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Abstract

Background and Aim

Inflammatory bowel disease (IBD), such as ulcerative colitis (UC) and Crohn’s disease (CD), are
characterized by relapsing/remitting nature of the inflammatory process. While some cases with
IBD are relatively stable and controllable by means of medical treatment, we encounter many
cases with recurrent deterioration of disease which necessitates intensive treatment like high dose
of steroid therapy, immunosuppressant or even surgery. In damaged intestinal mucosa of IBD,
the mucus layer, which covers intestinal epithelial cell surface with heavily glycosylated mucin, is
deteriorated and abnormaly glycosylated. Recently, we reported that colonic immune cells
express sialic acid-binding Ig-like lectins, which recognize cell surface glycans preferentially
expressed in normal colonic epithelium. We have speculated that the interaction of these lectins
with these glycans might be involved in immune tolerance in the mucosal tissue. However,
differential expression of these lectins and its regulation in the peripheral immune cells, as well as
their function in these cells, has been largely unknown. The goal of this project is to develop
novel surveillance markers and molecular targets for therapeutic approach of IBD. The specific
aim of this study is to clarify whether these lectin expressions of peripheral blood mononuclear
cells may reflect the condition of damaged/unhealed mucosa with abnormal glycosylation, and

moreover, predict exacerbation of the disease.

1. A search for novel diagnostic and surveillance markers for IBD

Methods and Results

In inflamed mucosa, the aberrant glycosylation on epithelial cells was observed, including the
loss of 6-sulfo-Lewis x carbohydrate antigen, which is abundantly expressed in normal
gastrointestinal mucosa. Since innate immune cells express sialic acid-binding Ig-like lectins
that can recognize cell surface glycans preferentially expressed in normal colonic epithelium,
we examined the expression of these lectins in peripheral blood mononuclear cells (PBMCs) by
flow cytometric analysis. We isolated PBMCs from 63 IBD patients (22 CD and 41 UC) as well
as 3 patients with Behcet’s disease and 3 patients with intestinal tuberculosis as non-IBD
controls. Flow cytometric analysis revealed that the frequency of lectin-positive cells in CD33+
PBMCs isolated from UC (mean age, 47.0 years, range 20-91) and CD (mean age, 41.5 years,
range 21-57) was significantly higher than that of non-IBD subjects (mean age, 34.0 years,
range 26-54), however; there was no difference between UC and CD. High frequency of
lectin-positive CD33* cells was not observed in intestinal tuberculosis nor Behcet’s disease

blood, even at active stage. In IBD patients, the incidence of lectin-positive cells in CD33*
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PBMCs correlated with abdominal pain, but not CRP, ALB, Hb, ESR, the number of WBC,
neutrophils, and platelets. These results suggest that inflammation is not essentially parallel
to the expression of lectins. In contrast, the expression of lectis in CD33+ PBMCs tended to
correlate with pUCDALI score, which reflects disease severity, but it did not reach statistical
significance due to few numbers of lectin-positive patients. In fact, the incidence of
lectin-positive cells in CD33* PBMCs was decreased in some UC patients with remission after
steroid therapy, while other patients with remission have kept high frequency of lectin-positive
cells, aggravated later.

Conclusion
The emergence of lectin-positive cells in the peripheral CD33" PBMCs reflects presence of the
mucosal damage in an IBD-specific manner, which may be clinically cryptic without apparent

sign of inflammation. It may predict exacerbation or relapse in IBD patients.

2. A search for novel molecular targets for therapeutic approach of IBD

Methods and Results

Using murine colitis models, it has been reported the significance of Wnt/Notch signals to
regulate cell proliferation and differentiation in the regenerative process of inflamed mucosa.
In this project, we found that the expression of nemo-like kinase, which is a negative regulator
of Wnt/Notch signals, was dramatically decreased in UC mucosa as compared with that in
non-IBD colonic mucosa. Since DNA methylation of CpG islands, clustered around the
regulatory region, has been shown to be associated with gene inactivation and the promoter
region of nemo-like kinase gene contains a CpG island, we examined the methylation status of
nemo-like kinase gene by bisulfite-pyrosequencing. In UC mucosa, the methylation frequency
of nemo-like kinase was significantly higher than that in non-IBD colonic mucosa. When
human colon cancer cell lines were treated with 5-aza-2’-deoxycytidine, an inhibitor of DNA
methyltransferases, the transcription of nemo-like kinase was induced. In the human
colorectal cancer cell line HCT116 with genetic disruption of both DNA methyltransferase 1
(DNMT1) and 3b (DNMT3b), in which genomic DNA methylation was nearly eliminated, the
expression of nemo-like kinase was rescued. These results collectively suggest that DNA
hypermethylation may contribute to gene silencing of Wnt/Notch modulators. To investigate
the relation between DNA hypermethylation-mediated gene silencing of Wnt/Notch modulators
and accelerated epithelial cell turnover during inflammation, we isolated epithelial cells from
inflamed colon of patients with UC and examined the methylation status of nemo-like kinase
by pyrosequencing as well as their potential of growth 1n vitro 3D-culture using Matrigel. In
epithelial cells isolated from UC mucosa, the methylation frequency of nemo-like kinase was
significantly higher than those from non-IBD colonic mucosa. In our culture condition,
epithelial cells separated from UC mucosa were able to survive and proliferate, however; the
addition of 5-aza-2-deoxycytidine inhibited this unusual potential along with the concomitant
loss of the nemo-like kinase methylation.

Conclusion
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DNA hypermethylation may contribute to promotion of rapid epithelial cell turnover during

inflammation and it may be a therapeutic target of IBD.
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