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Do we really understand what the immunological
disturbances in inflammatory bowel disease mean?
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Abstract

The gastrointestinal tract uses a system of tolerance
and controlled inflammation to limit the response to
dietary or bacteria-derived antigens in the gut. When
this complex system breaks down, either by a chemi-
cal or pathogenic insult in a genetically predisposed
individual the resulting immune response may lead
to inflammatory bowel disease. Although the aetio-
pathogenesis of inflammatory bowel disease remains
unsolved current evidence indicates that defective
T-cell apoptosis and impairment of intestinal epithelial
barrier function play important roles. In inflammatory
bowel disease, it has been reported that activation of
macrophages seems to be as important as increased
production of the macrophage-derived cytokines such
as TNF-q, IL-1 and IL-6. The triggering factor for this
cascade is still to be elucidated as to whether it rep-
resents an auto-antigen or a hetero-antigen. It has
been also demonstrated that a serologic anti-microbial
response exists. This response includes antibodies
against saccharomyces cerevisiae (ASCA), £. coli outer
membrane porin C (Omp-C), flagelin (cBirl) and pseu-
domonas aeroginosa (I2). Host response to microbial
pathogens includes self-defense mechanisms including
defensins, pattern recognition receptors and Toll-like
receptors. Neuroimmunomodulation in inflammatory
bowel disease (IBD) is another interesting approach
with implications on the influence of brain-gut axis
on intestinal inflammation and its perpetuation. It is

probable that inflammatory bowel disease represents
a heterogenic group of diseases that share similar
mechanisms of tissue damage but have different ini-
tiating events and immunoregulatory abnormalities.
A better understanding of all these events will hope-
fully provide new insights into the mechanisms of
epithelial responses to microorganisms and ideas for
therapies.
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INTRODUCTION

Although the pathogenesis of inflammatory bowel disease
(IBD) still remains unexplained, its pathophysiological
mechanisms have been more extensively investigated
and correspond to what is known about inflammatory
disease processes in general. Our understanding of these
disorders has benefited enormously from the development
of novel animal models and recent advances in cell and
molecular biology. Nowadays, it is commonplace that in
IBD, a wide diversity of immunological changes occurs,
including altered populations of inflammatory cells and
activation of a range of inflammatory pathways.

TOLERANCE AND CONTROL OF
INFLAMMATION IN IBD

The gastrointestinal tract uses a system of tolerance and
controlled inflammation to limit the response to dietary
or bacteria-derived antigens in the gut“"%]. When this
complex system breaks down, either by a chemical or
pathogenic insult in a genetically predisposed individual
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the resulting immune response may lead to IBD™*. Al-
though the aetiopathogenesis of IBD remains unsolved,
current evidence indicates that defective T-cell apoptosis
and impairment of intestinal epithelial barrier function
play important roles™". Differences in T-cell responses
between Crohn’s disease (CD) and ulcerative colitis (UC)
have been identified, with mucosal T-cell apoptosis be-
ing defective in CD but not in UC". In both CD and
UG, it has been reported that activation of macrophages
seems to be as important as increased production of the
macrophage derived cytokines TNF, TL-1 and TL-6""""%,
Chemokines play a central role in the pathogenesis
of IBD as they are able to trigger multiple inflammatory
actions including leukocyte activation and chemoattrac-
tion, granulae exocytosis, production of metallopro-
teinases for matrix degradation and upregulation of the
oxidative burst"”. Dysregulated cytokine production by
mucosal lymphocytes and macrophages has been impli-
cated in the pathogenesis of IBD. In fact, an exclusive
increase of CD4+ T cells in inflammatory bowel disease
and their recruitment as intraepithelial lymphocytes has

been demonstrated*"”

, while a potential therapeutic ef-
fect of capthesin inhibition »zz macrophages 7/ vivo has
been also suggested“()’m. Over the past few years, various
murine models of chronic intestinal inflammation tre-
sembling IBD have been discovered that have provided
important clues as to the nature of this dysregulation
and to its possible treatment with cytokines, for example
IL-10"%",

It is clear from various studies that nuclear factor
kappa B (NF-kB) and various other regulatory proteins
are very likely to play a key role and it seems that we will
gain new, fundamental insights into the pathogenesis,
prognosis and treatment of IBD by analyzing further
transcriptional regulatory mechanisms in chronic intesti-
nal inflammation. This allows us to understand the basis
for altered cytokine gene transcription in patients with
IBD. Furthermore, such studies will hopefully permit
the design of new treatment strategies that will be able
to add specificity but reduced toxicity compared with

standard immunosuppressive therapies™.

