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ABSTRACT

In this thesis, the expression and regulation of cell adhesion molecules (CAM) 
in the intestinal microenvironment during the development of human fetal 
intestine, in inflammatory bowel disease and in a fetal gut organ culture model 
in which a T cell mediated enteropathy can be generated are described.

When immunohistochemistry was used to study GAM expression in normal 
human fetal intestine, the distribution of IGAM-1 and VGAM-1 expression 
suggested these molecules may be involved in the accumulation and 
organisation of gut associated lymphoid tissue.

In fetal gut organ cultures, in which local T cells were stimulated with 
mitogens, the expression of IGAM-1, VGAM-1 and E-selectin was increased 
compared to control cultures, whereas the expression of P-selectin and 
PEGAM-1 was not. Immunosuppressive agents cyclosporin A, FK506 and 
dexamethasone prevented the increase in GAM expression in most cases. 
However addition of cyclosporin A to mitogen stimulated fetal gut organ 
cultures increased and prolonged E-selectin expression. This unexpected 
finding was only seen with cyclosporin A but not with other immuno
suppressants. Experiments with isolated endothelial cells suggested it was not 
a direct effect of cyclosporin A on endothelial cells, but was a consequence of 
cells or cellular products acting in the mucosal micro-environment.

Endothelial GAM expression in Grohn's disease, before and after treatment 
with enteral nutrition or cyclosporin A was investigated. Despite significant 
clinical and histological improvement after treatment, no change in the level of 
GAM expression was noted suggesting that low level chronic inflammation 
continues in clinical remission.

The expression of homotypic epithelial cell adhesion molecule, E-cadherin was 
studied in normal and inflamed intestine. The most significant finding was 
comparatively lower expression of E-cadherin by the ulcer associated cell 
lineage in Grohn's disease, in line with reparative function and higher mobility 
of this lineage.

Finally, monoclonal antibodies were raised against mitogen stimulated fetal gut 
in search of novel antigens induced in intestinal inflammation. Several clones 
were produced which were reactive with an antigen expressed by neutrophils 
and epithelial cells. Epithelial expression of this antigen was upregulated in 
intestinal inflammation. The antibodies were shown to recognize members of 
the carcinoembryonic antigen (GEA) protein family. GEA proteins act as 
adhesion molecules and the increased expression may result in increased 
epithelial stability in inflammation.
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CHAPTER 1

1.0 INTRODUCTION

The gastro-intestinal tract is exposed to a wide range of foreign antigens and 

pathogenic microorganisms. Although a physical barrier composed of a single 

layer of columnar epithelial cells and overlying mucus separates the lumenal 

contents from the lamina propria, the main protection against foreign antigens 

is provided by the specialised local immune system of the mucosa, called the 

gut associated lymphoid tissue (GALT). The GALT, besides its protective 

function, plays a major role in the development of several important diseases 

of the intestinal tract.

In this chapter the function and the development of GALT, immunopathology 

of the intestinal tract and models of immune mediated intestinal diseases will 

be briefly described to give a background for the studies presented in this 

thesis.

1.1 GUT ASSOCIATED LYMPHOID TISSUE

GALT can be divided into two components differing in their structure and func

tion; first, organized lymphoid tissues and second, lymphoid cells of the lamina 

propria and epithelium. In this section these two components will be described 

in some detail. Furthermore an outline of the cell adhesion molecules with 

special reference to GALT will be given and ontogeny of GALT will be briefly 

discussed.

1.1.1 Organized lymphoid tissues

1.1.1.1 PEYER'S PATCHES

First described in the 17*  ̂ century by Johanni Conradi Peyeri, Peyer's patches
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are aggregates of lymphoid cells predominantly found in the distal small 

intestine (terminal ileum). They are formed by variable numbersof lymphoid 

follicles and extend from the specialized epithelium covering the mucosa 

through muscularis mucosa down to submucosa. Comes has defined a 

Peyer's patch as a collection of 5 or more lymphoid follicles - a classification 

not agreed by all investigators\ He has found that around 100 Peyer's patches 

exist in neonatal intestine. In later ages the number of patches increases two 

to three fold, then declines in the elderly, so that similar numbers are observed 

in the neonate and the elderly^.

Microscopically the most prominent feature of the Peyer's patch is the 

lymphoid follicle which is composed of a follicle centre, a thin mantle zone and 

a marginal zone which generally surrounds the mantle^. On the lumenal side 

of the follicle the marginal zone merges into a mixed cell infiltrate which 

covers the dome of the Peyer's patches. Histologically the marginal zone is 

similar to the marginal zone of the splenic white pulp. It is composed 

predominantly of small B cells with cleaved nuclei (so called centrocyte-like 

cells). The mixed cell infiltrate of the dome region is composed of plasma 

cells, dendritic cells, macrophages, small lymphocytes and centrocyte-like 

cells^. The centrocyte-like cells infiltrate the overlying epithelium. The 

interfollicular area on the basolateral side of the follicle contains the high 

endothelial venules (HEV) and the T cell zone.

Immunohistochemical staining for immunoglobulins shows that the mantle 

zone lymphocytes express surface immunoglobulin (Ig) M and IgD and the 

centrocyte-like cells of the marginal and the mixed cell zone stain for surface 

IgM and/or IgA^. On the other hand the follicle centres contain a network 

staining of immunoglobulin of all isotypes except IgD. The majority of plasma 

cells are seen in the mixed cell zone. They contain cytoplasmic IgA I, lgA2,

IgM and IgG in order of decreasing frequency^.

T cells are predominantly seen in the T cell zone around the HEV and in the 

mixed cell infiltrate of the dome region^. The majority of these express CD4.
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Many non-lymphoid class II major histocompatibility antigen (MHC) positive 

cells are also present in normal Peyer's patches particularly in the dome and T 

cell areas. Some of these cells have macrophage-like morphology; others are 

dendritic cells, and they are heterogeneous for surface markers^"^.

The epithelium covering the dome of the Peyer's patches which is called the 

follicle associated epithelium (FAE) is different from the normal intestinal 

epithelium of the surrounding glands. There is no, or very little, secretory 

activity or goblet cells. The majority of cells covering the dome epithelium are 

cuboidal absorptive cells which are strongly MHC class II positive® and do not 

express secretory component®. Ultrastructurally, cells with short irregular 

surface microvilli or microfolds and many cytoplasmic tubules, vesicles and 

vacuoles are seen scattered amongst cuboidal absorptive cells in the FAE^. 

These cells are called "microfold or membranous (M) cells" and develop from 

the same crypt epithelial cell precursors as the villus epithelial cells®. In animal 

studies, they have been shown to carry intact molecules®'^^ and 

microorganisms^^’̂ ® from the lumen to the dome region of the Peyer's patches 

where the immunocompetent cells reside. Increased numbers of helper T cells 

within close proximity of M cells have also been reported^" .̂ However M cells 

do not seem to express MHC class II antigens in humans® and may not be 

directly involved in antigen presentation, though there is evidence to the 

contrary in animal studies.

The role of the Peyer's patches in the generation of humoral immune response 

in the gut has been shown only using animal models. The experimental 

evidence suggest that the generation of IgA immunoblasts occurs in the 

Peyer's patches after contact with antigen^®'^  ̂ . It is believed that the 

microenvironment of Peyer's patches influences the switch from IgM/lgD  

surface positivity to IgA, unlike lymph nodes where the isotype switches to 

IgG^®. These immunoblasts then populate the intestinal mucosa with plasma 

cells secreting antigen specific IgA^®. It is not known whether this also occurs 

in man.
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1.1.1.2 THE APPENDIX

The appendix is a finger like blind sac originating from the caecum. It is lined 

by colonic epithelium and contains numerous lymphoid follicles. The organiz

ation of lymphoid follicles is very similar to Peyer's patches and 

immunohistochemistry reveals similar distribution and phenotype of B and T 

cells"°.

1.1.1.3 ORGANIZED LYMPHOID TISSUE OF THE COLON  

Single lymphoid follicles are also seen along the colonic mucosa which are, 

morphologically, very similar to Peyer's patches. Colonic follicles are always 

solitary. They penetrate into the muscularis mucosa and the follicle extends 

from the mucosa into the submucosa. The dome of the follicle is covered by 

specialized FAE containing M cells^\

1.1.2 Lymphoid cells of the lamina propria and epithelium

1.1.2.1 B CELLS AND PLASMA CELLS

Lamina propria of human intestine contains considerable numbers of B cells 

and many plasma cells. Roughly 70-80%  of all immunoglobulin secreting 

plasma cells are in the intestinal mucosa^^. The majority of the plasma cells 

(80%) secrete IgA. Fewer secrete IgM and still fewer IgG. The secreted IgA is 

dimeric and the majority of IgA secreting immunocytes contain J chain. In man 

there are two subclasses of IgA; IgAI and lgA2. In the blood and peripheral 

lymphoid organs, IgAI predominates over lgA2 (4:1) where as in the gut they 

are present in approximately equal amounts^^.

1.1.2.2 T CELLS

Two major populations of T lymphocytes are found in the human intestine in 

addition to T cells present in Peyer's patches: the lamina propria T  

lymphocytes and intraepithélial T lymphocytes (lEL).

Lamina propria T cells are located in the villi and around the crypts. The 

majority are CD4 positive with a similar CD4/CD8 ratio to the peripheral
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blood^"*’̂ ®. CD4 positive cells of the lamina propria, when activated, increase Ig 

secretion by B cells and thus have helper function^®. On the other hand, CD8  

positive T cells isolated from the lamina propria (^n  inhibit B cell Ig secre

tion^ .̂ Intestinal T cells can also mediate anti-CD3 rrfediated cytotoxicity^®. 

Activation status of the lamina propria T cells has been investigated by looking 

at the GD25 expression. Immunohistochemical studies on frozen section 

revealed no GD25 expression by T cells in normal intestine^®. With flow 

cytometric analysis a small proportion of T cells were found to express 

activation markers like MHC class II and CD25®°. However in non human 

primates high levels of interleukin (IL)-2 mRNA were detected in T cells of 

normal intestine®^ Many of the lamina propria T cells express CD45RG®® ®® but 

not L-selectin®"  ̂ and are probably memory cells . Approximately 90%  of the 

lamina propria T cells express the ap T cell receptor, the rest express the yô 

T cell receptor®®.

lEL are located just above the basal lamina between the epithelial cells. In the 

human intestine lEL/epithelial cell ratio is approximately 1/5. The majority of 

lEL are CD3 positive, 10-20%  being CD3 negative but CD7 positive®®. 

Approximately 90% of CD3 positive lEL use the ap T cell receptor. The rest 

use the y6 T cell receptor®^. In contrast to the lamina propria T lymphocytes, 

80%  of the ap T cells in the epithelium express the CD8 surface antigen. The 

majority of yô T cells are double negative, staining neither for CD4 nor CD8. 

Monoclonal antibodies (HML-1, Ber-Act8) have been produced that exclusively 

recognize lEL and approximately 40%  of lamina propria T cells®®'®®. The 

antigen recognized by HML-1 is an integrin composed of a^ and p̂  chains'^®. A 

very small proportion of peripheral blood lymphocytes express this integrin. 

However expression can be induced after chronic in vitro stimulation, suggest

ing that this antigen is an activation antigen®®. It has been shown that lEL use 

a^p7  integrin to attach to intestinal epithelial cells'̂ '̂'*®. More recently the ligand 

responsible for this interaction has been shown to be the epithelial cell 

adhesion molecule E-cadherin"^®.

Cytokines secreted by T cells may have important functions in the regulation
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of immune response in the intestinal mucosa. For example IL-4 and IL-5 help 

in isotype switch to Not surprisingly, in non-human primates activated

intestinal T cells express higher levels of IL-4 and IL-5 compared to T cells 

isolated from other sites'̂ ®. However in vitro these T cells do not effect the 

class switch by B cells suggesting the B cells are already primed to switch to 

IgA before they were recruited to the lamina propria. They also express IL-2 

like T lymphocytes of other sites. In humans it is known that lEL can express 

large quantities of IL-2 and interferon-y after stimulation"^^.

1.1.2.3 ANTIGEN PRESENTING CELLS

Induction of a T cell mediated immune response usually requires the presence 

of accessory cells which can process and present antigens. Generally 

extracellular foreign antigens are presented to GD4 positive T cells by the 

MHC class II molecules expressed on the surface of the antigen presenting 

cells. In the intestinal mucosa B cells, macrophages, dendritic cells and 

epithelium express MHC class II molecules on their surfaces and are expected 

to be involved in antigen presentation.

In the intestinal mucosa macrophages are heterogeneous phenotypically and 

functionally and subpopulations are found at specific sites 

Mahida et ai showed that mononuclear cells isolated from normal intestine can 

present antigen in a mixed lymphocyte reaction"^®. These cells were adherent 

to fibronectin and showed phenotypic characteristics of both macrophages and 

dendritic cells. These results and experiments performed in other species 

suggest that a subpopulation of lamina propria mononuclear cells with the 

properties of both dendritic cells and macrophages can process and present 

antigen to T cells.

B cells can present antigen in a number of ways. They can specifically 

recognize the antigen by the antigen receptor (surface Ig), internalize, process 

and present it to T cells. They can use the Fc receptor to take up the immune 

complexes®®'®  ̂ or complement receptors to take up complement coated 

bacteria. They also sample the microenvironment by pinocytosis and can
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present the antigens taken up in this way. However the ability of intestinal B 

cell to present antigen has not been studied in detail in human.

In normal small intestine MHC class II antigens are constitutively expressed by 

the epithelium covering the villi®. However the crypts of the small intestine and 

colon generally do not express MHC class II molecules®^. The expression can 

be induced in crypts and colon during an inflammatory response. The ability of 

intestinal epithelial cells to present antigen was first shown by Bland and 

Warren in rats. They showed that isolated intestinal epithelial cells can present 

antigen (ovalbumin) to primed syngeneic T cells®®. Surprisingly the responding 

T cells were CD8 positive and had suppressor effect on proliferation of T cells 

in response to antigen®' .̂ Similar findings were reported by Mayer and Shlien in 

humans®®. They showed that isolated human enterocytes could present 

tetanus toxoid to primed syngeneic T lymphocytes and when incubated with 

allogeneic T lymphocytes could support mixed lymphocyte reaction. The 

proliferating cells, again, had the CD8 positive phenotype and suppressor X 
activity. In vivo the obvious candidate for epithelial cells to present antigen is 

the lEL, the majority of which is CD8 positive. However there is no 

experimental evidence yet to suggest that this occurs under physiological 

conditions.

Intestinal epithelial cells have been shown to present exogenous bacterial 

superantigens to T cells suggesting that a superantigen driven mucosal 

immune response may occur in health and in chronic inflammatory states®®.

1.1.3 Cell adhesion molecules of the immune system

The last ten years have seen an explosion in our understanding of the 

mechanisms that regulate leukocyte traffic into and out of the tissues. These 

mechanisms allow leukocytes to patrol the body, increasing chances of 

encountering infectious agents. When the pathogen is confronted, an immune 

response with leukocyte activation and recruitment of other leukocytes to the 

site of injury is generated. This would, normally, result in elimination of the
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pathogen and restoration of homeostasis.

The movement of leukocytes from blood to tissues is achieved by receptor- 

ligand pairs expressed by leukocytes and endothelial cells. The expression 

and function of these molecules is carefully regulated by cytokines and 

chemotactic factors to accomplish selective recruitment of leukocytes to 

specific sites.

Molecular characterization of these cell adhesion molecules (CAM) have 

shown that the majority are either members of the Ig superfamily, the selectin 

family or the integrin family.

In the following sections the properties of individual CAM belonging to each 

family will be described, and an overview of either the definitive or the 

hypothetical role of these molecules in leukocyte traffic into the gut under 

physiological conditions and during an immune response will be presented.

1.1.3.1 INTEGRINS

Integrins are a complex family of divalent cation dependent cell adhesion 

receptors composed of an a  and a p subunit non-covalently bound to one 

another®^. The a  and P chains form at least 21 different integrin heterodimers 

expressed by a variety of cells including leukocytes. The alpha chains vary in 

size between 120-180 kD, while beta chains are smaller-around 90-100 kD. 

Both chains are transmembrane glycoproteins with hydrophobic 

transmembrane segments®^. The N termini of both chains join together to form 

the ligand binding site. Cytoplasmic domains of a  and p chains interact with 

cytoskeletal proteins and with other cytoplasmic components.

The specificity and affinity of a given integrin heterodimer can be modulated. 

This is achieved by a conformational change in the integrin structure after 

cellular activation. The best examples for this kind of change in affinity after 

cellular activation are seen in pg a„b integrin®® and pg integrins®®.
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In addition to their adhesive properties, integrins can also function as 

signalling receptors. In many cell types, engagement of integrin receptors 

leads to tyrosine phosphorylation and cytoplasmic alkalinization, possibly by 

synergizing with other signals such as cytokines®^.

The integrins expressed by the leukocytes, their distribution and ligands are 

shown in Table 1.1. The integrins which play a role in the adhesion of 

leukocytes to the endothelium are discussed in the following pages under the 

heading of the endothelial CAM they bind.

Subunits Expression in 
Leukocytes

Ligands

P i  « 1 Activated T and B cells Collagens, Laminin

P l  « 2 Activated T cells Collagens, Laminin

P l  « 4 B and T cells, monocytes Fibronectin, VCAM-1

P l  « 5 T cells and thymocytes Fibronectin

P i  « 6 T cells Laminin

P 2 « L B and T cells, 
Granulocytes, Monocytes, 
NK cells

ICAM-1, ICAM-2, ICAM-3

P 2 Monocytes, Granulocytes, 
NK cells

C3b, Fibrinogen, Factor X, ICAM-1

P 2 « X Monocytes, Granulocytes, 
NK cells

Fibrinogen, C3b

P 3 ^ llb Platelets Fibrinogen, Fibronectin, Vitronectin, 
von Willebrand factor, Thrombospondin

P 3 « V Activated B cells. 
Monocytes

Fibrinogen, Fibronectin, von Willebrand factor. 
Collagen, Thrombospondin, Vitronectin

Ps Monocytes Vitronectin

P? « 4 B and T cells, NK cells. 
Eosinophils

Fibronectin, VCAM-1, MadCAM-1

Py Activated T cells, lEL E-cadherin

Table 1.1: Leukocyte integrins, their distribution and iigands.43,57, 60,61
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1.1.3.2 THE IMMUNOGLOBULIN SUPERFAMILY  

Members of the Ig superfamily are characterized by a cytoplasmic tail, a 

transmembrane section and 2-7 domains formed by disulfide bonds similar to 

the Ig domains. Several endothelial adhesion molecules have been attributed 

to this family. The ones that have been well characterized are discussed in the 

following sections.

Intercellular adhesion molecule-1. -2 and -3 (ICAM-1. ICAM-2 & ICAM-31 

ICAM-1 (GD54) is a cell surface molecule composed of 5 immunoglobulin-like 

domains®^’®̂ . The size of the molecule changes between 90-114 kD depending 

on the cell type and glycolysation pattern. It is expressed by lymphocytes, 

macrophages, follicular dendritic cells and endothelium. Inflammatory 

mediators such as cytokines interferon-y, tumour necrosis factor (TNF) a, IL-1 

and lipopolysaccaride (LPS) induce or upregulate expression of ICAM-1 on 

variety of cell types including endothelium. ICAM-1 is constitutively expressed 

by most of endothelial cells. Experiments with isolated endothelial cells have 

shown the expression is upregulated 6 hours after treatment with cytokines, 

peaks at 18-24 hours and then stays high for a few days.

The main ligand for ICAM-1 is the Pg integrin C D IIa /C D IB  (also called the 

lymphocyte function-related antigen -1; LFA-1) expressed by lymphocytes, 

macrophages, neutrophils and natural killer (NK) cells®"̂ ®®. Other pg integrins; 

integrins pg o^,CD1 Ib /C D IB  (also called Mac-1) and Pg a^, C D IIc / IB  (also 

called pi 50,95) can also act as ligands for ICAM-1 They are expressed 

predominantly by neutrophils, monocytes and NK cells.

A function for ICAM-1 was first demonstrated by inhibition of homotypic 

adhesion of LFA-1 positive to LFA-1 negative lymphocytes by an anti-ICAM-1 

antibody®®. Later studies showed that ICAM-1/LFA-1 interaction is fundamental 

to many immunological reactions including antigen specific T cell recognition 

and lysis of certain target cells by cytotoxic T cells®®'̂ '̂̂ .̂ This interaction on 

the T cell surface provides a potent co-stimulatory signal which synergizes 

with that provided by ICAM-1 on the endothelial cell surface interacts
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with the p2  integrins on the leukocyte surface. This binding mediates the 

adhesion of most leukocytes to the endothelium and transmigration through 

the endothelium®®'^®.

ICAM-2 is similar to ICAM-1 in structure and is composed of two Ig-like 

domains^®. It is constitutively expressed by the endothelium, monocytes, 

dendritic cells and a subpopulation of lymphocytes. LFA-1 but not Mac-1 is a 

ligand for ICAM-2 and ICAM-2/LFA-1 interaction mediates adhesion of 

leukocytes to endothelium^®.

ICAM-3 has 5 Ig-like domains^ '̂^®. The ligand for ICAM-3 is also LFA-1 

ICAM-3 is expressed constitutively by monocytes, granulocytes, leukocytes 

and most lymphocytes but not on non-haematopoietic tissues®®. 

Immunohistological studies of lymphoid neoplasms have shown that ICAM-3  

can be expressed by the endothelium in a proportion of cases®\ Purified 

ICAM-3, like ICAM-1 and ICAM-2, supports LFA-1 dependent adhesion and 

provides costimulatory signals for proliferation of resting T cells® .̂

Vascular cell adhesion molecule-1 (VCAM-11

VCAM-1 is composed of seven Ig like domains and was first discovered as a 

110 kD, cytokine inducible glycoprotein of endothelial cells and named 

"inducible cell adhesion molecule-110 (IN CAM -110)"®®’®'̂ . An alternatively 

spliced variant composed of six domains and 90 kDa in size also exists®®. 

Endothelial expression is induced 6-12 hours after cytokine treatment and 

stays high for several days®®’®"̂®®. Immunohistochemical studies show that 

VCAM-1 is also expressed by non-vascular tissues including dendritic cells of 

lymph nodes and skin® ,̂ bone marrow stromal cells®® and synovium®®.

The ligand for VCAM-1 is another integrin dimer, VLA-4(very late activation; 

CD49d/CD29) which supports the adhesion of lymphocytes, monocytes, 

eosinophils and basophils but not neutrophils to the endothelium. There is 

evidence suggesting that VLA-4A/CAM-1 interaction plays a major role in 

formation of germinal centres®®'®  ̂ Similar to ICAM-1, -2 and -3, VCAM-1 can
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provide a costimulatory signal for T cell proliferation via VLA-4 expressed on 

the cell surface^^’®̂.

