal cal-
protectin (FC) levels. A CRP < 5 mg/L and a FC < 250

/o were considered “normal”. In a previous stud [33],
ug/ g p y
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we showed that a 250 Hg/g cut-off value for UC was the
most accurate cut-off level for ER.

Endoscopic activity: Colonoscopies were performed
by 2 experienced gastroenterologists (Rodriguez-Moranta
F, Guardiola J). Endoscopic activity was scored accord-
ing to the Mayo endoscopic subscores for UC patients
and to the CD activity index of severity (CDEIS) for
CD patients. “Endoscopic activity” was defined as Mayo
> 0 for UC ot CDEIS > 0 for CD. “ER” was defined as
Mayo = 0 for UC or CDEIS = 0 for CD.

Histological activity: Histological activity was assessed
by 2 experienced pathologists (Sanjuan X, Loayza C).
“Active disease” was defined by the presence of poly-
morphonuclear cells in conjunction with epithelial cell
damage. “Inactive chronic disease” was defined by archi-
tectural changes (irregular surface and crypt abnormali-
ties) and an increase in lamina propria mononuclear cells.
“Quiescent disease” was reflected by the presence of ar-
chitectural changes without alterations in the intensity or
composition of the lamina propria cellular infiltrate®™,

Methylation-specific melting curve analysis of SLIT2 and
TGFB2 gene promoters

DNA from the biopsies was extracted using a phenol chlo-
roform method™. DNA (750 ng) was chemically modi-
fied to convert all un-methylated cytosines to uracils using
the EZ DNA Methylation-Gold Kit® (Zymo Reseatch,
Orange, CA), according to the manufacturer’s protocol.
The methylation status of the SLIT2 and TGIFBZ2 gene
promoters was assessed by methylation-specific melting
curve analysis (MS-MCA)*™". Briefly, 50 ng of bisulfite-
treated DNA was used as a template for the polymerase
chain reaction (PCR) for 35 cycles of 10 s at 95 C, 20 s
at the corresponding annealing temperature, and 25 s at
72 °C, including a final extension step using the Light-
Cycler 480 (Roche Applied Science, Indianapolis, IN) in
the presence of the Fast Start DNA Master Sybr Green
I mix (Roche Applied Science). Melting curves of the
PCR fragments were analyzed in real time, as described.
Samples were scored using LightCycler 480 Software
v. 1.5 and classified as un-methylated or methylated to
compare the melting curve positions of test samples
with controls. The analytical sensitivity of the method
varies between 1%-5%"".

Ethical considerations

The ethics committee of the Bellvitge University Hos-
pital approved this study, and all patients gave their in-
formed written consent for participation.

Statistical analysis

Numerical results were given as the means £ SD of the
sample and range, except when specified. T-Student anal-
ysis, U Mann Whitney and ANOVA factor were used to
compare the means. Qualitative results were based on the
7 test. All P values were two-sided. P < 0.05 was consid-

August 14, 2014 | Volume 20 | Issue 30 |



Lobaton T et a/. Methylation and colonic inflammation

Table 2 Relationship between methylation status and disease

activity 7 (%)

Table 4 Histological activity and disease location as predic-
tors of SL/T2 and 7GFBZ2 methylation status

Relationship SLIT2 methylation 7FGBZ2 methylation
(yes/no) (yes/no)

Endoscopic activity'

Activity 38/31 (55) 22/41 (35)

Remission 28/129 (18) 18/127 (12)

P value <0.001 <0.001
Histological activity

Acute 26/20 (57) 7/29 (20)

Chronic 25/80 (24) 23/82 (22)

No activity 10/55 (15) 5/52 (9)

P value <0.001 NS
Clinical activity”

Active 5/0 (100) 2/2 (50)

Remission 35/22 (61) 21/30 (41)

P value 0.151 NS
Biological activity

Active (CRP = 5 mg/L + FC 7/0 (100) 5/2(71)
> 250 ug/g)

Remission (CRP <5 mg/L + 12/7 (63) 4/13 (24)
FC <250 pg/g)

P value 0.134 0.061

"Endoscopic activity was defined as Mayo > 0 for ulcerative colitis (UC)
or Crohn’s disease (CD) activity index of severity (CDEIS) > 0 for CD. En-
doscopic remission was defined as Mayo = 0 for UC or CDEIS = 0 for CD;
*Clinical activity, for UC patients symptomatic remission was defined as a
Mayo stool frequency subscore of 0 or 1 and a Mayo rectal bleeding sub-
score of 0; and for CD patients as CD activity index < 150. CRP: C-reactive
protein; FC: Faecal calprotectin; NS: Not significant.

