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ABSTRACT

The human mucosal lymphocyte antigen-1 (HML-1; CD103) is a member of the [3,
integrin family of adhesion molecules. HML-1 contains a unique o4 subunit which is
thought to play an important role both in the function of this molecule and in the tissue
distribution of cells expressing it. HML-1 is expressed by the intraepithelial CD8" T-
cells found in the gut and lung, and is also expressed by hairy cell leukaemia cells
(HC's) and can be induced on PBL following mitogen stimulation in vitro. This study
investigated both the kinetics of HML-1 expression and the functional role of HML-I
in vitro. HML-1 was upregulated on PHA activated T-lymphoblasts cultured in the
presence of IL-2, reaching a peak of >50% positive cells at day 7, with expression
being maintained at this level throughout the 28 day culture period. Following a
transient decrease in the percentage of L-selectin’ cells, this molecule was maintained
on most PHA T-lymphoblasts. Cells activated by purified protein derivative of M.
tuberculosis (PPD) or in a mixed lymphocyte culture also upregulated and maintained
HML-1 expression for 14 days. In contrast, in all cases the percentage of CD25" cells
rose initially but subsequently declined over the same time periods. When freshly
isolated mononuclear cells from tonsil, spleen, mesenteric lymph node and lung tissues
were analysed, only the lung contained significant numbers (39 + 6%) of cells
constitutively expressing HML-1. In both freshly isolated and activated cell populations
the great majority of HML-1" cells co-expressed CDS8, although some HML-1" CD&
cells were also present. The cytokine TGF-B, has been shown to regulate HML-]
expression on IEL in vitro. TGF-B, was detected early during T-lymphoblast and MLR
cultures but was not related to the induction of HML-1 expression. Immunoprecipitation
studies revealed that the HML-1 molecule expressed on day 10 PHA T-lymphoblasts
was indistinguishable from that found on intraepithelial lymphocytes (IEL) and no
other B, integrin (e.g. o,,) was present on these cells. Although HML-1 expression is
essentially restricted to mucosal lymphocytes in vivo, these experiments show that it is
readily induced and maintained along with co-expression of L-selectin following on
activated CD8" T-cells in vitro. Recent reports have shown that IEL can recognise and
adhere to colorectal-derived tumour cells in vitro. The functional role of HML-I,
together with LFA-1 and other co-expressed adhesion molecules was investigated, to
determine their role in mediating the binding of HML-1" cells to colorectal-derived
tumour monolayers in vitro. A small proportion of HML-1" cells adhered to apical
surface of polarised monolayers of HT29 and CaCo-2 cell-lines. However, gently
disrupting these polarised monolayers with ImM EDTA led to an increase in the
binding of HML-1" cells. This suggested that the ligand for HML-1 is predominantly
expressed on the basolateral surface of these tumour cell-lines. Anti-HML-1 and anti-
CDI11a were the only two antibodies which significantly reduced the binding of HML-1"
cells to the EDTA pre-treated monolayers of HT29 and CaCo-2 cell-lines. Recently, a
putative ligand for HML-1 was identified as being the adhesion molecule E-cadherin,
which is expressed by normal epithelial cells in vivo. Loss of E-cadherin expression by
colon and breast carcinomas is correlated both with high tumour grade and poor tumour
differentiation and indicates imminent tumour metastasis. Using a quantitative in vitro
adhesion assay, HT29, an E-cadherin” colon carcinoma cell-line, and both non-invasive
and invasive colon tumour cells which either express or lack E-cadherin, were co-
cultured with **S methionine labelled HML-1" cells. HML-1" cells were preferentially
incorporated into paracellular spaces of E-cadherin® polarised tumour monolayers.
Inhibition of incorporation of HML-1" cells was only observed with anti-HML-1 or anti-
E-cadherin or following IFN-y treatment. These results support a role for HML-1 in
maintaining localisation of IEL within the intraepithelial compartment, with HML-1
function being dependent upon E-cadherin expression on the basolateral surfaces of
normal mucosal epithelium in vivo.
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CHAPTER 1

