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Abstract

The aim of this project is to clarify the mechanism of intractable types inflammatory bowel disease
(IBD) and eventually develop remedies to treat IBD or prevent disease progression to severe
reflactory type of disease.

Exploration of targets to overcome in intractable disease based on the result of global
gene expression analysis and epigenetic analysis using tissue derived from patients and disease
model mice. ;-

We have done global study of gene expression and epigenetic changes using mucosal tissues from
IBD patients. Based on these data, se selected genes with altered expression in the lesions. Then
examined related genes to identify particular pathways. On these selected genes, those that may
affect the expression of selected genes were set as the initial targets. As a result we focused on the
TNF activation and its down stream pathway, which sustain and amplify the TNF signal. We
purified CD33+ macrophage/DC fraction and CD3+ T cell fraction from the surgically resected
colon tissues from the patients treated for ulcerative colitis or colorectal cancer, and performed
global epigenetic analysis including ChIP-seq for H3K4me3, H3K27me3, DNA methylation
analysis (MeDIP) and transcriptome (SAGE) analysis. As a result, so-called bivalent modification
of H3K4me3 plus H3K27me3 was found to related to the disease. Cluster analysis resulted in the
different clustering of non-IBD and IBD, but there was no difference between ulcerative colitis
(UC) and Crohn’s disease (CD). In IBD cases, enhanced expression of H3K4me3 writers,
H3K27me3 writers and attenuated expression of some 3K27me3 erasers was obvious, which was
assumed to pathological epigenetic changes found in IBD cases. To confirm the effect of these
abnormal epigenetic changes, expression of 84 genes related to epigenetic changes were analyzed
using a NGS using Ampli-seq with Ion Proton in 7 non-IBD, 5UC and 2CD cases.

New therapeutic targets to enhance the effect of anti-TNF biologics based on the global
analysis murine colitis models;-
We performed global gene expression analysis of the murine colonic tissues obtained from colitis
models and in this study. We treated mice with colitis with tumor necrosis factor (TNF)-a.
neutralizing reagents at suboptimal dose to mimic treatment-resistant or refractory patients in
anti-TNF therapy. We also treated mice with a neutralizing reagent of one of TNF superfamily
molecules TWEAK and nati-IL-13 therapy. They were used with a single therapy, or combination.
Global gene expression analysis demonstrated the effect of each single therapy and combination
therapy. Acute colitis was induced by rectal injection of trinitrobenzene sulfonic acid (TNBS), with
administration of control IgG, TNF receptor (TNFR)-Ig chimeric protein, anti-TWEAK monoclonal
antibody, or the combination of TNFR-Ig and anti-TWEAK antibody. On day 4, disease severity
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was evaluated and gene expression profiling was analyzed using whole colon tissue. NF-xB
activation was investigated with Western blot. Since protein extract from whole colon tissue might
mask cell type specific inflammatory responses, we investigated inflammatory responses at the
cellular level. For this purpose, we obtained highly purified live colonic ECs with flow cytometry.
Levels of transcript of TWEAK, Fn14 and NF-kB-related molecules were measured in purified
colon epithelial cells (ECs). As a result, colitis induced upregulation of Fn14 only in ECs but not in
other cell types. As a tool for TNF or TWEAK inhibition in the mouse system, we used suboptimal
dose of TNFR-Ig fusion protein and anti-TWEAK monoclonal antibody, respectively. We found
that combination treatment resulted in a more than additive protective effect from acute colitis as
compared to single agent treatment. Administration of either single agent, 0.3 mg/kg of TNFR-Ig
or 10 mg/kg anti-TWEAK mAb, showed limited or no efficacy with respect to the body weight,
colon length, and macroscopic/histological analysis. The TNFR-Ig-, anti-TWEAK mAb- and control
Ig-treated groups each showed a trend of better recovery of body weight as compared to the
untreated group, with no significant difference between the three treated groups on day 4. In
marked contrast, treatment with the combination of TNFR-Ig and anti-TWEAK mAbD resulted in
significantly less weight loss and more rapid recovery of body weight than any of the other groups.
In addition, the colon was significantly longer in the combination-treatment group than any of
other experimental groups. Combination treatment of TNFR-Ig and anti-TWEAK antibody
synergistically reduced disease severity in comparison with the control antibody or single agent
treatment. Many mice treated with the combination exhibited minimal open ulcers with only
redness of the mucosal surface. And the area of open ulcer was significantly less in the
combination treated as compared to all other groups. In a global gene expression analysis, a total
of 781 genes changed more than 2-fold in both the control immunoglobulin G (Ig)-treated and
untreated mice as compared to naive mice. We investigated whether any of these genes were
specifically changed as a result of monotherapy. However, in a comparison of the TNFR-Ig treated
vs. untreated or control Ig-treated group, no such genes were found. Using this list of 62
downregulated genes, we searched the possible upstream pathways that were affected by
combination treatment using the Upstream Regulator Analysis Software, leading to a list of
possible upstream pathways. In addition to TNF-o, TNFRSF1A (TNF receptor 1), TWEAK,
lipopolysaccharide (LPS) and innate sensors like Toll-like receptor (TLR), were identified as
potential as upstream regulators. Of note, IKBKG (IKK-¢/NEMO) and NFKBIA (IkBO) were also
included as upstream regulators, suggesting that the canonical pathway of NF-«B was
significantly downregulated. Further gene expression analysis and Western blot analysis
confirmed that activation of the canonical (p50/RelA), but not noncanonical (p100/RelB)-mediated
pathway was the hallmark of inflammatory responses in this model. In conclusion, our study
indicates that TNF-a and TWEAK/Fn14 pathways mutually support activation of NF-xB
canonical pathway in a significant synergistic manner, which is critical in the tissue damage of
acute inflammation. This result also indicates the presence of TNF-signal-enhancing system
mediated by TWEAK. Thus, TWEAK is very likely to be involved in the mechanism of severe