Table 3 Methylation status and disease activity according to

disease location

Variable (% samples) Distal colon Proximal colon P value
Endoscopic activity' 48/101 (48) 21/121 (17) <0.001
Active histological activity” 30/97 (31) 16/115 (13) 0.004
Methylation of SLIT® 43/101 (43)  23/121(19)  <0.001
Methylation of TGFB* 24/90 (27)  16/117 (14) 0.022

"Endoscopic activity was defined as Mayo > 0 for ulcerative colitis or
Crohn'’s disease activity index of severity > 0 for Crohn’s disease; *Active
histological activity was defined as the presence of neutrophils in conjunc-
tion with epithelial cell damage.

ered statistically significant. Multivariate analysis consisted
of logistic regression. The statistical analysis was carried
out using the SPSS version 19.0 statistical package (SPSS
Inc., Chicago, IL, United States).

RESULTS

Relationship between methylation status and clinical,
biological, endoscopic and histological activity

First, we wanted to assess whether the methylation sta-
tus was correlated with the known clinico-pathological
variables used to score disease activity in a transversal
analysis. SLIT2 methylation was more frequent in sam-
ples with endoscopic activity, found in 38 of 69 (55%)
endoscopically active s5 28 of 157 (18%) endoscopically
inactive (P < 0.001). SLIT2 methylation also correlated
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Multivariate analysis Distal location ~ Acute histological activity'

SLIT2
Coefficient (B) 0.95 1.45
OR (95%CI) 2.57 (1.34-4.99) 4.25 (2.07-8.72)
P value 0.005 <0.001
TGFB2
Coefficient (B) 0.95 0.002
OR (95%CI) 2.59 (1.21-5.54) 1.01 (0.39-2.57)
P value 0.014 0.996

'Acute histological activity was defined as the presence of neutrophils in
conjunction with epithelial cell damage.

with histological inflammation, as its levels were higher
in samples with acute inflammation (57%) than in sam-
ples with chronic (24%) or absent inflammation (15%)
(P < 0.001). For TGFB2 methylation, the correlation was
only significant between methylation and endoscopic ac-
tivity, likely due to the lower prevalence of methylation
observed for TGFB2 (Table 2). There was no correlation
between SLIT2 or TGFB2 methylation status and clini-
cal or biological activity. Of note, most of the patients
included in this study were in clinical and biological re-
mission (Table 2).

To further explore the correlations with endoscopic
and histological activity and methylation, the subset of
patients with ER was analyzed. Seven of the 15 (47%)
patients with ER and chronic inflammation had at least
one of the 2 promoters of the genes methylated.

Methylation status, disease location and inflammatory
status

A clear correlation was observed between disease loca-
tion and inflammatory status (endoscopic and/or histo-
logical). A higher inflammatory status in the distal disease
correlated with a higher prevalence of SLIT2 methylation
(43 % vs 19%, respectively, P < 0.001). Similar results
were obtained for TGFB2 methylation (27% »s 14%, re-
spectively, P = 0.022) (Table 3). In the multivariate analy-
sis, both the distal location and histological activity were
independent predictors for SLIT2 methylation. How-
ever, TGIB2 methylation was only independently related
to distal location (Table 4). Samples with dysplasia were
significantly more methylated than those without dys-
plasia (80% ws 27.9%, P = 0.027), although this result
should be carefully interpreted due to the small number
of events. Furthermore, 3/5 samples with dysplasia were
present in patients who had some grade of histological
inflammation.

