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INFLAMMATORY BOWEL DISEASE

(IBD) continues to hold back many
of the clues indispensable to reach a
complete understanding of its etiology
and pathogenesis. However, efforts di-
rected at uncovering predisposing fac-
tors, identifying specific etiological
agents, creating new animal models,
investigating immunological abnor-
malities and developing novel and
more effective forms of therapy con-
tinue to expand. Until the cause and
mechanism(s) of IBD are clearly under-
stood, many implicated factors will re-
main. To a large extent, this reflects
limitations in knowledge, although
there is general agreement that both
Crohn’s disease (CD) and ulcerative co-
litis (UC) are intricate multifactorial
entities. Facing this discouraging com-
plexity, an in-depth discussion of IBD

pathogenesis can be quite extensive
and diffuse. This laborious approach
has already been taken, and compre-
hensive reviews are available (1,2).
This report focuses on selected and re-
cent developments, particularly those
having an impact on the pathophysiol-
ogy of IBD.

PREDISPOSING FACTORS
Epidemiology: Epidemiological studies
of IBD patients and their families have
been carried out for a long time. The
outcome of such studies has generated
two essential pieces of information: a
worldwide trend of an increased inci-
dence of IBD – CD in particular – and the
now well established notion of en-
hanced susceptibility to IBD among
family members of CD or UC patients.
Except for these important findings, the
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large number of population studies per-
formed so far has not contributed much
more to the critical question of whether
IBD is predominantly a genetic disorder
or is environmentally conditioned. A
simple way of addressing this contro-
versy is to put forward a classical multi-
factorial model, where many genes and
multiple environmental influences de-
termine the individual risk for develop-
ing IBD (3). But unless new clinical,
familial or population clues surface,
there is little chance that traditional
epidemiology will contribute some-
thing new to IBD pathogenesis (4).

Immunogenetics: While classical epi-
demiology is practically at a standstill,
significant progress is being made in the
related field of immunogenetics. Fol-
lowing previous observations of an en-
hanced frequency of certain human
leukocyte antigen (HLA)-DR haplo-
types in selected and homogenous
populations (5), new data support the
possibility of distinct associations of
HLA class II genes with IBD. Toyoda et al
(6) recently reported a positive associa-
tion of UC with the HLA-DR2 allele, and
of CD with the HLA-DR1/DQW5 alleles
(6). This endorses the long-held con-
cept that the two forms of IBD are dis-

tinct, and provides additional evidence
for disease susceptibility and possible
genetic heterogeneity. The latter con-
cept is further strengthened by the ob-
servation that subgrouping of UC pa-

tients is possible when the HLA class II
genes are analyzed in association with
subclinical markers, such as antineutro-
phil cytoplasmic antibody (ANCA);
ANCA-positive patients have an in-
creased frequency of HLA-DR2 com-
pared with ANCA-negative controls,
whereas ANCA- negative patients have
an increased frequency of HLA-DR4

compared with ANCA-positive patients
(7).
Susceptibility markers: Detection of
autoantibodies is a common finding in
patients affected by chronic disorders
with immune or inflammatory manifes-
tations and in patients with IBD, in
whom an association with numerous
immune-related conditions has been
long recognized. In addition to serum
antibodies against gut epithelial anti-
gens (8), the presence of a novel type of
perinuclear ANCA (PANCA) has been
reported (9). Antibody titres in the se-
rum of UC patients are significantly
higher than in patients with other coli-
tides, leading to the suggestion that se-
rum antibody titres represent a marker
of this form of IBD (10). Furthermore,
an increased PANCA prevalence was
also found among healthy relatives in
UC-affected families, making this auto-

antibody a potential marker of genetic

susceptibility (11). Subsequent studies

have generally supported these inter-

esting observations, although the pres-

ence of additional autoantibodies in

sera of UC patients has also been re-

cently confirmed and associated with a

generalized activation of the immune

system in IBD (12).

INFECTIOUS AGENTS
Bacteria: The possibility that either
form of IBD has a specific bacterial etiol-
ogy has been considered since CD and
UC were recognized as distinct clinical

entities. Interest in searching for

unique microorganisms has been wa-

vering, but has never been abandoned.