Platelet/endothelium cell adhesion molecule-1 fPECAIVI-1 : CD31)

PECAM-1 is a 130 kD glycoprotein comprising six Ig-like domains®^. It is 

expressed by endothelial cells, platelets, neutrophils, monocytes and a 

subpopulation of T cells. In confluent endothelial cell cultures and in vivo 

PECAM-1 is predominantly expressed on the endothelial lateral cell 

membrane®'^’®̂ . Almost all endothelium in man constitutively expresses 

PECAM-1. The ligands for PECAM-1 include PECAM-1 itself®®’®̂ . Experimental 

evidence suggests that PECAM-1 takes part in capillary tube formation, 

adhesion and transmigration of leukocytes through endothelial monolayers^® 

and recruitment of neutrophils to the site of injury, in vivo^ .̂

Mucosal addressin cell adhesion molecule (MadCAM-1)

The organ specific interactions of lymphocytes with HEV in lymphoid tissues 

are believed to be mediated by homing receptors on lymphocytes and their 

ligands, the vascular addressins on the HEV. MadCAM-1 is thought to be an 

addressin for lymphocyte recirculation to the intestinal mucosa. MadCAM-1 is 

expressed predominantly by Peyer's patch HEV and mucosal venules^°°. It has 

three Ig domains and a mucin like region between second and third 

domains^°\ MadCAM-1 has been characterized in the mouse. So far a human 

homologue has not been identified.

Two ligands for MadCAM-1 are known. As expected from the Ig-like structure, 

one of the ligands is an integrin, In humans, integrin is

expressed by T and B cells, eosinophils and NK cells in the peripheral blood, 

and there is evidence suggesting that the level of expression changes after 

activation of T cells®\ py integrin expressed by human B cell lymphoma 

lines interacts with the purified mouse MadCAM-1®\ It is believed that py 

integrin has a low and a high affinity state similar to LFA-1 The level of 

expression and its functional state determines whether a cell is recruited to the 

mucosa via MadCAM-1.
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Another ligand for MadCAM-1 has been shown to be L-seiectin which interacts 

with the mucin like region^°^.

1.1.3.3 SELECTINS

Selectins are a family of adhesion molecules characterized by the presence of 

an N-terminal lectin-like domain, an epidermal growth factor (EGF) motif, 

followed by different numbers of complement regulatory protein-like modules. 

The name "selectin'" indicates the selective expression and function of these 

molecules and also the lectin terminal. So far three members of this family are 

known; E-selectin (CD62E), P-selectin (CD62P) and L-selectin (CD62L).

E-selectin (Endothelial cell adhesion molecule-1: ELAM-11 

E-selectin was first identified on cytokine stimulated endothelial cells by 

monoclonal antibodies. It is 100-120 kDa in size and is restricted to 

endothelium^®"^. Resting endothelial cells do not express E-selectin; however 

the expression can be induced by cytokines such as TN Fa or IL-1 or bacterial 

endotoxin. After treatment of endothelium with cytokines the expression is 

induced within 2 hours, peaks by 6 hours and disappears by 24-48 hours. E- 

selectin on the endothelial surface is important in the adhesion of neutrophils, 

monocytes, eosinophils, basophils and a subset of T cells. N terminal lectin 

and EGF domains are responsible for adhesive properties of E-selectin. E- 

selectin recognizes carbohydrate residues on the leukocyte surface^®®. 

Oligosaccharide structures related to sialyl-Lewis-x and sialyl-Lewis-a have 

been identified as ligands of E-selectin^®®'^®®. Sialyl-Lewis-x and related 

structures are present on the surface of neutrophils, monocytes and a subset 

of lymphocytes^®®. Sialyl-Lewis-a is not expressed by leukocytes but can be 

found on cancer cells.

P-selectin (Granule membrane protein-140: GMP-1401 

P-selectin is a 140 kD glycoprotein found in both a  and dense granules of 

platelets and Weibel-Palade bodies of the endothelium^^®'^^\ P-selectin is 

present in abundance in the vascular endothelium of many human organs^^^. 

Endothelial P-selectin similar to its platelet counterpart can be rapidly
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mobilized to the endothelial cell surface after stimulation by various factors 

including phorbol myristate acetate (PMA), histamine, thrombin and 

complement proteins^^^’̂ "̂̂ . The expression on the endothelium is short lived, 

declining within minutes.

P-selectin on the activated platelets or endothelial surface can support 

adhesion of leukocytes such as neutrophils and monocytes^^®. The ligands for 

P-selectin, similar to E-selectin, are oligosaccharides containing sialyl-Lewis-x 

groups^^®’̂ ^̂ . There is also evidence suggesting that specific glycoproteins on 

the leukocyte surface can act as ligands for P-selectin^^®.

L-selectin (Leu-8)

L-selectin is a surface molecule expressed by the majority of peripheral blood 

lymphocytes, NK cells, neutrophils and monocytes but not by endothelium^^®. It 

was first described in mice as a cell surface molecule recognized by the 

monoclonal antibody, MEL-14^ °̂. It was thought to be a homing receptor for 

lymphocytes migrating into secondary lymphoid tissues. Anti-L-selectin 

antibodies immunoprecipitate a single chain polypeptide of 74 kD from the 

peripheral blood lymphocytes and of 95 kD from the neutrophils^^®.

L-selectin is constitutively expressed by leukocytes; however it can be shed 

from the surface following activation^^^’̂ ^̂ . L-selectin plays a part in adhesion 

of neutrophils, monocytes and lymphocytes to the endothelium. The ligands for 

L-selectin on the endothelium have been shown to be mucin-like highly 

glycosylated molecules^^®’̂ "̂̂ expressed constitutively by the endothelium.

1.1.3.4 OTHER ENDOTHELIAL CAM

Vascular adhesion protein-1 (VAP-11

VAP-1 is a recently identified 90 kD protein expressed by HEV in tonsil, 

peripheral lymph nodes and inflamed synovium^^®. In an in vitro essay it has 

been shown to mediate adhesion of lymphocytes to HEV. N terminal amino 

acid sequence showed no similarity to any of the adhesion receptor families.
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1.1.3.5 ENDOTHELIAL CAM EXPRESSION IN THE HUMAN INTESTINE

In normal human intestine, ICAM-1 expression is seen on small vessels and 

few lamina propria mononuclear cellŝ ^®"'̂ ®. Generally no, or very little, 

vascular E-selectin or VCAM-1 expression is seen^^®. P-selectin is present on 

small and medium size vessels, staining being weak and variable^^^. PECAM-1 

is expressed by the majority of vessels in the intestine^^°. MadCAM-1 is 

strongly expressed by Peyer's patch HEV and also by lamina propria small 

vessels^^\

1.1.3.6 AN OVERVIEW  OF LEUKOCYTE TRAFFIC INTO TISSUES  

Despite big steps taken towards better understanding of leukocyte traffic into 

tissues, there are still gaps in our knowledge of this complex process.

However it is now possible to construct a general framework for mechanisms 

of leukocyte traffic into the tissues. Such an overview is given in the following 

paragraphs in light of the information discussed above and some additional 

excellent reviews on the subject^^^'^^\

It is now understood that leukocyte transmigration from blood to tissues 

involves at least three steps^^^’̂ ®̂. First, leukocytes roll on selectins; L-selectin 

on leukocytes, and P- and E-selectin on the endothelial cells. This is followed 

by activation of integrin adhesiveness by various cytokines and chemokines. 

Best characterized of these are the effects of IL-8 and platelet-activating factor 

on neutrophil adhesion^^® and the effects of macrophage inflammatory protein- 

and monocyte chemoattractant protein-V®®. Increase in integrin affinity to 

the adhesion molecule expressed on the endothelial surface (generally a 

member of the immunoglobulin superfamily) results in firm attachment of the 

leukocytes to the endothelial surface. This is succeeded by transmigration of 

the leukocytes through the endothelium and possibly involves PECAM-1 which 

is expressed on the lateral membranes of endothelial cells.

Lymphocytes circulate through the tissues in search of foreign antigens. It is 

believed that naive lymphocytes are recruited to the peripheral lymphoid 

tissues, like Peyer's patches and lymph nodes, predominantly through HEV. If

24



the naive lymphocytes encounter their specific antigen, they are stimulated 

and they proliferate. A proportion of the clonally expanding lymphocytes 

become memory cells and acquire specific adhesion receptors which result in 

different circulatory patterns. For example lymphocytes primed in the 

peripheral lymph nodes, after joining the blood circulation tend to recirculate 

through the postcapillary venules of the skin. Similarly lymphocytes primed in 

the Peyer' patches tend to recirculate through the post capillary venules of the 

intestinal lamina propria. After antigenic challenge it has been shown that 

predominantly memory cells are recruited to the site of antigenic challenge. It 

is suggested that this is achieved by upregulation of normal memory 

lymphocyte recirculation pathways.

Under normal physiological conditions neutrophils and macrophages generally 

stay in the blood circulation, whereas in acute inflammation induction of 

endothelial CAM such as selectins initiate initial neutrophil attachment and 

rolling. In the presence of second step signals such as chemokines, firm 

attachment and transmigration through the endothelium occurs. It is believed 

that similar mechanisms operate for macrophages as well.

1.1.4 Ontogeny of human GALT

During development of the human fetus, CD3 positive T cells first appear in 

the thymus in the 10th week of gestation^^®. In liver and bone marrow first B 

cell precursors have been reported to be generated by the 8th week^"^°. B cells 

expressing surface IgD and IgM are first observed in the spleen about 14th 

week of gestation^'^\ followed by the lymph nodes in the 16th week "̂^ .̂

1.1.4.1 O NTO G ENY OF PEYER'S PATCHES

Development of human GALT parallels the broader development of the 

immune system. It is possible to observe the developing Peyer's patches in 

the lamina propria as early as the 11th week of gestation, using 

immunohistochemistry^'^^. These early Peyer's patches are composed of 

collections of macrophage-like or dendritic cells expressing MHC class II and
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CD4 molecules. By 14 weeks, first T cells expressing CD3 and CD4 or CDS 

are observed amongst the collection of MHO class II positive cells. After 16 

weeks, first B cells which express surface IgM and IgD and mature B cell 

markers including G DI 9, CD20 and GD22 appear in the primitive Peyer's 

patcheŝ "̂ .̂

Separation of B and T cell zones similar to adult Peyer's patches occurs by 19 

weeks, though germinal centres are not formed until contact with antigen after 

birth. Lymphocytes infiltrating the dome epithelium are also seen at this time. 

Another feature of the B cells in the early Peyer's patches is expression of 

GDŜ "̂ .̂ This antigen which is more commonly associated with T cells is 

expressed by a small number of B cells postnatally and by some B cell 

lymphomas.

In the organized fetal Peyer's patches, like adult patches, MHG class II 

positive cells show phenotypical and morphological heterogeneity^"^^.

1.1.4.2 O NTO GENY OF GALT IN THE FETAL LAMINA PROPRIA

In the adult lamina propria the most common cell type is the IgA secreting 

plasma cells. Fetal lamina propria contains no plasma cells consistent with the 

lack of antigenic stimulus. The main cell type observed in the 11 week old 

fetuses is the MHG class II positive cells which can express GD4, GD45 and 

markers of macrophage lineage^"^ .̂ T cells and B cells first appear in lamina 

propria around the 14th week of gestation. The majority of T cells are GD4 

positive '̂ '̂  ̂ and B cells express surface IgM and IgD̂ "̂ .̂

1.1.4.3 O NTO GENY OF lEL

The phenotype of lEL in fetal intestine differs from the phenotype of lEL in 

adult intestine. Few GD3 positive lEL can first be seen at 11 weeks 

gestation^'*'*. The numbers gradually increase as the fetus gets older, reaching

2.3 cells per 100 epithelial cells by 19 weeks '̂ '̂ .̂ Early lEL express the ap T  

cell receptor, yÔ T cell receptor expression is observed later in the ontogeny^^. 

Half of the lEL in fetus express neither GD4 nor GD8. The rest express
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approximately equal numbers of CD4 and CD8 145

1.2 INFLAMMATORY BOWEL DISEASE

The term "inflammatory bowel disease" (IBD) encompasses at least two forms 

of intestinal inflammation; Crohn's disease and ulcerative colitis. The causes of 

the major forms of IBD remain unknown. In the absence of identifiable causes, 

Crohn's disease and ulcerative colitis are defined by their clinical and 

laboratory features. Generally these features permit a diagnosis of either 

ulcerative colitis or Crohn's disease. However, in a proportion of IBD cases a 

distinction between two entities may not be possible. Despite the overlap in 

clinical features, there is increasing evidence indicating that these two main 

forms of IBD have distinct underlying pathogenetic mechanisms. In this 

section, clinical, pathological and immunological features of Crohn's disease 

and ulcerative colitis will be discussed separately, and where necessary 

comparisons between the two will be made.

1.2.1 Crohn's disease

1.2.1.1 EPIDEM IOLOGY

Crohn's disease is diagnosed most commonly in North Western Europe and 

North America '̂^®. In these areas the incidence of Crohn's disease is generally 

between 5-6 cases per 100 000 people per year and the incidence has been 

gradually rising within the last thirty yearŝ "̂ ®'̂ "̂ .̂ However recent data suggest 

that the incidence may have reached a plateau and may even be 

diminishing '̂^®. The reasons for the difference in frequency of Crohn's disease 

between the west and the rest of the world is not known. A high incidence of 

infectious diarrhoea interfering with the diagnosis of Crohn's disease or poor 

statistical record keeping are all possible factors.

Crohn's disease affects women slightly more than men (1.3 to 1)̂ ®̂. It can be 

seen at any age after infancy. However its greatest incidence is in late
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adolescence and early adulthood.

Social and economic factors, urban or rural life style have been reported to 

have minor effects on the incidence of the disease '̂^®. Studies from the United 

States suggest that white people are more frequently affected by Crohn's 

disease than black people '̂^®. There is evidence suggesting that incidence is 

particularly high amongst the Ashkenazi Jewŝ "̂ ®. Smokers are several times 

more likely to develop Crohn's disease than non-smokers^®°. A relationship 

between increased incidence of Crohn's disease and use of oral 

contraceptives has also been reported^®\

1.2.1.2 GENETICS

A role for genetic factors in the development of Crohn's disease has been 

suggested by several different factors. Increased prevalance of IBD in the 

families of Crohn's disease patients has been shown by several groups. These 

groups reported approximately 18% of the first degree relatives of Crohn's 

disease patients being affected by either Crohn's disease or ulcerative 

colitis^® .̂ Further supporting the role of genetic factors in Crohn's disease,

Tysk et al have searched the Sweden twin registry and have shown a very 

high rate of disease concordance among monozygotic twins^®®.

When the distribution of MHC antigens has been studied, no consistent 

association with HLA alleles has been found̂ ®"̂ . However a connection 

between HLA 844 and Crohn's disease has been suggested^®®. Interestingly, 

when Crohn's disease and ankylosing spondylitis occur concurrently there is a 

strong association between HLA 827 and HLA 844^®®. Furthermore, transgenic 

rats expressing human HLA 827 and pg-microglobulin develop a chronic 

intestinal inflammation as well as arthritis^® .̂

Associations with other possible inherited disorders have also been reported. 

These include Turner's syndrome, multiple sclerosis, primary sclerosing 

cholangitis, cystic fibrosis and atopic disease^®®.
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In conclusion, these observation suggest that genetic factors may contribute to 

the development of Crohn's disease. However, so far, no single gene or group 

of genes has been shown to contribute directly to the development of this 

disease.

1.2.1.3 AETIOLOGY OF CROHN'S DISEASE

The Aetiology of Crohn's disease is still unknown despite extensive research 

over the last 20 years. However most of the results obtained from these 

studies can be grouped under one of the three major mechanisms listed 

below. These are (1) Infectious agents, (2) Vasculitis and multifocal intestinal 

infarction, and (3) Immunological hypersensitivity. It is also possible that two or 

even all three mechanisms can be acting together. In the following pages 

evidence for each of these theories will be briefly discussed.

Infectious Agents

The possibility that Crohn's disease is caused by an infectious agent was first 

discussed in Crohn's original paper describing the entity. Crohn noticed the 

morphological similarities between intestinal tuberculosis and regional 

enteritis^^®. However the possibility of a mycobacterial infection was ruled out 

when inoculation and culture techniques gave negative results^®®. Nevertheless 

mycobacteria still remain the prime contenders as a cause of Crohn's disease 

amongst the infectious agents.

One of the first papers linking mycobacterial infection with Crohn's disease 

reported the isolation of M. Kansasii strain from the lymph node of a Crohn's 

disease patient^®®. This was followed by the isolation of M. paratuberculosis 

from two Crohn's disease patients^®®. Oral inoculation of this strain into goats 

produced a granulomatous ileocolitis with scant acid-fast bacilli similar to 

Crohn's disease^®\ The same microorganism is the causative agent for a 

chronic enteritis with abundant acid fast bacilli, called Johne's disease seen in 

cattle. However other investigators have failed to isolate M. paratuberculosis 

from biopsy specimens of Crohn's disease, despite successful isolation of 

other mycobacterial strains from a proportion of both Crohn's disease and
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ulcerative colitis patients and control subjects^®^. Tanaka et al studied IgM and 

IgG response to M. tuberculosis in patients with Crohn's disease, ulcerative 

colitis and control subjects by an ELISA technique^®®. They observed no 

significant difference between the groups. No staining was observed in tissue 

sections of Crohn's disease in a detailed immunohistochemical study which 

used antisera against M. paratuberculosis, M. tuberculosis and a common 

mycobacterial antigen^®^. Recently molecular biological techniques have been 

widely used in search of mycobacteria in Crohn's disease. Butcher et ai, using 

cloned genomic DMA probes generated from a Crohn's disease derived strain 

of M. paratuberculosis, faiied to detect mycobacterial DMA sequences in the 

DMA extracted from Crohn's disease gut tissues^®" .̂ The same group, this time 

using PCR amplification, detected M. paratuberculosis DNA in over 60%  of 

cases of Crohn's disease and much smaller percentages in cases of uicerative 

colitis or control subjects^®®. However other investigators, using similar PCR  

methods, either detected M. paratuberculosis DNA in a smail number of 

cases^®® or none at alî ®̂ '̂ ®®. Despite all the research effort, any role of 

Mycobacteria in development of Crohn's disease still remains to be 

established. The isolation of mycobacteria from only a handful of cases, 

negative serologicai and immunohistochemical findings and conflicting results 

obtained with moiecular biological methods suggest that a role for 

mycobacteria in development of Crohn's disease is unlikely. Furthermore 

failure of anti-tuberculous treatment for Crohn's disease in a recent doubie 

blind randomised controlied trial strongly indicate the presence of other 

mechanisms in the pathogenesis of this condition^®®.

Other micro-organisms such as viruses, mycoplasma, chlamydia and cell wall 

defective bacteria have been investigated with no convincing results^^®. 

However Wakefield et ai have reported presence of measles virus-like 

particles in granulomatous vasculitis (see below) observed in Crohn's Disease 

A relation between occurrence of measles epidemics and incidence of 

Crohn's disease has aiso been reported^^^.
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Granulomatous Vasculitis and Multifocal Infarction 

In an elegant study of mesenteric vascular supply in Crohn's disease, 

Wakefield et al showed occlusive vascular changes at the level of muscularis 

propria in the involved segment of the intestine^^^. They suggested that in the 

pathogenesis of Crohn's disease the sequence of events were initial vascular 

injury and granulomatous arteritis followed by arterial occlusion and mucosal 

infarction. In another study, they showed that the majority of the granulomas 

were located deep to the mucosa and were associated with vascular 

structures^^" .̂ They also reported damage to the microvasculature in relatively 

normal mucosa next to involved areas in resection specimens of Crohn's 

disease, and proposed that the initial event in the pathogenesis of Crohn's 

disease was vascular injury^^®.

These studies strongly indicate that vascular changes play a part in the 

development of the pathological changes observed in Crohn's disease. 

However it is more difficult to accept the vasculitis as the prime cause of 

Crohn's disease rather than a secondary event due to immunological 

activation observed in the mucosa of Crohn's disease. The earliest lesions that 

can be identified in Crohn's disease are aphthous ulceration observed 

endoscopically generally over Peyer's patches. Whether these early lesions 

show any evidence of vascular involvement is not known. Although vascular 

damage in normal mucosa has been reported in above mentioned studies, 

these are advanced cases of Crohn's disease requiring surgical intervention. 

These vascular changes are more likely to be a result of healed, previous 

attack or a result of derangements in the immunological homeostasis observed 

in Crohn's disease (See section 1.2.1). It has also been suggested that the 

vascular structures involved are lymphatics rather than blood vessels^^®. 

Furthermore endothelin-1, a potent vasoconstrictor, has been shown to be 

present in perivascular macrophages in Crohn's disease^^^ suggesting that the 

vascular changes could be initiated by activated macrophages and is 

secondary to the immunological changes.

31



Immunological hypersensitivity

There is substantial evidence indicating the presence of a massive 

immunological activation in Crohn's disease (see section 1.2.1). The involved 

mucosa contains large numbers of activated T cells and macrophages (both of 

which secrete a wide range of cytokines), plasma cells, mast cells, 

eosinophils, neutrophils and extensive local complement activation. All these 

and the presence of granulomas and fibrosis strongly suggest the presence of 

a chronic cell mediated immune response in the pathogenesis of Crohn's 

disease. The stimulus for this cell mediated immune response is unknown. 

Although it may well be against microorganisms like mycobacterium or 

measles virus, as discussed above solid evidence for an infectious agent is 

still missing.

Another possibility for antigenic stimulus is the faecal stream. It has been 

known for sometime that diversion of the faecal stream proximal to severely 

inflamed bowel segments settles the inflammatory activity in Crohn's 

disease^^®. In a recent study, Rutgeerts et al showed that after curative 

resection and ileocolonic anastomosis, if a diverting terminal ileostomy was 

performed, no evidence of disease was present in the neoterminal ileum which 

is protected from the faecal stream^^®. However, when reanastomosis was 

performed, recurrence of Crohn's disease was observed in the neoterminal 

ileum. This suggests that the faecal stream plays a role in disease activity in 

Crohn's disease.

Relatives of Crohn's disease patients have been shown to have increased 

intestinal permeability^®®. If this is the case, increased permeability in Crohn's 

disease patients may increase the chances of an immune response 

developing against the faecal components.

In summary, pathological features of Crohn's disease can be explained by 

persistent faecal antigen penetration into the mucosa (due to increased 

mucosal permeability or some yet unidentified factors) and immunological 

sensitisation followed by development of an immune response.
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1.2.1.4 THE IMMUNE SYSTEM IN CROHN'S DISEASE  

A wide range of immunological changes have been reported in Crohn's 

disease. Here some of these will be briefly reviewed under individual 

headings.

Peripheral Blood Lymphocytes

When monoclonal antibodies recognizing lymphocytes became available, the 

first studies focused on peripheral blood lymphocytes in IBD. When IBD 

patients and control subjects were compared, no difference was observed in 

absolute numbers of lymphocyte subsets in the peripheral blood^®\ However 

when the state of activation of peripheral blood lymphocytes was investigated, 

a higher proportion of T cells from Crohn's disease patients expressed 

activation markers, such as transferrin receptor, compared to control 

subjects^®^. The percentage of activated T cells correlated with disease 

activity^®® and the majority of these activated T cells co-expressed Fc receptor 

for IgÂ ®"̂ . The presence of activated T cells expressing Fc receptor for IgA 

suggests that the activation event observed in the peripheral blood is related 

to the mucosal inflammation.