Disease extension, disease duration and inflammato-
ry status are common criteria to consider for a patient at
increased risk for neoplasia. We wondered whether these
variables were also predictors of methylation. In the
multivariate analysis, only the inflammatory status (endo-
scopic and/or histological) was an independent predic-

tor of SLIT2 methylation: OR = 6.6 (95%CI: 1.65-27.36),
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Table 5 Changes in inflammatory status and SZ/72 methylation from colonoscopy 1 to colonoscopy 2

Changes in methylation of SL/72

Changes in endoscopic inflammation

Stable (» = 50) Change (7 = 16)
ER—ER Active—active ER—active Active—ER Total
Stable UM —» UM 25 6 2 1 34
(n=44) M ->M 2 5 0 3 10
Change UM - M 2 2 7 0 11
(n=122) M — UM 7 1 3 0 11
Total 36 14 12 4 66

ER: Endoscopic remission; Active: Endoscopic activity; UM: Unmethylated; M: Methylated.

P = 0.009. In contrast, no correlation was evident for
TGFB2 methylation (data not shown). No differences
were found in the methylation status of either of the 2
genes, according to the different medical treatments (data
not shown).

Longitudinal analysis

Next, we explored whether longitudinal changes in the
inflammatory status of the colonic mucosa were ac-
companied by changes in SLIT2 methylation in the
23 UC patients who underwent a second colonoscopy
within a one-year period. The results are shown in Table
5. The median time between the 2 colonoscopies was
238 d (range: 98-366 d). The most prevalent situation
was the maintenance of endoscopic remission in both
colonoscopies. Among the 48 segments with endoscopic
remission in the 1™ colonoscopy, 36 remained without
endoscopic activity in the 2" one. In this situation, the
methylation status of SLIT2 decreased from 25% (9/36)
to 11% (4/36) (P = 0.22). Considering the segments that
remained endoscopically active in both explorations (14
out of the 15 segments from the 1" colonoscopy), the
prevalence of SLIT2 methylation remained similar, from
43% (6/14) to 50% (7/14), (P =1).

In those segments with endoscopic activity in the 1%
colonoscopy that became endoscopic remission in the
2 colonoscopy, the SLIT2 methylation did not change
(3/4, 75% in both cases, P = 1). Finally, in the 12 bi-
opsied segments with endoscopic remission in the 1™
colonoscopy that presented endoscopic activity in the
second one, a non-significant trend towards an increase
in SLIT2 methylation was obsetrved, from 25% (3/12) to
58% (7/12), P = 0.28.

DISCUSSION

In this study, we have shown a strong correlation be-
tween SLIT2 methylation status and inflammation, ac-
cording to the endoscopic and histological activities in
colonic biopsies from IBD patients at increased risk for
dysplasia and CAC. Microscopic inflammation was a
more accurate marker for predicting methylation than
endoscopic activity. SLIT2 and TGFB2 were more fre-
quently methylated in the distal colon, but only SLIT2
was independently associated with inflammation sta-
tus. Changes in the methylation status occurred during
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follow-up, and the appearance of endoscopic activity
was linked with an increased methylation status rate with
time, whereas the maintenance of endoscopic remission
was protective for this status. However, further longitu-
dinal studies are needed to clarify whether de novo meth-
ylation correlates with inflammatory activity.

Inflammation is known to be a risk factor for CAC
in these patientsw’z"g’m. However, data on the relation-
ship between inflammation and methylation in CAC
among IBD patients are scarce. Saito e/ al™ previously
showed that the methylation of CDH7, GDNF, HPPT,
and MYODT correlated with the inflammatory status in
28 surgical specimens from medication-resistant patients
undergoing colectomy. In line with previous reports, a
significant correlation between the methylation of SLITZ
and TGFB2 promoters and endoscopic and histological
acute inflammation has been shown™*. In our cohort
of mostly asymptomatic patients, microscopic inflamma-
tion was present in more than 50% of patients analyzed
with endoscopic remission (ER). Microscopic inflamma-
tion may be used as a refined surrogate of disease activ-
ity in the absence of endoscopic activity™* and might
eventually be designated clinically relevant to dysplasia
assessment because microscopic colitis has been associ-
ated with CAC"".

