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   Recent studies on human inflammatory bowel diseases (IBD) have brought our attention to
continued epithelial injury and impaired epithelial regeneration as their key pathophysiological
features. In order to develop a novel approach for the treatment of IBD, it is important to under-
stand the ordered process of epithelial repair and the pivotal roles for the epithelial stem cells in
this process. Recently, specific molecular markers for the intestinal stem cells have been iden-
tified, and this has led to characterization of the unique properties of this population of cells. In
addition, advancement in technologies to isolate and culture intestinal stem cells enhances the
prospect for the use of these cells as a diagnostic tool or the source of regenerative medicine.
Here I review such recent progress in intestinal epithelial stem cell research and its possible
application to IBD.
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Introduction
   Current therapeutic strategies for treatment of human IBD

are mostly aimed at modulating the immune system that is

locally or systemically dysregulated in affected individu-

als. However, as continued epithelial injury and impaired

epithelial regeneration are also regarded as key features

of pathogenesis of the diseases1), enhancement of intesti-

nal epithelial repair mechanisms has received a growing

attention as alternative approach for the treatment of IBD.

Reports have shown that amelioration of persistent inflam-

mation does not always lead to complete mucosal healing,

suggesting the strategies for appropriate tissue repair to be

needed in addition to the conventional immunotherapy2, 3).

Along with this trend, our knowledge of intestinal epithelial

regeneration has flourished in the last few years. In par-

ticular, advancement in intestinal stem cell biology and new

technology to grow normal intestinal stem cells in vitro is

expected to open up a wide array of possibilities to use

these cells in clinical practice for IBD.

Mechanisms of intestinal epithelial repair
   The homeostasis of intestinal epithelial tissues is main-

tained through the presence of stem cells residing near

the base of crypts4-6). The stem cells are able to self-renew

throughout life, continuously generating more committed

precursor cells called transit-amplifying (TA) cells, which
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actively divide within the lower part of the crypt. After sev-

eral rounds of cell division, TA cells differentiate into one

of the mature cell lineages, migrate upward to the top of

the vertical axis and are exfoliated into the lumen, whereas

Paneth cells in the small intestine migrate down to the crypt

base. Once damage to the epithelial lining occurs, intesti-

nal epithelium undergoes an injury-induced repair response

to rapidly restore the structural and functional integrity7, 8).

The efficient repair is accomplished by a process called

epithelial restitution, which is then followed by more de-

layed mechanisms involving epithelial proliferation and dif-

ferentiation.

   Epithelial restitution is a process during which injured

regions of the epithelial lining are covered by surrounding

epithelial cells. The cells at the edge of the wound migrate

over the denuded area, reform cell contacts, and reestab-

lish barrier function, which is known to sequentially occur

within minutes to hours9-11). The rapid and successful resti-

tution after injury limits fluid and electrolyte losses, and

prevents submucosal compartments from being directly

exposed to foreign antigens in the intestinal lumen. A num-

ber of factors are known to play important roles in the res-

titution10, 11). These factors, or other substances that have

potentials to promote epithelial restitution are considered

to be attractive candidates for therapeutic options for treat-

ment of IBD12).

   Once the injured areas are compensated for their loss of

epithelium by restitution, epithelial cell proliferation and dif-

ferentiation should follow to replenish the decreased cell

pool and to restore proper epithelial functions, respectively.

This requires the stem cell-based mechanism that involves

several regulatory signals such as the Wnt, bone morpho-

genic protein (BMP), and Notch pathways. Recently, one

of the Wnt target gene, a G protein-coupled receptor Lgr5,

was shown to be a specific intestinal stem cell marker

uniquely expressed at the base of the small intestinal and

colonic crypts13). Further, lineage tracing experiments pro-

vided strong evidence that the Lgr5+ cells represent long-

lived multipotent stem cells. Other intestinal stem cell mark-

ers have also been proposed, including Bmi114, 15) and

Hopx16), although the relationship between the cells posi-

tive for these different molecules is still under debate. What

is important is that, the discovery of these markers has

further boosted the research, exploring some unexpected

features in intestinal stem cell properties. They are not

quiescent13), they do not divide asymmetrically17), and they

generate their own cellular niche within epithelial cell

populations18). Whether these characters of the stem cell

compartment are unique to intestinal epithelium or con-

served among other mammalian tissues is an interesting

and important question to be answered in the near future.