The approach taken to identifying new

organisms has changed and become

more sophisticated, but the quantity or

TABLE 1
Animal models of inflammatory bowel disease

Exogenous induction Endogenous induction

Irritants Ethanol, acetic acid Spontaneous Cotton top tamarin,

C3H/HeJ mouse

Drugs Nonsteroidal anti-

inflammatory drugs,

indomethacin

Clonal deletion Cyclosporine A

Immunological Immune complexes, trini-

trobenzene sulphonic

acid

T cell reconstruc-

tion

CD45RB
high

CD4+ T cells in

severe combined immu-

nodeficiency mice

Bacterial prod-

ucts

Peptidoglycan-

polysaccharide

Transgenic Human leukocyte antigen-

B27

Feeding Dextran sulphate Gene targeting Interleukin-2, interleukin-10,

T cell receptor ‘knockout’

mice
Nitric oxide-

related

Peroxynitrite

Surgery Ileopouchitis

Crohn (MC) et de la colite ulcéreuse (CU) au mode de vie occidental est bien re-
connue et explique en partie la fréquence accrue de MC et de CU dans des pays où
elles étaient auparavant peu fréquentes. Les liens proposés entre MC ou CU et cer-
tains haplotypes antigéniques du leucocyte humain suggèrent une prédisposition
génétique, mais aucun modèle uniforme ou cohérent n’a encore été établi. De
même, l’étude de la sensibilité ou des marqueurs de la maladie n’a pas offert de
résultats reproductibles. La recherche sur certains agents infectieux spécifiques se
poursuit et le virus de la rougeole est à l’heure actuelle au banc des accusés. Une
importante percée a été effectuée dans le domaine des modèles animaux et un
grand nombre de colites expérimentales induites chimiquement ou génétique-
ment sont à notre disposition. Les facteurs immunologiques continuent de domi-
ner la recherche fondamentale dans le domaine des MII. Cette voie d’exploration
est vaste et complexe et les auto-anticorps, les cellules immunitaires, épithéliales
et le mésenchyme, les médiateurs lipidiques, les cytokines, les neuropeptides et
les métabolites de l’oxygène sont à l’étude. En dernier lieu, d’autres facteurs dont
le rôle dans les MII est imprécis, y compris le tabagisme et de possibles anomalies
de la perméabilité intestinale ou de la composition du mucus, continuent de re-
cevoir une bonne part d’attention. Ces recherches approfondies et diversifiées
portent fruits et de nouvelles formes de traitement sont mises au point. Principa-
lement sur la base d’études sur les médiateurs solubles, un certain nombre de nou-
veaux agents exerçant un rôle d’immunosuppression et de blocage hautement
spécifique sont en cours d’élaboration et font l’objet d’essais cliniques.
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quality of the results fall below what

could be expected from more refined

methodologies. Mimicking classical

studies with serum antibodies, exami-

nation of immune cells from the general

circulation or active IBD lesions has
shown an augmented reactivity to a va-
riety of bacterial antigens, but unique
and selective responses have yet to be
discovered (13,14). The recent empha-
sis on a possible mycobacterial etiology
of CD has spurred much interest and
raised many hopes, but evidence that
patients’ peripheral or mucosal mono-
nuclear cells mount a specific response
against mycobacterial antigens is still
missing (15). Reactivity of circulating
T lymphocytes to the 65 kD heat shock
protein of mycobacterial origin is often
detected, but this may simply reflect a
nonspecific response shared by many
chronic inflammatory and autoimmune
disorders (16). Clustering of CD in
families is a well described phenome-
non, and this has been proposed as evi-
dence of exposure of various family
members to infectious microorganisms,
but this is indirect and circumstantial at
best (17).
Viruses: The most recent development
in the area of causative microorganisms
has been the demonstration that intes-
tinal tissue of CD patients harbours per-
sistent measles virus (18). The virus is
located in endothelial cells that are part
of granulomas, presumably leading to a
vasculitis responsible not only for
bowel inflammation but also the char-
acteristic skip lesions of CD (19). This is
a novel, exciting and intriguing hy-
pothesis that deserves to be pursued.

