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Out with the old, in with the new: Stem cell therapy
forinflammatory bowel disease (IBD)

Ryuichi Okamoto

Professor of Stem Cell and Regenerative Medicine at TMDU

You work at the Center for Stem
Q Cell and Regenerative Medicine

at TMDU. Can you explain what

regenerative medicine is?

A: Regenerative medicine refers to the re-
pair or replacement of diseased cells, tis-
sues, or organs in order to restore normal

function. One way to achieve this is by trans-
planting stem cells, which are cells that con-
tinuously renew themselves and can differ-
entiate into specialized cell types. | work on
inflammatory bowel diseases (IBDs) such as
Crohn's disease and ulcerative colitis, which
result in damage to the intestinal epitheli-

Regenerative medicine for inflammatory bowel disease (IBD)
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Dr. Okamoto received his MD and PhD from TMDU in 2004, after which he became a
Research Fellow in the Japan Society for the Promotion of Science. In 2007, he became an
Associate Professorat TMDU. Since 2013, he has been a Professor atthe Center for Stem Cell
and Regenerative Medicine at TMDU.
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um (the gut lining). We are looking at ways
to remove this damage and regenerate the
normal structure through ‘'mucosal healing'.
We aim to restore the important functions of
the gut lining as a mucosal barrier with a
role in nutrient absorption, hormone secre-
tion, and immune system regulation. Such
treatment contrasts with conventional ther-
apies, which try to reduce inflammation but
have limited benefits and are not successful
in all patients.

Can you provide us with back-
ground on stem cells and further
elaborate on their importance in
regenerative medicine?

A: Stem cells have been known to exist in
the intestinal epithelium since the 1970s.
However, the identification of proteins ex-
pressed by intestinal stem cells, which can
be used as markers to locate the stem cells,
was only achieved fairly recently. This has
enabled the culture of intestinal stem cells
to be refined. They can now be grown in the
lab, using suitable growth media and the
support of an underlying extracellular ma-
trix, to create a three-dimensional mini-or-
gan, as the TMDU research team headed by
Prof. Tetsuya Nakamura reported in an earli-
er study (Nat. Med., doi: 10.1038/nm.2695).
Transplantation of healthy mini-organs to
damaged intestines has been achieved in
animal models of disease. Stem cells are im-
portant to regenerative medicine because
they enable lesions to be replaced with
healthy tissue.

Is your current work based on in-
testinal stem-cell therapy?

A: Yes, we are working on a form of therapy
for IBD patients who have ulcers that do not
respond to current treatments. We are de-
veloping a method known as autologous
transplantation in which biopsies of healthy
areas of the patient's own intestinal epithe-
lium taken during an endoscopy will be

grown in the lab to extract intestinal stem
cells. These cells will then be expanded and
enriched using our previously established
culture techniques. Once we have enough
healthy cells for @ mini-organ, this can be
endoscopically delivered to an ulcerous site
inthe patient's gut for repair. The benefits of
this include the fact that the mini-organs
will not invoke an immune response be-
cause they derive from the patient’'s own
cells, so there should be no barrierto achiev-
ing tissue regeneration. However, we first
need to maximize the efficiency of this tech-
nique, and ensure that the mini-organs can
be delivered safely without introducing
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new problems, such as the development of
tumors.

What does the future hold for pa-
tients with IBD?

A: The intestine is made up of multiple cell
types, including those of the inner surface of
organs and those that line the inside of
blood vessels, as well as muscle, nerve, and
immune cells. Future work is likely to more
accurately reconstruct the three-dimension-
al culture of mini-organs based on these dif-
ferent cell types. This could eventually lead
to the transplantation of the intestine as an
entire organ to repair or renew severely

IBD, and beyond: Extracellular matrix dictates
cell fate transition during inflammation

Shiro Yui

Assistant Professor,
Center for Stem Celland
Regenerative Medicine
atTMDU

Inflammatory bowel disease (IBD) is a
chronic inflammatory disorder in the hu-
man gut. In one subset of IBD, patients
have to be treated lifelong for lasting dis-
tressing symptoms such as bloody stool,
abdominal pain and weight loss. IBD is
even life-threatening in the case of severe
inflammation or cancer. Medical care of
IBD has improved in the past 20 years, but
further improvement is necessary. Pro-
longed inflammation seenin IBD indicates
that cell regeneration is impaired. We
need to understand the process of regen-
eration of intestinal epithelial cells (IECS)

to understand IBD.

My research was initiated with the in-
vention of the primary culture system of
IECs in 2009 at TMDU under the supervision
of Prof. Mamoru Watanabe and Prof. Tet-
suya Nakamura. In the system, Collagen
Type | gel is used as extracellular scaffold,
and IECs are formed into a spheroid that we
named "TMDU sphere." We originally re-
ported epithelial regeneration after trans-
plantation of TMDU spheres, which showed
the feasibility of cell-based therapy for IBD.
Recently, the unique character of the TMDU
sphere was finally identified. In the course
of intensive analysis over nine years, the
similarity to fetal enterospheres developed
by Prof. Kim Jensen at University of Copen-
hagen was discovered. This provided a nov-
el insight for understanding the system of
'fetalization’ in IECs, which is indispensable

damaged lengths of intestine in patients
with IBD. Because many of these cell types
areinvolved in disease pathology, stem cells
deriving from bone marrow have also been
used in the treatment of IBD. So far, this has
met with varying levels of success, suggest-
ing further optimization is needed. It is also
possible that a combination of cell therapies
may improve the clinical outcome. In the fu-
ture, patients may receive treatment that is
better suited to the extent of their disease
and the pathologic changes that have oc-
curred.

Digestion., d0i:10.1159/000438663

for regeneration, and illustrates a useful
scheme for understanding how inflamma-
tion induces regeneration.

Drawing on the intersectional re-
search community of physicians and basic
biologists, and through the international
ties between TMDU and University of Co-
penhagen, | will expand my research to in-
vestigate IBD in @ more scientific manner.
Our goal is to improve clinical achieve-
ments in various types of inflammatory dis-
orders beyond IBD.

Nat. Med., doi: 10.1038/nm.2695
Cell Stem Cell, doi: 10.1016/j.stem.2017.11.001
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