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Summary

Coeliac disease is a common autoimmune disorder, caused by an intolerance to dietary
gluten in genetically predisposed individuals. Despite the advances in understanding of
the nature of the disease, it remains unknown how gluten peptides breach the epithelium
to initiate the inflammatory cascade and why certain gluten peptides trigger different
aspects of the immune response. Investigations into gluten peptides have been conducted
since the 1950s with the main focus examining the properties of wheat. In recent years,
oats have received much attention due to opposing reports on their effect in coeliac
patients. Barley and rye, although excluded from the official Codex Alimentarius gluten-
free diet since the 1970s, have a lack of scientific evidence regarding their damaging

effects.

It is known that antigen-presenting cells bearing the HLA molecules DQ2 or DQS8 can
present gluten peptides to CD4+ T-cells in the gut mucosa, thus triggering an adaptive
immune response. Approximately 95% of coeliac patients express HLA-DQ2 with the
remainder generally expressing DQ8. The disease concordance rate for monozygotic
twins is considered high at 75%. However, the concordance rate for HLA-matched
dizygotic twins is only 17%, thus indicating that the HLA region only partially
contributes to the development of the disease and other non-HLA genes must have a

role. To date, no other disease susceptibility genes have been identified.

The objectives of this thesis were:
e To measure and compare the proinflammatory molecular response of coeliac
intestinal tissue to wheat, barley and rye.
e To examine the role of the epithelial cell in the molecular processes of the gluten-
induced proinflammatory environment of the coeliac gut lesion.
e To develop a high-throughput gene expression analysis system for hypothesis-
free investigations .

e To validate this system and demonstrate the applicability of the results.

In the initial part of this study, proinflammatory cytokine production by coeliac and
control intestinal tissue was measured following ex vivo stimulation with wheat, barley
and rye prolamins (the alcohol-soluble fraction of gluten). TagMan RT-PCR was used to

quantify cytokine mRNA and secreted cytokine protein was measured in the culture

x1



supernatant by enzyme-linked immunosorbent assay. All three cereals induced an up-
regulation of IFN-y mRNA but not of IL-2 mRNA or the protein of either cytokine, in
coeliac tissue when compared to control tissue. Barley caused the greatest increase in
IFN-y mRNA while rye and wheat induced similar levels. These findings provide
evidence that like wheat, barley and rye cause immune activation in the mucosa of
coeliac patients and support the practice that barley and rye should be excluded from the
gluten-free diet. Using this experimental set-up, IFN-y mRNA proved to be the only
informative marker of gluten-induced immune activation. A limitation of this system is
the restriction on the number of molecular responses that can be assessed. Therefore a
microarray system was developed for high-throughput gene expression analysis with a

hypothesis-free approach.

In the next part of this study, the gene expression profile of intestinal epithelial cells of
coeliac patients ingesting a gluten-containing diet was compared to that of non-coeliac
control patients also consuming a gluten-containing diet, using microarray analysis. The
results showed a number of genes which had significantly altered expression in active
coeliac disease. Functional analysis on these genes revealed a number of processes to be
disordered in active coeliac disease such as proliferation, differentiation, survival and

apoptosis.

In the final part of this study, the microarray analysis system was validated, to assess the
reproducibility of the results obtained. A number of genes found to have regulated
expression with microarray analysis were investigated using TagMan RT-PCR. The
majority (80%) of these were corroborated, demonstrating the high quality of the
microarray system used. Follow-up analysis of the protein expression of two of these
genes showed that the increased levels of mRNA observed with microarray analysis

were translated into increased levels of protein.

The findings of this thesis provide insight into the molecular processes that occur in the

coeliac gut in response to gluten.
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Chapter 1

General Introduction



1.1 Intestinal Immune System

1.1.1 Features of the Intestinal Immune System

1.1.1.1 Gut Associated Lymphoid Tissue.

The mucosal associated lymphoid tissue (MALT) is a secondary or peripheral
lymphoid organ found in the mucosal tissue of respiratory, urogenital or
gastrointestinal tracts. Its complexity can range from the simple, loose clusters of
lymphoid cells with little organisation found in the lamina propria of intestinal villi to
organised structures such as the tonsils, appendix and Peyer’s patches. In the gut, this
immune defence system is known as the gut-associated lymphoid tissue (GALT), and
it is estimated that GALT constitutes approximately 40% of the body’s immune
effector cells [O’Dorisio 1986] (Fig.1.1.1).