GENERAL INTRODUCTION

1.1 THE HUMAN MUCOSAL IMMUNE SYSTEM

The mucosal immune system is composed of lymphoid tissues which are located
within bronchial, intestinal and genitourinary tracts as well as mammary, salivary and
lacrimal glands. In terms of cellular mass, the total number of leucocytes found within
the mucosal immune system by far exceeds the total amount of lymphoid cells found in
the thymus, bone marrow, spleen, and lymph nodes combined. The mucosal immune
system also expresses its own unique immunoglobulin, IgA, found at mucosal surfaces
in quantities that are in excess of all the other immunoglobulins combined. Mucosal
surfaces represent a vast surface areas that are exposed to many external immunogens,
including air-borne antigens such as pollen, animal dander, house dust mite, oral food
antigens and chemical additives, all of which can cause immune delayed-type
hypersensitive reactions in atopic individuals (Mowat, 1987). In addition, the mucosal
surfaces are prone to colonisation and invasion by many microorganisms with the

intestinal lining alone containing over 500 species of enteric bacteria present on many



square metres of columnar epithelium. The mucosal surfaces provide a physical barrier
sustained by epithelial cells and mucins and a low pH environment in the bronchial,
gastrointestinal and genitourinary tracts. The elimination of mucosal pathogens is
mediated in a number of ways which include, macrophage (M®) and granulocyte
phagocytosis, the combined release of reactive oxygen species and proteolytic enzymes
plus the presence other anti-microbial and anti-viral factors such as: zinc, lysozyme,
lactoperoxidase, transferrin, complement, fibronectin and defensins, all of which inhibit
the establishment of potential mucosal pathogens (Tramont & Hoover, 1995). In
addition, the mucosal motor activity (peristalsis and ciliary function) maintain the flow
of mucosal constitiuents, reducing the interaction of potential pathogens with epithelial
cells, and the presence of substances such as gastric acid and intestinal bile salts all
create a mucosal environment unfavourable to the growth of pathogens (Tramont &
Hoover, 1995; Cohen et al, 1990). Therefore, host defence at a mucosal surface requires
the combined involvement of non-immunological functions and the innate and acquired

cellular defence mechanisms of the mucosal immune system.

1.1.1 MUCOSAL ASSOCIATED LYMPHOID TISSUES

To elicit a mucosal immune response, antigens must be transported across the
columnar epithelium to be processed and presented to the effector cells of the mucosal
immune system. Within the mucosal immune system there are distinct morphological
regions or 'follicles’ where antigen sampling occurs and are referred to as organised-
mucosal associated lymphoid tissues (O-MALT). The bronchial, genital mucosal
surfaces and the intestine tissues have O-MALT follicles whose numbers may change

over time depending upon antigen exposure (Owen & Ermak, 1990). Most occur as
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single regions, scattered along the bronchial and the gastrointestinal tracts, but increase
with frequency in the colon and rectum. Larger mucosal aggregates also exist; these
include the tonsils, Peyer's patches of the small intestine and the appendix (Owen &
Nemanic, 1978). The distribution of these specialised mucosal aggregates is along both
the bronchial associated lymphoid tissues (BALT) and gut associated lymphoid tisssues
(GALT); these sites are important in the transport and presentation of mucosal antigens

in vivo.

1.1.2 ORGANISED MALT

The most extensively studied are the organised-GALT (O-GALT) regions called
Peyer's patches which are found predominantly in the small intestine and number
approximately 200 in a young adult. Peyer's patches consists of up to 100 follicles
(Figure 1). These follicles contain a dome shaped mucosal surface which is devoid of
villi, but contain specialised flattened epithelial cells called microfold cells (M-cells)
whose characteristics include poor brush boarders, a thin glycocalyx and cytoplasm
abundant with pinocytic vesicles (Pappo et al, 1988). However, M-cells are virtually
devoid of any proteolytic machinery. The function of M-cells is the transcytosis of
luminal antigens from small and large intestine by the processes of pinocytosis and
phagocytosis (Kracheunbul & Neutra, 1992). They transport intact antigens across their
cell body and release the undegraded antigen into the subepithelial dome for processing
by professional antigen presenting cells (APC) such as mucosal dendritic cells, M® and

B-cells present throughout the mucosal organised follicule, as shown in Figure 1.



