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Summary of Academic Dissertation
Satoshi Yokoyama
The influence of intestinal disorders on skin physiology

Introduction: Skin is the largest organ in the human body and plays a role in preserving body
construction. It prevents invasion of various foreign microorganisms and antigens from the external
environment and has the ability to exchange heat between the human skin surface and thermal
environment. Skin also maintains homeostasis and hydration levels through the management of
trans-epidermal water loss (TEWL). Skin consists of an outermost layer, the epidermis, forming an
epithelial tissue; dermis consisting of connective tissue; and subcutaneous tissue existing in the deep
parts. The epidermis contains keratinocytes, and maintains skin-barrier function by keratinocyte
turnover. In the dermis, connective tissue such as collagens produced by fibroblasts maintains the
skin structure. Fibroblasts produce new connective tissue and break down the old tissue constantly
with the help of matrix metalloproteinases (MMPs). There are mast cells in the dermis, which
control immunoreactivity in the skin and participate in MMP activation. The excessive activation of
MMPs leads to decreased skin elasticity and thereby, wrinkle formation.

It is thought that skin is a mirror reflecting the state of the whole body. It has been known
that visceral diseases empirically change the properties of human skin. For example, dry skin and a
decrease of skin elasticity have been clinically documented to occur in patients undergoing dialysis
or those with liver disease. Recently, it was also revealed that patients with diabetes mellitus tend to
show reduced skin hydration. Together, these findings indicate that visceral disease has an influence
on the skin barrier function via signal transduction; however, the detailed pathogenetic mechanism
of skin disruption is not clear. Because the intestinal tract has a well-developed immune system like
the skin, this study focused on the intestinal tract. To clarify the detailed mechanisms of skin
disruption, the influence of intestinal tract disorders on skin physiology was examined using a mouse
model with intestinal tract disorders.

Influence of small intestinal injury on skin physiology: Non-steroidal anti-inflammatory drugs
(NSAIDs) are widely prescribed for treating painful conditions and inflammatory diseases. A recent
study revealed that NSAID-induced small intestinal injury involves induction of intestinal MMPs.
Specifically, they determined that indomethacin can induce the expression of MMPs that are
involved in the physiological recycling of the extracellular matrix, causing degradation and
remodeling as part of the inflammatory response. MMPs are also known to be expressed
spontaneously in the skin. The dermal and epidermal skin tissues contain large amounts of
extracellular matrix components like collagens. These collagens are known to be degraded by
MMPs.

To evaluate the effects of indomethacin on the animal skin, indomethacin was orally
administered to hairless mice for 4 days. After the indomethacin treatment, a number of mast cells
containing granules, which were involved in MMP activation, were also increased in mice. Further,
indomethacin treatment caused an increase in the levels of MMP-1 and MMP-9 in the skin of mice
with small intestinal injury. Both histological staining and western blotting indicated that a lower
level of type I collagen in dermis was present in indomethacin-treated mice than in control mice. The
expression levels of type IV collagen were also significantly decreased in the basement membrane of
dorsal skin samples from indomethacin-treated mice compared to control mice. After the treatment,
TEWL in indomethacin-treated mice was significantly higher than in control mice. On the other
hand, skin hydration levels were lower in indomethacin-treated mice. The administration of
cholinergic receptor antagonists did not prevent the onset of skin barrier function disruption. As was
performed for hairless mice, the effect of indomethacin treatment was assessed in mast cell -/- mice.
An increase in TEWL and a decrease in skin hydration levels were not observed in
indomethacin-treated mast cell -/- mice. These data showed that skin disruption was caused by
indomethacin-induced small intestinal injury in mice, and that mast cell activation, with associated
induction of tryptase, MMP-1 and MMP-9, plays an important role in this process.



Influence of colitis on skin physiology: Inflammatory bowel disease—one of the major diseases
affecting the colon—is a chronic, relapsing intestinal inflammatory disorder. Notably, activation of
the inflammatory response has been shown to influence processes in the entire body as well as the
function of the intestine. To determine the effects of this disease on skin condition, the skin of mice
with dextran sulfate sodium (DSS)-induced colitis was examined. Following treatment with DSS, we
observed diarrhea and fecal bleeding in all treated mice. The dermal expression of type | and IV
collagen was decreased in DSS-treated mice compared to control mice. Furthermore, post-treatment
TEWL was significantly higher and skin hydration levels were significantly lower in DSS-treated
mice compared to the control mice. Immunohistochemistry and western blotting of skin tissue
indicated that the expression of mast cell tryptase was upregulated in the dermis of DSS-treated mice.
The upregulation of nicotinic and muscarinic acetylcholine receptor expression was
immunohistochemically observed as well as colocalization of these receptors with mast cell tryptase
in the DSS-treated mice. The blockage of muscarinic acetylcholine receptors with atropine prevented
colitis-induced skin disruption. These results provide evidence supporting the morbid association of
DSS-induced colitis with disruptions of normal skin function. Further, these colonic disease-linked
changes in the skin are modulated through the activation of mast cells via cholinergic signal
transduction.

Influence of colon carcinoma on skin physiology: In general, colon carcinoma is induced by the
carcinogenesis of the colonic mucosa and is not accompanied by inflammation of the entire colonic
tract, like with colitis. The colonic mucosa divides the inside and the outside of the body like skin,
and is always exposed to endogenous or exogenous oxidative stress. The damage of DNA by
oxidative stress is one of the causes for the occurrence of colon carcinoma. On the other hand, the
skin tissue located on the outside of the body is also exposed to various oxidative stresses. There is a
possibility that oxidative stress induced by colon carcinoma has an influence on skin physiology. To
clarify this hypothesis, we examined the skin of mice with colon carcinoma induced by
azoxymethane (AOM) and DSS. After the treatment, plasma concentration of NO>/NOs", a surrogate
marker for inducible nitric oxide synthase expression, in AOM+DSS-treated mice was significantly
higher than in control mice. TEWL and skin hydration levels for the dorsal skin were measured after
treatment. Further, the expression levels of type | collagen in skin were examined by western
blotting. Significantly greater TEWL and significantly lower skin hydration levels were observed in
AOM+DSS-treated mice than the control mice. Moreover, AOM+DSS-treated mice had significantly
lower expression of type | collagen than the control mice. These findings provided evidence that
support the morbid association of colon carcinoma with skin disruption. Furthermore, it was
suggested that this skin disruption did not show mast-cell involvement.

Conclusion: In this study, the influence of intestinal tract disorders on the skin physiology and
function was examined. The obtained results suggested that the onset of skin disruption with an
increase of TEWL, decrease of skin hydration levels, and degradation of type I collagen in the skin
were recognized in all mice with small intestinal injury, colitis, or colon carcinoma. However, some
differences were recognized in these results. The upregulation of mast cells in skin was recognized
in mice with small intestinal injury or colitis, but this finding was not observed in mice with colon
carcinoma. Furthermore, mast cells in skin of mice with colitis were activated via cholinergic signal
transduction with muscarinic receptors; however, no cholinergic signal transduction seemed to be
involved in the skin disruption in mice with small intestinal injury. These results indicated that the
detailed pathogenetic mechanisms of skin disruption appear distinct across different intestinal tract
disorders.

This study suggested that skin condition is affected by intestinal tract disorders as well as by
aging or environment factors. These results provide a solid foundation for continued research
concerning the clinical treatment of a dysfunctional skin barrier. Additional large-studies with a
larger sample size as well as cell culture studies should be performed for better understanding of the
association between skin physiology and intestinal tract disorders.
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