Peyer’s patches are the best-studied structure of the GALT. The epithelium covering
the dome of the Peyer’s patch is comprised of cuboidal epithelial cells which express
class I MHC antigens, few goblet cells and specialised antigen-sampling cells called
M (microfold) cells [Doe 1989]. M cells can sample food and microbe antigens and
transport them across the epithelium to the underlying B-cells, T-cells, macrophages
and dendritic cells. Within the Peyer’s patch, there are large follicular structures
enriched in B cells. These B cells are predominantly IgM-bearing although there is a
significant proportion displaying surface IgA and committed to IgA synthesis.
Adjacent to the follicles, there are parafollicular regions which are enriched for T cells
predominantly of the helper-induced subset (Th). These regions also possess

specialised high endothelial postcapillary venules [Simecka 1998].

1.1.1.2 Epithelium

The small intestine is lined by a continuous one-cell thick sheet of epithelial cells
consisting mainly of columnar polarised enterocytes. Interspersed among these cells
are mucous-producing goblet cells, endocrine cells and intraepithelial lymphocytes
(IELs). A number of pluripotent stem cells are anchored within the lower crypt of the
mucosa. These give rise to a continuous supply of undifferentiated enterocytes which
differentiate and mature as they migrate up to the tip of the villous, where they are

eventually sloughed off. The mature enterocytes function as absorptive cells as well as



a physical barrier. Additionally, enterocytes can function as immune cells. Firstly, they
constitutively express MHC class II proteins [Bland 1988] and during inflammation,
this expression is extended from just the villous tip to the entire epithelium [Kelly et
al. 1988]. Secondly, enterocytes have been shown to produce their own cytokines,
which they secrete in response to injury or infection and to regulate the function of

other cells [Stadnyk 1994] (section 1.1.2, Cytokines).

The basal side of enterocytes rests on a fibrous basement membrane and on the apical
side the intestinal brush border extends into the lumen. The brush border is comprised
of numerous microvilli that increase the intestinal surface area approximately 600-fold
which over-lie a transverse fibrillar cytoskeleton called the terminal web [Holmes and
Lobley 1989]. The functions of the brush border are digestion, transport and
regulation. The M cells of the Peyer’s patches differ from enterocytes by lacking a
brush border [Neutra ez al. 1988].

The continuity of the epithelium is maintained by tight junctions (zona occludens) and
by actin-rich connections (zona adherens and zona maculens) which join the
uppermost portions of the cells. Intestinal transport may be paracellular, via the tight
junctions, or transcellular, where the molecules are moved through the epithelial cells

either by active or passive transport.

Within the normal epithelium there is a large population of lymphocytes, termed intra-
epithelial lymphocytes (IELs). The majority (90%) of IELs are CD3" T-cells and of
these, approximately 80% express CD8 with the remainder being CD4" or CD4'CDS§’
[Simecka 1998]. IELs mainly have an a3 T-cell receptor (TCR) though a significant
proportion does express YO0 TCR. In health, approximately 5% of IELS are yd-TCR
positive but this proportion can increase to 30% in inflammatory conditions such as
coeliac disease [Viney et al. 1990]. af” lymphocytes migrate from the Peyer’s
patches, differentiate in the thymus and recirculate to the epithelium. In contrast, y&"
lymphocytes migrate from the bone marrow as immature cells and differentiate in the
gut microenvironment [Guy-Grand et al. 1991]. CD8" T-cells are known to have a
cytotoxic function with the ability to lyse virus-infected cells; thus IELs presumably

participate in the resistance to and recovery from viral infections. Although less



prominent, CD4 op " IELs exist and have a helper function. They have been shown to
produce Th2 cytokines which participate in B-cell activation and maturation [Fujihashi
et al. 1993]. 1t is thought these cells may become activated after presentation of
luminal antigens by epithelial cells [Simecka 1998]. y3-T cells are involved in
regulating growth and differentiation of epithelial cells [Komano et al. 1995]. In
culture, y5-T cells have been shown to produce a cytokine, keratinocyte growth factor,

that supports growth of epithelial cells [Boismenu and Havran 1984].