In UC patients, low grade dysplasiam’w and neoplasia
have been reported to be more frequent in the rectosig-
moid colon™. It has been proposed that this might be
secondary to a higher degree of inflammation. Of note,
the methylation of SLLIT2 and TGFBZ is more frequent
in the rectosigmoid colon, suggesting an association
between methylation, inflammation and dysplasia. How-
evet, in our study, both inflammation and location were
independently associated with methylation; thus, this
relationship may be more complex. Further studies will
be needed to clarify this relation and to explore whether
controlling inflammation reduces the risk of dysplasia.

Novel biomarkers should be introduced in routine
clinical settings if they add information to those cur-
rently used. In spite of the evident correlation between
histological inflammation and methylation, neither dis-
ease duration nor extension, the most commonly used
high risk-criteria, was correlated with either histological
activity or methylation. These two parameters may be
eventually incorporated as risk factors or even as sur-
rogate endpoints for treatment efficacy. This hypothesis
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is further supported by the high prevalence of SLIT?2
among “endoscopically healed” patients.

The iterative assessment of the inflammation and
methylation status has shed further light onto this corre-
lation. On the one hand, the lack of methylation persist-
ed when histological healing was maintained (the most
prevalent situation in our cohort), suggesting a protec-
tive effect against aberrant DNA methylation. On the
other hand, up to one-third of the cases analyzed (24 of
66) changed their methylation status (gain or loss indis-
tinctly) during follow-up. Methylation tended to accumu-
late with inflammation, as reported in Barrett’s esopha-

[22]

gus™ | chronic biliary tract inflammation and intestinal

[44,45]

cancer mouse models” . Moreover, the reversibility of

methylation status has been previously documented in
gastric carcinogenesis after H. pylori eradication”",

Our study has several limitations. First, due to the
limited sample size, the association between inflam-
mation and the methylation of these genes should be
validated, in particular those observed in the longitudinal
study. Second, because the study was not designed to
assess the reversibility of methylation when healing the
microscopic inflammation, further studies are needed to
confirm this hypothesis due to its potential therapeutic
implications. If the reversibility of methylation after the
mucosa has healed could be demonstrated, it would be
reasonable to propose histological healing as an end-
point of the treatment. Finally, we chose 2 genes that
had previously demonstrated distinct patterns in patients
at increased risk and low risks of developing dysplasia or
cancer at our center. However, many other genes have
been studied in this field, and therefore, in the future, a
more extensive study could include a panel with more
genes.

In conclusion, this study showed that methylation
status is an accurate predictor of microscopic inflamma-
tion in chronic UC or CC patients. Microscopic inflam-
mation was frequent among patients with no endoscopic
activity. We also demonstrated that a distal location
(the rectosigmoid colon), together with microscopic
inflammation, constituted independent risk factors for
methylation. Finally, in our population, we observed that
the maintenance of ER was protective against de novo
methylation, although further longitudinal studies are
needed to confirm this.

COMMENTS

Background

Methylation status has been proposed as one of the pathways of colitis-associ-
ated cancer in ulcerative colitis (UC) and Crohn’s colitis (CC) patients. However,
there are scarce data about its relationship with endoscopic and histological
inflammation.

Research frontiers

The carcinogenesis process of colorectal cancer in inflammatory bowel diseas-
es is multifactorial, and more studies are necessary to improve understanding
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Methylation status correlated better with histological than with endoscopic activ-
ity, which may indicate the importance of controlling microscopic inflammation
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in this group of patients.

Applications

A better understanding of the relationships among the endoscopic, histological
and molecular changes occurring in inflammatory bowel disease patients may
help to optimize the management of this disease.

Peer review

This is a study to further elucidate the clinical role of two methylation markers
in high risk patients with UC and CC. Despite limited by sample size, the study
provides useful data that consolidate the pathological role of these markers.