In vitro culture technology for intestinal
stem cells
   In the last few years, the technologies to culture intesti-

nal cells in vitro have also been advanced. Ootani et al.

have reported a system that allows intestinal cells contain-

ing stem cell populations to grow in vitro19) in the presence

of non-epithelial stromal cells. Another culture system was

also reported for the cells of mouse small intestine20). By

this method, mouse small intestinal crypts were shown to

grow as organoids that resemble the physiological epithe-

lial architecture with properly situated stem cells. This con-

dition requires Rspo1 (Wnt agonist), Noggin (BMP inhibitor)

and EGF, but no support of non-epithelial cells. This ob-

servation indicates that, with the appropriately supplied

factors, intestinal stem cells can be maintained even in the

absence of myofibroblasts or other non-epithelial cell types

that had been thought to be critical components of stem

cell niche in vivo.

   Importantly, these technologies have now been adapted

to human intestinal epithelial tissues. Jung et al. have shown

that human colon cells can grow as closed spheroids in vitro,

especially when the cells expressing high EPHB2, a recep-

tor tyrosine kinase, are used as a starting population21).

Another report has described the method for the culture of

not only small intestine and colon epithelium, but also

colorectal cancer cells and metaplastic cells of the Barrett’s

esophagus, all of which are of human origin22). These cul-

ture systems will undoubtedly serve as important tools, for

example, to study regulatory mechanisms for proliferation

and differentiation of stem/progenitor cells in vitro, and pro-

vide us with a novel insight into intestinal epithelial biol-

ogy.

Intestinal stem cell research for IBD clinic
   As described previously, currently available therapies for

IBD aim to a reduction in mucosal inflammation, and most

of them do not target the other key pathophysiological fea-

ture of the disease, i.e., impaired repair of damaged epi-

thelium. Therefore, new therapy to facilitate epithelial re-

pair and aid appropriate mucosal healing will broaden treat-
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ment strategies for IBD. In parallel with the rapid progress

in the basic biology of intestinal stem cells, new technol-

ogy to maintain intestinal epithelial stem cells in vitro would

be directed toward to many clinical applications. For ex-

ample, the human cell culture would be a useful system to

investigate the response of physiological epithelial cells to

a variety of substances such as growth factors, proinflam-

matory cytokines, bacterial components, and chemical

compounds, and this will provide an excellent screening

system by which we can assess the action of novel candi-

dates for restitution- and/or repair-promoting therapies.

Moreover, as the technologies now allow us to expand in-

testinal epithelial cells in vitro, we will soon be in a situa-

tion where we are able to perform multiple assays, such as

the molecular diagnosis by using epithelial genes or pro-

teins, and prediction of efficacy/toxicity of drugs in intesti-

nal epithelium, by using a small piece of endoscopic biop-

sies obtained from individual IBD patients.

   In addition to the potential application described above,

the cultured cells could be used as a source of therapeutic

transplants of intestinal epithelium. Although a few animal

studies in the literature showed that intestinal epithelium,

which were transplanted to recipients immediately after

isolation, underwent temporal growth when placed to sur-

gically manipulated intestine23, 24), it remains completely

unknown whether cultured epithelial cells could repair the

tissue at the site of injury on gastrointestinal tract. Given

that the intestinal stem cells can now be expanded in vitro,

it would be of great importance to answer this question.

Further advancement in such technology would be a ma-

jor step forward in the stem cell therapy for the damaged

epithelium in IBD patients.

Conclusion
   The current understanding of IBD pathogenesis is driv-

ing researchers to develop novel approaches to IBD treat-

ment, i.e., promotion of epithelial repair. Further progress

in research on the intestinal stem cells and the mecha-

nisms of intestinal tissue repair after injury is expected to

revolutionize the clinical practice for IBD.

   In this issue of Inflammation and Regeneration, I have

asked four leading researcher working on this field to re-

view the recent progress in more detail. I wish to express

my thanks and gratitude to all the authors who made con-

tribution. I hope that the information contained in these ar-

ticles would be useful to researchers, clinicians, and stu-

dents who are eager to develop innovative treatment for

IBD.
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