1.1.1.3 Lamina Propria

The Lamina Propria, a mesh of connective tissue that underlies the gut epithelium,
contains a large and heterogeneous group of lymphoid and myeloid cells. These cells
include lymphocytes, macrophages, dendritic cells, neutrophils, and mast cells. Similar
to peripheral blood, a large percentage (60-70%) of lamina propria T-cells are CD4"
and the majority of these appear to be TCR af’ [Brandtzaeg et al. 1998]. Lamina
propria T-cells differ from peripheral blood by being in a more activated state and
express CD25 and HLA-DR antigen. These cells have a mature or memory phenotype
as indicated by their surface markers CD44™€" CD62'°Y, CD45RO" and high levels of
the integrin oyP; [James et al. 1986; Schieferdecker et al. 1992]. The CD4" subset is
predominantly Th2-like but Thl cells also exist [Simecka 1998]. The high levels of
Th2 cells help the B-cell production of IgA. Lamina propria T-cells have been
demonstrated to produce IL-2, IL-4, IL-5, IL-10 and IFN-y. T cell lines derived from
this population show varying types and amounts of cytokines produced [Braunstein et
al. 1997, Harriman et al. 1992]. Although a significant number of IFN-y-producing
CD4+ T cells are present in the lamina propria, IL-5-producing T cells have been

shown to be more frequent [Taguchi 1990].

Lamina propria B-cells have migrated from the Peyer’s patches to the mesenteric
lymph node and are recirculated back to the lamina propria where they develop into
plasma cells. Plasma cells are terminally differentiated, non-dividing effector cells
which synthesize and secrete antibodies. In the small intestine, approximately 80% of
the total plasma cells secrete IgA antibodies (section 1.1.2.4), while approximately

18% secrete IgM and 3% secrete IgG [MacDonald 2003]. Lamina propria B-cells are



regulated by T-cell production of cytokines (section 1.1.2.3) which aid in terminal

differentiation and isotype switching.

1.1.2  Processes within the Intestinal Inmune System

1.1.2.1 Antigen Presentation

In T-cells, antigen recognition is mediated by a membrane-bound receptor called the
T-cell receptor (TCR). The TCR, in complex with accessory molecules, can only
recognise antigen when associated with a cell-membrane molecule known as the major
histocompatibility complex (MHC), a structure that is expressed on the surface of
antigen-presenting cells (APCs). The MHC, termed the HLA complex in humans, is
organised into three regions based on the type of molecules encoded. The class I
molecules, in humans, are encoded by HLA-A, HLA-B and HLA-C loci, while the
class II molecules are encoded by the HLA-D region which is further divided into
HLA-DQ, HLA-DR and HLA-DP sub-regions. Class I[II MHC molecules include a
diverse group of non-membrane proteins that appear to play no role in antigen
presentation. X-ray crystallographic analysis has revealed that the peptide-binding
region in both class I and class II molecules is a deep cleft with a floor formed by eight
anti-parallel B-sheets and sides formed by two anti-parallel o-helices. The structure of
the antigen binding cleft is determined by the polymorphic alleles encoding class I and
class II molecules thus creating diversity in the ability to recognise a wide range of

antigens [Kuby 1994].

Class I molecules are present on nearly all nucleated cells whereas class II molecules
are only expressed on APCs such as macrophages, dendritic cells and B-cells.
Endogenous antigen, for example viral proteins synthesised within virus-infected cells,
are degraded into peptide fragments that bind to class I molecules within the
endoplasmic reticulum. The antigen-MHC complex is then transported to the cell
membrane where it is recognised only by CD8" T-cells. These T-cells function as
cytotoxic cells. Exogenous antigen, which is produced outside the cell, is taken into the
APC by endocytosis or phagocytosis. The antigen is then broken down into peptide
fragments within the endocytic-processing pathway and the fragments bind to the cleft

of the MHC class II molecule prior to exportation to the cell surface. T-cells



expressing CD4 can only recognise antigen that is associated with class II molecules.

These T-cells function as helper cells by secreting cytokines [Kuby 1994].

The main route for particulate antigen to gain access to the intestinal immune system is
thought to be through the M cells [Bilsborough and Viney 2004]. In the Peyer’s patch,
there are many APCs such as macrophages, dendritic cells and B-cells, though it is the
dendritic cells (DCs) that are considered the main force in initiating T-cell responses
[Wittig and Zeitz 2003]. DCs in the subepithelial dome process antigen as relative
immature cells and then migrate to the T-cell region and present antigen to naive T-
cells. At this stage they have the properties of mature DCs with high surface
expression of co-stimulatory molecules such as CD40, CD80, CD86 and adhesion
molecules such as CD44 and intercellular adhesion molecule 1 [Kelsall 1999]. DCs are
also active in the lamina propria where they are distributed along the entire intestinal
epithelium. They have been shown to sample antigen from the gut lumen by extending
their dendrites through the epithelial cells of the gut barrier. The barrier integrity is
conserved by the expression and modulation by DCs of tight junction proteins,
including junctional adhesion molecule (JAM), occludin, claudin 1 and zona occludens

1 [Rescigno et al. 2001].

