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1.Causes and Mechanisms of Inflaimmatory
Bowel Disease

Claudio Fiocchi
Division of Gastroenterology
University Hospitals of Cleveland
Case Western Reserve University School of Medicine
Cleveland , Ohio, USA

Introduction

Intestinal inflammation is the most common reaction of the digestive system to infec-
tious, immune, toxic, ischemic and other insults. Although the most frequent form of in-
flammation remains by far an acute self-limited response to infectious bacterial or viral a-
gents, over the last half century there has been a significant and progressive increase of other
types of inflammation. They are collectively named inflammatory bowel diseases (IBD),
their cause is unknown, they are characteristically chronic and debilitating, and can lead to
severe tissue destruction with an increased risk of bowel cancer. The two most common
forms of IBD are ulcerative colitis and Crohn’s disease, but additional types such as indeter-
minate, collagenous and lymphocytic colitis also exist. This review will provide a succinct
overview of state-of-the-art knowledge on the etiology and pathogenesis of ulcerative colitis
and Crohn's disease, and discuss its implication for the treatment of IBD. Whenever possi-

ble, some considerations will be included that might be specifically relevant to IBD in China.

Environmental and Genetic Factors

The frequency of both forms of 1BD has steadily increased over the last fifty years due to
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a real increase of their incidence rather than an improvement in diagnostic modalities ' *. In-
terestingly, both forms of IBD first appeared in countries of high socioeconomic status, like
Northern Europe and North America and subsequently in other parts of the world, including
Southern and Western Europe, and more recently South America and Japan. This peculiar
geographic distribution over time is believed to reflect subtle but important changes in envi-
mnmenltal factors like diet, smoking and exposure to other still undefined elements. In Japan
the increase of ulcerative colitis incidence after the Second World War was paralleled by an
increased consumption of meat and dairy productst?!, but this alone is insufficient to conclude
that a modification from a traditionally fish-based diet is responsible for IBD. Smoking is
clearly linked to a worse outcome for Crohn'’s disease but, curiously, has a protective effect in
uleerative colitis'?]. An increased in intestinal permeability has also been proposed as another
factor predisposing to Crohn's disease, but if this is a true primary event or one secondary to
subclinical inflammation remains to be determined®). It is difficult to explain the role of each
factor, alone or in combination with others, but a unifying hypothesis is the increased clean-
liness of the environment and less frequent exposure to pathogenic agents. This would cause
the intestinal immune system not to be challenged early in childhood and become less capable
to mount an effective immune response against pathogens later in lifel®1.

Another important observation is that both Crohn's disease and ulcerative colitis are
more common among first-degree relatives that expected by chance alone!®! . This could be
due to exposure of all family members to the same environmental factors that predispose to
IBD, but an alternative explanation is that the affected individuals share a common genetic
background rendering them more susceptible to Crohn's disease or ulcerative colitis. This no-
tion has stimulated an enormous interest in the investigation of genes linked to IBD and a
large number of genetic associations and linkages have been reported’). At the moment is
seems unlikely that a single gene or a limited set of genes will explain all IBD cases. It is
more probable that multiple genes favor the appearance of IBD in different populations ex-
posed to diverse environmental agents in each part of the world.

The trend of a progressive increase in the incidence of IBD is continuing, and countries
like China are likely to see more a more cases of ulcerative colitis first and Crohn’s disease lat-
er on, as it has previously observed in other countries. It would be of extreme importance to
plan prospective epidemiological studies to track the evolution of IBD in China and potentially

define the risk factors in the Chinese population.

Microbial Factors

Since their recognition both ulcerative colitis and Crohn’s disease were believed to have
an infectious etiology because of their similarities to bacterial colitides like salmonellosis,
shigellasis or amebic colitis. The 1BD literature is full of studies that have searched for com-

mon or unusual bacteria, viruses and fungi, but no microbial agent has withstood the test of
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time. During the last two decades attention has been focused on Mycobacterium paratubercu-
losis, an agent responsible for intestinal inflammation in cattle, and the measles virus as pos-
sible causes of Crohn's disease. However, direct recovery of either organism from affected
tissues and indirect evidence of their presence by microbiological, immunological or molecular
biological techniques have yielded negative or unconvincing resultst®: 97,

More recently a different view on the contribution of microbial agents to IBD is gaining
increasing acceptance, e. g., that IBD, particularly Crohn's disease, is caused by an abnor-
mal immune response against the normal autologous enteric flora''’. Two lines of evidence
support this view. The first comes from experimental models of IBD, where the majority of
animals fail to develop colitis when placed in a germ-free environment. The second comes
form a series of studies showing that cell-mediated and humoral immunity against bacterial

[11]

antigens are enhanced in TBD patients'''', bacterial stasis favor the development of IBD and

fecal stream diversion prevents recurrence of Crohn's diseasel 12! , and the beneficial effect of

(13]  Taken together, these studies suggest

antibiotics and probiotics in some 1BD patients
that IBD may result from a loss of immune tolerance for the commensal flora. However, un-
til the cause of 1BD is found, the possibility that either ulcerative colitis or Crohn's disease

are caused by infectious agents cannot be excluded.