When peripheral and mesenteric T cells were examined for different Vp gene 

segment usage it was observed that some patients with Crohn's disease, but 

not ulcerative colitis, had higher proportion of Vp8 expressing T cellŝ ®®. This 

suggests that a common antigenic stimulus for expansion of T cell 

subpopulations may be present in Crohn's disease.

Intestinal Lymphocytes

The phenotype of intestinal lymphocytes has been investigated using 

immunohistochemistry on tissue sections or flow cytometry on isolated lamina 

propria cells. Selby et a/observed increased number of T cells in the intestinal 

lamina propria in IBD̂ ®®. The ratio of CD4 positive cells to CD8 positive cells 

was the same in IBD patients and control patients. Choy et al studied CD25  

expression in the lamina propria of IBD patients®®. They reported that a large 

proportion of lamina propria mononuclear expressed CD25 in both Crohn's

33



Disease and ulcerative colitis. Additionally there were CD25 positive cells in 

the submucosa of Crohn's disease sections. In Crohn's disease, the majority 

of CD25 cells were CD3+,CD4+ and CDS- indicating that they were T cells, 

whereas in ulcerative colitis the majority of CD25+ cells were CD3-, CD4+ and 

HLA-DR+ indicating that they were macrophages. Only very few cells showed 

expression of CD25 in normal bowel. Schreiber et al examined CD25 and 

transferrin receptor expression in lamina propria lymphocytes of IBD and 

control specimens with a sophisticated flow cytometric technique^®. A small 

fraction of T and B cells expressed these activation markers in controls. In IBD 

both T cells and B cells showed increased levels of CD25 and transferrin 

receptor expression. Interestingly the percentage of activated B cells was 

significantly higher in ulcerative colitis compared to Crohn's disease.

Immunoglobulin Secretion

The total number of plasma cells is increased in IBD. The IgG positive plasma 

cells are significantly increased in IBD, especially next to ulcers. In Crohn's 

disease, spontaneous secretion of lgG1 and lgG2 by isolated lamina propria 

mononuclear cells is particularly increased^®^. In tissue sections an increase in 

lgG2 has been observed in Crohn's disease compared to ulcerative colitis 

where an increase in lgG1 was more prominent^®®’̂ ®®. IgG subclasses have 

different effector functions; increase in one particular subclass but not another 

may indicate different pathogenetic mechanisms in Crohn's disease and 

ulcerative colitis.

Macrophages

In both Crohn's disease and ulcerative colitis a significant increase in the 

number of macrophages in the intestinal mucosa has been reported^®®'^® .̂ 

Macrophages are recruited from peripheral blood and contain calprotectin, a 

putative anti-microbial agent^®®. They express phenotypic markers of activation 

such as CD25 immunoreactivity^®"^’̂ ®®. In an allogeneic mixed lymphocyte 

reaction, the macrophages isolated from IBD specimens have been shown to 

have increased antigen presenting capacity compared to controls, further 

indicating an activated state. They are capable of producing mediators of
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inflammation, free radicals, destructive enzymes and a range of

cytokines (see "Cytokines"). It has been suggested that the massive 

macrophage activation observed in IBD may be responsible for the destructive 

morphological changes. Murch et al reported an association between activated 

macrophage infiltration and loss of extracellular matrix glycosaminoglycans in 

IBD^®  ̂ and suggested that this could be an important pathogenetic mechanism  

for leakage of protein and fluid, thrombosis and tissue remodelling observed in 

IBD.

Neutrophils. Eosinophils and Mast cells

It is well known that the mucosa affected by IBD contains large numbers of 

neutrophils, especially next to ulcers. Saverymuttu et ai showed that the 

majority of in vitro radioactive labelled granulocytes migrate to the inflamed 

bowel after injection back to the circulation in both Crohn's disease and 

ulcerative colitis^®®’̂ ®®. This would suggest that neutrophils are specifically 

recruited to the site of inflammation. A finding further supported by endothelial 

CAM expression patterns in IBD (see "Endothelial CAM expression"). 

Neutrophils, when stimulated, can release enzymes and toxic oxygen 

metabolites which may result in tissue destruction. Increased amounts of 

neutrophil enzymes have been reported in jejunal secretions and next to 

ulcers in Crohn's disease^°° which indicates a role for neutrophils in this 

pathological process.

Few eosinophils are present in the normal mucosa; however they are seen in 

increased numbers in inflamed mucosa of IBD. They contain several cytotoxic 

proteins in their granules (major basic protein, eosinophil cationic protein, 

peroxidase, neurotoxin) which can cause tissue damage. Increased amounts 

of eosinophil granule constituents have been shown in jejunal secretions and 

tissue sections in Crohn's disease^°°. Using a monoclonal antibody recognizing 

an activation epitope on secreted eosinophil cationic protein, Choy et ai have 

reported significantly increased numbers of activated eosinophils in Crohn's 

disease but not in ulcerative colitis^°\ This would further support the evidence 

for increased T cell activation in Crohn's disease , as activated T cell products
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202can induce eosinophil activation

In Crohn's disease the number of mast cells in the lamina propria are reported 

to be increased^°^. Mast cells are often seen to be degranulated in areas of 

active inflammation^®" .̂ Histamine secretion in the jejunum is increased in 

patients with Crohn's disease of the terminal ileum^°® suggesting mast cell 

involvement. Upon stimulation by various factors, mast cells isolated from IBD 

mucosa release significantly higher amounts of histamine compared to mast 

cells isolated from normal mucosa^®®. These data suggest that mast cells may 

play a functional role in the pathological process in Crohn's disease.

Cytokines

The importance of cytokines in the development of IBD has been investigated 

in depth. The earliest studies generally failed to detect T cell derived cytokines 

such as interferon-y or IL-2 in Crohn's disease or ulcerative colitis, probably 

due to relative insensitivity of the methodology used^® ’̂̂ ®®. However Breese et 

al, using northern blotting and a sensitive reverse haemolytic plaque assay, 

showed increased message for interferon-y and significantly increased 

interferon-y and IL-2 secretion in Crohn's disease lamina propria cells but not 

in ulcerative colitiŝ ®®. These findings were also supported by studies of Mullin 

ef a/ who, using a PCR based method, detected IL-2 mRNA predominantly in 

Crohn's disease but not in ulcerative colitis or normal mucosa^®®. This cytokine 

profile is characteristic of TH1 cells^^® and would suggest that activated TH1 

type T cells may be involved in pathogenesis of Crohn's disease. However it is 

difficult to be conclusive as other T cell cytokines have not been studied in 

IBD in depth.

Macrophage derived cytokines are also increased in IBD. Increased levels of 

IL-1 both in fresh tissue and in organ culture of intestinal mucosa have been 

shown in patients of both Crohn's disease and ulcerative colitis^^\ Message 

for IL-1 has also been detected in the majority of IBD patients as well as in 

other inflammatory conditions of the bowel^^^’̂ ®̂. Increased amounts of IL-1 p 

have been shown to be released spontaneously by isolated lamina propria
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2 1 4mononuclear cells from active IBD

Activated macrophages observed in IBD can also secrete TNFa, a cytokine 

with multiple activities, many of which may be involved in the pathogenesis of 

IBD. TN Fa  concentrations are elevated in the serum^^^ and stools of patients 

with active IBD^^®. By spot ELISA, a higher frequency of mucosal mononuclear 

cells from IBD patients secrete TN Fa compared to controls^^^. 

Immunohistochemistry reveals an increase in the number of TN Fa  

immunoreactive cells in IBD compared to control subjects^^®. These cells are 

located predominantly in the mucosa in ulcerative colitis and in the submucosa 

in Crohn's disease. Using the same sensitive reverse haemolytic plaque 

assay, Breese et al determined the frequency of TN Fa  secreting cells isolated 

from mucosal biopsy specimens of children with IBD and non-IBD controls^® .̂

It was found that TN Fa  secreting cells were increased in inflamed intestine, 

regardless of the pathogenesis. However the frequency was significantly 

higher in Crohn's disease compared to ulcerative colitis, probably reflecting the 

extensive T cell activation in Crohn's disease.

IL-6 is a cytokine involved in B cell maturation to plasma cells and in acute 

phase response. It can be produced by the cells of monocyte/macrophage 

lineage and is expressed by intestinal epithelial cells^^®. IL-6 concentrations 

are higher in the serum, both in active Crohn's disease and ulcerative colitis, 

compared to controls and increase with increasing disease activity^^°. IL-6 

mRNA levels are increased in IBD when investigated by a PCR based 

method^^®. The levels of IL-6 have also been found to be increased in fresh 

colonic biopsies affected by Crohn's disease or ulcerative colitis compared to 

control mucosa. The release of IL-6 correlates well with the grade of 

macroscopic inflammation®®^ Furthermore isolated lamina propria mononuclear 

cells show increased spontaneous secretion of IL-6 in IBD®̂ "̂ . Increased IL-6 

production in Crohn's disease may be important in the development of the 

acute phase response observed during active inflammation. Supporting this, in 

vitro studies have shown that macrophages isolated from Crohn's disease 

lamina propria can induce release of C-reactive protein, an acute phase
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222reactant, from cultured hepatocytes

IL-8 is a powerful mediator of neutrophil recruitment and activation^^^’̂ "̂̂ . In 

homogenates of colonic biopsies from patients with active IBD, the amount of 

immunoreactive IL-8 is significantly increased compared to inactive disease 

and normal controls^^®. Increased IL-8 expression and IL-8 message has been 

shown in affected areas, in histological sections of IBD resection specimens^^®. 

In this study, the distribution pattern and abundance of IL-8 mRNA correlates 

well with histological findings and grades of disease activity^^®. As a potent 

chemotactic agent IL-8 therefore must play an important role in the recruitment 

of neutrophils to the mucosa in IBD.

Complement
cells

As previously mentioned there is an increase in IgG secreting plasma^in the 

mucosa in Crohn's disease^^^. IgG can activate complement and the striking 

local IgG response seen in IBD may be of pathological significance. Increased 

complement activity has been reported in IBD^^®. Immunohistological studies 

by Brandtzaeg and coworkers have shown significantly more terminal 

complement complex accumulation in submucosal blood vessels in IBD than 

in controls^^®.Furthermore there was statistically significant correlation between 

vascular deposition and the degree of inflammation. In an additional study they 

have also shown parallel appearance of C3d in the vascular terminal 

complement complex deposits, which indicates that both early and late 

complement activation had occurred in situ^®°. In Crohn's disease complement 

activation was predominantly limited to vessels, again indicating the 

importance of vascular changes in the development of this disease.

Endothelial CAM

An increase in the endothelial cell adhesion molecule expression would be 

expected in Crohn's disease as cytokines, such as IL-1, T N F a  and interferon - 

y, which can induce or upregulate their expression, are abundant in the 

mucosa. Immunohistochemical studies showed that ICAM-1 and E-selectin 

expression was significantly increased in Crohn's disease^^®’̂ ®̂’̂ ®̂ ’̂ ®̂ . However,
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surprisingly, no increase was observed in endothelial VCAM-1 expression 

despite the presence of cytokines that could induce expression on endothelial 

cells in vitro^^ .̂ A decrease in ICAM-1 expression in mucosal vessels in the 

uninvolved mucosa has also been reported which was believed to be 

secondary to steroid treatment^^°.

1.2.1.5 CLINICAL FEATURES AND HISTOPATHOLOGY  

The clinical manifestations of Crohn's disease depend on the sites of tissue 

involvement and the severity and extent of inflammation^^"^. The most common 

symptoms are diarrhoea and abdominal pain located most commonly in the 

lower right quadrant. Symptoms of obstruction caused by inflammation or 

oedema, or strictures due to fibrosis are also common. Occasionally deep 

linear ulcers give rise to profound bleeding. Systemic symptoms may include 

fever, weight loss and in children growth retardation.

are commonly
Although the terminal ileum and/or colon :  ̂ involved anywhere along

the gastrointestinal tract can be affected. The inflammation is characteristically 

segmental and involves the whole thickness of the bowel wall. Histologically, 

in Crohn's disease there is a marked infiltrate of macrophages and 

lymphocytes, with some neutrophils and eosinophils in areas of active 

disease^^®. Characteristic non-caseating granulomas are observed in about 

half of the patients. Deep fissuring ulcerations can occur, sometimes giving 

mucosa a cobblestone appearance. In chronic disease extensive fibrosis and 

stricture formation may occur.

In the long term, Crohn's disease patients may develop a variety of 

complications^^®. The formation of fistulas between the involved bowel 

segment and different sites such as bladder, vagina, prostate or skin is 

sometimes observed. Abdominal abscess may occur. Perforation of the bowel 

wall and toxic megacolon may be observed. Crohn's disease patients also 

have an increased risk for development of colorectal cancer.

The first line of treatment for mild Crohn's disease is sulfasalazine and its
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derivatives^^®. Corticosteroids are highly useful in the treatment of moderate to 

severe Crohn's disease, particularly in patients with small bowel disease. 

Immunosuppressive agents such as azathioprine and its derivative 

mercaptopurine have been successfully used to treat Crohn's disease 

refractory to other treatment. More recently, cyclosporin A treatment has been

shown to be effective in a proportion of cases with severe Crohn's disease^®^.

Additionally enteral nutrition with elemental or polymeric diets have been 

shown to be as effective as steroids in achieving remission in active Crohn's 

disease'®''''®'''^

1.2.2 Ulcerative Colitis

1.2.2.1 EPIDEM IOLOGY

Ulcerative colitis, like Crohn's disease, is most commonly seen in North 

Western Europe and North America '̂^®. Within this area the incidence varies 

between approximately 1.5 to 15 per 100 000 per year '̂^ .̂

As in Crohn's disease women are affected slightly more frequently than men 

and the peak incidence is early adulthood^"^®.

The effect of ethnic origin is also similar to Crohn's disease^"^®. In contrast to 

Crohn's disease where the risk of disease is increased in smokers, smoking 

might have a protective effect for ulcerative colitis^'‘°’̂ '̂ \

1.2.2.2 GENETICS

An increased prevalence of IBD has been reported in the families of ulcerative 

colitis patients^®^. The figure were somewhat lower than those for Crohn's 

disease; between 10-15%  of the patients having a positive family history for 

IBD. Study of monozygotic twins, unlike Crohn's disease, has revealed a low 

rate of disease concordance suggesting that different genetic factors might be 

involved in the development of Crohn's disease and ulcerative colitis^®®.

Studies looking for an association between HLA alleles and ulcerative colitis
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have been largely inconclusive^®'^. However primary sclerosing cholangitis 

which has strong associations with B8 DR3 HLA alleles occurs more 

frequently than predicted in patients with ulcerative colitiŝ ®'̂ .

1.2.2.3 THE IMMUNE SYSTEM IN ULCERATIVE COLITIS  

Many changes observed in the immune system in ulcerative colitis are similar 

to those observed in Crohn's disease. However some features which will be 

discussed below appear to discriminate between these diseases.

In ulcerative colitis, peripheral blood T cells express activation markers such 

as transferrin receptor^®^. In the lamina propria many cells expressing CD25  

are observed^®. However, unlike Crohn's disease the majority of these 

activated cells are thought to be macrophages rather than T cells.

There are increased numbers of activated B cells in ulcerative colitis 

compared to Crohn's disease®®. In the lamina propria, the numbers of plasma 

cells secreting IgG is increased and the predominant IgG subtype is IgGI 

which is a good activator of complement system.

As mentioned for Crohn's disease, there are significantly increased numbers of 

activated macrophages and neutrophils in the lamina propria which may be 

responsible for the destructive changes in this disease.

A wide range of cytokines are secreted in the ulcerative colitis mucosa. These 

include cytokines, such as IL-1, IL-6, IL-8 and TN Fa which are predominantly 

produced by macrophages. However cytokines secreted by TH1 cells such as 

IL-2 or interferon-y are not significantly increased in ulcerative colitis. There is 

preliminary evidence suggesting that IL-4 and IL-10 production is enhanced in 

ulcerative colitis suggesting a role for TH2 responses in the development of 

this disease®'^®, in comparison to Crohn's disease where TH1 cells have been 

implicated (see section 1.2.1.4).

The role of autoimmunity in the development of ulcerative colitis has been a
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matter of debate for sometime. Circulating antibodies to colonic epithelial cells 

have been described. However these are not specific for ulcerative colitis, they 

do not correlate with disease activity and have not been shown to be 

pathogenic to epithelial cells in vitro or in vivô '̂ .̂ Recently, circulating and 

tissue-bound antibodies to a 40 kD colonic epithelial antigen in ulcerative 

colitis but not in Crohn's disease have been reported̂ "̂ "̂ . The antigen is present 

predominantly in the colon,skin and biliary tract but not in the small bowel 

which may help to explain the extra-intestinal manifestations of this disease.

As previously mentioned, accumulation of complement components has been 

observed in the submucosal vessel walls in IBD^^®; however deposition of 

complement components on the apical surface of colonic epithelium, in 

association Ig G I, has only been reported in ulcerative colitis '̂*®. Furthermore, 

Halstensen et al, using three colour immunofluorescence staining, have shown 

that activated complement and IgGI often co-localizes with the 40 kD antigen 

apically on the surface epithelium in active ulcerative colitis but not in Crohn's 

disease^"^ .̂ These observations support the idea that an autoimmune reaction 

to the 40 kD antigen leading to IgGI mediated complement activation 

epithelial damage may be a pathogenetic mechanism for the persistent 

inflammation in ulcerative colitis.

Anti-neutrophil cytoplasmic antibodies have been reported in most patients 

with ulcerative colitis but also in other immune mediated disorders including 

Crohn's disease. However there is no convincing evidence to suggest that 

these auto-antibodies have any pathogenetic significance^^®.

1.2.2.4 CLINICAL FEATURES AND HISTOPATHOLOGY  

The cardinal symptom of ulcerative colitis is bloody diarrhoea®®" .̂ However a 

small proportion of the patients may have constipation. The inflammatory 

process in ulcerative colitis is confined to the mucosa and superficial 

submucosa of the colon and typically starts from the rectum and extends 

proximally in a continuous fashion. The length of proximal extension varies. 

The most prominent histopathological findings are inflammatory cell infiltrate in 

the mucosa composed of lymphocytes, neutrophils and macrophages, crypt
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abscesses, depletion of mucin from goblet cells and superficial ulceration of 

the mucosa^^" ’̂̂ ®̂. Characteristically deeper layers of the colon wall are spared. 

Recurrence of the active disease months or years after the presenting episode 

is invariably observed.

The most important complication of ulcerative colitis is increased tendency to 

develop colorectal carcinoma. The risk of cancer begins to increase 10-15  

years after diagnosis, gradually increasing thereafter^^®.

As with Crohn's disease the aim in treatment is to control the inflammatory 

response. Sulfasalazine and derivatives, corticosteroids and 

immunosuppressive agents have been successfully used in achieving 

remissions.

1.3 OTHER DISEASES OF THE INTESTINE WHERE

IMMUNOLOGICAL MECHANISMS PLAY A ROLE

1.3.1 Coeliac disease

Coeliac disease is a disease of the small intestine characterised by the 

development of villous atrophy and crypt hyperplasia in response to ingestion 

of dietary proteins contained in wheat, barley and ryê '̂ ®. There is an intense 

inflammatory cell infiltrate in the lamina propria composed predominantly of 

lymphocytes and macrophages. Characteristically increased density of 

intraepithélial lymphocytes is observed^"^®. The pathogenesis of the 

hypersensitivity reaction is not fully understood. However direct T cell 

mediated cytotoxicity or antibody-dependent T cell cytotoxicity has been 

suggested as possible mechanisms leading to epithelial cell loss and 

compensatory changes in the mucosa "̂^®.
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1.3.2 Other food sensitive enteropathies

Hypersensitivity reactions against other foods such as cow's milk, soy 

proteins, egg or fish which lead to abnormal small bowel morphology and 

malabsorption can also be observed^®®. Characteristically the small intestinal 

mucosal damage is patchy and variable in severity changing from normal 

villous morphology to total villous atrophy. Type I IgE mediated 

hypersensitivity and Type IV delayed type hypersensitivity have been 

suggested as the most likely pathogenetic mechanisms^®®.

1.3.3 Other diseases

An immune mediated mechanism has been implicated in many other intestinal 

disorders. These include intractable diarrhoea, intestinal graft-versus-host 

disease, graft rejection in intestinal transplantation.

1.4 FETAL GUT ORGAN CULTURE (FGOC) AS A MODEL

OF T CELL MEDIATED ENTEROPATHY

As summarised above T cell mediated immune responses play a major role in 

the development of several intestinal diseases. Using human fetal intestinal 

specimens from therapeutic abortions of 15-20 weeks gestation MacDonald 

and Spencer developed a FGOC model of T cell mediated enteropathy in 

1988^®\ As described earlier, fetal gut of 15-20 weeks gestation contains 

considerable numbers of T cells. This gives the opportunity to investigate the 

consequences of local T cell activation in the intestinal microenvironment.

In this model, fetal gut explants were cultured in the presence of pokeweed 

mitogen (PW M), anti-GD3 antibodies or nothing, up to 7 days^®\ At the end of 

the cultures, the explants were examined by phase contrast microscopy for 

gross evidence of mucosal damage, and by immunohistochemistry on sections 

of snap frozen explants. Macroscopically, after 72 hours in culture, the
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structure villi in the control cultures was preserved despite partial shortening 

compared to uncultured specimen. However in the explants in which T cells 

were stimulated, the surface of the mucosa was obscured by a layer of cellular 

debris covering the blunted small intestinal villi. Histological and 

immunohistochemical analysis of the cultured explants showed that in the 

control cultures the villi were tall and the epithelial proliferation demonstrated 

by monoclonal antibody Ki67 was limited to the crypts. In contrast, in cultures 

where local T cells were stimulated, the villi were short or atrophic and the 

crypts were hyperplastic. Ki67 staining showed a dramatic increase in 

epithelial cell proliferation rate. Profilerating epithelial cells were observed not 

only in crypts but also on the surface of the flattened villi.

Immunohistochemical examination of the mucosa showed that there were 

increased numbers of CD3 positive cells in the stimulated explants compared 

to the controls. Control cultures did not contain any CD25 positive cells. In 

contrast, in explants stimulated with PWM and anti-CD3 antibodies, CD25  

positive cells appeared in the lamina propria after 6 hours in culture, numbers 

increasing thereafter. Some of these CD25 positive cells were large, with a 

macrophage like morphology. Others were activated CD3 positive and CD4  

positive T cells. The local T lymphocyte inflammatory response led to a 

dramatic increase in MHG class II expression by the lamina propria cells and 

crypt epithelium^®^.

Stimulated cultures contained IL-2, interferon-y and TN Fa and no cytokines 

were detected in control cultures^^ '̂^^ '̂^ t̂

To ensure that the observed changes were a consequence of T  cell activation, 

cyclosporin A was added at the onset of culture to inhibit T cell activation^^L 

Cyclosporin A treatment prevented mucosal damage and maintained the low 

crypt cell proliferation rate. The number of CD25 positive cells in the lamina 

propria and the amount of IL-2 in the supernatants was significantly 

diminished.
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In a recent study using the same model, it was shown that the morphological 

changes observed in the stimulated explant were dependent on the number of 

T cells present in the mucosa^®" .̂ Explants from young fetal intestinal 

specimens which do not contain any T cells, did not show any morphological 

changes compared to control cultures. The explants containing moderate 

numbers of T cells showed villus atrophy and crypt hyperplasia (adaptive 

changes). In explants with high numbers of T cells from older fetuses, 

mucosal destruction with loss of surface epithelium was observed (destructive 

changes). The pathological changes observed were, again, reversed by the 

addition of FK506, an inhibitor of T cell activation, at the onset of cultures.