The ability to distinguish between pathogens and commensals is necessary for the
maintenance of intestinal homeostasis. It has been proposed that DCs use their innate
toll-like receptors (TLR) and C-type lectins to distinguish between microbial-
associated molecular patterns (MAMP) expressed by commensal bacteria and
pathogen-associated molecular patterns (PAMP) expressed by pathogenic bacteria
[Granucci and Ricciardi-Castagnoli 2003]. TLRs are transmembrane proteins that
recognise specific microbial patterns to direct the ensuing immune response (see Table
1.1.1) [Akira and Takeda 2004]. C-type lectins preferentially bind carbohydrate
antigens and are associated with antigen uptake, including virus, bacteria, parasites,
and yeasts [Figdor et al. 2002]. NOD (nucleotide-binding oligomerization domain)
proteins are another recently discovered family of innate cytosolic proteins which
function primarily to recognise the peptidoglycan of bacterial cell walls. Nod1 is found
in epithelial cells while Nod2 can be expressed by dendritic cells, macrophages and

epithelial cells. Both proteins activate the NF-kB pathway and a mutation in Nod2 has



Receptor  Ligand

Origin of ligand

TLRI1 Triacyl lipopeptides
Soluble factors

TLR2 Lipoprotein/lipopeptides

Peptidoglycan
Lipoteichoic acid
Lipoarabinomannan

Phenol-soluble modulin
Glycoinositolphospholipids

Glycolipids
Porins

Atypical lipopolysaccharide
Atypical lipopolysaccharide

Zymosan Fungi
Heat-shock protein 70 Host

TLR3 Double-stranded RNA Viruses

TLR4 Lipopolysaccharide Gram-negative bacteria
Taxol Plants
Fusion protein Respiratory syncytial virus
Envelope protein Mouse mammary-tumour virus
Heat-shock protein 60 Chlamydia pneumonia
Heat-shock protein 70 Host
Type I1I repeat extra domain A of Host
fibronectin
Oligosaccharides of hyaluronic acid Host
Polysaccharide fragments of heparan Host
sulphate
Fibrinogen Host

TLRS Flagellin Bacteria

TLR6 Diacyl lipopeptides Mycoplasma
Lipoteichoic acid Gram-positive bacteria
Zymosan Fungi

TLR7 Imidazoquinoline Synthetic compounds
Loxoribine Synthetic compounds
Bropirimine Synthetic compounds

Single-stranded RNA

Bacteria and mycobacteria
Neisseria meningitidis

Various pathogens
Gram-positive bacteria
Gram-positive bacteria
Mycobacteria
Staphylococcus epidermis
Trypanosoma cruzi
Treponema maltophilum
Neisseria

Leptospira interrogans
Porphyromonas gingivalis

Viruses

TLRS8 Imidazoquinoline Synthetic compounds
Single-stranded RNA Viruses

TLR9 CpG-containing DNA Bacteria and Viruses

TLR10 not determined not determined

TLR11 not determined Uropathogenic bacteria

Table 1.1.1: Toll-like receptors and their ligands.

(from Akira and Takeda 2004).



been associated with Crohn’s disease [Girardin and Philpott 2004]. DCs are unique as
APCs in their ability to present antigen to both naive and primed T-cells, whereas
macrophages and B-cells are only effective in presenting antigen to primed T-cells
[Simecka 1998]. Epithelial enterocytes have been shown to express HLA-DR, though
not the co-stimulatory molecules CD80 and CD86 required for activation of naive T-
cells [Cheroutre and Madakamutil 2004]. Thus antigen from the gut lumen can be
taken up by these epithelial cells and presented directly to primed T-cells or to local
DCs which can mature and present antigen to naive T-cells [Cheroutre and

Madakamutil 2004].

Once stimulated, the T-cells in the Peyer’s patches can provide help for the B-cell

switch to IgA synthesis, a process that is completed in the germinal centre.