REFERENCES

1 Jess T, Simonsen ], Jorgensen KT, Pedersen BV, Nielsen NM,
Frisch M. Decreasing risk of colorectal cancer in patients
with inflammatory bowel disease over 30 years. Gastroen-
terology 2012; 143: 375-381.e1; quiz e13-14 [PMID: 22522090
DOI: 10.1053/j.gastro.2012.04.016]

2 Herrinton LJ, Liu L, Levin TR, Allison JE, Lewis JD, Velayos
F. Incidence and mortality of colorectal adenocarcinoma
in persons with inflammatory bowel disease from 1998 to
2010. Gastroenterology 2012; 143: 382-389 [PMID: 22609382
DOI: 10.1053/j.gastro.2012.04.054]

3 Feagins LA, Souza RF, Spechler SJ. Carcinogenesis in IBD:
potential targets for the prevention of colorectal cancer. Nat
Rev Gastroenterol Hepatol 2009; 6: 297-305 [PMID: 19404270
DOI: 10.1038 /nrgastro.2009.44]

4 Itzkowitz SH, Yio X. Inflammation and cancer IV. Colorec-
tal cancer in inflammatory bowel disease: the role of inflam-
mation. Am | Physiol Gastrointest Liver Physiol 2004; 287:
G7-G17 [PMID: 15194558 DOI: 10.1152/ ajpgi.00079.2004]

5 Dignass A, Eliakim R, Magro F, Maaser C, Chowers Y, Ge-
boes K, Mantzaris G, Reinisch W, Colombel JF, Vermeire S,
Travis S, Lindsay JO, Van Assche G. Second European evi-
dence-based consensus on the diagnosis and management
of ulcerative colitis part 1: definitions and diagnosis. | Crohns
Colitis 2012; 6: 965-990 [PMID: 23040452 DOI: 10.1016/
j.crohns.2012.09.003]

6  Kiesslich R, Neurath MF. Chromoendoscopy in inflamma-
tory bowel disease. Gastroenterol Clin North Am 2012; 41:
291-302 [PMID: 22500518 DOI: 10.1016/j.gtc.2012.01.016]

7  Fujii S, Katsumata D, Fujimori T. Limits of diagnosis and
molecular markers for early detection of ulcerative colitis-
associated colorectal neoplasia. Digestion 2008; 77 Suppl 1:
2-12 [PMID: 18204256 DOI: 10.1159/000111482]

8 Melville DM, Jass JR, Morson BC, Pollock DJ, Richman PI,
Shepherd NA, Ritchie JK, Love SB, Lennard-Jones JE. Ob-
server study of the grading of dysplasia in ulcerative colitis:
comparison with clinical outcome. Hum Pathol 1989; 20:
1008-1014 [PMID: 2793156]

9 Rutter M, Saunders B, Wilkinson K, Rumbles S, Schofield G,
Kamm M, Williams C, Price A, Talbot I, Forbes A. Severity
of inflammation is a risk factor for colorectal neoplasia in
ulcerative colitis. Gastroenterology 2004; 126: 451-459 [PMID:
14762782 DOI: 10.1053/j.gastro.2003.11.010]

10 Ullman TA, Itzkowitz SH. Intestinal inflammation and can-
cer. Gastroenterology 2011; 140: 1807-1816 [PMID: 21530747
DOI: 10.1053/j.gastro.2011.01.057]

11 Mathy C, Schneider K, Chen YY, Varma M, Terdiman JP,
Mahadevan U. Gross versus microscopic pancolitis and the
occurrence of neoplasia in ulcerative colitis. Inflamm Bowel
Dis 2003; 9: 351-355 [PMID: 14671483 DOI: 10.1097/0005472
5-200311000-00002]

12 Gupta RB, Harpaz N, Itzkowitz S, Hossain S, Matula S, Korn-
bluth A, Bodian C, Ullman T. Histologic inflammation is a risk
factor for progression to colorectal neoplasia in ulcerative coli-
tis: a cohort study. Gastroenterology 2007; 133: 1099-1105; quiz
1340-1341 [PMID: 17919486 DOI: 10.1053/j.gastro.2007.08.001]