The effects of T cell stimulation by superantigens was also investigated in the 

FGOC^®^. Staphylococcus aureus enterotoxin B (SEB) was added to FGOC. A 

massive increase in lamina propria T cells expressing V(33, and to a lesser 

extent those expressing Vp5 and Vp12, was observed. SEB activated lamina 

propria T cells produced IL-2 and interferon-y. T cell activation was 

accompanied by characteristic morphological changes, which was inhibited by 

the addition of FK506 to the FGOC.

FGOC has several important advantages as a model of intestinal 

inflammation. Since the fetal intestine is sterile, it remains viable in culture for 

up to a week without significant morphological deterioration^^®. In contrast, the 

adult intestine can only be cultured up to 48-72 hours in vitrô ®®. The sterility 

also avoids the problems created by residual immunological activation. In 

contrast to animal models, human tissue is used which is more relevant to 

human disease and provides the opportunity to investigate a large range of 

molecules important in an immune response, as a variety of antibodies or 

assays are available to detect human antigens.
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CHAPTER 2

2.0 MATERIALS AND METHODS

2.1 SOLUTIONS

2.1.1 Solutions used in immunohistochemistry

2.1.1.1 TR IS BUFFERED SALINE pH 7.6 (TBS)

6.05 g of tris[hydroxymethyl]aminomethane (Sigma Chemical Co Ltd, Poole, 

Dorset, UK) and 80 g of NaCI (BDH Laboratory supplies, Merck Ltd, 

Lutterworth, Leicestershire, UK) were dissolved in distilled water, pH was 

adjusted to 7.6 with 1M MCI (BDH) and the volume was brought to 10 litres 

with distilled water.

2.1.1.2 50 mM TRIS-HCI BUFFER pH 7.6

6.05 g of tris was dissolved in distilled water, pH was adjusted to 7.6 with 1M 

HCI and the volume was brought to 1 litre with distilled water.

2.1.1.3 DIAM INOBEZIDINE (DABI SUBSTRATE SOLUTION

This solution was always prepared fresh just before use. 10 mg DAB (Sigma) 

was dissolved in 10 ml of 50 mM Tris-HCI buffer pH 7.6. 100 pi of 1%  

hydrogen peroxide solution (Sigma) was added to the solution just before 

application to the sections.

2.1.1.4 ALKALINE PHOSPHATASE SUBSTRATE SOLUTION

8 mg of Naphtol AS-MX phosphate (Sigma) was dissolved in 0.2 ml dimethyl 

formamide (Sigma). This was added to 10 ml of 0.1 M tris solution. The pH 

was adjusted to 8.2 with 1 M HCI. Just before use 2.5 mg levamisole (Sigma) 

and 10 mg fast red tr salt (Sigma) were dissolved and the solution was 

filtered.
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2.1.1.5 CITRATE BUFFER pH 6

2.1 g of monohydrate citric acid (BDH) was dissolved in 1 litre of distilled 

water and the pH was adjusted to 6 by addition of 2N NaOH (BDH).

2.1.2 Solutions used in enzyme linked immunosorbent assay (ELISA)

2.1.2.1 TBS-TW EEN

Tween 20 (Sigma) was added to TBS to give a final concentration of 0.05% .

2.1.2.2 PHOSPHATE BUFFERED SALINE oH 7.2 (PBS1

8.0 g of NaCI, 0.2 g of KOI (Sigma), 1.44 g of dibasic sodium phosphate 

(Sigma) and 0.24 g of monobasic potassium phosphate (Sigma) were 

dissolved in 800 ml of distilled water. The pH was adjusted to 7.2 and the 

volume was brought to 1 litre with distilled water.

2.1.2.3 BLOCKING BUFFER

3% bovine serum albumin-fraction V (BSA; Sigma) or 3% heat inactivated 

horse serum (Sigma) in TBS-Tween or PBS were used to block the non

specific binding sites in ELISAs.

2 .1.2.4 Q -PHENYLENEDIAM INE SUBSTRATE SOLUTION

4.9 ml of 0.1 M citric acid was mixed with 5.1 ml of 0.2M dibasic sodium 

phosphate and volume was adjusted to 20 ml with distilled water. Prior to use

6.8 mg of o-phenylenediamine (Sigma) and 4 pi of 30%  hydrogen peroxide 

solution were added.

2.1.3 Solutions used in tissue culture

2.1.3.1 CALCIUM -MAGNESIUM  FREE HANKS' BALANCED SALTS 

SOLUTION (HBSS1

HBSS with 0.35 g/L sodium bicarbonate was purchased ready made from 

Imperial Laboratories, Andover, Hampshire, UK in sterile 500 ml bottles.
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2.1.3.2 10% SODIUM AZIDE SOLUTION

1 g of sodium azide (Sigma) was dissolved in 10 ml of distilled water.

2.1.3.3 POLYETHYLENE GLYCOL (PEG) SOLUTION""̂

10 g of polyethylene glycol 1500 (BDH) was autoclaved and 10 ml of sterile 

serum free RPMI 1640 was added.

2.1 .3 .4  TRYPAN BLUE SOLUTION

Trypan blue was purchased from Sigma as a 0.4%  solution and used at one in 

two dilution to count the viable cells.

2.1.3.5 TRYPSIN-EDTA SOLUTION

Ready made trypsin-EDTA was purchased from Sigma as a 10x solution (5.0 

g porcine trypsin and 2.0 g EDTA.4Na /L in 0.9%  NaCI) and was diluted in 

HBSS just before use.

2.1.3.6 1% GELATIN SOLUTION

1 g gelatin (Sigma) was dissolved in 100 ml of distilled water. The solution 

autoclaved and stored at room temperature until required.

2.1.4 Solutions used in gel electrophoresis

2.1.4.1 NP-40 LYSIS BUFFER

NP-40 lysis buffer contained 150 mM NaCI, 50 mM Tris-HCI (pH 8.0) and 1% 

NP-40 (Sigma) and was prepared in 100 ml distilled water.

2.1.4.2 ACRYLAMIDE/BIS-ACRYLAMIDE STOCK SOLUTION

Ready mixed acrylamide/bis-acrylamide (37:1 ratio) was purchased from 

Sigma. 30%  stock solution was prepared in distilled water and kept at 4°C until 

required.

2.1.4.3 STACKING GEL BUFFER STOCK fO.5 M TRIS-HCI pH 6.81

6.0 g of tris was dissolved in 40 ml of distilled water, titrated to pH 6.8 with 1
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M HCI and brought to 100 ml final volume with distilled water. The solution 

was filtered through Whatman No.1 filter paper (BDH) and stored at 4°G.

2.1.4.4 RESOLVING GEL BUFFER STOCK (3 M TRIS-HCI pH 8.01

36.3 g of tris and 48.0 ml of 1 M HCI were mixed and brought to 100 ml final 

volume with distilled water. The solution was filtered through Whatman No.1 

filter paper and stored at 4°C.

2.1.4.5 10% SODIUM DODECYL SULPHATE (SDS)  SOLUTION

10% SDS solution was purchased ready made from Bio-Rad Laboratories Ltd, 

Hemel Hempstead, Herts., UK.

2.1.4.6 1.5% AMMONIUM PERSULPHATE SOLUTION

150 mg of ammonium persulphate (Bio-Rad) was dissolved in 10 ml of distilled 

water. The solution was always prepared freshly just before use.

2.1.4.7 ELECTROPHORESIS RUNNING BUFFER oH 8.3 

Electrophoresis running buffer was prepared as a 5x concentrated solution as 

follows and diluted in distilled water just before use. 15 g of tris, 72 g of 

glycine (Sigma) and 5 g of SDS (BDH) were dissolved in distilled water and 

brought to 1 litre final volume with distilled water. The solution was kept at 4°C 

until required.

2.1.4.8 REDUCING SAMPLE BUFFER

1.0 ml of 0.5 M tris-HCI (pH 6.8), 0.8 ml of glycine (Sigma), 1.6 ml of 10%  

SDS, 0.4 ml of 2-b-mercaptoethanol (Sigma) and 0.2 ml of 0.05%  

bromophenol blue (Sigma) were mixed and brought to 8 ml final volume with 

distilled water.

2.1.5 Solutions used in immunoblotting

2.1.5.1 TBS-TW EEN

TBS-Tween was prepared as described for ELISA.
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2.1.5.2 BLOCKING BUFFER

3% heat inactivated horse serum in TBS-tween was used as blocking buffer in 

immunoblotting.

2.1.5.3 BLOTTING BUFFER pH 9.2

5.82 g of tris, 2.93 g of glycine and 0.0375 g of SDS were dissolved in distilled 

water, 200 ml methanol (BDH) was added and volume was adjusted to 1 litre.

2.1.5.4 DAB SUBSTRATE SOLUTION

10 mg DAB was dissolved in 10 ml of 50 mM Tris-HCI buffer pH 7.6. 10 pi of 

30% hydrogen peroxide solution was added to the solution just before use.

2.1.5.5 NITROBLUE TETRAZOLIUM CHLORIDE (NBT1 -BCIP SUBSTRATE  

SOLUTION

NBT (75 mg/ml) and BCIP (50 mg/ml) solutions were purchased ready made 

from Life Technologies Ltd, Paisley, Scotland. The substrate solution was 

prepared freshly before application by adding 44 pi of NBT solution and 33 pi 

of BCIP solution to 10.0 ml of 0.1 M Tris-HCI (pH 9.5), 0.1 M NaCI, 50 mM 

MgClg (Sigma).

2.2 CELL AND ORGAN CULTURE MEDIA

2.2.1 Standard cell culture medium, RPMI 1640

Dutch modified RPMI medium 1640 with 20 mM HEPES (RPMI; Imperial 

Laboratories) was used as the standard medium in all cell culture experiments. 

In most cases it was supplemented with the following to give final 

concentrations of 10% heat inactivated fetal calf serum (PCS; Imperial 

Laboratories), 2.05 mM L-glutamine (Sigma), 50 u/ml Penicillin G and 50 

pg/ml streptomycin (Sigma).
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2.2.2 Hypoxanthine-aminopterin-thymidine (HAT) medium

50x HAT media supplement (Sigma) was reconstituted in 10 ml of media and 

was added to 500 ml of RPMI+10%  PCS to achieve final concentrations of 

100 pM hypoxanthine, 400 nM aminopterin and 16 pM thymidine.

2.2.3 Hypoxanthine-thymldlne (HT) medium

50x HT media supplement (Sigma) was reconstituted in 10 ml of media and 

was added to 500 ml of RPMI+10%  PCS to achieve final concentrations of 

100 pM hypoxanthine and 16 pM thymidine.

2.2.4 Medium for growing human umbiiical vein endothelial cells 

(HUVEC)""®

To grow HUVEC, RPMI was supplemented with the following to give final 

concentrations of 10% PCS, 10% human serum type AB (Sigma), 2.05 mM L- 

glutamine, 50 u/ml Penicillin G, 50 pg/ml streptomycin, 100 u/ml endothelial 

cell growth supplement (Sigma), 5 u/ml heparin (Sigma).

2.2.5 Autrup's medium for fetal gut organ culture

Por fetal gut organ culture a modification of the medium described by Autrup 

et aP® for explant culture of human colon was used. CM RL-1066 medium 

(ION Biochemicals Ltd) was supplemented with the following to give final 

concentrations of 5 mg/ml glucose (Sigma), 1 pg/ml methionine (Sigma), 20  

mM tricine (Sigma) -HCI buffer pH 7.4, 1 pg/ml retinol acetate (Sigma), 3 mM 

glutamine (Sigma), 100 u/ml penicillin G, 100 pg/ml streptomycin, 50 pg/ml 

gentamycin (Sigma) and 250 ng/ml amphotericin B (Sigma). The culture 

medium was sterilised by filtering and kept at 4°C until required.
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2.2.6 Freezing Medium

PCS containing 5%  dimethyl sulphoxide (DMSO; BDH ) was used to freeze  

down cells for cryo-preservation in liquid nitrogen.

2.3 MITOGENS USED FOR T CELL ACTIVATION

2.3.1 L-Phytohemagglutinin (PHA)

PHA from red kidney bean was purchased from Sigma as a lyophilized 

powder. Stock solution was prepared in RPMI 1640 tissue culture medium at a 

concentration of 1 mg/ml. It was used at a final concentration of 10 pg/ml in 

the majority of the experiments.

2.3.2 Pokeweed Mitogen (PWM)

PWM isolated from pokeweed roots was purchased from Sigma in a 

lyophilized powder form. Stock solution was prepared in sterile distilled water 

at a concentration of 1 mg/ml. It was generally used at a final concentration of 

5-10 pg/ml in the experiments.

2.3.3 Staphylococcus enterotoxin B (SEE)

SEB was purchased from Sigma at a concentration of 1 mg/ml in phosphate 

buffer. It was used at a final concentration of 20 pg/ml in the experiments.

2.4 IMMUNOSUPPRESSIVE DRUGS

2.4.1 Cyclosporin A

Cyclosporin A (Sandoimmun; Sandoz Ltd., Basel, Switzerland) was purchased
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at a concentration of 50 mg/ml stabilized in polyethoxylated castor oil. 1 mg/ml 

stock solution was prepared and it was used between 150 ng/ml - 75 pg/ml 

final concentrations.

2.4.2 FK506

The stock solution of FK 506 (Fujisama Pharmaceutical Company, Osaka, 

Japan) was prepared in tissue culture medium at a concentration of 10 mM 

and it was used at a final concentration of 100 nM.

2.4.3 Dexamethasone

Dexamethasone was purchased from Sigma and stock suspension was 

prepared in tissue cuiture medium at a concentration of 10 mM. It was used in 

the experiments at a final concentration of 1 pM.

2.5 CYTOKINES

2.5.1 TNFa

Human recombinant TN Fa was obtained from National Institute for Biological 

Standards and Control, Potters Bar, Herts., UK at a concentration of 10,000  

unit/ml. In the experiments it was used at a final concentration of 1-1000 u/ml.

2.5.2 interferon-y

Human recombinant interferon-y was purchased from Sigma as a lyophilized 

powder. It was reconstituted in PBS to a concentration of 100,000 units/ml. In 

the experiments it was used at a final concentration of 10-1000 u/ml.
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2.5.3 Conditioned medium from stimulated tonsil cells

In some cases conditioned medium from PHA or PWM stimulated tonsil 

mononuclear cells were used as a source of cytokines. Approximately 10® 

tonsil cells/ml were cultured with 10 pg/ml PHA or PWM for 48-72 hours. At 

the end of the incubation period cells were spun down and supernatant was 

kept at -20°C until required. Conditioned medium was generally used in 1/5- 

1/10 dilution.

2.6 ANTIBODIES

In the studies described in this thesis a wide range of murine monoclonal 

antibodies against variety of cellular antigens was used in several different 

assays. The antibodies, their specificities, dilution factors, sources and 

relevant references are summarised in Table 2.1. The secondary antibodies 

and reagents used to detect the reactivity of primary antibodies in a variety of 

systems are shown in Table 2.2.

2.7 CELL LINES

2.7.1 NSO

HAT sensitive, non-immunoglobulin-secreting mouse myeloma cell line NSO  

(European Collection of Animal Cell Cultures (ECACC), PHLS Centre for 

applied Microbiology and Research, Salisbury, Wilts., UK) was used as the 

fusion partner in all fusions^®®. NSO cell line was grown in RPM I+10% FCS, 

maintained at a density of 3-9 x 10® cells/ml and was used in fusions during 

exponential growth phase.
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SPECIFICITY CLONE DILUTION SOURCE/REFERENCE

CD3 UCHT-1 1/50(1 HG) Dako Ltd., High Wycombe, Bucks.,

CD20 L26 1/50(IHG) Dako Ltd."«"'"«»

HLA-DR IBS 1/5(1 HG) IGRF^®^

E-selectin (CD62E) BBIG-E6 1/500-1000(1 HG) 
1/2000 (ELISA)

R&D Systems Europe Ltd., Abingdon, 
Oxford, UK."""

E-selectin (CD62E) BBIG-E4 1/250-500(1 HG) R&D Systems"®"

E-selectin (CD62E) 18/7 1/250(1 HG) Becton Dickinson UK Ltd., Gowley, 
Oxford, UK.""®"®^

E-selectin (CD62E) 1.2B6 neat(IHG)
neat(ELISA)

Dr DO Haskard, Royal Postgraduate 
Medical School, London, UK."®® "®®

P-selectin (CD62P) AGI .2 1/250(IHG) Becton Dickinson"®"

PECAM-1 (CD31) JG/70A 1/50(IHG) Dako Ltd."®"

ICAM-1 (CD54) HA58 1/1000(1 HG) Gambridge Bioscience, Gambridge, 
UK."®"

ICAM-1 (CD54) 6.5B5 neat(IHG) Dr DO Haskard"®® "®"

VCAM-1 (CD106) BBIG-V1 1/1000(IHG) R&D Systems"^®

VCAM-1 (GDI 06) 1.4G3 neat(IHG) Dr DO Haskard"®®

Endothelium PAL-E 1/10(IHG) Eurodiagnostica, Apeldoorn,Holland"^^

E-cadherin HEGD-1 1/100(IHG)
1/100(ELISA)

R&D Systems"^"

CEA/NCA 85A12 1/100(IHG) 
1/100(1 B)

Oxoid Ltd., Bedford, UK."^®

Table 2.1: The characteristics of primary monocionai antibodies used in 
immunohistochemistry (ihlC), immunobiotting (IB) and ELISA.

SECONDARY REAGENTS DILUTION SOURCE

Rabbit anti-mouse Ig 1/500 (ELISA) Dako Ltd.

Rabbit anti-mouse Ig, peroxidase 1/50 (IHG)
1/500 (ELISA/IB)

Dako Ltd.

Rabbit anti-mouse Ig, biotin 1/200 (IHG) 
1/2000 (IB)

Dako Ltd.

Goat anti-mouse Ig G I, peroxidase 1/600-38400 (ELISA) Nordic Immunology. Tilburg, 
Holland

Goat anti-mouse lgG2a, peroxidase 1/600-38400 (ELISA) Nordic Immunology

Goat anti-mouse lgG2b, peroxidase 1/600-38400 (ELISA) Nordic Immunology

Goat anti-mouse lgG3, peroxidase 1/600-38400 (ELISA) Nordic Immunology

Goat anti-mouse IgM, peroxidase 1/600-38400 (ELISA) Nordic Immunology

Extra-avidin, alkaiine phosphatase 1/1000 (IHG) 
1/10000 (ELISA/IB)

Sigma

Rabbit anti mouse Ig, fluorescein 1/50 (IHG) Dako Ltd

Table 2.2: Characteristics of secondary reagents used to demonstrate the primary 
antibody immunoreactivity in immunohistochemistry(IHC), ELiSA and 
immunobiotting(IB).
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2.7.2 HT29

HT29 cell line (ECACC) is an epithelial cell line established from a specimen 

of colonic adenocarcinoma^^"^. It was grown in RPM I+10% FCS and was 

passaged when 90% confluent. The cell monolayer was washed with HBSS 

and incubated in trypsin-EDTA solution at 37°C for 10-15 minutes. The 

loosened cells were then recovered, washed in tissue culture medium by 

centrifugation and resuspension. They were seeded into tissue culture dishes 

at the desired concentration. In some experiments HT29 cells were grown on 

1% gelatin coated sterile coverslips to perform immunohistochemistry. To 

examine the changes in expression of several cellular antigens, in some 

cases, the HT29 cells were stimulated by various means including conditioned 

medium, interferon-y and PMA (Sigma) for up to 72 hours.

2.7.3 HL60

HL60 (ECACC) is a leukaemic cell line obtained from the peripheral blood of a 

patient with promyelocytic leukaemia^^®. HL60 cells were cultured in 

RPM I+10% FCS and maintained at density of 3-9 x 10® cells/ml. In some cases 

granulocytic differentiation of HL60 cells was induced by 1% DM SO treatment 

for up to 72 hours^^®.

2.7.4 U937

The U937 cell line (ECACC) was established from the pleural effusion of a 

patient with diffuse histiocytic lymphoma^^^’̂ ®̂. It was cultured in 

RPM I+10% FCS and maintained at density of 2-9 x 10® cells/ml.

2.8 TISSUES

2.8.1 Fresh specimens
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2.8.1.1 FETAL GUT

Fetal gut was collected from the MRC fetal tissue bank who obtain fetuses 

from therapeutic abortions. Local ethical committee approval was obtained for 

all studies involving fetal tissues.

2.8 .1 .2  SMALL BOWEL INVOLVED W ITH CROHN'S DISEASE

Fresh specimens of small bowel involved with Crohn's disease was provided 

by Professor TT MacDonald from patients who had a resection of a segment 

of the small bowel as part of their treatment.

2.8 .1 .3  TONSILS

Normal tonsils from tonsillectomies were received in the laboratory 1-4 hours 

after the operation.

2.8.2 Frozen specimens

All frozen specimens were obtained from frozen tissues banks of Department 

of Histopathology, UGL Medical School, London, UK and Department of 

Paediatric Gastroenterology, St Bartholomew's Hospital, London, UK.

2.8.3 Paraffin embedded specimens

All paraffin embedded specimens were obtained from the archives of 

Department of Histopathology, UGL Medical School, London, UK.

2.9 ANIMALS

Female Balb/c mice, approximately 20 g in weight were used in the production 

of murine hybridomas and as a source of peritoneal feeder cells.
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2.10 IMMUNOHISTOCHEMISTRY""^

For immunohistochemical studies, microscopic slides (BDH) were coated with 

0.1%  poly-L-lysine (Sigma) or Vectabond™ (Vector Laboratories Ltd., Bretton, 

Peterborough, UK), air dried and 8 pm frozen or 5 pm paraffin sections were 

cut from the tissue blocks. To stain cultured non-adherent cells and peripheral 

blood leukocytes, cytospins were prepared on poly-L-lysine coated slides. 

Monolayer cultures were grown on 1% gelatin coated sterile coverslips in 

tissue culture dishes. At the end of the culture period, they were washed with 

PBS and air dried.

Paraffin sections were incubated at 56°C overnight in a dry oven and were 

deparaffinized by incubation in xylene (Prolabo, Paris, France) and rehydrated 

using decreasing concentrations of industrial methylated spirit (BDH). At this 

stage, where necessary, to enhance sensitivity paraffin sections were heated 

in a microwave oven for 5-15 minutes in citrate buffer pH 6"®°. When required 

endogenous peroxidase activity was blocked by incubating in 0.5%  hydrogen 

peroxide in methanol (BDH) for 10 minutes. Sections were then washed under 

running tap water and in TBS for 5 minutes. This was followed by 

immunostaining by one of the methods described below.

Frozen sections, cytospins and monolayer cultures on coverslips were air 

dried for 30 minutes and were either immediately stained or kept at -20°C  

wrapped in cling film until required. Slides were routinely fixed in acetone 

(BDH) for 20 minutes, washed in TBS for 5 minutes and immunostained as 

described below. Throughout all immunohistochemistry procedures, the slides 

were washed in TBS, three times for 2 minutes between all incubation steps.