1.1.2.2 Lymphocyte Migration

After initial exposure to antigen, proliferation and partial differentiation, the primed T-
and B-lymphocytes leave the Peyer’s patches or other mucosal inductive sites and
migrate via the mesenteric lymph node and peripheral blood before homing to the
lamina propria or mucosal epithelium [Simecka 1998]. Here, they perform their
effector activities. The preferential migration of stimulated mucosal lymphocytes to
mucosal tissues is mediated by the expression of adhesion molecules on lymphocytes
and cells associated with mucosal tissues. It is the interaction of these adhesion
molecules with their ligands on high endothelial venules (HEVs) or epithelial cells that
directs the migration of lymphocytes. A unique adhesion molecule, known as mucosal
addressin cell adhesion molecule 1 (MAdCAM-1) is involved in lymphocyte
trafficking into mucosal tissues. MAdCAM-1is a glycoprotein found on HEVs of
Peyer’s patches, mesenteric lymph nodes and vascular endothelium of the lamina
propria, but not on HEV of peripheral (non-mucosal) lymph nodes [Streeter et al.
1988]. Circulating lymphocytes recognise HEV through the expression of MAdCAM-
1 which causes the lymphocytes to bind and migrate into mucosal lymphoid tissue.
Lymphocytes binding to MAdCAM-1 express two major adhesion molecules, L-
selectin and a4f7 integrin. L-selectin is present on small, mature lymphocytes,
monocytes and neutrophils. L-selectin does not, however, recognise the form of

MAdCAM-1 found on the endothelium in the lamina propria as this form lacks the L-



selectin-binding carbohydrates [Berg ef al. 1993]. Consequently, L-selectin probably is
not involved in the homing of lymphocytes to normal intestinal mucosa, but it is likely
to be involved in the circulation of lymphocytes into Peyer’s patches. In humans, o437
is known as Lymphocyte Peyer’s patch adhesion molecule-1 (LPAM-1). It is
expressed on lymphocytes and monocytes and its expression increases upon cell
activation. a4B7 can also bind fibronectin and VCAM-1 [Postigo et al. 1993]. It
appears that homing of primed GALT-derived lymphocytes to human gut mucosa is
determined mainly by their high levels of a4f37 in the absence of L-selectin [Bargatze
et al. 1995]. Human intestinal lamina propria B-cell blasts, as well as other intestinal
mononuclear cells, express high levels of a4f7 but little or no L-selectin [Salmi ef al.
1994; Farstad et al. 1995]. DCs of the GALT can mediate up-regulation of the
expression of a4f37 on lymphocytes [Stagg ef al. 2002].

Chemokines also regulate the directional trafficking of lymphocytes and endothelial
cell activation critical to lymphocyte migration [Dwinell et al. 2003]. After the
adhesion molecules have tightly bound the lymphocytes, chemoattractants direct the
migration of the lymphocytes which crawl along the endothelium where chemokines
are deposited in a solid phase, and move into the tissue along an immobilised gradient
of chemotactic signals [Brandtzaeg et al. 1999]. Small intestinal epithelial cells
abundantly express CCL25 and its receptor, CCRY, is expressed by almost all small
intestinal lymphocytes in humans [Kunkel ez al. 2000]. DC migration is thought to be
largely under the control of chemokines and chemokine receptors [Bilsborough and

Viney 2004].

1.1.2.3 Cytokine Production

Cytokines are a diverse group of hormone-like polypeptides which bind to specific
receptors on the membrane of target cells, modulating an immune response by a
variety of pathways. Many different cells secrete cytokines such as T-cells, B-cells,
monocytes, macrophages, dendritic cells, natural killer (NK) cells, fibroblasts, stromal
cells, enterocytes, endothelial cells and platelets, and their effects can differ depending
on the target cell [Kuby 1994b]. Cytokines bind to specific receptors and are extremely
potent at low concentrations. Their potency is due to series of cascades and networks

where one cytokine can cause the secretion of another, resulting in amplification loops.



Cytokines can also inhibit other cytokines and cause their own negative feedback

[Stadnyk 1994].

T helper cells are key mediators of humoral and cell-mediated immune responses
involved in mucosal immunity. They exert their helper functions through secretion of
cytokines, which either act on the cells that produce them in an autocrine manner or
modulate the responses of other cells through paracrine pathways [Kuby 1994b]. T
helper cells are roughly separated into two cell subpopulations, Thl and Th2
[Mosmann and Coffman 1989]. The Thl subset is responsible for classical cell-
mediated functions such as activation of macrophages and cytotoxic T-cells as well as
delayed-type hypersensitivity. Thl cells secrete proinflammatory cytokines such as
interferon-y (IFN-y), tumour necrosis factor-a (TNF-a), TNF-f (also called
lymphotoxin), interleukin-2 (IL-2) and granulocyte-macrophage colony-stimulating
factor (GM-CSF). The Th2 subset has a role in humoral immunity, stimulating the
production of IgM, IgE and IgA and enhancing eosinophil proliferation and function.
Th2 cells secrete IL-4, IL-5, IL-6 and IL-13 [Kuby 1994b]. The differentiation from
naive or precursor T cells progresses through a ThO intermediary cell stage which upon
repeated stimulation differentiates further into either a Th1 or Th2 cytokine phenotype.
Different types of APC may selectively induce either Thl or Th2 responses and the
type of costimulatory molecule on APCs may determine the phenotypic responses
[Wittig and Zeitz 2003]. CD40 has been shown to induce a Thl cytokine response by
production of IL-12 in macrophages and DCs. The CD80 (B7.1) and CD86 (B7.2)
ligands on activated B-cells play distinct roles in differentiation of Thl or Th2 type
cells [Kuchroo et al. 1995]. The type of antigen and its concentration also influences

the differentiation of T-cells.