ANIMAL MODELS
After decades of limited and occa-

sional interest, the field of experimen-
tal colitis is experiencing a true explo-
sion. In the past few years a substantial
number of models in mice, rats, rabbits
and immunodeficient animals have
been developed and extensively tested
(Table 1). The subject has been re-
cently reviewed in detail (20), and it
has been suggested that the sensible use
of selected models can significantly
contribute to our understanding of the
pathogenesis of human IBD (21).
Exogenous induction: Among the

models induced by administration of
exogenous agents one of the most infor-
mative is the one where chronic colitis
is initiated in rats by injecting the
bowel wall with peptidoglycan-
polysaccharide, a component of the cell
membrane of certain bacteria (22). Par-
ticularly attractive features of this
model are induction by naturally occur-
ring substances that may be present in
the gut lumen, formation of granulo-
mas, accompanying systemic manifes-
tations and, in particular, chronicity of
inflammation that recurs in a biphasic
fashion, suggesting a primary immune
sensitization followed by a secondary
response. This is a particularly attrac-
tive model also because of the observa-
tion that the rat strain has a major im-
pact on the severity of colitis,
suggesting an important contribution
by genetic factors as proposed for hu-
mans (23). Another recently described
model is one in which colitis appears in
mice that have ingested dextran sul-
phate. An initial insult to the epithelial
layer is followed by a secondary and
chronic inflammatory infiltrate in the
lamina propria (24). With the discov-
ery of nitric oxide as a potential media-
tor of intestinal injury, new models cen-
tred on the production of nitric oxide in
the intestinal wall have been very re-
cently reported, although its exact role
may vary from model to model (25,26).
Finally, the development of a model
mimicking ileopouchitis in Lewis rats
submitted to bowel reconstruction has
been reported in preliminary form (27).
Endogenous induction: In theory, a
colitis model that does not require ad-
ministration of a foreign substance may
be a better model of IBD. Unfortunately
the few spontaneous models, such as
the south American cotton top
tamarin or the C3H/HeJ mouse,
have practical limitations. The newest
way to create IBD models is to ma-
nipulate the immune system. A cy-
closporine A-induced autoimmune
disease in mature T cell-deprived mice
shows striking inflammatory lesions in
the colon but leaves the small bowel in-
tact (28). This model reinforces the
idea of how important autoimmune
events are in the pathogenesis of IBD. A
wasting syndrome associated with colo-

nic inflammatory cell infiltration is in-
duced in mice with severe combined
immunodeficiency disease reconsti-
tuted with purified CD45RB high CD4+ T
cells, indicating that specific subsets of
T helper cells may be critically impor-
tant to bowel damage (29,30).

At present, the most original models
are those obtained by engineering the
animal’s genetic make up. In addition
to the spontaneous bowel inflamma-
tion appearing in rats transfected with
the human HLA-B27 allele (31), colitis
or enterocolitis have been reported in
mice undergoing gene-targeted disrup-
tion of the interleukin (IL)-2, IL-10 or
T cell receptor (TCR) genes (32-34). As
discussed by Strober and Ehrhardt (35),
these ‘knock out’ animals suggest that
chronic intestinal inflammation may
arise from vastly different immune ab-
normalities, point to T cells as primary
culprits for inducing mucosal inflam-
mation and stress how unique the in-
testine must be as a specific target of
injury, considering that these animals
lack the same gene products systemi-
cally (35). There is intriguing evidence
that these animals do not develop coli-
tis in a germ-free environment, but do
so only if they harbour a normal lume-
nal content. If this is confirmed, the
long-held suspicion that the in-
teraction of enteric antigens with the
local immune system is an indispensa-
ble condition to developing IBD may be
finally proved.

IMMUNOLOGICAL FACTORS
Humoral immunity: The possibility
that immune phenomena could be im-
plicated in the pathogenesis of IBD was
initially considered after the original
demonstration that sera from UC pa-

tients could cross-react with colonic

epithelial cells. From that pioneer ob-

servation demonstrating the existence

of anticolon antibodies in IBD, a large
number of studies have confirmed the
presence of abnormalities in the pro-
duction, type and class distribution of
systemic and mucosal immunoglobu-
lins (Ig) (36). Of particular interest are
the changes in IgG distribution ob-
served in the serum and mucosa of UC

patients, where the predominance of

IgG1 and the reduction of IgG2 sub-
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classes are found in patients and their
monozygotic twins, which suggests at
least a partial genetic contribution to
those abnormalities (37). More inter-
esting than the simple concentration or
distribution of antibodies in UC or CD is
the question of whether some of them
are true autoantibodies, which would
support a possible autoimmune nature
of IBD (38).
Autoantibodies: The mere presence of
self-reactive immunoglobulins, once
considered the hallmark of autoim-
mune disease, no longer implies sick-
ness but rather a phenomenon associ-
ated with ageing, or an epiphenomenon
not relevant to tissue damage as seems
to be the case for PANCA. However, if
high titres of antibodies are consis-
tently present and antibodies are lo-
cated in, and specifically react with, an
affected organ or tissue, then the possi-
bility that they are responsible for
immune-mediated injury should be se-
riously considered. As in many other
conditions with immunological fea-
tures, autoreactive antibodies have
been described in IBD, but few have
withstood the test of time and careful
control studies.