2.10.1 Indirect Immuno-peroxidase

Primary monoclonal antibody was applied to the slides for 1 hour followed by 

peroxidase labelled rabbit antisera against mouse immunoglobulins in TBS  

containing 4% normal human serum, for 30 minutes. Then DAB substrate
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solution was applied for 5-10 minutes. The sections were then washed under 

running tap water for 5 minutes, counterstained with hematoxyl in, 

dehydrated in increasing concentrations of industrial methylated spirit, passed 

through xylene and mounted in Ralmount (BDH).

2.10.2 Avidin-biotin alkaline phosphatase

Primary antibody was applied as described for indirect peroxidase. Biotin 

labelled rabbit antibodies against mouse immunoglobulins in TBS containing 

4%  normal human serum, was used as the secondary reagent. Then alkaline 

phosphatase labelled extra-avidin in TBS was added to the slides for 30 

minutes. At the end of the incubation period, alkaline phosphatase substrate 

solution containing fast red was applied for 20-30 minutes. Finally the slides 

were washed under running tap water for 5 minutes, counterstained in 

hematoxylene and mounted in Aquamount (BDH).

2.10.3 Indirect immuno-fluorescence

Immuno-fluorescence staining of peripheral blood leukocytes was performed to 

discriminate between cytoplasmic and cell surface staining. Peripheral blood 

from healthy donors was obtained. Peripheral blood leukocytes enriched in 

polymorphonuclear leukocytes were prepared by density centrifugation on 

Polymorphoprep™ (Nycomed Pharma AS, Oslo, Norway) according to 

manufacturer's instructions.

To examine cytoplasmic immunoreactivity, cytospins were prepared from 

isolated leukocytes. The slides were fixed in acetone for 20 minutes to 

permeabilize the cell membranes and staining was performed as described for 

indirect immunoperoxidase. As the secondary reagent, fluorescence labelled 

rabbit antibodies against mouse antibodies were used. The slides were then 

mounted using 50% glycerol and viewed under a fluorescence microscope.

To examine cell surface immunoreactivity, isolated peripheral blood leukocytes
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were stained in suspension. After isolation the cells were washed twice in PBS 

by centrifugation and resuspension. The cell pellet was then fixed in 4%  

paraformaldehyde/PBS solution (Sigma) at 10® cells/ml for 10 minutes. Cells 

were washed twice with PBS. From this moment onwards all washes and 

dilutions were done in 3% BSA/PBS. Primary antibody was applied for 1 hour 

at room temperature, cells were washed three times by centrifugation and 

resuspension. As the secondary reagent, fluorescence labelled rabbit 

antibodies against mouse antibodies were added for 30 minutes. The cells 

were again washed three times, then cytospins were prepared. The slides 

were mounted with 50%  glycerol and viewed under a fluorescence 

microscope.

2.10.4 Quantification of immunohistochemical reactivity

4The extenHmmunohistochemical reactivity was determined using two different 

methods.

With the first method, ICAM-1, VCAM-1 and E-selectin immunoreactivity in 

Chapter 3 and ICAM-1, VCAM-1 immunoreactivity in Chapter 4 were scored 

semi-quantitatively to take the intensity of staining into account as follows.

ICAM-1: 0, no staining; 1, basal endothelial expression; 2 and 3, staining of 

lamina propria stromal cells with increasing intensity; 4 and 5, staining of the 

lamina propria stromal cells and muscle with increasing intensity.

VCAM-1: 0 and 1, diffuse stromal staining with increasing intensity; 2 and 3, 

plus staining of the endothelium with increasing intensity; 4 and 5 staining of 

the endothelium, lamina propria and muscle with increasing intensity.

E-selectin: 0, no staining; 1-5, staining of the endothelium with increasing 

intensity.

Secondly, in Chapters 4 and 5, the immunoreactivity of antibodies against E-
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selectin, ICAM-1 and CD25 was measured by a point-counting technique 

using a Lennox eyepiece graticule^®  ̂ (Graticules Ltd., Tonbridge, Kent, UK) 

under high power magnification. The number of points on the graticule 

coincident with E-selectin or PAL-E positive endothelium were expressed as a 

ratio of total number of points falling over the lamina propria, giving antibody 

reactivity per unit area of lamina propria. Reproducibility of quantification was 

shown by recounting several experiments which gave low, medium and high 

counts, with very similar results.

2.11 ELISA

ELISA was used both to determine the isotype of monoclonal antibodies and 

to investigate the expression of cellular antigens in cultured cell lines. The 

ELISA for determination of the isotype of monoclonal antibodies is described 

in section 2.19.3.6. The ELISA method used to investigate the expression of 

cellular antigens in HUVEC and HT29 cell line is described below^®®.

Monolayers of HUVEC and HT29 cells were grown to confluence in 96-well 

culture plates and experiments were performed as described in relevant 

sections. At the end of the experiments culture plates were washed with PBS. 

HUVEC were fixed for 5 minutes using 0.025%  glutaraldehyde (Sigma) in 

PBS. HT29 cells were fixed in 1:1 methanol/acetone mixture. Non-specific 

reactivity was blocked by overnight incubation in 3% heat inactivated horse 

serum in PBS at 4°C. All antibody dilutions and washes were done using 3%  

horse serum in PBS. Primary antibody against the antigen being investigated 

or an isotype matched control antibody were applied for an hour at room 

temperature followed by peroxidase labelled rabbit antibody against mouse 

immunoglobulins for 30 minutes. Peroxidase reaction was visualized using o- 

phenylenediamine as substrate. The reactivity was measured at 492 nm with 

Titertek® Uniscan II microplate reader (ICN). Final optical density was 

calculated as the difference between reactivity of the antibody against the 

antigen being investigated and the isotype matched negative control.
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2.12 DETERGENT LYSIS OF CELLS AND CELL LINES"'"

Cellular proteins of HT29 cell line and polymorphonuclear leukocytes were 

investigated with detergent lysis followed by other analytical techniques.

HT29 cells were grown to confluence in a 100 mm tissue culture dish and 

were scraped from the dish with a cell scraper. Polymorphonuclear leukocytes 

were isolated from peripheral blood of healthy donors by density 

centrifugation.

The cells from either source were transferred to 1.5 ml conical tubes, washed 

once with PBS, and 1 ml of NP-40 lysis buffer (prechilled to 4°C) was added. 

The tubes were incubated on ice for 1 hour with occasional rocking. At the 

end of the incubation period, the samples were spun at 10,000 g for 10 

minutes. The supernatant was transferred to a fresh tube and either 

immediately used in immunoprécipitation and immunoblotting studies as 

described below or kept at -70°C until required.

2.13 IMMUNOPRECIPITATION 282

Immunoprécipitation of antigens from cell lysates were performed by using 

protein A coated Sepharose® CL-4B beads (Pharmacia LKB, Biotechnology 

AB, Uppsala, Sweden). For each experiment 100 pi of dry beads were used. 

First, the beads were incubated in PBS for 30 minutes. When swollen, the 

beads were washed with PBS twice to get rid of the free protein A and they 

were coated with affinity purified rabbit Ig against mouse Ig for 30 minutes at 

room temperature. They were again washed in PBS to get rid of the unbound 

antibody. Then 1 ml of the immunoprecipitating antibody (tissue culture 

supernatant) was added to one half of the beads and an isotype matched 

control antibody to the other half. After 30 minutes incubation, the beads were 

extensively washed in PBS by centrifugation and resuspension. 500 pi of the 

cell lysate were added to each tube and the tubes were incubated at 4°C on 

ice with occasional rocking for an hour. At the end of the incubation period the
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beads were collected by centrifugation at 10,000 g for 15 seconds at 4°C. 

They were washed three times with NP-40 lysis buffer by centrifugation and 

resuspension. The resulting pellet containing the immune complexes was 

analyzed by gel electrophoresis and immunoblotting as described below.

2.14 SDS-POLYACRYLAMIDE GEL ELECTROPHORESIS 

(PAGE)"""^»'

The whole cell lysates or immune complexes precipitated as described above 

were analyzed by SDS-PAGE followed by immunoblotting. A vertical slab gel 

apparatus, Mini-Protean II Dual Slab Cell® (Bio-Rad) was used. Separating gel 

monomer solutions (12.5% -5% ) and stacking gels were prepared as shown in 

Table 2.3 and amonium persulphate solution and TEM ED were added just 

before the gel was to be poured. First, resolving gel solution was poured 

leaving 1 cm space below the teeth of the comb for the stacking gel. The 

resolving gel solution was overlaid with water saturated-isobutanol (Sigma) 

and left to polymerize for 45 minutes. When set, the overlay was rinsed off 

with distilled water. The stacking gel monomer solution was poured and the 

comb was placed in the gel sandwich. After polymerization, the wells formed 

by the comb were washed with distilled water, the gel apparatus was 

assembled and filled with running buffer. Before loading, the cell lysates were 

mixed 1:1 with 2 x reducing sample buffer, or 50 pi of reducing sample buffer 

was added to the bead pellet containing the immune complexes. The samples 

were heated to 96°C for 10 minutes and 10-15 pi of the denatured sample was 

added to each well. In each run at least one well contained standard 

molecular weight markers. The gel was run for approximately 45 minutes at a 

constant voltage of 150 V. At the end of the run the gel was separated from 

the plates and blotted as described below.
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Stacking
Gel

12.5% 10% 7.5% 5%

40% Acrylamide/ 
bisacrylamide

2.5 ml 12.5 ml 10 ml 7.5 ml 5 ml

Stacking gel 
buffer stock

5.0 ml - - - -

Resolving gel 
buffer stock

- 3.75 ml 3.75 ml 3.75 ml 3.75 ml

10% SDS 200 pi 300 pi 300 pi 300 pi 300 pi
Water 11.3 ml 11.95 ml 14.45 ml 16.95 ml 19.45 ml
1.5% APS 1.0 ml 1.5 ml 1.5 ml 1.5 ml 1.5 ml
TEMED 15 pi 15 pi 15 pi 15 pi 15 pi

Table 2.3: Preparation of stacking (Totai=20 mi) and 12.5-5% resoiving geis
(Totai=30 ml) for SDS-PAGE.

2.15 IMMUNOBLOTTING 2 8 5

The proteins run on the SDS-PAGE as described above were transferred to 

nitrocellulose membranes (Bio-Rad) for immunostaining using Trans-Blot SD  

semi-dry electrophoretic transfer cell (Bio-Rad). First, the gel was equilibrated 

in blotting buffer for 15 minutes by continuous shaking. Then it was put on a 

wet nitrocellulose membrane and placed in the blotting apparatus between 

layers of filter paper. The transfer was completed in 15 minutes at a constant 

voltage of 15 V. The membrane was washed in TBS-tween and non-specific 

binding sites were blocked by incubation in 3% horse serum in TBS-tween  

overnight at 4°C. After blocking, the membrane was cut into strips according to 

the number of samples run and the number of antibodies which would be used 

in immunodetection. The specific antibodies and isotype matched negative 

controls were applied for three hours with constant shaking. The blots were 

washed 5 x in TBS-tween and either peroxidase conjugated rabbit antibodies 

against mouse Ig or biotin labelled rabbit antibodies against mouse Ig were 

added for 2 hours. An avidin-alkaline phosphatase conjugate was used to 

detect the primary antibody. The blots were washed in TBS-tween and 

appropriate chromogens (DAB solution for peroxidase labelled antibodies and
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NBT-BCIP solution for alkaline phosphatase) were added for 5-20 minutes. At 

the end of the detection reaction, the blots were washed under running tap 

water and air dried.

2.16 PROTOCOLS USED IN TISSUE CULTURE

All tissue culture plastic-ware was purchased from Corning Inc., Corning, New  

York, USA. Unless otherwise stated all tissue cultures were incubated at 37°C  

in 5% COg using a humidified, automatically controlled incubator (Leec Ltd., 

Colwick, Nottingham, UK). Outside the incubator the cultures were always 

handled in a class II laminar flow cabinet (ICN Biomedicals).

2862.16.1 Protocol for freezing cells'

Cells to be frozen were spun to a pellet, the supernatant decanted and the 

pellet resuspended in cold freezing medium up to a volume of SOOpI 

depending on the cell density. The cell suspension was added to a vial 

labelled with the date, name of the cells and the cell concentration where 

appropriate. Ideally, cells to be frozen were in logarithmic growth and of a 

density of at least 10® cells per vial. Cells were placed in a polystyrene 

container to reduce the rate of cooling and transferred to a -70°C freezer. The 

following day, vials were transferred into liquid nitrogen until required.

2862.16.2 Protocol for thawing cells'

The vial to be thawed was selected from the liquid nitrogen bank and rapidly 

warmed in a 37°C water bath until the ice had melted. The cell suspension 

was transferred to a sterile container and media added slowly to the cells with 

gentle agitation. Once diluted the cells were spun to a pellet after which they 

were transferred to an appropriate vessel in the required medium.
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2.17 FGOŒ''

Specimens of fetal gut were received fresh in the laboratory immediately after 

postmortem dissection. One segment from each fetal intestine specimen was 

snap frozen in liquid nitrogen. The remainder was cut open longitudinally to 

expose the lumen and dissected into 1-2 mm square pieces. The explants 

were cultured in either 2 ml costar wells (5-6 explants/well) or 60 mm tissue 

culture dishes (25-30 explants/dish) containing modified Autrup's medium. 

Various T cell mitogens and immunosuppressants were added as required.

The culture plates were placed into a modular incubator (ICN Biomedicals) 

which was subsequently gassed with a mixture of 95%  Og and 5% COg. The 

explants were then incubated at 37°G for up to 7 days. The macroscopical 

changes in the explants were observed under a phase contrast microscope. At 

the end of the culture period explants from each culture dish or well were 

grouped together, excess liquid was soaked on a filter paper and the explants 

were snap frozen in liquid nitrogen. Frozen sections of these specimens were 

then used in various immunohistochemical studies.

2.18 ENDOTHELIAL CELL CULTURÊ ^®̂ ®̂

Human umbilical vein endothelial cells were isolated from umbilical cords 

which were received fresh in the laboratory within 12 hours of labour. The 

umbilical vein was found and was cannulated at either end of the cord. The 

umbilical vein was washed three times with HBSS. Then 0.1%  collagenase 

(Worthington Biochemical Corp., Freehold, NJ) in HBSS (Prewramed to 37°C) 

was added and the cord was clamped at each end. The cord was then 

incubated at 37°C for 15 minutes. The umbilical vein was then washed through 

with HBSS and isolated cells were collected by centrifugation. The cells were 

resuspended in HUVEC medium and grown in 1% gelatin coated 2 ml costar 

wells until 80% confluent. Generally cells from 2-3 cords were pooled together 

for one experiment. After 2 or 3 passages endothelial cells were either grown 

in 96 well tissue culture plates or over 1% gelatin coated coverslips. In 96-well
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plates, confluent HUVEC were treated with various reagents and appropriate 

controls as detailed in Chapter 4, and changes were investigated with an 

ELISA as already described. On coverslips HUVEC were fixed in acetone and 

stained immunohistochemically.

2.19 PRODUCTION OF MONOCLONAL ANTIBODIES""""""

2.19.1 Preparation of cell suspensions for immunization

2.19.1.1 TONSIL CELLS

Palatine tonsils were received fresh within 3 hours of removal. They were 

placed in a 100 mm tissue culture dish containing RPMI and were teased 

apart into very fine particles using 20-gauge sterile needles. The cell 

suspension and washings of the tissue culture plate were transferred to a 30 

ml sterile tube, leaving larger pieces of tissue in the plate. The cell suspension 

was left in the tube for 3 minutes to allow the larger clumps to settle to the 

bottom of the tube. Then supernatant containing the cell suspension was 

carefully removed from the sediment and was transferred to a fresh centrifuge 

tube. These cells were spun down and they were used either immediately or 

after PHA stimulation to immunize mice.

2.19.1.2 CELLS FROM PWM STIMULATED FGOC  

Fetal gut was cultured as previously described. Cell suspensions were 

prepared from fetal gut explants after 3-4 day PWM stimulation. The explants 

were washed with RPMI+10% FCS and transferred into RPM I+10% FCS  

containing 0.1%  collagenase type lA (Sigma). The explants were incubated at 

37°C and were vigorously pipetted every 10-15 minutes. The incubation time 

was optimized by counting the live cell yield every 30 minutes. At the end of 

the digestion the cell suspension was left in the tube for 3 minutes to allow the 

larger clumps to settle to the bottom of the tube, the supernatant was carefully 

removed from the sediment and transferred to a fresh centrifuge tube. The 

cells were washed in serum free RPMI and were used to immunize mice.
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2.19.1 .3  CELLS FROM CROHN'S DISEASE SPECIM ENS  

Pieces of fresh small bowel involved with Crohn's disease were obtained from 

surgical resection specimens. Cell suspensions were prepared as described 

for tonsils. Additionally, remaining larger fragments were collagenase digested 

as described for the fetal gut organ culture but this time for 3 hours. The 

resulting cell suspension was used to immunize mice.

2.19.2 Immunization protocol

Balb/c mice were always immunized by intraperitoneal injection of cell 

suspensions. Each time 1x10^-1x10^ cells in 0.4-0.5 ml PBS were injected. At 

least two weeks after priming, the mice were boosted with the same type of 

cells and three days after the boost, the mice were killed and the spleen was 

aseptically removed for the fusion.

2.19.3 Fusion protocol

2.19.3.1 PREPARATION OF FEEDER LAYER FOR HYBRIDOM AS  

Feeder cells for growing hybridomas were taken from the peritoneal cavity of 

Balb/c mice. Mice were sacrificed and the skin was cut open aseptically to 

expose the peritoneum. The peritoneal cavity was injected with 8-9 ml of HAT  

medium. The HAT medium recovered from the peritoneal cavity using a 

needle and syringe was used to provide feeders for three 96-well plates or 

thirty 2 ml costar wells.

2.19.3.2 PROCEDURE

The sterile spleen from the immunized mouse was aseptically transferred into 

a 100 mm tissue culture plate containing 10 ml serum free RPMI. A cell 

suspension from the spleen was prepared as described for tonsil. Isolated 

splenocytes and mouse myeloma cell line NSO were washed three times with 

serum free RPMI. After the last wash they were spun together in a proportion 

of 1-4 splenocytes to each NSO. 1 ml of PEG solution (prewarmed to 37°C) 

was slowly added to the cell pellet over 1 minute with a pasteur pipette and
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the cell pellet was continuously stirred with the tip of the pasteur pipette. 

Immediately after this, 1 ml of HAT medium (prewarmed to 37°C) was slowly 

added to the cell suspension within the next minute followed by further 20 ml 

within the next 2 minutes. The cells were spun down and resuspended in 10 

ml of HAT medium and the number of live cells was calculated by trypan blue 

exclusion method. The fused cells were dispensed into three round bottom 

and three flat bottom 96 well tissue culture plates containing feeders, at the 

final cell concentrations of 2.5x10"^ cells/well, 5x10"  ̂ cells/well and 1x10^ 

cells/well. In some fusions, the fused cells were dispensed into two extra 96 

well tissue culture plates at a concentration of 1x10® cells/well.

2 .19.3.3 FIRST SCREENING

From 7 to 21 days after fusion the 96-well plates were observed daily and 

hybrids visible to naked eye were tested. 100 pi of supernatant from the well 

containing the hybrid was transferred to a labelled tube and the well was 

topped up with fresh HAT medium. The supernatant was then screened on 8 

pm frozen sections of relevant tissues using an indirect immunoperoxidase 

method.

2.19.3.4 GROW ING HYBRIDOMAS and SECOND SCREENING

Hybrids of interest from the first screening were transferred to 2 ml costar wells 

containing feeders. When they reached the exponential growth phase, 

supernatants from these wells were tested on a wider panel of frozen tissues 

using immunohistochemistry.

2.19.3.5 SINGLE CELL CLONING OF HYBRIDOMAS

Hybrids found to be interesting in the second screening were cloned twice with 

limiting dilution. Hybridoma cells were plated into two 96-well plates at four 

concentrations so that either 0.5, 1, 2 or 5 cells would be present in each well. 

The arising clones were screened using immunohistochemistry. The ones with 

the desired reactivity were transferred into costar wells, then grown in tissue
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culture flasks. Once a stable antibody secreting cell line was achieved, cells 

were transferred to standard medium RPMI+10%  PCS following several 

passages through HT medium. The supernatants from these cultures were 

kept at -20°C until required. Once defrosted, sodium azide solution at a final 

concentration of 0.02%  was added and they were stored at 4°C.

2.19.3.6 DETERMINATION OF ISOTYPES OF M ONOCLONAL ANTIBODIES  

Isotypes of monoclonal antibodies secreted by selected clones were 

determined by two methods.

ELISA:

The ELISA plates were coated with rabbit sera against mouse immuno

globulins diluted in TBS, overnight at 4°C. After coating and each step to be 

described, the plates were washed three times with TBS-tween. Nonspecific 

binding sites were blocked by incubation in 3% BSA in TBS-tween for 2 hours. 

After blocking, the sample monoclonal antibody in the form of tissue culture 

supernatant was applied for an hour. This was followed by titration of 

peroxidase labelled goat sera against specific mouse immunoglobulin isotypes; 

Ig G I, lgG2a, lgG2b, lgG3 and IgM. Immunoreactivity was visualized by o- 

phenylene diamine substrate and optical density was determined as described 

earlier. Every titration was done in triplicate and the mean and standard errors 

were calculated.

Sigma ImmunoType Monoclonal antibody isotyping kit:

The kit consists of nitrocellulose membrane strips bound to an inert support. 

The precoated strip captures the relevant mouse Ig. After incubation, a highly 

sensitive biotin-avidin-enzyme detection system is used to identify the mouse 

Ig isotype. The tests were performed in line with manufacturer's instructions.
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2.20 TREATMENT PROTOCOLS FOR CROHN'S DISEASE

PATIENTS

In the collaborative studies described in Chapter 5, Crohn's disease patients 

had been randomly assigned to two groups and treated with cyclosporin A or 

enteral nutrition as summarized below. Snap frozen biopsies from these 

patients were provided for immunohistochemical study.

2.20.1 Cyclosporin A

In patients treated with Cyclosporin A ("Sandoimmun", Sandoz, Camberley, 

Surrey) the glomerular filtration rate was determined by the Cr 51 labelled 

EDTA method to confirm normal initial renal function and a baseline serum 

creatinine was measured. The initial dose of Cyclosporin A was 5 mg/kg orally 

taken once daily. Blood levels of Cyclosporin A and serum creatinine levels 

were checked weekly and the dose was adjusted to achieve a trough level of 

100-150 pg/L (Trough levels were measured in whole blood by the parent 

compound specific assay, Cyclo-Trac SP, Incstar Ltd., Winnersh, UK). If the 

serum creatinine rose by more than 30% above baseline, the Cyclosporin A 

dose was reduced by half. After the 8 week treatment period. Cyclosporin A 

was stopped and glomerular filtration rate was determined within 2-4 days of 

the final dose, to assess renal function.