13 Thorsteinsdottir S, Gudjonsson T, Nielsen OH, Vainer B,
Seidelin JB. Pathogenesis and biomarkers of carcinogenesis

August 14, 2014 | Volume 20 | Issue 30 |



14

15

16

17

18

19

20

21

22

23

24

25

26

27

JRaishideng®

in ulcerative colitis. Nat Rev Gastroenterol Hepatol 2011; 8:
395-404 [PMID: 21647200 DOI: 10.1038/nrgastro.2011.96]
Hartnett L, Egan L]. Inflammation, DNA methylation and
colitis-associated cancer. Carcinogenesis 2012; 33: 723-731
[PMID: 22235026 DOI: 10.1093/ carcin/bgs006]

Sanchez JA, Dejulius KL, Bronner M, Church JM, Kalady
MF. Relative role of methylator and tumor suppressor path-
ways in ulcerative colitis-associated colon cancer. Inflamm
Bowel Dis 2011; 17: 1966-1970 [PMID: 21618350 DOI: 10.1002/
ibd.21526]

Garrity-Park MM, Loftus EV, Sandborn WJ, Bryant SC, Smyrk
TC. Methylation status of genes in non-neoplastic mucosa
from patients with ulcerative colitis-associated colorectal can-
cer. Am | Gastroenterol 2010; 105: 1610-1619 [PMID: 20160714
DOI: 10.1038/ ajg.2010.22]

Olaru AV, Cheng Y, Agarwal R, Yang ], David S, Abraham
JM, Yu W, Kwon JH, Lazarev M, Brant SR, Marohn MR,
Hutcheon DF, Harpaz N, Meltzer SJ, Mori Y. Unique patterns
of CpG island methylation in inflammatory bowel disease-
associated colorectal cancers. Inflamm Bowel Dis 2012; 18:
641-648 [PMID: 21830278 DOI: 10.1002/ibd.21826]

Konishi K, Shen L, Wang S, Meltzer SJ, Harpaz N, Issa JP.
Rare CpG island methylator phenotype in ulcerative colitis-
associated neoplasias. Gastroenterology 2007; 132: 1254-1260
[PMID: 17408633 DOI: 10.1053/j.gastro.2007.01.035]

Goel GA, Kandiel A, Achkar JP, Lashner B. Molecular path-
ways underlying IBD-associated colorectal neoplasia: thera-
peutic implications. Am | Gastroenterol 2011; 106: 719-730
[PMID: 21386829 DOI: 10.1038/ ajg.2011.51]

Shin CM, Kim N, Park JH, Kang GH, Kim JS, Jung HC,
Song IS. Prediction of the risk for gastric cancer using can-
didate methylation markers in the non-neoplastic gastric
mucosae. | Pathol 2012; 226: 654-665 [PMID: 22252584 DOI:
10.1002/ path.2990]

Nakajima T, Enomoto S, Yamashita S, Ando T, Nakanishi
Y, Nakazawa K, Oda I, Gotoda T, Ushijima T. Persistence
of a component of DNA methylation in gastric mucosae
after Helicobacter pylori eradication. ] Gastroenterol 2010; 45:
37-44 [PMID: 19821005 DOI: 10.1007/s00535-009-0142-7]
Wehbe H, Henson R, Meng F, Mize-Berge ], Patel T. Inter-
leukin-6 contributes to growth in cholangiocarcinoma cells
by aberrant promoter methylation and gene expression.
Cancer Res 2006; 66: 10517-10524 [PMID: 17079474 DOI:
10.1158/0008-5472]

Alvarez H, Opalinska ], Zhou L, Sohal D, Fazzari MJ, Yu
Y, Montagna C, Montgomery EA, Canto M, Dunbar KB,
Wang ], Roa JC, Mo Y, Bhagat T, Ramesh KH, Cannizzaro
L, Mollenhauer J, Thompson RF, Suzuki M, Meltzer SJ,
Melnick A, Greally JM, Maitra A, Verma A. Widespread
hypomethylation occurs early and synergizes with gene
amplification during esophageal carcinogenesis. PLoS Genet
2011; 7: 1001356 [PMID: 21483804 DOI: 10.1371/journal.
pgen.1001356]