At present only one putative auto-
antigen has been well characterized
and shown to be reproducibly associ-
ated with high levels of specific autoan-
tibodies. In a series of studies Das and
collaborators (39) identified a tissue-
bound IgG that is eluted only from the
colon of UC patients. After a 40 kD

protein reactive with such IgG was

identified, a monoclonal antibody de-

veloped against this protein localized

the antigen to the colon, skin and bili-

ary epithelium. This striking distribu-

tion perfectly matches the localization

of UC and the most common sites of the

extraintestinal manifestations of this

disease, lending further support to the

notion that the 40 kD protein could be

the target of a true autoreactive re-

sponse. Later the same investigators

demonstrated that deposits of IgG and

activated complement co-localize with

the 40 kD protein in UC colon, suggest-

ing a possible mechanism of tissue de-

struction (40). Further developments

include the preliminary characteriza-

tion of the autoantigen as a P40 protein

belonging to the tropomyosin family, a

group of common structural proteins,

and the detection of antibodies reac-

tive to tropomyosin in 95% of sera from

patents with UC (41). Finally, most sera

of patents with primary sclerosing

cholangitis can block binding of the

monoclonal antibody in an inhibition

assay using sections of bile ducts or gall-

bladder (42). This indicates that pa-

tients with primary sclerosing

cholangitis have circulating antibodies

able to bind to an epitope of the pep-

tide shared by biliary and colonic epi-

thelium, further strengthening the

possibility of autoimmunity in UC

pathogenesis. However, whether a tro-

pomyosin is the primary target of an

immune response in UC and whether

antibodies directed against it have real

pathogenic potential still remain to be

conclusively established.

CELLULAR IMMUNITY
Investigation of the type, distribu-

tion and function of the immune cells
in the systemic circulation and intes-
tine of IBD patients has been a major fo-
cus for many years. For well over a
decade this attention has gradually
shifted from the peripheral circulation
to the gut mucosa. Initially, only classi-
cal immune cells, such as T and B lym-
phocytes, were examined until it
became evident that other types of lo-
cal cells exhibited similar properties
and secreted the same products as those
of mononuclear cells. Thus, the idea
that cell-mediated immunity in the
normal and diseased mucosa is solely
mediated by ‘immune’ cells is no longer
acceptable, and a whole new set of ‘no-
nimmune’ cells must be taken into ac-
count, substantially enhancing the
complexity of assessing IBD immunopa-
thophysiology.
Epithelial cells: One of the best exam-
ples of ‘nonimmune’ cells playing a role
in IBD is that of epithelial cells. These
cells express HLA class II antigens on
the cell surface, a condition indispensa-
ble for antigen presentation and acces-
sory cell function. In the inflamed
intestine expression of class II antigens
is enhanced, suggesting an involve-
ment of epithelial cells in the local im-
mune response. Mostly based on the

work of Mayer and colleagues (43) it is
now accepted that these cells regulate
intestinal immunity in health and dis-
ease. The most prominent observations
were the ability of epithelial cells to
present antigens and the abnormality of
this function in IBD, where helper T
cells rather than suppressor cells are
preferentially activated by CD or UC

epithelial cells (43). This could be a

mechanism for expanding or perpetuat-

ing an undesirable and excessive im-

mune reactivity in the gut. Other

investigators have extended these ob-

servations, showing evidence that

drugs beneficial to IBD patients can
downregulate HLA-DR antigens on
epithelial cells (44,45).
Intraepithelial lymphocytes and lam-
ina propria mononuclear cells: The in-
testinal mucosa is populated by a rich
and extremely varied number of cells
(46). Knowledge of the population of
intraepithelial lymphocytes in IBD is
still rather limited, but a few interesting
observations have been made. As in
the normal intestine, the majority of in-
traepithelial lymphocytes display a
dominant CD3+CD8+ phenotype, but
the proportion bearing the �� TCR

(TCR��+) is decreased in CD and, even
more remarkably, in UC (47,48). The

normal population of human intraepi-

thelial lymphocytes tends to display a

restricted set of V� regions for its TCR,
suggesting oligoclonality (49), and this
may also occur in IBD (50).