TRIGGERING FACTORS OF THE
INFLAMMATORY CASCADE IN IBD

The symptomatic phases of IBD are characterized
by migration of large numbers of neutrophils and
accumulation in the intestinal lumen. The triggering
factor for this cascade is still to be elucidated whether
it represents an auto-antigen or a hetero-antigen, i.e.
a microbial component. Dysbiosis is the disturbance
of intestinal microflora resulting in the breakdown
in the balance between ‘protective’ »s ‘harmful’
intestinal bacteria®. Dysbiosis is implicated in many
chronic diseases such IBD, which are associated with
‘westernized’ life style. It has been shown that enteric
bacteria do not have equal capacities to induce or protect
from inflammation and, interestingly, even H pylori
infection has been implicated in CD pathogenesis[zzl

It has been also demonstrated that in CD patients
a serologic ‘anti-microbial’ response exists. In fact,
granulomas in mesenteric lymph nodes from CD patients
are composed of centrally located T-lymphocytes and
of epithelioid cells, which are of monocyte/macrophage
origin and have the characteristics of antigen presenting
cells™.

Currently available ‘anti-microbial’ response panel
of laboratory tests includes antibodies against saccharo-
myces cerevisiae (ASCA), E. /i outer membrane porin
C (Omp-C), flagelin (cBirl) and pseudomonas aerogi-
nosa (12)**, Of particular interest is that ASCA may
develop before the obvious clinical diagnosis of CD ac-
cording to a study using serum samples from the Israeli
Defense Corp repository. In this study, 32% of patients
were ASCA (+) 38 mo before CD clinical diagnosis was
established””. The target antigen for pANCA is cur-
rently unknown and there is still variation regarding the
inter-observer agreement with the several assays used for
their determination. These serologic markers may be of
great potential importance as they can provide more in-
formation on the IBD pathogenesis, the differentiation
between UC and CD, the definite diagnosis of indeter-
minate colitis cases, the prediction of pouchitis and pre-
diction of response to therapies. It is of importance that
ASCA have a genetically modulated expression as they
are found in 20%-25% of relatives of CD patients and
are absent in spouses. In addition, pANCA are present
in up to 20% of unaffected relatives of UC patients and
they persist after colectomy indicating into two points:
that the target antigen in IBD is not fully eradicated and
that it is not just the colon which is immunologically tar-
geted in UC 21

It has to be emphasized that the serological markers
are far from being the gold standard in IBD diagnostics
and need to be combined, as they do not work separately
in the clinical setting,

HOST RESPONSE TO MICROBIAL
PATHOGENES

Host response to microbial pathogens includes self-
defense mechanisms such as defensins, pattern recogni-
tion receptors (PRRs), pathogen-associated molecular
patterns (PAMPs) and Toll-like receptors (TLRs). Toll-
like receptors recognize conserved motifs on pathogens
that are not found in higher eukaryotes and initiate ‘in-
nate’ (rapid and non-specific) immune response. Subse-
quently, specific receptors recognizing chemo-attractant
molecules mobilize phagocytic leukocytes and induce
their migration to inflammatory sites. There, leukocytes
encounter the invading microorganisms and ingest them
through the activation of phagocytic receptors that me-
diate the uptake process. Innate immune responses are
linked to the generation of corresponding adaptive im-
mune responses and studies of genetically engineered or
cellularly manipulated animal models have generated a
great deal of new information"”

Leukocyte-epithelial interactions are of special inter-
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est as exposure of epithelial TLRs to microbial ligands
has been shown to result in transcriptional upregulation
of inflammatory mediators whereas ligation of leuko-
cyte TLRs modulate specific antimicrobial responses””
It has been shown that Paneth cells play an important
role in innate host defense zia their ability to secrete an-
timicrobial peptides and proteinsm. In addition, it has
been shown that NOD2 mutations lead to loss of nega-
tive regulatory effects on TLR signaling while activation
of the CARD domain results in activation of NF-gB"™.

THE MOLECULAR BASIS OF THE
INTESTINAL IMMUNITY

Major advances in our understanding of the molecular
basis of Rho guanine-triphosphatases (GTPases)
function in regulating the phagocytic leukocytes that
constitute the innate immune response have also been
made. However, significant challenges remain. The
molecular mechanisms involved in sensing chemotactic
gradients, in maintaining polarized movement, and in
coordinating the dynamics of the actin, myosin and
microtubule cytoskeletons that are mediated by Rho
GTPases remain to be worked out"”.