Another division of T helper cells exists, often called T suppressor or T regulatory
cells. There are two well-characterised types of regulatory T-cells: the first type termed
Trl cells produce IL-10, some IL-5 and IFN-y with or without TGF-p, but little or no
IL-2 or IL-4. They proliferate poorly following TCR-mediated activation and
functional studies have demonstrated that these cells have immunosuppressive
properties and have been shown to prevent the development of Thl-mediated

autoimmune diseases [Groux et al. 1997]. The second type, termed Th3 cells produce



IL-4 and TGF-f and have been shown to have properties that can inhibit the effects of
pathogenic autoreactive T cells [Chen ef al. 1994]. Th3 and Trl cells are induced by
semi-mature dendritic cells under the influence of regulatory cytokines including IL-
10, TGF- B and IL-4. They are capable of suppressing Thl and Th2 responses and
function in infection to limit pathogen-induced immunpathology [Mills and McGuirk
2004].

Recently, it has been realised that intestinal epithelial cells are not just affected by
cytokines but are major producers of cytokines themselves. Because they are found at
the interface between the organism and environment, they are in a position to signal
changes in the environment. Epithelial cells may constitutively express cytokines or
they can be induced to make cytokines by interaction with other cytokines [Stadnyk
1994]. Some of the important cytokines in gut immune responses and the cells that

produce them are detailed in table 1.1.2.

1.1.2.4 Secretory Immunoglobulin A

The characteristic antibody of mucosal immunity is immunoglobulin A (IgA), and
secretory IgA (sIgA) is the dominant functional antibody present in mucosal
secretions. More IgA is secreted into the gut (approx.40mg/kg) everyday than the total
daily production of IgG (approx. 30mg/kg) [Conley and Delacroix 1987]. sIgA is made
up of two IgA monomers joined by a covalently linked peptide called the J-chain
(joining chain), which is bound to a glycopeptide known as secretory component (SC).
B-cells in the lamina propria secrete dimeric IgA which is then transported to the
epithelial cells. Secretory component is synthesised by epithelial cells and resides on
their basal surface. It acts as a receptor for dimeric IgA and once bound to SC, IgA is
transported through the epithelial cell and released into the mucosal secretions. The SC
remains bound to the IgA stabilising its structure and increasing its resistance to

proteolytic digestion [Tomasi 1970].

The main function of sIgA is to protect the mucosal barrier from foreign antigens
including food antigens, bacteria, viruses and toxins. sIgA can block the access of
potentially allergenic molecules derived from food or drugs [Doe 1989]. Secretory IgA

binds to viral surface proteins thus preventing the virus from infecting the host cell. In



Cytokine

Cell source

Function

IFN- a

IFN-y

TNF-a

TGF-B

IL-1

IL-2

IL-3

IL-4

IL-5

IL-6

IL-7

IL-8

IL-10

IL-12

IL-15

IL-18

Leukocytes

Th1 cells, NK cells

Thl cells, macrophages,
epithelial cells

Regulatory T-cells,
macrophages

Th1 cells, dendritic cells,
macrophages, epithelial
cells

Thl cells

Epithelial cells, NK
cells, mast cells

Th2 cells, NK cells

Th2 cells

Th2 cells, macrophages,
epithelial cells

Epithelial cells, stromal
cells

Epithelial cells,
macrophages

Th2 cells, Regulatory T-
cells

B cells, activated
macrophages

Epithelial cells,
monocytes, T cells.

Activated macrophages,
epithelial cells

Stimulates macrophages ad NK cells. Inhibits viral replication.

Macrophage activator, capable of increasing MHC class 11
expression, enhancing phagocytosis and cytotoxicity, and
inducing further secretion of cytokines.

Pro-inflammatory effect, promotes IL-1, IL-6 and IL-8.
Increases paracellular permeability via effect on tight
junctions.

Suppresses proliferation of lymphocytes and has significant
role in oral tolerance. Promotes B-cells to switch antibody
class expression to IgA.