In the lamina propria T cells are sec-
ond in number only to plasma cells, at-
testing to their fundamental
importance in local regulatory and ef-
fector functions. There is strong evi-
dence that T cells play a major role in
the morphological changes associated
with tissue damage. In situ activation
of lamina propria T cells results in in-
jury to the mucosa, and there is a quan-
titative relationship between the
number of T cells and the degree of tis-
sue destruction (51). T lymphocytes
have been evaluated extensively in
control and IBD intestine, but no con-
sistent shift of CD4+ or CD8+ subsets has
been found. However, as in the intra-
epithelial compartment, the number
carrying the TCR�� is decreased (47).

Obviously during a pathological re-

264 CAN J GASTROENTEROL VOL 9 NO 5 JULY/AUGUST 1995

FIOCCHI



action many factors contribute to the
final outcome of local immune re-
sponse, but even in the normal mucosa
there is evidence that the activation
pathways most commonly used by local
cells differ from those of cir-
culating cells, a phenomenon that may
depend on the unique make up of
the mucosal microenvironment (52).
Whether the IBD microenvironment is
fundamentally different from that of
the normal gut is being assessed. A pos-
sibility being investigated is that en-
dogenous or exogenous superantigens
may be present and induce the activa-
tion of specific types of mucosal T cells.
Evidence supporting this possibility ex-
ists (53), but a firm link to selective use
of a restricted set of V� regions in IBD

mucosa is still lacking (54,55) even
though some preliminary reports sug-
gest this possibility (56). Nevertheless,
IBD may still be similar to other
autoimmune conditions associated
with depletion or overrepresentation
of certain T cells with a unique TCR V�

region use (57), and this needs to be ex-
plored in detail.

Other immune cells continue to re-
ceive little attention, but this should
not be interpreted as a sign that they
are not important to IBD pathogenesis.
Rather, this reflects a technical prob-
lem in isolating or working with such
cells that are often few in number. A
general impression is that all of them
tend to be activated and release bioac-
tive mediators (58,59).
Mesenchymal cells: Once considered
simple structural cells, fibroblasts and
muscle cells are now recognized as
metabolically active and biologically
important in overall gut homeostasis.
Both cell types have shed the image of
nonimmune bystanders and must be in-
cluded in the realm of immunologically
active cells. Although morphologically
similar, mesenchymal cells from differ-
ent parts of the body have unique func-
tional characteristics, as demonstrated
by colonic fibroblasts’ capacity to pro-
duce collagen rather than skin fibro-
blasts (60). During inflammation,
especially when chronic as in IBD, gut
mesenchymal cells change both pheno-
typically as well as functionally (61,62),
a phenomenon likely to depend on the

inflammatory reaction in their proxim-
ity. Despite these changes being secon-
dary, the importance of mesenchymal
cells does not diminish. In fact, patho-
logical findings typical of UC or CD,
such as shortening of the bowel and
stricture formation, are due to the effect
of excessive collagen deposition and
muscle cells hyperplasia. Recent data
demonstrate enhanced collagen pro-
duction by fibroblasts in tissue culture,
by immunohistochemistry and in situ
hybridization. Furthermore, the spec-
trum of functional responses and modu-
latory activity of mesenchymal cells is
certainly broader than originally
thought in view of these cells’ capacity
for proliferating in response to, and
generating mRNA for, a variety of proin-
flammatory cytokines, including IL-1,
IL-6 and tumour necrosis factor (TNF)-�
(63).
Cell adhesion molecules: With the ex-
panding number of known mucosal cell
types that actively participate in the IBD

reaction, and the multiple interactions
occurring among them, one may as-
sume that some mechanisms must be in
place to allow or facilitate such intri-
cate interplay. The obvious candidates
for this complex and important func-
tion are adhesion molecules, a large
group of cell surface proteins that allow
contact, physical attachment and bio-
logical interaction between two or
more cell types (64). The role of adhe-
sion molecules becomes even more im-
portant in inflammation, and they can
be pivotal to the outcome of any in-
flammatory response given their ability
to control cell to cell contact, as well as
the entry and exit of inflammatory cells
from tissues (65). Evidence that adhe-
sion molecules have an important role
in IBD pathogenesis is accumulating.
Although expression of the leukocyte
adhesion molecules CD11/CD18 is not
increased in circulating cells (66), an
entirely different situation exists in ac-
tively inflamed gut. The percentage of
tissue macrophages expressing leuko-
cyte function-associated antigen-1,
CD11A, is strikingly increased in both
UC and CD mucosa, and correlates with
severity of inflammation (67). High
levels of endothelial leukocyte adhe-
sion molecule-1, but not vascular cell