ENVIRONMENT
SAMPLING ~> ZmeE ¢ EFFECTOR SITE

ORGANIZED MUCOSAL DIFFUSE MUCOSAL
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( O-MALT) \ ( D-MALT)

Figure 1. Antigens are transported into the mucosa by specialised cells, M-cells. found in
O-MALT of the intestine and bronchi. Following antigen stimulation in O-MALT, effector
T and B lymphocytes migrate to distal glandular and mucosal sites were the IgA”™ B-cells
terminally differentiate into secretory IgA plasma cells. sIgA is transcytosed across the
epthelial cells and released into secretions where it interacts with luminal antigens. Adapted
form Kraehenbuhl ef al., (1992) The American Physiological Society. Vol. 72, page 853-

879.



1.1.3 DIFFUSE MALT

The antigen-primed effector and memory cells within the O-MALT follicles
migrate to distal efferent lymph nodes and mucosal tissues where they constitute part of
the diffuse-MALT (D-MALT) protecting mucosal sites throughout the body. The
combined roles of O-MALT and D-MALT play an important part in antigen trapping
and the generation and differentiation of mucosal lymphoid cells (Dunkley & Husband,
1987). Due to the importance of both O-MALT and D-MALT at mucosal surfaces, the
collective term, MALT, will be used in reference to both types of mucosal associated

lymphoid tissues.

1.2 MUCOSAL LYMPHOID CELLS

The host defence at mucosal surfaces is achieved by a gamut of leucocytes
which include B and T-lymphocytes, natural killer cells (NK cells), neutrophils, mast
cells, and professional APC such as macrophages (M®), dendritic cells and Langerhans
cells. All these cell-types have distinct immunological roles in the protection of mucosal
surfaces and display morphological and phenotypic characteristics similar to their
peripheral blood counterparts. Most information concerning cellular mechanisms
required for immune protection at mucosal sites has come from many studies which
have dissected and analysed the role of these various leucocyte populations which
populate MALT such as, follicles of Peyer's patches and bronchial, gastrointestinal and

genitourinary tracts.



1.2.1 LYMPHOID CELLS WITHIN O-MALT

Lymphoid cells which reside within organised lymphoid tissues such as Peyer's
patch follicles are involved in both antigen-driven and antigen-independent immune
responses (Owen & Nemanic, 1978). Leucocytes within these follicles are
compartmentalised into certain follicular zones to optimise their cellular functions.
Directly below the mucosal epithelium, is the 'dome' area which is heavily populated
with professional APC which specialise in antigen entrapment and presentation. These
APC include, follicular dendritic cells within the germinal centre, interdigitating cells
with long cell processes for close contact with lymphocytes of the parafollicular zones,
M that are present in all the regions but concentrated in the corona, and B-cells in the
corona and follicle. Intestinal antigens are shuttled from the lumen into the subepithelial
dome area via M-cells. APC have the capacity to internalise and proteolytically degrade
exogenous foreign antigens into peptides of approximately 15 amino acids in length and
this process occurs in the cytoplasmic endosomal compartments of these cells. The 15-
mer peptides are then bound in the antigen binding grooves of the major
histocompatibility complex (MHC) class II molecules, which are also present in these
cytoplasmic endosomes. The MHC class II-peptide complex is subsequently transported
to the surfaces of APC ready for the presentation to CD4" T -helper lymphocytes
(Brown, 1988). The progeny of these antigen-stimulated cells subsequently migrate and
populate distal mucosal sites for immune protection. In addition, antigen-independent
cellular immune responses also occur within follicular-associated epithelium; these
include mucosal macrophages phagocytosing small intestinal pathogens which have
managed to transverse the mucosal epithelium. However, antigen-independent immune

responses do not confer immunological 'memory' as observed with B and T



lymphocytes, which can elicit secondary immune responses to recall antigens within

these sites.