relapsing colitis. Next, to further investigate the mechanism of intestinal epithelial cell damage,
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we obtained IL-13-EGF reporter nice and also generated IL-13 receptor al gene disrupted mice,
and IL-13 receptor a2 gene disrupted mice with the method of genome editing using CRIPR-Cas
system. Using these gene manipulated mice, we investigated the interaction of TWEAK/Fn14,
TNF-o and IL-13. As a result, we found that TWEAK/Fn14 signaling pathway enhances the I11.-13
secretion by lamina propria innate lymphoid cells and CD4+ T cells. TWEAK/Fn14 also inhibited
the expression of IL-13 receptor o 2 in intestinal myofibroblast and fibroblast, resulting the
aggravating and maintaining the devastating action of IL-13 to epithelial cells. We previously
found that cell-damaging effect of TNF-a is also supported by TWEAK/Fn14 pathway. These
results suggest that IL-13 itself is not only epithelial cell-damaging, but also interacts with TNF-a
and TWEAK/ Fn14 pathway to form a positive feedback loop leading further tissue damage.
When we analyzed gene expression in the human colonic mucosa of ulcerative colitis, TWEAK,
Fn14 and IL-13 were all upregulated along with the severity of the disease. Although it was
reported in 2015 that anti-1L-13 singly therapy was not effective in the patient with ulcerative
colitis, inflammatory bowel disease, we like to propose the possibility of combination therapy of
anti-TWEAK antibody and anti-IL-13 antibody with anti-TNF reagents, especially in cases with
treatment-resistant or secondary refractory patients to anti-TNF-o reagents.

Metabolome analysis searching for targets to overcome treatment-resistance was
performed in collaboration with Dr. M. Yoshida in Kobe University Graduate School of Medicine.
We established a metabolome analysis system and applied to sera from IBD patients or IBD
mouse models. We found some metabolites changing their levels along with disease severity and
relapse. Especially an amino acid glutamine was decrease in patients’ sera as well as sere from
IL-10 knockout mice with colitis. Further, decrease in free fatty acids, and phospholipid was
observed, which suggested the importance of lipid metabolism in colitis. We performed lipid
profiling in colonic mucosal specimens obtained from ulcerative colitis patients in collaboration
with Lipid Signaling Project in our Research Institute, and found deviation fatty acid metabolism

pathways in affected mucosa,
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