adhesion molecule-1, are detected in
actively inflamed areas of CD or UC

(68,69), in addition to an increase of in-

tracellular adhesion molecule-1 and E-

and P-selectins in venules and very late

activation antigen (VLA)-4 on mono-
nuclear cells (70). The enhanced ex-
pression of several adhesion molecules
can be functionally translated into an
abnormal function of peripheral and in-
testinal mononuclear cells in IBD: blood
cells show an enhanced tendency to
form granulomas in vitro (71) and lam-
ina propria lymphocytes lose selectivity
in their interaction with high endo-
thelial venules (72). Finally, consider-
ing how important adhesion molecules
are in controlling the number and type
of cells in inflammatory infiltrates,
blockade of adhesion molecule expres-
sion may result in modulation of in-
flammation. Preliminary evidence sup-
porting this possibility has been
recently reported in the cotton top
tamarin, where the administration of
anti-VLA-4 monoclonal antibody re-
sults in significant attenuation of acute
colitis (73).
Soluble mediators: Among the numer-
ous components of the immune and in-
flammatory reaction of IBD none have
received as much attention as soluble
mediators. ‘Soluble mediators’ is a
broad term including any molecule pro-
duced by activated cells and released in
the immediate vicinity, such as eicosa-
noids, growth factors and cytokines.
The unparalleled interest in cytokines
is explained by their extremely broad
and potent activity on almost every as-
pect of pathophysiology in develop-
ment, immunity and inflammation,
and their potential for providing un-
precedented insights into mechanisms
of disease and novel therapeutic ap-
proaches (74).
Lipid mediators: The enhanced pro-
duction of eicosanoids (prostanoids and
leukotrienes) in IBD mucosa was one of
the first findings demonstrating that in-
flammatory cells secrete bioactive sub-
stances at the level of the diseased
mucosa, and implicating, for the first
time, soluble mediators in the patho-
genesis of UC and CD. This concept has
become well established, and until re-
cently inflammatory cells were consid-
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ered solely responsible for the
enhanced production of prosta-
glandins, thromboxanes and leukotrie-
nes. This concept has changed rather
dramatically in the past few years with
the demonstration that other cell types
also play an active role in local eicosa-
noid metabolism. The most novel find-
ing is clear proof that epithelial cells are
involved in this process, and produce
lipid mediators even under normal
circumstances. At active sites of in-
flammation these cells produce signifi-
cantly increased amounts of
platelet-activating factor and 12-
lipoxygenase (75,76). These are impor-
tant observations because they expand
the number of cells involved in inflam-
mation and, in particular, broaden the
spectrum of activities of epithelial cells
in the local immune response.
Cytokines: The field of intestinal cyto-
kines in normal and abnormal mucosal
immunity is experiencing a true explo-
sion of interest and knowledge. Unfor-
tunately this positive trend is compli-
cated in IBD by conflicting reports on
the levels of cytokines in the serum,
culture supernatants or intestinal tis-
sues of CD and UC patients. This confus-

ing situation is due, at least in part, to

the use of vastly different methodologi-

cal approaches (stimulated versus un-

stimulated conditions, bioassays versus

immunoassays, mRNA assessment by
immunoblotting or polymerase chain
reaction, etc) and different patient
populations (adult versus pediatric,
acute versus chronic, on versus off
medication, etc). Several excellent and
comprehensive reviews provide an in-
depth evaluation of this subject (77-
80). The scope of this article is limited
to only the most recent and salient de-
velopments.

Of the several immunoregulatory
cytokines (IL-2, IL-4, IL-5, IL-10 and inter-
feron [IFN]-�) IL-2 probably has a direct
role in the pathogenesis of CD. In spite
of contradictory results on its levels un-
der experimental conditions, patients
with CD receiving treatment with high
doses of this cytokine for cancer immu-
notherapy experience symptomatic ex-
acerbations (81). In contrast, patients
with active disease who develop AIDS

and loss of IL-2-producing CD4+ T cells

enter remission (82). The genes for IL-2

and its receptor (IL-2R) are usually ex-
pressed at a higher degree in CD than in
UC patients (83,84), and so are its prod-

ucts including the soluble form of the

IL-2R whose circulating levels roughly
reflect the severity of immune activa-
tion in CD but not UC mucosa (85).