2.20.2 Enteral nutrition

The patients treated with enteral nutrition were assessed by a dietician and 

prescribed the semi-elemental diet "Flexical" (Mead-Johnson, Uxbridge) at a 

dose determined by their body weight^®\ The child took this as his/her sole 

source of nutrition for 6 weeks, following which the standard food re- 

introduction protocol was followed.
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2.21 STATISTICAL ANALYSIS

In Chapter 5, statistical comparisons of groups of data was done using the 

non-parametrical Mann-Whitney U test.
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CHAPTER 3

3.1 INTRODUCTION

Lymphocytes patrolling the body for foreign antigen continuously recirculate 

from blood to tissues, into lymph and back to blood^^ .̂ The entry of 

lymphocytes into tissues is clearly a result of interaction between the surface 

receptors on the endothelial cells lining the vessels at appropriate sites and 

their ligands on the lymphoid cells®°. The pattern of recirculation is 

meticulously regulated for individual subsets of lymphocytes. For example 

naive T cells preferentially recirculate through organized lymphoid tissues; on 

the other hand memory T cells preferentially recirculate through organs like 

gut or skin depending on where they were first primed̂ ®̂ '̂ ®"̂ . Other leukocytes 

like neutrophils, eosinophils or monocytes predominantly stay in the blood and 

do not migrate into tissues under basal conditions. However, in an 

inflammatory response not only do increased numbers of lymphocytes 

extravasate but also other leukocytes are recruited to the site of the 

inflammation.

It is now understood that the selectivity of leukocyte traffic is achieved by 

several factors. Selective expression of surface receptors by endothelium and 

their ligands on leukocytes plays a major role^^ .̂ Chemokines (by affecting 

individual subsets of leukocytes) and cytokines (by regulating selective 

adhesion molecule expression) are essential components of the extravasation 

process. A combination of receptor-ligand pairs expressed by the endothelium  

and the leukocytes as well as the presence or absence of chemokines or 

cytokines determines which leukocyte subsets migrate into the tissues and 

which are excluded. These factors act in an orderly way to achieve leukocyte 

migration from blood to tissues. It is believed that there are at least three 

steps in the process of leukocyte extravasation^^®. First, leukocytes roll on 

selectins which are surface molecules that may be expressed by both 

leukocytes and endothelium. The second step is activation of leukocyte 

integrins by various factors including chemokines and selectins, which results
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in a high affinity interaction between the integrin and its ligand on the 

endothelium. Thirdly, firm attachment via integrin molecules occurs, which 

mediates transmigration through the endothelial layer.

During the development of human fetal intestine in the early weeks of 

gestation the gut is devoid of lymphoid tissue. After approximately 14 weeks 

first T then B cells are recruited to the lamina propria and early primitive 

Peyer's patches are formed '̂^^’̂ '̂ '̂ . In rodents, the GALT develops fully after 

birth and it is believed that antigenic stimulation by accumulation of gut flora 

plays a major role^^\ The mechanism for accumulation of lymphocytes and 

formation of Peyer's patches in the human fetus in an antigen free 

environment is not known.

In IBD, large numbers of leukocytes accumulate at the site of the lesion (see 

section 1.2). This is associated with increased endothelial CAM expression 

and increased secretion of cytokines and chemokines. The regulation of 

endothelial CAM expression has been generally studied using isolated 

endothelial cells or in vivo, in organs such as skin, using pulses of cytokines, 

but not in the human intestinal microenvironment.

In this study the aims were two fold. The first aim was to investigate the 

expression of endothelial CAM under basal conditions in the fetus in relation to 

development of GALT.

The second aim was to study the regulation of endothelial CAM expression 

within the intestinal microenvironment. The fetal gut organ culture model of T  

cell mediated enteropathy was used to achieve this. Unlike many other studies 

which used pulses of cytokines, in this model the effects of a chronic T cell 

mediated inflammatory response on endothelial CAM expression could be 

investigated.

Five endothelial CAM involved in different steps of the leukocyte-endothelium  

adhesion cascade were studied. These were selectins: P- and E-selectin,
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integrin counter receptors: ICAM-1 and VCAM-1, and homophyllic adhesion 

receptor PECAM -1.

3.2 RESULTS

3.2.1 Ontogeny of adhesion molecule expression

Fetal gut specimens from 11-20 weeks of gestation were obtained fresh and 

snap frozen as described. Between 1-3 specimens for each week of 

gestational age were studied. Frozen sections were cut and stained with both 

an indirect immunoperoxidase technique and immuno-alkaline phosphatase 

technique using antibodies against ICAM-1, VCAM-1, E-selectin, P-selectin 

and PECAM-1. Additionally, monoclonal antibodies recognizing B (L26) and T 

(UCHT1) cells were used to correlate the adhesion molecule expression with 

development of the GALT in the fetus.

3.2.1.1 CDS

T cells identified by CDS staining were present in all ages studied. In the 

youngest specimens, they were present in small subepithelial clusters, 

representing the primitive Peyer's patches (Figure 3.1 a). The first scattered T 

cells in the lamina propria outside Peyer's patches were detected by 14 

weeks. The number of T cells both in Peyer's patches and lamina propria 

increased with age.

3.2.1.2 CD2Q

B cells were present in the Peyer's patches by 14 weeks (Figure 3.1 b). They 

appeared in the lamina propria by 15 weeks, with numbers gradually 

increasing in older specimens.

3.2.1.3 ICAM-1

In the lamina propria, ICAM-1 was constitutively expressed on most of the 

vascular endothelium, including mesenteric larger vessels in all specimens
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studied from 11 to 20 weeks gestation (Figure 3.2 a). Primitive Peyer's 

patches, including those present at 11 weeks which, on careful examination, 

contained only a few T cells, expressed ICAM-1 intensely on all cells of the 

Peyer's patch (Figure 3.1 c). The staining extended beyond the Peyer's 

patches into the surrounding lamina propria. HEV are not identifiable at this 

age of fetal development and no obvious endothelial staining was seen within 

the Peyer's patches.

3.2.1.4 VCAM-1

VCAM-1 was constitutively, but diffusely and weakly expressed by stromal 

cells in the upper lamina propria and in occasional small vessels from 11-20  

weeks gestation (Figure 3.3 a). There was no pattern to the distribution of 

positive vessels. In contrast, all cells in the primitive Peyer's patches strongly 

expressed VCAM-1 at all ages studied (Figure 3.1 d). No endothelial reactivity 

was present within the Peyer's patches,

3.2.1.5 E-SELECTIN

No constitutive expression of E-selectin was observed in fetal intestine of any 

age (Figure 3.4 a).

3.2.1.6 P-SELECTIN

P-selectin was expressed on the endothelium of some but not all vessels of 

the lamina propria (Figure 3.5 a). Expression was limited to the endothelium. 

No specific features were observed in relation to Peyer's patches.

3.2.1.7 PECAM-1

Expression of PECAM-1 was observed on the endothelium of all 

morphologically identifiable vessels (Figure 3.6 a). In some vessels the 

staining was clearly on the lateral membrane of the endothelium, giving a 

striated appearance. No staining was present outside the endothelium.
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3.2.2 Induction of adhesion molecule expression

Fetal gut organ cultures were set up with three separate specimens of 18 

week gestation which contained abundant T cells, as described. The control 

and PWM stimulated fetal gut explant were snap frozen at 2, 4, 6, 8, 10, 12, 

18, 24, 36, 60 and 96 hours after initiation of the cultures. The expression of 

the adhesion molecules in the presence or absence of T cell mitogen PWM  

added at the start of each experiment (0 hours) was plotted against time.

Very similar results were obtained in triplicate experiments. For comparative 

purposes, the data below are all from the same representative case. In these 

experiments, morphological changes in the fetal gut explants were observed 

macroscopically under the tissue culture microscope. In the control cultures, 

villus structure was preserved throughout the experiments however in PWM  

stimulated cultures blunting or loss of villi was seen (Figure 3.7). T cell 

activation demonstrated by CD25 expression was apparent at 10 hours post

stimulation with PWM and no CD25 positivity was seen in control cultures. 

Intensity of staining was scored semi-quantitatively as described in Chapter 2.

3.2.2.1 ICAM-1

In comparison to the tissue snap frozen at the start of the experiment, an 

increase in ICAM-1 expression in the endothelium and lamina propria was 

observed after 4 hours in culture in the presence or absence of mitogenic 

stimulation. After 10 hours, ICAM-1 expression by muscle cells was observed, 

and enhanced expression in the stimulated compared to the unstimulated 

explants was apparent. ICAM-1 expression reached a plateau in 18 hours.

The maximum levels of expression were maintained until the termination of the 

experiment at 96 hours post stimulation (Figures 3.2 and 3.8).

3.2.2.2 VCAM-1

As with ICAM-1, increased expression of VCAM-1 was observed in the 

presence or absence of PWM stimulation compared to the sample taken at the 

start of the experiment, but PWM stimulation greatly enhanced the observed 

changes. After 6 hours in culture, an increase in endothelial expression of
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VCAM-1 was observed. Generalised positivity of lamina propria stromal cells 

was observed at 12 hours, which was more intense in cultures stimulated with 

PWM than in unstimulated cultures. No further increase was seen in the 

absence of PWM. In the presence of PWM, increase in expression of VCAM- 

1 on endothelium, lamina propria cells and muscle continued until 60 hours, 

when a plateau was reached (Figures 3.3 and 3.9).

3.2.2.3 E-SELECTIN

The induction of E-selectin was more rapid than the induction of either ICAM-1 

or VCAM -1. The expression was transient, despite the ongoing T cell 

activation in the PWM stimulated cultures. Expression was restricted to the 

endothelium. In the absence of stimulation, E-selectin was maximal at 4-6  

hours and was absent by 12 hours. Following PWM stimulation, expression 

was seen at 2 hours, was maximal at 8 hours and was more intense than 

expression seen at any time in unstimulated control culture, and had 

disappeared by 24 hours (Figures 3.4 and 3.10).

3.2.2.4 P-SELECTIN

There was a slight increase in P-selectin staining after 4 hours in both PWM  

stimulated and control cultures. Thereafter the intensity of staining rapidly 

decreased, disappearing by 96 hours (Figures 3.5 and 11). No difference was 

observed between the control and PWM stimulated cultures. P-selectin was 

the only adhesion molecule in which staining gradually decreased without a 

conspicuous increase.

3.2 2.5 PECAM-1

There was no change in the intensity or the pattern of expression in all 

experiments and all time points studied (Figure 3.6).
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Figure 3.1 a and b (see the following page for the legend)
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Figure 3.1: Serial frozen sections of fetal small Intestine (16 weeks gestation)
containing a developing Peyer's patch, stained with antibodies against 
CDS (a), CD20 (b), 10AM-1 (c) and VCAM-1 (d) using an immuno- 
alkallne phosphatase technique. T (a) and B (b) cell areas of the 
Peyer's patch follicle are Identifiable. There Is Intense ICAM-1 (c) and 
VCAM-1 (d) expression In the follicle extending Into surrounding lamina 
propria cells. The Immunoreactlvlty observed In the Intestinal epithelium 
Is due to endogenous alkaline phosphatase activity. (Original 
magnification x 100).
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Figure 3.2 a and b (see the following page for the legend)
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Figure 3.2: Frozen sections of fetal small Intestine (18 weeks gestation) either 
snap frozen Immediately after dissection (a) or maintained In organ 
culture for 60 hours In the absence (b) or presence (c) of T cell 
stimulation by PWM. The sections are stained with an antl-ICAM-1 
antibody using an Immuno-alkallne phosphatase technique. ICAM-1 Is 
constitutively expressed by the endothelium In normal fetal Intestine 
(a). Endothelial expression Is maintained after 60 hours In culture; 
however additionally there Is some staining In the lamina propria (b). 
Intense 10AM-1 expression Is Induced In the other lamina propria cells 
when local T cells are stimulated for 60 hours In culture (c). The 
staining observed In the Intestinal epithelium which Is visible In the top 
half of the sections Is due to endogenous alkaline phosphatase activity. 
(Original magnification x40.)
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Figure 3.3 a (see the following page for the legend)
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Figure 3.3: Frozen sections of fetal small Intestine (18 weeks gestation) either
snap frozen Immediately after dissection (a) or maintained in organ 
culture for 60 hours in the absence (b) or presence (c) of T cell 
stimulation by PWM. The sections are stained with an anti-VCAM-1 
antibody using an immuno-alkallne phosphatase technique. VCAM-1 is 
constitutively expressed weakly in the normal fetal lamina propria (a). 
Expression is slightly increased when the explants are cultured for 60 
hours (b) but intense expression is induced when explants are cultured 
in the presence of T cell stimuli (c). The staining observed in the 
Intestinal epithelium which is visible in the top half of the sections is 
due to endogenous alkaline phosphatase activity. (Original 
magnification x40.)
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Figure 3.4 a and b (see the following page for the legend)
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Figure 3.4: Frozen sections of fetal small intestine (18 weeks gestation) either 
snap frozen immediately after dissection (a) or maintained in organ 
culture for 8 hours in the absence (b) or presence (c) of T ceil 
stimulation by PWM. The sections are stained with an anti-E-seiectin 
antibody using an immuno-aikaiine phosphatase technique. No E- 
seiectin expression is seen in freshly isolated fetal intestine (a). Weak 
endothelial expression is observed when expiants are maintained in 
culture for 8 hours (b). intense E-seiectin expression is induced in the 
endothelium when local T ceils are stimulated with PWM for 8 hours 
(c). The staining observed in the intestinal epithelium is due to 
endogenous alkaline phosphatase activity. (Original magnification a, 
xlOO; b and c, x40.)
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Figure 3.5: Frozen sections of fetal small Intestine (18 weeks gestation) either
snap frozen Immediately after dissection (a) or maintained In organ 
culture for 96 hours In the absence (b) or presence (c) of T cell 
stimulation by PWM. The sections are stained with an antibody against 
P-selectIn using an Immuno-alkallne phosphatase technique. P- 
selectln Is expressed by some of the endothelial cells In normal fetal 
Intestine (arrow heads) (a). Endothelial expression disappears after 96 
hours In culture both In control (b) and PWM stimulated cultures (c). 
The staining observed In the Intestinal epithelium Is due to endogenous 
alkaline phosphatase activity. (Original magnification x40.)
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Figure 3.6: Frozen sections of fetal small Intestine (18 weeks gestation) either
snap frozen immediately after dissection (a) or maintained In organ 
culture for 96 hours In the absence (b) or presence (c) of T cell 
stimulation by PWM. The sections are stained with an antibody against 
PECAM-1 using an Immuno-alkallne phosphatase technique. PECAM- 
1 Is constitutively expressed by the majority of the endothelium In the 
normal fetal intestine (a). After culture with and without T cell 
stimulation, there is no change In the level of PECAM-1 expression (b 
and c). The staining observed In the Intestinal epithelium Is due to 
endogenous alkaline phosphatase activity. (Original magnification x40.)
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Figure 3.7: Macroscopic appearance of fetal gut expiants after 3 days in culture in
the absence (a) or presence (b) of PWM stimuiation. In the control 
culture the structure of the villi is still preserved and the tissue culture 
medium is clear (a). In the PWM stimulated culture, the villi has 
disappeared and the flat surface of the explant and tissue culture 
medium contains cellular debris due to increased epitheiial celi 
turnover (b). (Original magnification x10.)
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Figure 3.8: Time course of ICAM-1 expression in fetai intestine maintained in
organ cuiture in the absence (open squares) and presence (closed 
diamonds) of T ceii stimuiation with PWM.
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Figure 3.9: Time course of VCAM-1 expression in fetai intestine maintained in
organ cuiture in the absence (open squares) and presence (dosed  
diamonds) of T ceii stimuiation with PWM.
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Figure 3.10: Time course of E-selectin expression in fetai intestine maintained in
organ culture in the absence (open squares) and presence (dosed  
diamonds) of T cell strimdation with PWM.
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Figure 3.11: Time course of P-selectin expression in fetal intestine maintained in
organ culture in the absence (open squares) and presence (dosed  
diamonds) of T cell strimuiation with PWM.
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3.3 DISCUSSION

In this chapter the ontogeny and regulation of endothelial CAM expression in 

human fetal intestine were investigated. Each of the five adhesion molecules 

studied has a characteristic expression pattern, regulatory mechanisms and 

function in vitro and in vivo. Accordingly in the following pages the results for 

individual molecules are discussed separately.

3.3.1 P-selectin

P-selectin expression in some vessels of the lamina propria and mesentery 

was observed in all ages of fetal gut studied. In postnatal tissues, P-selectin is 

present in most of the arterioles and venules^^^ but not so much on the 

capillaries. This probably represents P-selectin synthesized and stored in 

endothelial cells. It is known that P-selectin is mobilized to the endothelial cell 

surface from the cytoplasmic granules, upon stimulation by various factors 

including thrombin, histamine and terminal complement components^^^’̂ "̂̂ . 

However the expression is short lived declining within minutes. In the fetal gut 

specimens, it is possible but unlikely that P-selectin was mobilized to the cell 

surface due to unfavourable conditions during postmortem and transport to the 

laboratory, as the specimens were kept at 4°C  during most of these processes 

and the metabolic activity was expected to be very low.

In fetal gut organ culture the P-selectin expression had an identical pattern in 

PWM stimulated and control explants. A slight increase was observed in the 

first hours and then the staining gradually decreased disappearing by the end 

of the culture period. There was no significant difference in intensity of P- 

selectin staining between control and PWM stimulated organ cultures. This 

strongly suggests that products of a T cell mediated immune response does 

not affect regulation of P-selectin expression. Fetal gut specimens, used in 

these experiments, were exposed to hypoxia from the moment of abortion to 

the time they were cultured under 95% Og and 5% COg. It is known that 

hypoxia followed by reoxygenation can cause release of P-selectin from the
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endothelial granules^®®. Therefore it is possible that endothelial cell surface as 

well as the cytoplasm was stained in fetal gut explants. The gradual decrease 

in P-selectin immunostaining can be explained by depletion of stored P- 

selectin by chronic stimulation. There is evidence from murine studies that P- 

selectin synthesis could be induced by TNFa^®^. If this is the case in the fetal 

gut organ culture model, the rate of synthesis was not sufficient to renew the 

granule stores during chronic stimulation.

3.3.2 E-selectin

E-selectin was not present in the fetal gut of 11-20 weeks of gestation. This is 

consistent with the in vitro and in vivo data showing that E-selectin is not 

constitutively expressed by the endothelium. However it can be induced by a 

range of inflammatory mediators^®®.

In the fetal gut organ culture, both in the presence or absence of T cell 

activation, expression of E-selectin was upregulated. The peak expression of 

E-selectin was observed at about 4-6 hours after initiation of the culture. 

Hypoxia/reoxygenation, as discussed in section 3.3.1, could be responsible for 

induction of E-selectin expression in control fetal gut explants. In isolated 

endothelial cells, hypoxia/reoxygenation induces E-selectin expression^®® and 

promotes neutrophil adhesion. The reasons for increased E-selectin 

expression after ischaemia/reperfusion is not fully understood. However 

experimental evidence suggests that free radicals released after 

reoxygenation^®® or cytokines like TN Fa or IL- 1  which are known to be 

secreted during ischaemia/reperfusion injury could be responsible^®®. 

Furthermore fetal gut specimens are cut into 1  mm square pieces to enable 

better penetration of nutrients, gasses and chemicals. This local injury may 

also affect the adhesion molecule expression. In a similar organ culture model 

using human neonatal foreskin, Messadi et ai observed similar increase in E- 

selectin expression on dermal vessels after 6  hours culture®®®. This expression 

was significantly increased when explant cultures were treated with IL-1, TN Fa  

and LPS but not with interferon-y. The E-selectin expression observed in
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control cultures was not affected by dexamethasone which blocks synthesis of 

IL-1 and TN Fa^°\ However cyclosporin A, which blocks lymphokine 

synthesis^°^, markedly inhibited this spontaneous expression suggesting that 

other cytokines could be involved.

The intensity of E-selectin expression was significantly higher in PWM  

stimulated cultures compared to control cultures. In PWM stimulated fetal gut, 

the peak expression of E-selectin preceded the appearance of CD25 positive 

cells by several hours. Therefore the mechanism of increased expression is 

not clear. TNFa, a cytokine that is known to induce E-selectin expression^®" ,̂ is 

secreted by cells isolated from PWM stimulated fetal gut only after 48 hours of 

organ culture but not after 24 hourŝ ®"̂ . Therefore it is unlikely that it plays any 

role in regulation of E-selectin expression in this system. It is possible that 

other cytokines, such as IL-1 or yet unidentified products that can induce E- 

selectin expression could be secreted early by T cells or activated 

macrophages before expression of CD25.

In both PWM stimulated and control fetal gut organ cultures the time course of 

E-selectin expression was very similar to that observed when HUVEC are 

pulsed with cytokines, despite ongoing T cell response in the FGOC.

Treatment of resting HUVEC with TNF, IL-1 or LPS induces rapid E-selectin 

gene transcription and expression which peaks after 4 hours and disappears 

by 24 hours^®®’̂ ®̂ . In vivo, E-selectin expression induced by cytokines in 

baboon skin lasts for at least 24 hours and disappears by 48 hours®°®. In 

HUVEC once the E-selectin expression is induced by cytokines on endothelial 

cells, the endothelium becomes refractory to further stimulation if the cytokines 

are kept in the culture medium^®" .̂ If the cytokines are removed, the endothelial 

cells can be stimulated further once the E-selectin expression from the first 

stimulation has been downregulated. The disappearance of E-selectin 

expression in fetal gut after 24 hours despite the continuing presence of 

activated T cells and macrophages and secretion of T N F a  could be explained 

by this refractory period. In normal postnatal intestine a small number of E- 

selectin positive vessels are observed which suggests the presence of low
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level continuous immune activation in the intestinal lamina propria. In 

inflammatory states like IBD or acute appendicitis the E-selectin expression is 

increased significantly^^®’̂ ®"̂ . Apparently sustained expression, observed in 

chronic diseases like IBD, indicates the regulation of E-selectin expression is 

more complex than cytokine induced expression on HUVEC or T cell mediated 

expression in the fetal gut organ culture. Whether the appearance of sustained 

expression is the result of prolonged expression in the same vessels or 

continuous induction in new vessels is not known.

3.3.3 ICAM-1

ICAM - 1  was consistently expressed by most of the endothelium in the fetal 

gut. ICAM-1 is important in adhesion of lymphocytes, neutrophils and 

monocytes to endothelium via integrins®°. Its main ligand is the integrin- 

LFA-1 (CD18/CD1 la )  which is expressed on leukocytes®" .̂ LFA-1 is expressed 

by lymphocytes in the fetus®°® therefore ICAM-1 could have a role in 

recruitment of lymphocytes into fetal gut lamina propria. It is believed that 

ICAM-1/LFA-1 interaction by itself is not enough for migration of lymphocytes 

from blood to the tissues. Additional signals and adhesion molecules are 

necessary. W hether these additional mechanisms exist in the fetal intestinal 

lamina propria is not known.