Schetter AJ, Heegaard NH, Harris CC. Inflammation and
cancer: interweaving microRNA, free radical, cytokine
and p53 pathways. Carcinogenesis 2010; 31: 37-49 [PMID:
19955394 DOI: 10.1093/ carcin/ bgp272]

Fleisher AS, Esteller M, Harpaz N, Leytin A, Rashid A, Xu
Y, Liang J, Stine OC, Yin J, Zou TT, Abraham JM, Kong D,
Wilson KT, James SP, Herman JG, Meltzer S]. Microsatel-
lite instability in inflammatory bowel disease-associated
neoplastic lesions is associated with hypermethylation and
diminished expression of the DNA mismatch repair gene,
hMLH1. Cancer Res 2000; 60: 4864-4868 [PMID: 10987299]
Saito S, Kato J, Hiraoka S, Horii ], Suzuki H, Higashi R, Kaji
E, Kondo Y, Yamamoto K. DNA methylation of colon mu-
cosa in ulcerative colitis patients: correlation with inflam-
matory status. Inflamm Bowel Dis 2011; 17: 1955-1965 [PMID:
21830274 DOI: 10.1002/ibd.21573]

Azuara D, Rodriguez-Moranta F, de Oca ], Sanjuan X, Guar-

WJG | www.wjgnet.com

Lobaton T et a/. Methylation and colonic inflammation

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

10597

diola J, Lobaton T, Wang A, Boadas ], Piqueras M, Monfort
D, Galter S, Esteller M, Moreno V, Capella G. Novel meth-
ylation panel for the early detection of neoplasia in high-
risk ulcerative colitis and Crohn’s colitis patients. Inflamm
Bowel Dis 2013; 19: 165-173 [PMID: 22532293 DOI: 10.1002/
ibd.22994]

Choi PM, Zelig MP. Similarity of colorectal cancer in Crohn’s
disease and ulcerative colitis: implications for carcinogen-
esis and prevention. Gut 1994; 35: 950-954 [PMID: 8063223]
Goldstone R, Itzkowitz S, Harpaz N, Ullman T. Progression
of low-grade dysplasia in ulcerative colitis: effect of colonic
location. Gastrointest Endosc 2011; 74: 1087-1093 [PMID:
21907984 DOI: 10.1016/j.gie.2011.06.028]

Goldstone R, Itzkowitz S, Harpaz N, Ullman T. Dysplasia
is more common in the distal than proximal colon in ulcer-
ative colitis surveillance. Inflamm Bowel Dis 2012; 18: 832-837
[PMID: 21739534 DOI: 10.1002/ibd.21809]

Annese V, Daperno M, Rutter MD, Amiot A, Bossuyt P,
East ], Ferrante M, Gotz M, Katsanos KH, KiefSlich R, Ordas I,
Repici A, Rosa B, Sebastian S, Kucharzik T, Eliakim R. Euro-
pean evidence based consensus for endoscopy in inflamma-
tory bowel disease. | Crohns Colitis 2013; 7: 982-1018 [PMID:
24184171 DOI: 10.1016/j.crohns.2013.09.016]

Lutgens MW, Vleggaar FP, Schipper ME, Stokkers PC, van
der Woude CJ, Hommes DW, de Jong D], Dijkstra G, van
Bodegraven AA, Oldenburg B, Samsom M. High frequency
of early colorectal cancer in inflammatory bowel disease.
Gut 2008; 57: 1246-1251 [PMID: 18337322 DOI: 10.1136/
gut.2007.143453]

Lobatén T, Rodriguez-Moranta F, Lopez A, Sanchez E, Ro-
driguez-Alonso L, Guardiola ]. A new rapid quantitative test
for fecal calprotectin predicts endoscopic activity in ulcerative
colitis. Inflamm Bowel Dis 2013; 19: 1034-1042 [PMID: 23470502
DOI: 10.1097 / MIB.0b013e3182802b6e]

D'Haens G, Sandborn W], Feagan BG, Geboes K, Hanauer
SB, Irvine EJ, Lémann M, Marteau P, Rutgeerts P, Scholm-
erich J, Sutherland LR. A review of activity indices and effi-
cacy end points for clinical trials of medical therapy in adults
with ulcerative colitis. Gastroenterology 2007; 132: 763-786
[PMID: 17258735 DOI: 10.1053 /j.gastro.2006.12.038]