The production of the so-called pro-
inflammatory cytokines (IL-1, IL-6, IL-8

and TNF-�) is almost invariably in-
creased, although results from different
investigators are not always uniform.
All agree that the production of IL-1 in
IBD tissue is markedly and consistently
elevated during active disease. Much of
the interest related to this potent pro-
inflammatory substance is now centred
on its antagonist, the IL-1 receptor an-
tagonist (IL-1RA), a natural protein
that blocks the receptor for IL-1 without
triggering an inflammatory response
(86). Two points deserve special atten-
tion: more than the levels of IL-1, the
most important factor in determining
how much inflammatory activity will
ensue may actually depend on the rela-
tive concentration of IL-1RA and IL-1,
the IL-1RA:IL-1 ratio. Evidence indicates
that a mucosal imbalance between
these two molecules is present in IBD,
and this may lead to chronic inflamma-
tion (87). In addition, genetic poly-
morphism for the allelic frequencies of
IL-1RA may be another factor predispos-
ing to UC or a more severe form of it

(88).

The production, cellular source and
overall role of TNF-� in IBD continues
to be quite controversial but, except for
one group of studies, this cytokine does
not appear to be produced in exceed-
ingly large amounts as predicted by the
severity of inflammation in CD or UC,

or other form of gut injury (89,90). The

potent proinflammatory mediator IL-8,
which is primarily a chemotactic agent
for neutrophils, is also receiving atten-
tion in IBD. Gut tissue actively in-
volved in UC or CD contains extremely
elevated levels of this chemokine, even
though circulating antibodies IL-8 in
the peripheral blood are only found in
UC (91-93). A novel and interesting as-

pect of IL-8 is its apparent production by
gut epithelial cells, reinforcing the idea

that these cells are indeed involved in
gut inflammation (94).
Growth factors: Growth factors repre-
sent a large group of peptides produced
by multiple cell types, and they affect
the growth and differentiation of
epithelial cells. There is strong evi-
dence that these peptides are involved
in various stages of the IBD process (80).
Some, such as insulin growth factor-I,
have been implicated in the patho-
genesis of experimental colitis and
hepatitis in rats (95), indicating that
growth factors are broadly involved in
any inflammatory response of the gas-
trointestinal tract. The expression of
some of these factors, such as trefoil
peptides associated with gut ulceration
and the angiogenic peptide basic fibro-
blast growth factor, is enhanced in IBD

(96,97). Growth factors in general, and
transforming growth factor (TGF) �1 in
particular, are likely to be involved in
the healing process accompanying in-
testinal inflammation, a function that
can be co-modulated by other growth
factors (TGF � and epidermal growth
factor) and cytokines (IL-10 and IFN-7)
(98,99).
Neuropeptides: The existence of a
‘brain-gut axis’ has been long suspected,
but until recently this concept was
based more on intuition and clinical
impression than on concrete scientific
evidence. With the demonstration of
how rich the enteric nervous system is,
and how intimate the relationship be-
tween nerve fibres and immune cells is,
the basis for the brain-gut axis gained
considerable support (100). In addi-
tion, well defined physical and bio-
chemical pathways linking the stress
response to the regulation of inflamma-
tory diseases have been established
(101), providing additional backing for
the clinical observation that stress can
induce a clinical flare-up in IBD pa-
tients. Evidence is now unquestionable
that the enteric nervous system has a
definitive role in regulating the func-
tion of both humoral and cellular gut
immunity. This function is mediated
through the secretion of a large number
of neuropeptides, or ‘cytokine equiva-
lents’, for the nervous cells. These are
located close to T and B cells, macro-
phages, mast cells, etc, and during in-
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flammation nerve cells surprisingly
express HLA-DR antigens to an extent
correlating to that of epithelial cells
(102). Thus, the role of enteric nerves
and their interaction with local immu-
nocytes is much more extensive and im-
portant than previously noted. For
instance, a recent report shows how va-
soactive intestinal peptide (VIP) mark-
edly upregulates IgA and
downregulates IgG production by hu-
man colonic lamina propria mononu-
clear cells in vitro (103). The function
of VIP and other neural substances is
likely to be much more extensive, and
future work will define the impact of
enteric neuropeptides on mucosal im-
munity.
Oxygen metabolites: Reactive oxygen
metabolites (ROM) do not fit the same
definition of soluble mediators used for
the above substances because they do
not circulate and their existence is tran-
sient. Nevertheless, they represent an-
other kind of secretory product of
activated inflammatory cells (104) be-
cause they are highly cytotoxic to a va-
riety of cells in vitro and in vivo. There
is abundant evidence that large
amounts of ROM are produced in IBD by
various types of mucosal cells (105,
106). In addition to the gut, circulating
monocytes from IBD patients can re-
lease ROM, a phenomenon that can be
triggered by bacterial products (107).
Oxygen metabolites have been pro-
posed as a possible final pathway of in-
jury for many of the immune and
nonimmune events occurring in the
inflamed bowel of humans and ani-
mals (108,109). This concept is sup-
ported by studies showing a beneficial
effect of oxygen radical scavengers in
IBD (110).