Matrix metalloproteinases (MMPs) seem also to play
a crucial role in physiological and pathophysiological re-
actions such as leukocyte accumulation into inflamed tis-
sue, cytokine production from inflammatory and epithe-
lial cells, T' lymphocyte homing to the intestine, wound
healing and proliferation of epithelial cells, and intestinal
innate immunity and permeabﬂitypi].

Neuroimmunomodulation in IBD remains a chal-
lenging theory with implications on the influence of
brain-gut axis on intestinal inflammation and its perpetu-
P93 1 tecent years, considerable evidence has
accumulated that psychological stress does indeed con-
tribute to the risk of relapse in IBD. Furthermore, labo-
ratory research has indicated a vatiety of mechanisms by

which stress can affect both the systemic and gastroin-
[39]

ation

testinal immune and inflammatory responses

UNDERSTANDING THE MULTIFACTORIAL

CHARACTER OF IBD

Despite decades of research the etiology of IBD
remains largely unexplained, even though there is
agreement with regard to these disorders’ multifactorial
character. Considering the epidemiological, genetic
and immunological data, we can conclude that IBD are
heterogeneous disorders of multifactorial etiology in
which hereditary (genetic) and environmental (microbial,
behavior) factors interact to produce the disease. It is
probable that patients have a genetic predisposition
for the development of the disease coupled with
disturbances in immunoregulation. The disease can then
be triggered by any of a number of different unknown
environmental factors and sustained by an abnormal
immune response to these factors. Rather, the intensive

interaction between intestinal epithelial cells and immune
competent cells is critical to maintain and perpetuate the
chronic inflammatory process characteristic for IBD.

Once the role of genetic determinants is fully under-
stood, eatly interventions can be designed to prevent dis-
ease in predisposed individuals. Gene therapy or modifi-
cation of bacterial flora with probiotics or antibiotics or
both for specific pathogens is expected to be central to
this approach. From population-based data, important
hypotheses for more specialised studies can be created.
Especially if environmental influences are suspected in
the onset and/or cause of a disease, population-based
studies are indispensablew. However, good population-
based studies are rare, probably because of the diffi-
culties in organization and the long-term engagement
needed™".

Regarding the role of environmental factors,
Hippocrates wrote in his “Epidemics”m] that “patients
with abscesses without fever, as well as patients with
bloody stools became sick because of the same reason:
at younger age they used to live under very difficult
conditions and they were forced to use their body
energy and muscular power to survive. However, later
on, by becoming older they turned to work less harder,
their body weight increased dramatically and their flesh
became soft and vulnerable.”

Parallel to Hippocratic skepticism, forty years ago
Burrill B. Crohn™ asked himself a rhetoric question:
“Are these inflammatory bowel diseases the product of
our modern civilization, the end product of industrial
revolution? The answer is not evident.”

THE PRESENT AND THE FUTURE OF
THERAPY IN IBD

Today we target different immunological mechanisms
and we use basically two groups of treatment: immuno-
suppressives and anti-inflammatory molecules.

The target point(s) of the currently used immuno-
suppressives is still unclear. However it has been suggest-
ed that azathioprine has a direct effect on the leukocyte
nucleus and migration ability towards the site of inflam-
mation™ while methotrexate acts as an antimetabolite
of the folic acid™.

The anti-inflammatory therapies are various depend-
ing on the mechanism designed to hit: proinflammatory
cytokines inhibitors (i.e. anti-TNF-q therapies), anti-in-
flammatory cytokine mediators (IL-10, IL-11), adhesion
molecule inhibitors (i.e. anti-a4 integrin monoclonal anti-
body), T-cell inhibitors (anti-CD3 monoclonal antibody),
cell based therapies (i.e. absorption aphaeresis), signal
transduction inhibitors, transcription factor inhibitors
and hematopoietic growth factors™?

All physicians caring for patients with inflammatory
bowel disease have an expanding arsenal of medications
that can achieve symptomatic remission and mucosal
healing. Adding biologics to existing immunomodulators
improves our rates of sustained remission and healing
of mucosal ulcerations. However, further studies are
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needed to help determine what our final therapeutic

endpoint should be.
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