1.2.2 LYMPHOID CELLS WITHIN D-MALT

Gut-associated lymphocytes (GALT) have specific phenotypic and functional
characteristics distinguishing them from lymphocytes from other lymphoid tissues. The
effector compartment of the mucosal immune system comprises intraepithelial
lymphocytes (IEL) and lamina propria lymphocytes (LPL). These two populations differ
not only in their location by being physically separated by a basement membrane but

also in their phenotypic and functional characteristics.

1.2.3 INTRAEPITHELIAL LYMPHOCYTES

Gut IEL from humans, mice and rats are predominantly T-lymphocytes residing
between the intercellular spaces of intestinal epithelial cells in vivo. IEL are the major
cell population within the intestinal epithelium, with the T-cell subset ratio being
approximately 90% CD8" T-cells and 10% CD4" helper T-cells. CD8" IEL express a
cell surface T-cell receptor (TCR) combined with the signal transducing complex CD3
and the CD8 accessory molecule. CD8" IEL are thought to respond to endogenous self
peptides on the surface of all nucleated cells either in the context MHC class I molecules
like their peripheral blood CD8" T-cell counterparts, or to as yet unknown antigen
presenting molecules. CD8 IEL can be further sub-divided into two populations based
on their CD8 accessory molecule and TCR chains. Both of these molecules are

heterodimeric glycoproteins consisting of a o and p chains, whose structures can be

used as markers for classification of IEL subsets; the first CD8" IEL subset co-express



op-CD8 and oB-TCR molecules on their cell surface. This is the predominant CD§8
[EL phenotype present throughout the human MALT (Guy-Grand & Vassalli, 1993),
and is also phenotypically identical to both peripheral blood CD8" T-cells and other
CDS8" T-cells residing within the lamina propria. The remaining human IEL phenotype
consist either of a homodimeric oo-CD8 chain and o-TCR or aa-CD8 expressing a
v8-T-cells. These two particular a.-CD8 IEL expressing populations are thought not to
recognise antigen in the context of MHC class I and possibly recognise a different
antigen repertoire compared to the former CD8" IEL (Goodman & Lefrancosis, 1988;
Lin et al, 1994). Other T-lymphocyte cell surface markers found on these IEL subsets
include CD45RO (180 kD glycoprotein) the 'memory' marker for T-cells which have
differentiated in response to their cognate antigen. A large population of IEL also
express high levels of CD2, whose high level of expression is usually found on
immature thymocytes (Guy-Grand & Vassalli, 1993). IEL also express the co-
stimulatory markers CD28 and CD69 which have previously been shown to be essential
for antigen-dependent T-cell activation in vitro (Johnston et al, 1996). IEL also contain
proteolytic degenerative enzymes present in their cytoplasmic granules; this
morphological characteristic is only present in activated CD8" PBL (Guy-Grand er al,
1991) Previous studies show that IEL are hypo-responsive to either mitogenic or lectin
stimulation in vitro (Ebert, 1989,b). However, IEL can be induced to proliferate in
response to stimulation with anti-CD2 or anti-CD3 monoclonal antibodies (mAb's)
(Ebert, 1989,a). The in vivo physiological role of IEL is still unclear. It has been
postulated that IEL are essential for both the elimination and prevention of the
establishment of enteric pathogens plus the removal of viral infected cells within the

mucosal intraepithelial compartments. In addition, IEL have the capacity to recognise



and kill transformed epithelial cells in vitro (Russell et al, 1994; Roberts et al, 1993,a ;

Klein & Kagnoff, 1987).