MISCELLANEOUS FACTORS
A feature common to many com-

plex and chronic conditions is the pro-
posed multifactorial origin, where the
cumulative effect of several factors re-
sults in the triggering or modulation of
the disease. Perhaps no better example
of this exists than in IBD, in which a
number of observations have been
made regarding various factors or
conditions for which there is

limited scientific evidence or logical
explanation.
Smoking: The initial studies describing
the effect of smoking on the clinical
course of CD or UC were received with

scepticism. However, when reports

from various centres started accumulat-

ing it became impossible to dismiss data

showing a beneficial effect of smoking

in UC and a detrimental effect in CD

(111,112). This dichotomy is exceed-
ingly puzzling, but the findings are so
consistent and reproducible that the ef-
fect of smoking may actually reflect
some event fundamentally linked to
the etiopathogenesis of both forms of
IBD (113). The mechanism by which
smoking may modulate the clinical
manifestations of IBD is just as perplex-
ing and enigmatic, and not surprisingly
nicotine has been blamed, despite that
there is no obvious evidence implicat-
ing this alkaloid. However, a study just
published shows that the addition of
transdermal nicotine to conventional
treatment significantly improves symp-
toms in UC patients (114).

Intestinal permeability: The finding of
an increased intestinal permeability in
CD patients is not surprising, but the
suggested existence of a similar defect
in healthy relatives has raised substan-
tial interest in it as a potential predis-
posing factor. This observation has
attracted considerable attention, but
results have been controversial, with
some reports reinforcing and others de-
nying the existence of altered intestinal
permeability in unaffected relatives of
CD subjects (115-117). In one study, in-
creased permeability was even detected
in the lungs of CD patients (117). The
key question regarding these curious
observations is whether a permeability
defect is a primary etiological factor or
is secondary to intestinal inflammation
(118). This is not an easy question to
address, but careful studies have identi-
fied at least a subset of healthy relatives
with high permeability in the absence
of obvious clinical evidence of disease
(119). The arduous aspect of this prob-
lem is how to define ‘absence of disease’
precisely, because very early defects of
epithelial structure and function may
be so subtle as to be undetectable by
routine methods and thus go unno-

ticed. Until better methods to evaluate
permeability or define normality of ab-
sorptive mechanisms are developed,
the question of increased intestinal per-
meability in CD is likely to remain.

SUMMARY AND
CONCLUSIONS

The ultimate goal of fully under-
standing the pathogenesis of IBD is to
help patients by developing scientifi-
cally based, truly efficacious treatments
that have high specificity and are free
from side effects. Although not quite at
hand, realizing this goal appears feasi-
ble based on the rapidly accumulating
knowledge of the various immuno-
pathogenic components of IBD. Many
of the new therapies now undergoing
clinical trials are based on this ap-
proach (120). The strongest emphasis
is to create new interventions based on
an understanding of inflammatory me-
diators (121); this has resulted in thera-
pies varying from administering injec-
tions of IL-1RA to simple dietary
manipulations (122). The drugs that
both clinicians and patients have relied
upon for years are being given new
names, new appearances and height-
ened cost, but it remains to be proven
whether this has really improved their
effectiveness (123). A new series of im-
munosuppressive drugs are being
tested, but most suffer the same disad-
vantages as the old ones, ie, lack of
specificity, toxicity and side effects
(124). Finally, not all that is new and
better must carry the lustre and respect
of the laboratory bench. Clinical obser-
vation is still a centrepiece of medical
care and can still be used to improve
or change therapy. A good example of
this is the use of short chain fatty acid
or butyrate enemas for UC, apparently

with promising results (125,126). Solid

scientific evidence for a long held ‘e-

nergy deficient state’ in UC is still lim-

ited (127), but common sense and in-

tuition may go a long way.
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