The Peyer's patches probably start to develop before 1 1 weeks of gestation, 

and are present as sub-epithelial collections of MHC class II and CD4 positive 

mononuclear cells at 11 weeks of gestation^"^®. W e observed that these very 

early Peyer's patches may also contain a small number of T cells and express 

ICAM-1 in all ages of gestation studied. The staining extended into the lamina 

propria cells surrounding the Peyer's patches. ICAM-1 is expressed by 

postnatal Peyer's patches on a variety of cells, including follicle centre cells 

(both B cells and dendritic cells), interdigitating reticulum cells, macrophages 

and HEV^\ In the fetal gut, it was not possible to identify individual cell types 

in Peyer's patches expressing ICAM-1 as immunoreactlvlty was diffuse and 

homogenous. However, overlying epithelium was negative. In the fetal age
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range studied, the HEV are not identifiable histologically so no comparison 

could be made with postnatal Peyer's patches.

In both control and PWM stimulated fetal gut organ culture, ICAM-1 

expression was induced on all cells and stroma of the explant but not on the 

epithelium. The first increase was detected after 6  hours and the increase 

reached a plateau after 18 hours. The time course of upregulation of ICAM-1 

expression in isolated HUVEC treated by IL-1, TN Fa  and 7 IFN is similar to 

that observed in fetal gut explants. There is basal expression in resting 

HUVEC and with cytokine treatment ICAM - 1  expression is upregulated by 6  

hours, reaches a plateau by 24 hours and stays high up to 72 hours^°®. An 

identical pattern of expression is also seen with dermal fibroblast cultures^\ In 

baboon skin, injection of cytokines IL-1 , TNFa, interferon-y or a delayed 

hypersensitivity reaction induced ICAM-1 expression with a similar time course 

to that observed in the in vitro experiments. In human intestinal inflammation, 

increased ICAM-1 expression compared to normal intestine has been reported 

in Coeliac disease^^®'^^ ,̂ Crohn's disease^^®, ulcerative colitis^^® and intestinal 

graft-versus-host disease®® .̂ The increase in expression was generally on the 

lamina propria cells including endothelium, macrophages and T cells similar to 

what we have observed in fetal gut. However in intestinal graft-versus-host 

disease, weak epithelial reactivity has been reported. In vivo, in humans, the 

time course of expression was only studied in coeliac disease^^®. ICAM-1 was 

upregulated 2  hours after gluten challenge and expression remained high 

thereafter.

The reasons for increased expression of ICAM-1 in PWM stimulated fetal gut 

organ culture are most likely to be cytokines released by activated T cells and 

macrophages. TN Fa and ylFN which are both known to induce ICAM-1 

expression on a variety of tissues, are secreted by PWM stimulated fetal gut 

explants^®^’̂ ®"̂ . The moderate increase observed in control cultures is possibly 

due to the effect of cytokines such as TN Fa and IL-1 released during 

hypoxia/reoxygenation^®® similar to other adhesion molecules already 

discussed.
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3.3.4 VCAM-1

VCAM-1 was expressed weakly by the stromal cells of the upper lamina 

propria in all ages of fetal gut studied. Only a few small vessels expressing 

VCAM-1 were observed. In the postnatal intestine VCAM-1 expression is 

limited to the dendritic cells and occasional vessels^^®. Therefore the presence 

of weak and diffuse VCAM-1 expression in the upper fetal lamina propria 

connective tissue was an unexpected finding. The role of VCAM-1 in this 

context is not known, although it is possible that it may be playing a part in 

retention of leukocytes in this microenvironment.

VCAM-1 was strongly expressed by the stroma of early Payer's patches as 

observed with ICAM -1. VCAM-1 is expressed in postnatal Payer's patches by 

follicular dendritic cells and interdigitating reticulum cells but, unlike ICAM-1, 

not on HEV®^. In the fetal gut, VCAM-1 immunoreactivity was homogeneous 

and diffuse and no individual cell lineages were identifiable. There is 

experimental in vitro evidence suggesting that VCAM-1 plays a role in 

formation of B cell follicles®\ A similar function in fetal Payer's patches is 

possible.

In control and PWM stimulated fetal gut organ cultures VCAM-1 expression 

was upregulated. Expression increased rapidly after initiation of culture, 

reaching a plateau in approximately 10 hours and staying high for up to 4 

days in culture. VCAM-1 is not constitutively expressed by isolated endothelial 

cells. When HUVEC are stimulated by cytokines such as IL-1 and TN Fa, it is 

induced by 6-12 hours and this expression is sustained up to 4 days, similar to 

ICAM-1 In PWM stimulated fetal gut, although a similar time course of 

expression was observed, most of the staining was observed in the 

mesenchymal tissue of the lamina propria. In IBD no significant changes in 

endothelial VCAM-1 expression have been reported^^®. However, increased 

endothelial expression was observed in intestinal graft-versus-host disease^®^.
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3.3.5 PECAM-1

In the small intestine from 11-20 week old fetuses, all morphologically 

identifiable endothelial cells expressed PECAM-1. PECAM-1 has been 

reported to be a very good marker of the endothelium in the gut, better than 

widely used pan-endothelial markers such as Factor VIII or ULEX^^°. PECAM- 

1  modulates endothelial cell migration^®® and is important in capillary tube 

formation®® which suggests that it is important in angiogenesis. In the fetal gut, 

it is possible that it takes part in vascularization of the organ during 

development.

There was no change in the pattern or intensity of PECAM-1 expression 

during control or PWM stimulated fetal gut organ culture. This is consistent 

with the results of several studies showing that PECAM-1 is constitutively 

expressed by endothelial cells and its expression is not altered in 

inflammation.

PECAM-1 functions as a homophylic adhesion molecule. In addition to 

endothelium it is expressed by platelets, neutrophils, monocytes and a subset 

of T cells. Increased expression in vivo has been reported in ulcerative colitis 

in relatively normal mucosa next to lesions^®®. It has been suggested that this 

was an indication of increased angiogenetic activity in these regions and 

possibly increased potential for platelet aggregation which has been proposed 

as a pathogenetic factor in

\
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CHAPTER 4

4.1 INTRODUCTION

In the previous chapter, we have shown, in an ex vivo system, that the 

expression of endothelial CAM E-selectin, ICAM-1 and VCAM-1 can be 

induced by activation of T cells within the microenvironment. The expression 

of E-selectin in this system, as in other systems studied to date, is rapidly 

induced (peak, 6-10 hours) and disappears by 24 hours, despite the continued 

presence of activated lymphocytes and macrophages. This observation and 

those of others^°' '̂^^\ showing that both up- and down-regulation of E-selectin 

are active processes indicate complex control of E-selectin expression. In 

contrast ICAM-1 and VCAM-1 expression is induced several hours after E- 

selectin and stays high for several days in various experimental models 

including FGOC.

Cyclosporin A is an immunosuppressive agent that has been extensively and 

successfully used in renaP^^, cardiac^^^, hepatic^^" ,̂ lung^^® and multiple organ 

transplantation^^® to prevent rejection, and in the treatment of various 

autoimmune diseases like uveitis®^ ,̂ psoriasis®^®. Type I diabetes mellitus®^® 

and some nephropathies®^®. More recently, it has been employed in the 

treatment of autoimmune enteropathies and inflammatory bowel disease with 

limited success®® .̂

Cyclosporin A is selective in its action and predominantly blocks T cell 

functions, unlike other immunosuppressants such as steroids which inhibit 

cytokine secretion by all cells of the immune system. Previous studies have 

shown that cyclosporin A is effective in the FGOC model and prevents the 

enteropathy generated by activation of local T cells®®\ In this chapter we 

examine the effects of cyclosporin A on T cell mediated induction of 

endothelial CAM expression in FGOC, with surprising results. For comparison, 

the effects of a broad immunosuppressant dexamethasone and another T cell 

specific immunosuppressant FK506 have also been studied in activated FGOC.
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4.2 RESULTS

4.2.1 Effects of cyclosporin A on endothelial cell adhesion molecuie 

expression in PWM stimulated FGOC

Unstimulated and PWM stimulated FGOC were set up with four fetal gut 

specimens from 16-18 week old fetuses. Cyclosporin A was added to some of 

the control and PWM stimulated FGOC at a concentration of 15 pg/ml, which 

was shown to inhibit the T cell mediated enteropathy in previous studies^®\

The experiments were stopped 14 and 60 hours after initiation of the culture 

by snap freezing the explants. At these time points it was possible to 

investigate the differences between expression of all three endothelial cell 

adhesion molecules that were induced in FGOC. The snap frozen specimens 

were then stained with monoclonal antibodies against E-selectin, ICAM-1, 

VCAM -1, P-selectin and PECAM-1 using both an immuno-alkaline 

phosphatase and an indirect immuno-peroxidase technique. The 

immunoreactivity was scored by a point scoring technique using the Lennox 

graticule for E-selectin and by the semi-quantitative scoring method used in 

Chapter 3 for other adhesion molecules.

4.2.1.1 E-SELECTIN

No, or very little, E-selectin expression was detected in fetal gut before culture 

(Figures 4.1 a and 4.2). After 14 hours in culture, E-selectin expression by 

endothelial cells was observed in the presence and absence of PWM  

stimulation (Figures 4.1 b, 4.1 c and 4.2). Both the number of vessels and the 

intensity of staining were considerably stronger in PWM treated cultures. 

Surprisingly, the addition of cyclosporin A significantly enhanced E-selectin 

expression in PWM treated cultures but had no effect on explants cultured in 

medium with no stimulus (Figures 4.1 d, 4.1 e and 4.2). By 60 hours E- 

selectin expression disappeared in control cultures and those treated with 

PWM alone (Figures 4.1 f and 4.2). However, when cyclosporin A and PWM  

were present together, E-selectin expression was maintained though a 

decrease in both the number of positive vessels and the intensity of staining
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was observed compared to 14 hours (Figures 4.1 g and 4.2).

Two additional experiments were set up for 14 hours to determine whether the 

enhancement of E-selectin expression in PWM stimulated FGOC by 

cyclosporin A was dose dependent. The effect of cyclosporin A was strongest 

at 15 pg/ml, falling to control levels at 1 pg/ml (Figure 4.3).

To confirm that the enhancement of E-selectin expression was not due to a 

relative increase in the number of vessels in the cultured explant, the total 

number of vessels per unit area of section was determined. The sections were 

stained using the pan-endothelial antibody (PAL-E) in selected experiments 

and the number of vessels was quantified with the Lennox graticule. In general 

the total number of vessels was stable in different treatments; however in 

some experiments there was a slight decrease in the total number of vessels 

in the PWM treated cultures (Table 4.1).

Day 0
Medium only
Cys
PWM
PWM+Cys

Experiment 1
139
111
125
96
117

Experiment 2
160
196
170
191
185

Table 4.1: The relative area of PAL-E positive vessels/unit area of iamina propria
in FGOC before culture (Day 0), after 60 hours in culture with medium 
only, cyclosporin A (Cys), PWM and PWM+cyclosporin A. Results 
shown are from two representative experiments.

4.2.1.2 ICAM-1. VCAM-1. P-SELECTIN. PECAM-1

In FGOC the expression of ICAM-1 and VCAM-1 are upregulated by PWM  

stimulation as shown in Chapter 3. Addition of cyclosporin A to PWM  

stimulated FGOC inhibited this increase back to control culture levels (Figure 

4.4 & Figure 4.5). Control cultures were not affected by cyclosporin A.
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No change in P-selectin and PECAM-1 expression was noted either in control 

or PWM stimulated FGOC with or without cyclosporin A.

4.2.2 Enhancement of E-selectin expression by cyclosporin A was 

dependent on T ceii stimulation

In the FGOC system PWM is the most potent inducer of T cell mediated 

enteropathy and was used in most of the experiments. However in previous 

studies the T cell superantigen, SEB or an anti-CD3 antibody (UCHT1) were 

also shown to be capable of inducing the enteropathy generated by PWM in 

FGOC^^\ To show that the enhancement observed in E-selectin expression in 

the presence of cyclosporin A was dependent on T cell stimulation, three 

parallel experiments were set up using PWM, SEB and UCHT1 as stimulants. 

Experiments were stopped at 14 hours and E-selectin immunoreactivity per 

unit area was quantified using the Lennox graticule as described. E-selectin 

expression was induced with all stimulants compared to control cultures. The 

expression was significantly enhanced in the presence of cyclosporin A with all 

stimulants, showing that enhanced E-selectin expression observed in the 

presence (Cyclosporin A in activated FGOC is dependent on local T cell 

activation (Figure 4.6).

4.2.3 E-selectin expression was not enhanced by other 

immunosuppressants

Other immunosuppressive agents that inhibit T cell functions were used to 

determine whether the enhancement observed in E-selectin expression was a 

property of cyclosporin A or of general immunosuppression. These were 

dexamethasone - an inhibitor of cytokine secretion by a variety of cells, and 

FK 506 - an inhibitor of T cell functions very similar to cyclosporin A. Three 

experiments for each immunosuppressant was set up and they were 

terminated at 14 hours. E-selectin expression was quantified as described 

above. Unlike cyclosporin A, dexamethasone or FK506 did not enhance E- 

selectin expression in PWM stimulated FGOC but partially inhibited it (Figure 4.7).
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4.2.4 Enhancement of E-selectin expression by cyclosporin A was not 

observed in association with cytokine stimulation of HUVEC

Endothelial cell cultures were used tc see whether the effect cf cyclcspcrin A 

was directly cn endothelial cells cf the fetal gut. Endothelial cells from 

umbilical veins were isolated and cultured in 96 well culture plates as 

described. When the HUVEC were confluent, E-selectin expression was 

induced by human recombinant TN Fa and was detected by an ELISA method. 

Before the experiments with cyclosporin A, the optimum concentration of 

TN F a for induction of E-selectin expression was determined after 4 hours 

stimulation, which is the peak of E-selectin expression (Figure 4.8).

Then HUVEC were stimulated with the optimum dose of TN Fa, 100 u/ml for 4 

and 28 hours in the presence or absence of cyclosporin A. E-selectin 

expression was strongly induced at 4 hours and dropped back to control level 

after 28 hours. The presence of cyclosporin A had no effect on this pattern of 

expression (Figure 4.9) which suggested that cyclosporin A was not directly 

acting on endothelium.

In some experiments, to investigate whether cyclosporin A inhibits down- 

regulation of E-selectin, cyclosporin A was added after 4 hours of stimulation 

with TN Fa, at the peak of E-selectin expression. This did not have any effect 

on the pattern of expression either.

In FGOC and in most of the HUVEC experiments, cyclosporin A was used at 

15 pg/ml. Although this is the optimum concentration for FGOC^^\ the 

sensitivity of HUVEC could be different. Therefore the HUVEC experiments 

were repeated with different concentrations of cyclosporin A (75 pg/ml,15 

pg/ml, 3 pg/ml, 1 pg/ml, 500 ng/ml, 150 ng/ml) and no change in the pattern of 

expression was observed within the range of concentrations investigated.
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4.2.5 Enhancement of E-selectin expression by cyclosporin A was not 

observed In HUVEC treated with supernatants from PWM 

stimulated FGOC or tonsil cells

Although a combination of TNFa+cyclosporin A did not enhance E-selectin 

expression in HUVEC, it is possible that other mediators released by T cells or 

other activated cells present in the PWM stimulated FGOC could be affecting 

E-selectin expression in the presence of cyclosporin A. To test this possibility, 

supernatants from FGOC stimulated with PWM for 72 hours or from tonsil cell 

cultures stimulated with PWM for 48 hours were used. Supernatants were 

added to HUVEC cultured in 96-well plates at 1/5-1/10 dilution for 4 and 28  

hours, in the presence and absence of cyclosporin A. E-selectin expression 

was determined by ELISA. Supernatants from both tonsil cultures and FGOC  

induced E-selectin expression on HUVEC. The pattern of expression was 

similar to that observed with TN Fa stimulation and no enhancement was 

observed in the presence of cyclosporin A (Figure 4.10).

In some experiments, supernatants from tonsil cultures and FGOC treated with 

PWM and cyclosporin A were added into HUVEC stimulated with T N F a at the 

beginning of the experiment or after 4 hours at the peak of E-selectin 

expression, to see whether they contain any mediators that could modulate E- 

selectin expression. Both tonsil cultures and FGOC were, by themselves, 

capable of inducing E-selectin expression; however they did not affect the 

pattern of expression in TN Fa stimulated HUVEC (Figure 4.11).

4.2.6 Conditioned medium from PWM stimulated tonsil cells did not affect 

the pattern of E-selectin expression in FGOC

Supernatants from PWM stimulated tonsil cells were added to FGOC to see 

whether the enhancement of E-selectin observed in the presence of 

cyclosporin A could be reversed by a soluble factor present in the 

supernatants. Tonsil cells were PWM stimulated for 6  hours and 48 hours to 

analyze both early and late activation products. When supernatants from

104



stimulated tonsil cells for 6  hours were transferred to FGOC, no change in the 

pattern of E-selectin expression was observed in either of two separate 

experiments. Supernatants from tonsil cells stimulated for 48 hours did not 

alter the pattern of E-selectin expression; however they enhanced the staining 

compared to cultures without conditioned medium (Figure 4.12)

Figure 4.1 a and b (see the following pages for the legend)
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Figure 4.1 c,d and e (see the following page for the legend)
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Figure 4.1: E-selectin expression in frozen sections of 16 weeks old fetal gut
before culture (a) and after 14 (b,c,d,e) or 60 hours (f,g) in organ 
culture. The fetal gut explants were treated with either nothing (b), 
cyclosporin A (d), PWM (c,f), PWM-hcyclosporin A (e,g). Vessels 
expressing E-selectin are shown by arrow heads. E-selectin expression 
was significantly increased in PWM stimulated FGOC in the presence 
of cyclosporin A compared to controls. The immunoreactivity observed 
in the epithelial goblet cells is due to non-specific binding of the 
secondary reagent. (Immunoperoxidase, original magnification xlOO).
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Figure 4.2: Relative area of E-selectin expressing vessels per unit area of iamina
propria of fetal gut before culture (0 h) and after 14 or 60 hours in 
culture. FGOC were treated with either PWM, cyclosporin A (CYS), 
PWM-hcyciosporin A or nothing (medium only). Results are shown as 
the mean of four separate experiments ± standard error.
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Figure 4.3: Relative area of E-seiectin expressing vessels per unit area of iamina
propria of PWM stimulated fetal gut with different concentrations (in 
pg/mi) of cyclosporin A (CYS). For comparison values for the control 
culture (medium only) and before culture are also given. Ail results are 
from a single, representative experiment.
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Figure 4.4: Effects of cyclosporin A (CYS) on expression of ICAM-1 in control
(medium only) and PWM stimulated fetal gut after 14 and 60 hours In 
culture. The intensity of staining is scored from 1-5 using the 
semiquantitative method described in chapter 2.
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Figure 4.5: Effects of cyciosporin A (CYS) on expression of VCAM-1 in control
(medium only) and PWM stimulated fetal gut after 14 and 60 hours in 
culture. The intensity of staining is scored from 1-5 using the 
semiquantitative method described in chapter 2.
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Figure 4.6: Relative area of E-selectin expressing vessels per unit area of iamina
propria of fetal gut harvested after 14 hours In culture. Explants were 
treated with either cyciosporin A (CYS) alone, specified T ceil 
stimulants, specified T ceil stlmulants-hcyclosporln A or nothing. Results 
shown are from representative experiments, each of which was 
repeated at least three times with a similar result.
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Figure 4.7: Relative area of E-selectin expressing vessels per unit area of lamina
propria of fetal gut cultured for 14 hours with medium alone, different 
Immunosuppressants (CYS; cyclosporin A, DEX; dexamethasone and 
FK506), PWM or PWM and different immunosuppressants. Results 
shown are from three representative experiments.
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Figure 4.8: E-selectin expression in HUVEC after 4 hours stimulation with different
concentrations of TNFa in an ELISA. The results are shown as the 
mean of optical density readings of quadruplicate experiments ± 
standard error.
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Figure 4.9: E-seiectin expression in HUVEC treated in culture with either TNF,
(CYS), TNFa+cyciosporin A or nothing (medium only) for 4 hours and 
28 hours. Results are shown as the mean of optical density readings 
from four separate experiments ± standard error.
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Figure ^.10: E-selectin expression in HUVEC treated with conditioned medium
(represented as [....]) from tonsil cell cultures (a) or FGOC (b) in the 
presence or absence of cyclosporin A. Tonsii ceiis (for 48 hours) and 
fetai gut (for 72 hours) were cultured with PWM or nothing (CONT) and 
supernatants from these cuitures were used in 1/10 dilution in the 
experiments. The results are shown as the mean of optical density 
readings of four welis±standard error. For comparison background 
readings from weiis containing only culture medium are also shown.
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Figure 4.11: E-selectin expression in resting or TNFa stimulated HUVEC treated
with conditioned medium (represented as [....]) from FGOC. Fetai gut 
ex-piants were cultured for 72 hours in the presence of cyciosporin A 
(CYS) with PWM or nothing (CONT) and supernatants from these 
cuitures were used in 1/10 dilution in the experiments. The results are 
from a representative ELISA and are shown as the mean of optical 
density readings of four weiis±standard error. For comparison, 
background readings from weiis containing only culture medium are 
also shown.
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Figure 4.12: Relative area of E-seiectin expressing vessels per unit area of iamina 
propria of fetai gut expiants cultured for 14 hours. FGOC were 
stimulated with PWM or nothing in the presence or absence 
Cyciosporin A. Conditioned medium ([CM]) from tonsii ceiis stimulated 
with PWM for 48 hours were added to identical parallel cuitures at the 
begining of experiments. Result are from a single representative 
experiment.
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4.3 DISCUSSION

In the previous chapter, using explants of fetal human intestine grown in vitro, 

it was shown that endothelial E-selectin, ICAM-1 and VCAM-1 expression after 

T cell activation follows the kinetics observed in HUVEC (noting that HUVEC  

and endothelial cells in the explants are both fetal). The paradoxical 

observation reported here is that addition of cyclosporin A to the explant 

cultures, which substantially inhibits lamina propria T cell activation, resulted in 

extensive and intense expression of E-selectin which was prolonged for up to 

at least two and a half days. On the other hand, as might be expected, ICAM- 

1 and VCAM-1 expression returned to control levels after cyclosporin A 

treatment and there was no significant change in the pattern of P-selectin and 

PECAM-1 expression.

The time course of cytokine induced E-selectin expression is well established. 

When HUVEC are activated with cytokines like TN Fa or IL-1, E-selectin is 

rapidly induced at the transcriptional level within 2  hours, reaching maximum  

expression after 4-6 hourŝ °"̂ '̂ ®̂  and virtually disappearing by 24 hours. 

Downregulation of E-selectin expression is an active process dependent on 

protein synthesis^®"  ̂ and involves both endocytosis and cleavage and release 

of cell surface E-selectin^^ '̂^^ .̂ Injection of cytokines into the skin of primates 

followed by serial biopsies shows the same kinetics, with maximal expression 

on dermal endothelial cells at 6 - 8  hours^°^. However, when a delayed 

hypersensitivity reaction is used to induce E-selectin expression in the same 

model, the expression is sustained for at least 48 hours. Similarly, in humans, 

E-selectin is observed on endothelium at sites of chronic inflammation in

These studies suggest that despite precise control of E-selectin 

expression in isolated endothelial cells, in vivo. E-selectin could be expressed 

for longer periods. However, it is not known whether this reflects continuous 

expression by some endothelial cells or whether there is a constant switching 

on and off by individual endothelial cells.