Pro-inflammatory cytokine, activates resting T cells and
macrophages, stimulated synthesis of IL-2 and [FN-y

Pro-inflammatory cytokine, enhances secretion of other
cytokines, induces expression on class Il molecules

Stimulates growth and differentiation of eosinophils and B
cells.

Main promoter of Th2 cells. Activates B-cells and promotes
isotype switching to IgA or IgE in response to antigen
exposure. Can also function as an anti-inflammatory cytokine,
by inhibiting the secretion of pro-inflammatory cytokines.

Increases the production of IgA from IgA" B-cells. Promotes
differentiation of IgA" B-cells into IgA plasma cells.

Promotes the differentiation of B cells to plasma cells,
increases IgA secretion, enhances maturation of T cells.

Extra-thymic regulator of y3-1EL differentiation and growth.
Stimulates proliferation of lamina propria lymphocytes
(LPLs), enhances their cytokine release .

Pro-inflammatory cytokine, recruits pro-inflammatory cells
such as neutrophils.

Acts on macrophages to prevent their activation and the
induction of pro-inflammatory cytokines, thus inhibiting T-cell
recruitment into the intestine. Can also stimulate B-cell
differentiation.

Principal cytokine in promoting development of Thl cells.
Defends against intracellular mucosal pathogens.

Activates and expands memory/effector T cells.
Chemoattractant for T cells

Induces IFN- y production, role in developing IELs.

Table 1.1.2: Cytokines- source and function. (Adapted from Kuby 1994b; Feghali and
Wright 1997; Simecka 1998)



the same way, bacteria are neutralised when sIgA binds to adhesins, such as those
found on pilli, preventing the bacteria from binding to the epithelial cell [Williams and
Gibbons 1972]. Bacterial toxins can also be inactivated by sIgA. It is thought IgA can
inhibit assembly of some viral particles within epithelial cells while the antibody is
being transported across the epithelium [Mazanec et al. 1995]. Antigen that crosses the
epithelial barrier can be eliminated by sIgA by complexing with it and transporting it

back across the epithelium [Lamm ef al. 1991].

1.1.2.5 Oral Tolerance

Upon encountering an antigen, the immune system can either develop an immune
response or enter a state of specific unresponsiveness called tolerance. The purpose of
inducing tolerance is to prevent autoimmune responses against self-antigens, a process
which mostly involves deletion of self-reactive T-cells in the thymus during the foetal
and perinatal periods [Schwartz 1989]. However, after these periods, tolerance can also
be induced in the periphery and one of the most effective means of inducing peripheral
tolerance is oral tolerance. Oral tolerance is defined as the induction of a state of
systemic immune non-responsiveness to orally administered antigen upon subsequent
antigen challenge [Wittig and Zeitz 2003]. The main mechanisms of oral tolerance are
clonal deletion, anergy and active suppression [Weiner 1997]. Deletion is through a
process of “programmed cell death”, known as apoptosis. Anergy is the inactivation of
cells to respond to antigen, thought to occur when antigen is presented by an APC
which lack co-stimulatory molecules such as CD80 and CD86. Active suppression
occurs when T-cells secrete immunosuppressive cytokines such as TGF-f3, IL-10 and
IL-4 in response to antigen. Oral tolerance mediated by anergy or clonal deletion
occurs preferentially at high doses of antigen [Friedman and Weiner 1994]. Oral
feeding of high doses results in the loss of antigen-reactive T-cells from Peyer’s
patches, at least some occurring through apoptosis [Chen et al. 1995]. Anergy of CD4"
T cells also occurs at high doses [Hirahara et al. 1995] but different T helper cell
populations vary in their sensitivity. Thl cells are tolerised at lower doses of antigen
than Th2 cells [Friedman 1996]. Oral tolerance due to active suppression occurs at low
doses of antigen. Oral feeding of low doses leads to an increase in the numbers of T-
cells secreting TGF-f3, IL-10 and IL-4, although IL-10 and IL-4 have been shown not

to be necessary for oral tolerance [Simecka 1998-]. TGF- has been shown to be of
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great importance in establishing and maintaining oral tolerance and neutralisation of
this cytokine leads to a break in tolerance [Miller ef al. 1992; Haneda et al. 1997]. The
B-chemokine, MCP-1 [Karpus and Lukacs 1996] and IFN- [Nelson et al. 1996] have
also been found to be important in promoting oral tolerance while IL-12 has been

demonstrated to be capable of preventing oral tolerance [Marth et al/ 1996].
A breakdown of oral tolerance may be the cause of the abnormal immune response to

gluten found in coeliac disease, which leads to the development of a hypersensitivity

reaction in the gut [Wittig and Zeitz 2003].
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1.2 Introduction to Coeliac Disease

Coeliac disease is an inflammatory disease which results from sensitivity to ingested
dietary gluten in genetically pre-disposed patients [Kennedy and Feighery 2000]. The
immune response to gluten in the gut contributes to small intestinal mucosal
inflammation, potentially causing nutrient malabsorption and excessive stimulation of

the gut-associated immune system [Cuoco ef al. 1998].

