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Description
Inflammatory Bowel Disease (IBD) comprises of a gut disease

complex primarily consisting of Crohn’s Disease and Ulcerative
Colitis, both of which are caused by immune-deficiency combined
with infectious microbial penetration of the intestinal epithelium. This
disease is multi-factorial and affects both children and adults,
particularly in the age groups of 15-30 and 60-70 years, which
debilitates the digestive system causing a multitude of problems such
as anxiety, depression, financial and productivity loss due to the
inability to continue in education or employment and weakening of
gut-mucosal immunity and there by running a high risk of contracting
colorectal cancer. A plethora of environmental factors have been
named as the perpetrators of IBD development although the clinical
diagnosis is principally attributed to immune dysfunction which drives
innate and adaptive immune processes in the human body into serious
disarray. IBD has also being named as a consequence of poverty,
illiteracy and low socio-economic background and their food habits
and addictions such as smoking and consumption of fast food. Some
of its major symptoms are uncontrollable bowel movements resulting
in intermittent diarrhoea, nausea, general malaise and abdominal pain
which has no permanent cure and the worse case scenarios require
surgery such as colectomy. Early signs of this disease could however
be identified by abdominal scans, colonoscopy, faecal occult tests,
monitoring weight loss and testing for biomarkers such as faecal
calprotectin and C -reactive protein in blood. The major difficulty in
diagnosis and treatment is the absence of a specific biomarker and
unavailability of targeted therapeutics although no particular immune-
modulatory drug which could successfully treat this acutely
debilitating disease, has been found up to date. The recently
discovered cytokine therapy has focused on Tumour Necrosis Factor
(TNF) alpha antagonist known as Infliximab and several such
biosimilars, although their use has been riddled with unpleasant side-
effects. Hence our mucosal immunology research group, headed by A/
Prof Rajaraman Eri at the University of Tasmania, have been
optimistically trying to focus on natural immune modulatory therapies
of the human immune system, which could yield natural
immunological resistance to curb and manipulate the acute immune-
deficiency that stems once a patient is afflicted with IBD. One
despondent fact that was revealed by my preclinical research studies
associated with IBD was that not only the digestive system is
chronically affected, but also almost every other organ system is at
risk of developing inflammation due to this disease complex because
histological evidence has shown increased concomitant inflammation
in the liver and spleen as well. Chemokines are small natural proteins
produced by the human immune system which are chemoattractant
biochemicals that act as immune-modulatory envoys which are
responsible for mass-scale lymphocyte trafficking into the gut mucosal

system in response to microbial infections and it is considered as the
major cause of upregulating inflammation in the gut. Chemokines are
present in receptor-ligand pairs and there are around 50 chemokine
receptors in the human body and several receptors can bind with either
one or multiple ligands. However, we utilised the CC Chemokine
Receptor Six abbreviated as CCR6 which has only one ligand
identified as CC chemokine ligand 20 (CCL20) whose titre
conspicuously increases in the gut epithelium simultaneously in
response to infectious microbial penetration, usually via Microfold
(M) -cell conduits which attract the antigen-sampling dendritic cells
and lymphocyte repertoires to the tissue sites of entry. The varied
lymphocyte cohorts congregate in the gut mucosa which stimulate the
pro- inflammatory cytokines such as interferon-gamma, tumour
necrosis factor alpha, interleukins (IL-4,13,6,9,5,21,22,23,17 A-F),
thus promoting inflammation followed by tissue injury, ulceration and
destruction of the gut epithelium and the mucosal tissue found beneath
in the bowel walls. Among the lymphocytes which accumulate in the
gut mucosa belong to the T- lymphocyte subdivisions identified as T-
helper cells (TH1, TH2, TH17 and Regulatory T cells (Treg cells) and
growth factors and allied molecules such as the Transforming Growth
Factor Beta (TGF-beta), which play an important role in determining
the immunological outcome that produces chronic inflammation
which is highly symptomatic of IBD. Various studies have indicated
that an imbalance exists between the TH17 and Treg cell groups and
the tilt of TH17 leads to tissue inflammation while IL-10 stimulated
by the release of TGF-beta and associated cytokines serve to
upregulate tissue restitution and repair and/or regeneration of the
bowel walls that would lead to a sustainable recovery. Our attempts
were mainly focused on the mass-scale migration of the lymphocytes,
both B and T cells, which is grossly dependent on CCR6 which drives
lymphocyte mobility towards the infected gut wall tissue. CCL20 is a
well-known inflammatory biomarker which promotes inflammation
and therefore attract the immune cell types up holding CCR6
including dendritic cells, macrophages, natural killer cells and Innate
Lymphoid Cells (ILC) in addition to the lymphocytes which decide the
immunological response towards IBD. Thus, CCR6 was targeted as a
potential therapeutic modality which could serve to decrease gut tissue
inflammation by restricting the migratory flow of these immune cells
to the bowel wall. The deployment of immune cells arises in the
mesenteric lymph nodes after the dendritic cells present the microbial
antigens to the naïve lymphocytes which are then transformed into
primed lymphocytes which are attracted to the gut mucosa which
stimulate the release of inflammatory cytokines. Therefore, our
rationale behind blocking the immune cell migration was meant to
alleviate the inflammation in the bowel tissue which results in
lessening tissue damage leading to reduced disease severity in the gut.
Our chosen pre-clinical IBD model was Winnie, well known to
represent a spontaneous colitis mouse model which produces gut
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inflammation by 6 weeks of age and is considered the best available
model, because no strong chemicals are required to induce the disease
such as the DSS or TNB or Oxazolone mouse models and genetically
modified (transgenic) mouse models which do not produce natural
immune responses. Winnie is a natural colitis model because it carries
a point mutation in MUC2 gene which has decreased mucin 2
biosynthesis leading to aggravated microbial penetration. Therefore,
we produced a Winnie double mutant which carried a natural gene
deletion of MUC2 as well as targeted deletion of Ccr6 in which CCR6
-deficiency was genetically induced in the presence of colitis, from
which we investigated clinical, histological (Figures 1 and 2) and
immunological parameters, all of which have indicated attenuation of
gut mucosal inflammation during chronic colitis. Thus, further clinical
validation is required to ascertain the therapeutic potential of CCR6 in
down regulating inflammation and as a prospective immune
modulatory target in the treatment of IBD [1-15].

Figure 1: Histology of Colon in Winnie mouse model, arrows
showing crypt abscess and mucosal ulceration with reduced mucus in
villi representing spontaneous colitis.

Figure 2: Histology of Colon in Winnie double mutant displaying
mucus filled villi without abscesses or ulceration. Magnification at x
200. Presence of mucin was confirmed by the Alcian blue test.
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