1.2.4 LAMINA PROPRIA LYMPHOCYTES

Lamina propria lymphocytes (LPL) are localised directly beneath the
subepithelial basement membrane. They are phenotypically distinct from IEL with a 2: 1
CD4 : CDS8 ratio similar to that of peripheral blood T-lymphocytes (PBL). The
phenotypical characteristics of LPL suggest that they have undergone prior T-cell
activation, they express the CD45RO isoform of memory T-cells and have increased
CD25 (interleukin-2 receptor o) and MHC class II expression. As with CD4" T-helper
cells (TH) found in non-epithelial sites the LPL CD4" T-cell population can also be
subdivided into two main subsets based on their cytokine profiles; The first is the T-
helper type 1 (TH,) cells which typically secrete a variety of immune mediators which
include interleukin-2 (IL-2), IL-12, tumour necrosis factor-p (TNF-B), granulocyte-
macrophage colony-stimulating factor (GM-CSF) and interferon y (IFN-y) and are
predominantly associated with antigen-driven immune responses which include
providing help for CD8" cytotoxic lymphocytes (CTL) via IL-2 production. The T-
helper type-2 (TH,) cells have been shown to produce the cytokines, 1L-4, IL-5, IL-6,
IL-10, and IL-13. TH, cells have been shown to orchestrate antibody-mediated immune
responses throughout the body, plus the terminal differentiation of mucosal IgA" B-cells

into plasma cells within O-MALT (Kraehenbuhl & Neutra, 1992).



1.2.5 MUCOSAL B-LYMPHOCYTES AND IgA PRODUCTION

Mucosal B-cells are distributed both within the O-MALT and in the lamina
propria compartment of D-GALT with less than 2 percent of cells in the mucosal
intraepithelial compartments being B-cells. Mucosal aggregates such as Peyer's patches,
are sites where molecular and cellular changes occur for B-cells. Naive antigen
dependent B-cells which are recognised by their phenotypic surface markers CD19,
CD20, CD22 and immunoglobulins IgD & IgM, leave the bone marrow and migrate
into the peripheral circulation whereupon they traffic into secondary lymphoid follicules
such as lymph nodes and Peyer's patches. O-MALT IgM' / IgD" B-cells found at
follicular sites such as Peyer's patches respond to cognate antigen challenge and IL-5
secretion by antigen activated CD4"™ TH, cells and migrate from the dome region to the
germinal centres, whereupon further TH, cytokines, IL-4, IL-5, IL-6 and transforming
growth factor-B (TGF-B) cause an immunoglobulin isotype switch from IgD / IgM to
IgA expressing B-cells (Harriman et al, 1988). Finally, in response to IL-6, IgA" B cells
terminally differentiate into secretory IgA plasma cells which phenotypically lack CD22

expression, as shown in Figure 2.
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Figure2. Represents the role of lymphokines in B-cell maturation and IgA
production at mucosal sites. Naive IgM"/IgD" B-cells in the dome region of O-MALT
express IL-5 receptors when activated by antigen. IL-5, IL-6 and TGF-B1 secreted by
Th, T-cell causes B-cells to proliferate and migrate into germinal centres and surface
isotype switch into IgA™ B-cells. These cells then migrate to D-MALT and in
response to IL-6 and IgA™ B-cells undergo terminal differentiation into polymeric IgA
producing plasma cells. Adapted from Kraehenbuhl er al,. (1992) The American
Physiology Society. Vol. 72, page 853-879.
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The structure of IgA is important in determining whether IgA is destined for
regulating host defences at the lumen of mucosal surfaces or in the peripheral blood
circulation. IgA can be found in monomeric or polymerised forms depending upon the
nature of the immunological site, the polymerisation of IgA is based on its C-terminal
cysteine residue present on the IgA heavy chain, allowing IgA to become a bivalent
molecule which is held together by J (joining) chain also specifically produced by
mucosal B-cells. The dimer form of IgA is secreted from plasma cells and is
subsequently bound to the basolateral surface of mucosal epithelial cells by secretory
component (SC) via the J-chain of the IgA dimer. Once bound to surfaces of the
epithelial cell the whole complex is endocytosed into vesicles this prevents the IgA
dimer from being digested by cytosolic proteolytic enzymes. These IgA-containing
vesicles are then transported to the apical surface of the epithelial cell. The involvement
of the J-chain and SC molecules allows the IgA to be focused towards the mucosal
lumen and enhances the survivability of IgA within the mucin glycocalyx. Secretory
IgA (sIgA) is involved in immune exclusion at mucosal surfaces, by preventing the
establishment of enteric pathogenic bacteria and by facilitating the entrapment and
proteolytic degradation of mucosal immunogens (Underdown et a/, 1986). In addition,
monomeric IgA prevents the potentially harmful effects of circulating mucosal antigens
by rapidly clearing them to form immune complexes for hepatic degradation. sIgA is
very important in establishing passive mucosal immunity in neonates; the mammary
gland secretes sIgA as a constituent part of breast milk; this is ingested by the newborn
and this confers the first stage of development of the neonates immune system during a
critical peroid of immune incompetence. sIgA protects the gastrointestinal mucosal