1.2.1 History of Coeliac Disease

The first description of childhood and adult coeliac disease was written in the second
half of the second century A.D. by Aretaeus of Cappadocia [Cooke and Holmes 1984].
It was he who gave the word coeliac to persons suffering from this condition. The term
comes from the Greek word koiliakos which meant suffering in the bowels and when
translated into Latin the word became coeliac. In 1888, Samuel Gee reported the
"Coeliac Affection". He described the disorder as one which is found in persons of all
ages but especially children, and gives rise to loose, watery, bulky, pale stools. He also
noted that patients suffered from emaciation and cachexia as well as diarrhoea. His
comment "if the patient can be cured at all, it must be by means of diet" was
particularly pertinent, and he recommended a diet avoiding highly starchy food.
Poynton et al, 1914, were the first to correlate pathological and clinical findings in
coeliac disease when they noted the jejunum "showed marked small round-celled
infiltration, prominence of solitary lymph follicles, and congestion and haemorrhage
onto the free surface of the section" during autopsy of a nine-year old boy. Poynton
also noted one patient who could not consume bread and butter without exacerbating
symptoms of the disease [Cooke and Holmes 1984]. In the following years many
recommendations were made regarding what should be included or excluded in the
diet, none of which proved to be conclusive. It was not until 1950 that Dicke proved
that removal of wheat from the diet caused the symptoms and signs of coeliac disease
to disappear, and that the harmful factor occurred in wheat flour but not wheat starch
[Dicke 1950]. Paulley [1954] was the first to describe small-bowel mucosal villous
atrophy with chronic inflammation as a feature of coeliac disease, which he observed
from surgery of coeliac patients. With the introduction of peroral intestinal biopsies in
1957 [Shiner], a diagnosis of coeliac disease on the basis of histology became the

standard.
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1.2.2 Clinical Presentation

The classical clinical symptoms of coeliac disease are diarrhoea, weight loss,
weakness, and in children, failure to thrive [Kennedy and Feighery 2000]. Severe
malabsorption is often a feature of this disease. However in recent years, the symptoms
have decreased with milder, less obvious symptoms prevailing. In children, mild
gastrointestinal symptoms and signs of nutritional deficiencies should suggest possible
coeliac disease [Visakorpi and Maki 1994]. In adults, tiredness, moderate weight loss
and mild abdominal symptoms may be the only signs of coeliac disease [McElvaney et
al. 1992]. Atypical features such as dental enamel defects [Aguire et al.1997],
recurrent oral aphthous ulceration [O’Farrelly ef al. 1991], infertility or miscarriages
may be suffered by patients with coeliac disease [Collin et al. 1996]. Chronic
malabsorption frequently leads to nutritional deficiencies in coeliac patients.
Osteoporosis and iron-deficiency anaemia are the most common. Deficiencies of
magnesium, zinc, copper, selenium, thiamin, niacin, pyridoxine, folic acid, vitamin

B12, and vitamins A, D, E, and K, have been reported [Kennedy and Feighery 2000].

The iceberg model has been used to describe the spectrum of coeliac disease [Farrell
and Kelly 2001] with the “tip” of the iceberg consisting of patients with classical
coeliac disease and the larger “submerged” portion being made up mostly of patients
with silent coeliac disease. The “base” of the iceberg consists of a small group of
patients with latent coeliac disease. Silent coeliac disease is characterised by mucosal
inflammation as seen in classical coeliac patients but with absent, very mild or atypical
symptoms while latent coeliac disease is the term generally given to patients with
positive antibodies but normal or near-normal mucosa who may go on to develop overt

coeliac disease at a later date.

In the gut, coeliac disease is recognised by a characteristic lesion featuring villous
atrophy, crypt hyperplasia and increases in intra-epithelial lymphocyte (IEL) and
lamina-propria lymphocyte (LPL) density [Oberhuber et al. 1999]. Enterocytes may
decrease in height and become more cuboidal in shape. The stages in development of
the coeliac lesion were originally described by Marsh and Crowe [1995]. Oberhuber et
al<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>