Puig P, Urgell E, Capella G, Sancho FJ, Pujol ], Boadas ],
Farré A, Lluis F, Gonzalez-Sastre F, Mora J. A highly sensi-
tive method for K-ras mutation detection is useful in diag-
nosis of gastrointestinal cancer. Int | Cancer 2000; 85: 73-77
[PMID: 10585586]

Puig P, Urgell E, Capella G, Villanueva A, Grau M, Sancho
FJ, Pujol ], Lluis F, Gonzélez-Sastre F, Mora J. Improved de-
tection of K-ras codon 12 mutations in fecal exfoliated cells.
Lab Invest 1999; 79: 617-618 [PMID: 10334573]

Azuara D, Rodriguez-Moranta F, de Oca ], Soriano-Izquier-
do A, Mora J, Guardiola J, Biondo S, Blanco I, Peinado MA,
Moreno V, Esteller M, Capelld G. Novel methylation panel
for the early detection of colorectal tumors in stool DNA.
Clin Colorectal Cancer 2010; 9: 168-176 [PMID: 20643622 DOI:
10.3816/CCC.2010.n.023]

Powell-Tuck J, Day DW, Buckell NA, Wadsworth J, Len-
nard-Jones JE. Correlations between defined sigmoidoscopic
appearances and other measures of disease activity in ulcer-
ative colitis. Dig Dis Sci 1982; 27: 533-537 [PMID: 6979471]
Truelove SC, Richards WC. Biopsy studies in ulcerative coli-
tis. Br Med ] 1956; 1: 1315-1318 [PMID: 13316140]

Florén CH, Benoni C, Willén R. Histologic and colonoscopic
assessment of disease extension in ulcerative colitis. Scand |
Gastroenterol 1987; 22: 459-462 [PMID: 3602926]

Geboes K, Riddell R, Ost A, Jensfelt B, Persson T, Lofberg
R. A reproducible grading scale for histological assessment
of inflammation in ulcerative colitis. Gut 2000; 47: 404-409
[PMID: 10940279 DOI: 10.1136/ gut.47.3.404]

Gomes P, du Boulay C, Smith CL, Holdstock G. Relation-
ship between disease activity indices and colonoscopic find-

August 14, 2014 | Volume 20 | Issue 30 |



43

44

JRaishideng®

Lobaton T et a/. Methylation and colonic inflammation

ings in patients with colonic inflammatory bowel disease.
Gut 1986; 27: 92-95 [PMID: 3949241]

Riley SA, Mani V, Goodman M], Dutt S, Herd ME. Micro-
scopic activity in ulcerative colitis: what does it mean? Gut
1991; 32: 174-178 [PMID: 1864537]

Hahn MA, Hahn T, Lee DH, Esworthy RS, Kim BW, Riggs
AD, Chu FF, Pfeifer GP. Methylation of polycomb target
genes in intestinal cancer is mediated by inflammation.

WJG | www.wjgnet.com

45

10598

Cancer Res 2008; 68: 10280-10289 [PMID: 19074896 DOI:
10.1158/0008-5472.CAN-08-1957]

Katsurano M, Niwa T, Yasui Y, Shigematsu Y, Yamashita S,
Takeshima H, Lee MS, Kim Y], Tanaka T, Ushijima T. Early-
stage formation of an epigenetic field defect in a mouse coli-
tis model, and non-essential roles of T- and B-cells in DNA
methylation induction. Oncogene 2012; 31: 342-351 [PMID:
21685942 DOI: 10.1038/ onc.2011.241]

P- Reviewer: Gaertner W, Lee CL, Lee YY S- Editor: Gou SX
L- Editor: A E- Editor: Liu XM

August 14, 2014 | Volume 20 | Issue 30 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

ISSN1007-9327

“ | ”l |30>
7 5

9777100793204 ||

© 2014 Baishideng Publishing Group Inc. All rights reserved.




	10591.pdf
	WJGv20i30-Back Cover.pdf