surfaces from opportunistic infections from potential enteric pathogens and
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subsequently aids the colonisation of the intestinal mucosal secretions with normal
microbial flora also carried over in breast milk. In addition, mucosal cells are ingested
by the new born when suckling; these are predominantly M® and polymorphonuclear

cells whose role is the phagocytosis of intestinal pathogens.

1.2.6 MUCOSAL NATURAL KILLER CELLS

Natural killer cells (NK) are not a major effector cell population found at
mucosal sites, but instead are found in much higher numbers in the peripheral blood
circulation where they range from 2-15% of the total number of peripheral blood
leucocytes. They originate in the bone marrow from a lymphoid precursor stem-cell and
differentiate into mature NK-cells which enter into the peripheral circulation. They
recirculate through peripheral tisssues but are infrequent in peripheral lymph nodes,
spleen and only found in small numbers in the intestinal lamina propria. Naive and
memory B and T lymphocytes recirculate continuously between the peripheral
circulation, lymphatics and peripheral tissues. The circulation route of NK cells differs
in that they migrate in a one-way path from their tissue of origin via the peripheral
circulation and eventually to their final destination into distal sites such as the lung, liver
and other tissues (Hamann, 1992). NK cells can kill both autologous and allogeneic
tumours in an MHC-unrestricted manner specifically recognising a lack of MHC class I
antigens on target cells. Many poorly differentiated tumours lose their class I HLA
expression; including melanomas and colorectal carcinomas (Jain, 1996), which become

susceptible to NK cell cytolysis in vivo.

Immunohistochemical studies have shown that mucosal NK cells express the
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cell surface differentiation antigen phenotype CD2" CD56° CDI16 with a small
population expressing the CD8 accessory molecule but lack the CD3 / TCR complex.
This phenotype differs from their peripheral blood NK cell counterparts which also
express CD16 and CD57 molecules. NK cells found within mucosal tissues are thought
to be responsible for the removal of both virally infected cells and MHC class I negative
tumour cells, but to date no TCR-like receptor(s) has been identified which is
responsible for NK cell activity. NK cells can mediate antibody dependent cellular
cytotoxcity (ADCC), a mechanism in which antibody coated target cells are killed by
effector cells which bind via their Fc receptors which specifically recognise the Fc
domain of the immunoglobulin (Trinchieri, 1989). Peripheral blood NK cells express
FcR in particular CD16 which is an FcR for [gG1 and IgG3 isotypes. As mentioned, NK
cells within mucosal sites such as the intestine are only found in small numbers;
however within the female genitourinary tract NK-like cells known as decidual granular
lymphocytes (DGL) are abundant in non-pregnant human endometrium. There is a
cyclical accumulation of DGL in utero, these cells peaking during the secretory phase.
They express a distinct phenotype being CD3™ CD56° CD16 and also express the
intermediate affinity IL-2 receptor B-chain (p75; CD122) (Christmas et al, 1990; Deniz
et al, 1994). These cells are more predominant in early pregnancy when they total over
50 percent of all leucocytes in first trimester decidualised endometrial tissue (Bulmer et
al, 1991). The immunological role of DGL in first trimester of pregnancy is still
undefined. However, DGL reside in the maternal decidual tissue which is in close
proximity to the invasive extravillous cytotrophoblast, which is a fetal tissue devoid of
any classical HLA-A or HLA-B alloantigen expression. This would normally leave most

tissues susceptible to NK cytolysis, but the invasive cytotrophoblast expresses a novel
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