The Inflammatory Tissue Response

Even though knowledge of the factors predisposing to or causing ulcerative colitis and
Crchn'’s disease is still incomplete, we have a good understanding of the cells, molecules and
mechanisms responsible for chronic inflammation. The mucosal immune system is at the cen-
ter of all aggressive and protective phenomena occurring in IBD from the very first clinical
manifestations to the chronic stage of the disease, and its evolution into complications or re-
missions''*!. This is a complex and lengthy subject will bz discussed in a simplified fashion.
All branches of immunity are involved in IBD, with both quantitative and qualitative abnor-
malities. There is an excess of antibody production in IBD-involved intestine, but there is
limited evidence that true antigen-specific autoantibodies play a significant role in tissue in-
jury!'3}. Other types of autoantibodies, such the pANCA, have some diagnostic value but
they are not involved in mediating inflammation. A variety of functional abnormalities have
been reported in regard to mucosal T-cell function which can be summarized as follows: in
ulcerative colitis T-cells tend to be hyporeactive, while in Crohn’s disease T-cells generally
exhibit an enhanced effector function. There are enough data to suggest that Crohn’s disease
is a Thl-like response, whereas ulcerative colitis has some features of a Th2 response. In ad-
dition to classical immune cells, it is also clear that all other mucosal cells (epithelial, en-
dothelial, mesenchymal and nerve cells) actively participate in inflammation, making IBD
the outcome of a complex interplay of immune and non-immune interactions''®’.

Among the various components of gut inflammation most of the attention has been given
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to substances locally secreted that modulate immune responses in the mucosal microenviron-
ment. These include immunoregulatory cytokines such as interleukin (IL} -2, IL.-4 and in-
terferon-gamma, immunosuppressive cytokines like 1L.-10 and transforming growth factor-
beta, proinflammatory cytokines like IL-1 beta, tumor necrosis factor (TNF) -alpha and
IL6, and chemokines that attract leukocytes into sites of inflammation, such as IL-8,
macrophage chemotactic protein-1, and many others. Interest in these products is justified
by the fact that their neutralization can effectively block inflammation and induce remission.
In addition to cytokines and chemokines, various other molecules are also important, includ-
ing growth factors and eicosanoids that can promote healing and cytoprotection, reactive oxy-
gen metabolites and nitric oxide that can be toxic for gut tissue, and cell adhesion molecules
that allow communication between different cell types and thus amplify inflammation. The
investigation and understanding of how these different classes of molecules work in IBD has
been instrumental for the development of rational and innovative therapies as discussed be-

low.

Lessons From Animal Models

During the last decades some of the most significant advances in the cause and mecha-
nisms of IBD have derived from the study of animal models of IBD which allow experiments
not feasible in humans and investigate the progress of inflammation over time. Several models
have been developed, each with different characteristics, but their discussion is beyond the
scope of this review. It is sufficient to state that none of them exactly reproduce all aspects of

ulcerative colitis or Crohn’s disease!!”)

» but these models have provided crucial new insights
with direct implications for human disease. Such implications are summarized in the three
following paragraphs:

1) Completely different and independent infecticus, genetic or immune defects can cause
gut inflammation, suggesting that different causes may trigger human IBD even though the
overall clinical manifestations may be the same.

2) Most animal models fail to develop intestinal inflammation in a germ-free environ-
ment, indicating that the normal enteric flora is necessary to develop IBD. The same may be
true in humans, but whether the whole flora or only selected components are involved is cur-
rently under investigation.

3) The animal’s genetic background strongly influences the susceptibility and severity of
IBD, indicating that although different genes may predispose humans to develop IBD, the
type, location, clinical activity and final cutcome may be dictated by the unique genetic
make-up of each patient.

Finally, beside providing the above critical information, animal models have been in-

strumental in testing the efficacy of new drugs for IBD.
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Concluding Remarks and
Therapeutic Implications

The ultimate reason to understand the cause and mechanisms of a disease is to be able to
prevent the appearance of disease, eliminate the symptoms, establish a cure, and avoid re-
currenice. Unfortunately, we are far from this ideal situation, yet recent progress in the eti-
ology and pathogenesis of IBD has been remarkable. This progress has resulted in a totally
new approach to therapy resulting from our improved understanding of key mediators of in-
flammation. Based on this understanding trials are being performed injecting antibodies a-

f . . . .
18] and adhesion molecules involved in mi-

gainst anti-inflammatory cytckines like TNF-alpha
gration of leukocytes into the bowel'), or administering cytokines with a natural anti-in-
flammatory activity like 11.-101%7 . In addition to biclogicals, the use of antibiotics and probi-
otics will probably become routine in the treatment of IBD"!). Classical and still effective
drugs, such as aminosalicylates and corticosteroids, will not be abandoned but rather com-
bined with the new biologicals and enteric flora modulators, resulting in a more comprehen-
sive and improved therapeutic outlook. Hopefully, all these new treatments will scon become
available in China to provide the best possible treatment to local sufferers of ulcerative colitis

and Crohn’s disease.
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