As summarised above, the regulation of E-selectin expression is complex, and
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the enhancement observed in the experiments reported here could be the 

result of many mechanisms acting at different levels, from a combination of 

cytokines present within the gut environment to direct effects of cyclosporin A 

on the endothelial cells. Some of the possible mechanisms that might be 

important in the enhancement of E-selectin expression are discussed below.

The increased expression of E-selectin, in the presence of cyclosporin A, was 

seen with all T cell activators used: a mitogenic lectin, a superantigen and 

probably most specific of them all, an anti-CD3 antibody. This demonstrated 

that the effect was specifically dependent on T cell stimulation. Therefore it is 

necessary to review the basic pharmacology of cyclosporin A in relation to the 

immune system.

Cyclosporin A has a range of effects on T cells. T cell proliferation induced by 

various factors such as mitogenic lectins, anti-CD3 antibodies or calcium 

ionophores+phorbol esters can be inhibited by cyclosporin Â ®̂. Cyclosporin A 

suppresses transcription and secretion of T cell lymphokines, IL - 2  and y- 

interferon^^®. The precise mechanism of inhibition of T cell function by 

cyclosporin A is not completely understood. It is known that in in vitro 

experiments 80% of cyclosporin A is located to the cytosol and most of it is 

bound to an 18 kD cytoplasmic protein called cyclophilin^^®’̂ ^̂ . Cyclophilin is 

believed to be an enzyme which plays a role in the folding of regulatory 

proteins, probably including transcriptional regulators in the T cell nucleP®. 

However cyclophilins are ubiquitous and can be found in all cells^^® which 

does not explain the selectivity of the drug. Other than the enzymatic activity, 

cyclosporin A-cyclophilin complexes can bind another cytoplasmic enzyme 

called calcineurin and change its activity^^°'^^\ Cell lines expressing high levels 

of calcineurin are resistant to the effects of cyclosporin A suggesting that this 

protein is important in immunosuppression^^^. Experimental evidence also 

exists which suggests that cyclosporin A may initiate its immunosuppressive 

activity through yet unidentified cell surface receptors, possibly expressed 

predominantly in T cells. It is possible that the membrane bound isoforms of 

cyclophilin are the target of cyclosporin A or calcineurin which has been
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333shown to be attached to the cell membrane is involved
I

Cyclosporin A can also act on other cells of the immune system^^^’̂ "̂̂ . 

Suppression of T cell help affects B cell responses. Additionally B cell 

proliferation can be inhibited by cyclosporin A depending on the type of 

stimulus used to initiate the proliferation. In general it is believed that 

macrophage functions are not affected by cyclosporin A. However cyclosporin 

A may be involved in suppression of TN Fa  secretion at the post-transcriptional 

leveP®. There is also evidence suggesting that it may directly suppress 

antigen presentation at high doses^^®.

The effect of cyclosporin A on E-selectin expression was not a result of 

general immunosuppression. Enhancement of E-selectin expression was not 

observed with other immunosuppressive agents such as steroids or FK506 

within the dose range which had been shown to inhibit in vitro enteropathy^®"^. 

This latter result is surprising, since cyclosporin A and FK506 inhibit T cell 

activation through a common pathway^®^®®®, and suggests that in the 

experiments described, cyclosporin A may be acting on cells other than T 

cells.

Experiments designed to determine whether supernatants from human tonsil 

cells or explant cultures stimulated with PWM in the presence of cyclosporin A 

contained a soluble "E-selectin enhancing factor" which could act on HUVEC, 

gave negative data.

It is not likely that a hypothetical T cell derived "E-selectin downregulating 

factor" is inhibited by cyclosporin A, since supernatants from PWM stimulated 

tonsil cells which would be expected to contain such a down-regulating factor 

failed to prevent the enhancement of E-selectin expression observed in the 

presence of cyclosporin A in the explant cultures. One problem in the 

conditioned medium transfer experiments mentioned above, is achieving the 

concentration of soluble factors that were present within the microenvironment 

of the explant. In the conditioned medium these could have been diluted below
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the physiologically functional levels.

Cyclosporin A can directly affect endothelial cells as shown with increased 

endothelin secretion by isolated endothelial cells treated with cyclosporin 

The possibility that enhancement of E-selectin expression in the FGOC was 

also a direct effect of cyclosporin A on endothelium was investigated too. 

Cyclosporin A failed to prolong E-selectin expression on HUVEC which were 

stimulated by TN Fa or conditioned medium from PWM treated FGOC. This 

strongly suggests that cyclosporin A was not directly acting on endothelial 

cells.

There have been several studies in which the E-selectin expression induced 

by monokines such as TN Fa and IL-1 has been modified by other 

cytokines^^®'^^®. Interferon-y synergizes with TN Fa to prolong E-selectin 

expression on HUVEC's. The mechanism appears to involve enhanced or 

prolonged transcription of the E-selectin gene. In addition, interferon-y 

abolishes the refractory period for E-selectin expression on HUVEC. It is 

however difficult to support the idea that interferon-y is responsible for the 

prolonged E-selectin expression seen in the fetal intestinal explants, since 

cyclosporin A inhibits the production of interferon-y in this model^®\ On the 

other hand, IL-4 partially inhibits TN Fa or IL-1 induced expression of E- 

selectin on HUVEC^"^°. Like interferon-y, it is a product of T cellŝ "̂  ̂ and 

cyclosporin A inhibits its secretion^^^’̂ "̂̂ . However it is unlikely that inhibition of 

IL-4 secretion could be playing a role in enhanced expression of E-selectin, 

since conditioned medium from PWM stimulated tonsil cells which is assumed 

to contain IL-4, did not decrease E-selectin expression in PWM and 

cyclosporin A treated organ culture.

In seeking an explanation for our observations, it is important to remember 

that in the fetal gut explants the endothelial cells are in a microenvironment 

where a number of cell types could influence their function. Endothelial cells 

are adjacent to pericytes, smooth muscle cells, underneath which are 

abundant macrophages, lymphocytes, dendritic cells, other smooth muscle
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cells and fibroblasts. Supporting the concept of cellular collaboration, co

culture of endothelial cells and pericytes is known to result in enhanced 

production of active transforming growth factor-p^"*  ̂ which is an inhibitor of E- 

selectin expression^"^^. In addition, local cytokine concentrations may be higher 

than those in transferred supernatants. Although the principal advances in the 

understanding of the biology of adhesion molecules have been made using 

isolated endothelial cells, this study shows the importance of considering the 

complexity of tissue microenvironment, despite the problems that this creates, 

when studying the regulation of CAM expression.
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CHAPTER 5

5.1 INTRODUCTION

Experiments described in Chapter 4 demonstrated that cyclosporin A 

enhanced T cell-induced expression of E-selectin in the FGOC. At the time 

this observation was made, a case-controlled clinical study for the treatment of 

Crohn's disease was being completed in the Department of Paediatric 

Gastroenterology, St Bartholomew's Hospital, London (by Drs. E Breese, TT  

MacDonald, SW  Nicholls, JA Walker-Smith). In this study the effectiveness of 

two treatment protocols (cyclosporin A or elemental diet) was compared^°^. 

Clinical parameters, endoscopic findings and histopathology before and after 

treatment were analyzed. Collaboration with the above mentioned group gave 

us the opportunity to follow through our study of induction of E-selectin in 

FGOC by investigating the effects of cyclosporin A treatment on E-selectin 

expression in vivo. W e considered this to be of importance since interaction 

between E-selectin on the endothelium and neutrophils and some T cells is a 

necessary step in the transmigration of these leukocytes from the blood into 

the tissues^°^. Any increase in expression of E-selectin during cyclosporin A 

treatment of Crohn's disease would have adverse effect in achieving 

remission; although cyclosporin A successfully suppresses the T cell 

activation, more leukocytes would be recruited to the mucosa.

Crohn's disease is believed to be caused by an immunological hypersensitivity 

response in the gut wall to, as yet, undefined antigens (see section 1.2.1). 

There are similarities between the pathological changes observed in Crohn's 

disease and the T cell mediated enteropathy generated in the FGOC model. In 

the FGOC model morphological changes ranging from villus atrophy and crypt 

hyperplasia to destruction of the mucosa are seen̂ ®"̂ . The severity of the 

morphological changes depends on the number of activated T cells present in 

individual explants^®" .̂ Similarly in Crohn's disease crypt hyperplasia and villus 

atrophy can be seen in association with deep ulcerŝ "̂ "̂ . Both in Crohn's 

disease and FGOC model, many cells expressing CD25 are seen and the
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majority of these cells are activated T cells. In Crohn's disease, this T cell 

response Is likely to be a major contributor to the extensive macrophage 

activation, granuloma formation and fibrosis characteristic of the disease.

Local T cell and macrophage activation means that there Is likely to be 

extensive cytokine release In the mucosa. There Is good evidence for 

Increased transcripts and production of IL-2 and Interferon-y by mononuclear 

cells freshly Isolated from Crohn's disease boweP°® and, as might be 

expected. Increased production of monokines such as TNFa^°^, IL-1̂ ^̂ '̂ "̂  ̂ and 

IL-6̂ "̂̂  also occurs. One of the main functions of cytokines Is to Increase the 

expression of endothelial CAM, thereby promoting the extravasation of 

Inflammatory cells from the blood Into the tissues®®. Predictably, when 

endothelial CAM were studied In active Crohn's disease, there was Increased 

expression of ICAM-1 and E-selectln^^®’̂ ®̂. This Is associated with Increased 

numbers of leukocytes especially neutrophils^®®, eoslnophlls^®®'^®  ̂ and mast 

cells^®®’®"̂® In the mucosa.

The general aim of Immunosuppression, the standard treatment In Crohn's 

disease. Is to reduce mucosal Inflammation, allowing healing to occur. 

Unfortunately, most studies have used clinical disease Indices as Indicators of 

remission and have not re-colonoscoped and taken mucosal biopsies to 

determine the therapeutic effect of treatment on mucosal Inflammation. Since 

endothelial CAM play such an Important role In controlling the extravasation of 

Inflammatory cells Into the tissues, we carried out a study of the effect of 

cyclosporin A and elemental diet on histological healing of the mucosa and Its 

relationship to the expression of endothelial CAM In Crohn's disease Intestine. 

In this chapter, we report that despite histopathologlcal Improvement In 

Crohn's disease with treatment, sometimes with the mucosa returning to 

normal, there Is continuing high expression of Inducible endothelial CAM  

studied In the mucosa.
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5.2 RESULTS

5.2.1 Patients and treatment protocols

Fourteen patients with histologically proven Crohn's disease were investigated 

in this study. Patients were randomly assigned to two treatment groups. Six 

were treated with cyclosporin A and the rest received enteral nutrition (Table

5.1). The treatment period was 8 weeks and patients were assessed before 

and after treatment. None of the patients had received treatment other than 

sulfasalazine derivatives prior to this study. The details of treatment protocols 

were given in Chapter 2.

5.2.2 Clinical parameters

Clinical details of the patients are shown in Table 1. Clinical disease activity, 

before and after 8 weeks of treatment, was assessed using ESR (erythrocyte 

sedimentation rate, mm/hr), CRP (C-reactive protein, mg%), Lloyd-Still 

index̂ "̂  ̂ (LSI). The results were statistically compared using the Mann-Whitney 

U test.

After eight weeks of treatment, patients in the enteral nutrition group showed

significant clinical improvement (Table 5.1). The LSI index became normal in 5

of the 8 patients (p<0.001). Both CRP levels and ESR dropped significantly 

(CRP; p<0.05 and ESR; p<0.01). However in Cyclosporin A patients, clinical 

parameters did not improve after treatment, the LSI index becoming normal in 

only one patient (LSI; p=0.07, CRP; p=0.14, ESR; p=0.4).

5.2.3 Histological Assessment

Endoscopic mucosal biopsies were obtained before and after 8 weeks of 

treatment. Two biopsies were taken from the same area, one was processed 

for routine histology and the other was snap frozen for immunohistological 

examination. Biopsies were taken from inflamed mucosa but not from ulcers.

121



AGE/ BIOPSY ESR(mm/hr) CRP(mg%) LSI HISTOLOGY
SEX

CYCLOSPORIN A

SITE B A B A B A B A

CASE 1 13.5 F Colon 13 24 24 59 49 51 1 1

CASE 2 5.2 M Colon 13 5 <5 <5 41 50 2 0

CASE 3 15.3 F Colon 25 30 85 <5 37 60 1 2

CASE 4 15.9 F lleum 40 56 6 6 50 48 2 1

CASE 5 11.3 F Colon 50 54 42 37 44 28 1 0

CASE 6 14.4 M Colon 44 28 >115 >115 39 46 1 0

ENTERAL NUTRITION

CASE 7 17.0 M lleum 6 20 86 47 46 55 3 3

CASE 8 11.2 M Colon 20 14 15 <5 43 60 1 0

CASE 9 14.4 M Colon 73 20 89 35 32 60 1 0

CASE 10 14.7 M lleum 17 5 6 5 48 60 2 0

CASE 11 13.1 M Colon 30 9 >115 9 51 60 2 1

CASE 12 14.9 F lleum 44 19 48 <5 41 50 1 1

CASE 13 17.0 F lleum 26 10 61 <5 43 55 2 1

CASE 14 14.0 F lleum 27 15 52 <5 45 60 1 1

Table 5.1: Clinical details and histological scores of the patients before and after
treatment. (Abbreviations: ESR; Erythrocyte sedimentation rate, GRP; 
C-reactive protein, LSI;: Lloyd Still index, B; Before treatment. A;: After 
treatment)

122



After 8 weeks of treatment, biopsies were obtained from the same area. In 4 

cases, frozen specimens before treatment were not available.

The routinely processed biopsies were scored by a pathologist (Dr P Domizio, 

St Bartholomew's Hospital, London) without knowledge of patient details and 

treatment status. Details of the histological scoring method has been 

described in a previous study^°^. Briefly, pre- and post-treatment biopsies from 

each patient were paired and histological intensity of inflammation was scored 

blindly from 0 to 3 (0 = normal, 1 - 3= mild, moderate, severe inflammation) 

according to the presence of ulceration, acute and chronic inflammation, crypt 

distortion and villous atrophy.

Biopsies before and after treatment were scored from 1 to 3 according to 

severity of inflammation as described (Table 5.1). Histological score was either 

the same or improved after treatment in all but one patient (Enteral nutrition 

p<0.05. Cyclosporin A p<0.05).

5.2.4 Immunohistochemical reactivity

Serial frozen sections were cut, fixed in acetone, and stained using 

monoclonal antibodies against endothelial CAM: E-selectin, ICAM-1, VCAM -1, 

and against markers of immunological activation: CD25 and HLA-DR. Either 

an avidin-biotin alkaline phosphatase or an indirect immunoperoxidase method 

was used. To achieve uniformity, the biopsies taken before and after treatment 

were always stained on the same slide and all specimens were stained in one 

batch for each antibody.

Immunohistochemical reactivity was scored by a point counting technique, 

using a Lennox eyepiece graticule under high power magnification (x400) as 

already described. The number of points on the graticule coincident with 

immunoreactivity was expressed as a ratio of total number of points falling 

over the lamina propria, giving antibody reactivity per unit area of lamina 

propria.
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When biopsies were stained with the ICAM-1, lamina propria mononuclear 

cells and endothelium of small vessels were strongly reactive. In many of the 

biopsies it was not possible to tell whether the immunoreactive cell was a 

mononuclear cell or endothelium, due to intense staining of the section. 

Therefore when scoring ICAM-1 staining, a single score representing the 

overall lamina propria immunoreactivity was given.

MHC Class II expression was demonstrated with an anti-HLA-DR antibody. 

Immunoreactivity was not scored; however the changes in the intensity of 

staining (decrease, same or increase) after compared to before treatment 

were determined in paired biopsies.

5.2.4.1 CD25

The number of CD25 positive cells in the lamina propria showed great 

variation from case to case. In serial sections, the distribution of some of these 

cells coincided with the distribution of CD3 positive cells (data not shown), 

probably representing activated T cells. However the majority of the cells were 

large with abundant cytoplasm which were probably macrophages (Figure

5.1). There was no significant change in the number of CD25 immunoreactive 

cells after treatment in either the enteral nutrition group (p=0.2) or the 

Cyclosporin A group (p=0.3) (Figure 5.2).

5 .2.4.2 ICAM-1

ICAM-1 expression in the lamina propria also showed a wide range, before 

and after treatment (Figures 5.3 and 5.4). The overall assessment indicates 

sustained ICAM-1 expression , despite clinical improvement after treatment 

(Enteral Nutrition p=0.1, Cyclosporin A p=0.2). The epithelium was 

consistently negative.

5.2.4.3 E-SELECTIN

In the biopsies studied before treatment, E-selectin was expressed on the 

endothelium in some small vessels in all cases. After treatment, there was no 

change in the number of vessels expressing E-selectin (Enteral Nutrition
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p=0.2, Cyclosporin A p=0.1; Figures 5.5 and 5.6). In general, the intensity of 

staining paralleled the extent of staining; a high score was associated with 

strong staining, a lower score with weaker reactivity.

5.2.4.4 VCAM-1

VCAM-1 staining was largely limited to the dendritic cells observed within the 

lymphoid aggregates. Endothelial reactivity was scant in all cases except Case 

7 (Figure 5.7).

5.2.4.5 HLA-DR

Intense MHC Class II expression was observed in the lamina propria and in 

the epithelium in all cases, in the group treated with enteral nutrition. There 

was no change in the intensity or distribution of MHC Class II expression after 

treatment (Figure 5.8). In the Cyclosporin A treated patients strong 

immunoreactivity in the crypt epithelium was observed in all cases. After 

treatment there was a decrease in the level of expression in only one case, in 

which the epithelium became negative.

5 2.4.6 CORRELATION OF IM M UNO HISTO CHEM ISTRY W ITH HISTOLOGY  

There was no significant change in the level of expression of endothelial 

adhesion molecules and CD25 after treatment, despite statistically significant 

improvement in the histological score with both treatments. After treatment six 

of the fourteen patients had normal histology. When these patients were 

compared with the 8 patients who had persistent histological abnormality after 

treatment, there was no difference in the level of adhesion molecule and CD25  

expression (ICAM-1, p=0.3; E-selectin, p= 0.3; CD25, p=0.4).

Thus even in tissue which appeared histologically normal, immuno- 

histochemistry revealed chronic inflammatory changes.
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Figure 5.1: Frozen sections of colonic endoscopic biopsies obtained from case 5
before (a) and after (b) 8 weeks of treatment with cyclosporin A. The 
sections are stained with an antibody against CD25 using an immuno- 
aikaline phosphatase method. Before treatment distortion of mucosal 
architecture and an inflammatory infiltrate in the lamina propria are 
identifiable. There are dusters of CD25 positive cells in the upper 
lamina propria. After treatment the mucosa looks relatively normal and 
there are only scattered CD25 positive ceils in the lamina propria. 
(Original magnification x40.)
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Figure 5.2: CD25 immunoreactivity per unit area of iamina propria. Medians
(closed diamonds), 95% confidence intervals (error bars) and scores of 
individual patients are shown before and after treatment for Crohn's 
disease. Open diamonds represent patients treated with Cyclosporin A 
(Cys) and open squares, patients treated with enteral nutrition (EN). "+" 
sign in the open squares and open diamonds mark the patients with 
normal histology after treatment.
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Figure 5.3: Frozen sections of colonic endoscopic biopsies obtained from case 9
before (a) and after (b) 8 weeks of treatment with enterai nutrition. The 
sections are stained with an antibody against iCAM-1 using an 
immuno-aikaiine phosphatase method. Before treatment, distortion of 
the mucosai architecture and an inflammatory infiltrate in the iamina 
propria are visible. There is strong iCAM-1 expression in the iamina 
propria. After treatment, the mucosai morphology has improved. 
However despite a decrease in the intensity of staining, wide spread 
iCAM-1 expression persists in the iamina propria. (Original 
magnification x40.)
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Figure 5.4: ICAM-1 immunoreactivity per unit area of iamina propria. Medians
(dosed diamonds), 95% confidence intervals (error bars) and scores of 
individual patients are shown before and after treatment for Crohn's 
disease. Open diamonds represent patients treated with cyclosporin A 
(Cys) and open squares, patients treated with enteral nutrition (EN). "+" 
sign in the open squares and open triangles mark the patients with 
normal histology after treatment.
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Figure 5.5: Frozen sections of colonic endoscopic biopsies obtained from case 6
before (a) and after (b) 8 weeks of treatment with cyclosporin A. The 
sections are stained with an antibody against E-seiectin using an 
immuno-aikaiine phosphatase method. Before treatment, strongly E- 
selectin positive small vessels containing leukocytes and a moderate 
inflammatory infiltrate in the iamina propria are visible. After treatment 
the mucosal morphology has improved; however E-selectin expression 
persists in the endothelial ceils of the lamina propria. Weak staining of 
the epithelium is due to endogenous alkaline phosphatase activity. 
(Original magnification x40.)
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Figure 5.6: E-selectin immunoreactivity per unit area of lamina propria. Medians
(closed diamonds), 95% confidence intervals (error bars) and scores of 
Individual patients are shown before and after treatment for Crohn's 
disease. Open diamonds represent patients treated with Cyclosporin A 
(Cys) and open squares, patients treated with enteral nutrition (EN). "+" 
sign in the open squares and open triangles mark the patients with 
normal histology after treatment.

Figure 5.7: Endothelial VCAM-1 expression in case 7 after treatment with enteral
nutrition for 8 weeks. The lamina propria is severely inflamed. No 
histological Improvement was observed after treatment in this patient. 
(Immuno-aikaiine phosphatase, original magnification x160)
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Figure 5.8: HLA-DR expression in Crohn's disease of coion (case 11). Strong
reactivity with the lamina propria and the epithelium is observed both 
before (a) and after (b) treatment. (Immuno-peroxidase, original 
magnification x40)
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5.3 DISCUSSION

In this study we have analyzed the effects of treatment of Crohn's Disease 

with enteral nutrition or Cyclosporin A on the expression of endothelial CAM  

and other indicators of immunological activation (HLA-DR, CD25). W e show 

clearly that endothelial CAM and other immunohistological markers of 

inflammation persist despite histological improvement of the mucosa. 

Expression of ICAM-1 in the lamina propria and endothelium, E-selectin on the 

endothelium, intensity of MHC Class II expression and number of CD25  

positive cells in the lamina propria remained high.

E-selectin is either absent in normal bowel or is expressed in low levels in a 

few venules associated with lymphoid follicles. In the human FGOC system , it 

is induced on postcapillary venules after local T cell activation. Expression 

peaks by 8 hours and disappears by 24 hours despite continuing T cell 

activation (Chapter 3). A similar pattern of rapid but transient induction is 

observed when cultures of isolated endothelial cells are activated by cytokines, 

though different combinations of cytokines can modify the time coursê ^®'̂ "̂ ®. In 

the human FGOC system we observed that induced E-selectin expression can 

be enhanced by Cyclosporin A (Chapter 4). In contrast, in this study, there 

was no significant difference in the level of E-selectin expression in patients 

receiving Cyclosporin A compared to untreated controls. If cyclosporin A 

patients were compared within themselves, there appeared to be an overall 

increase in E-selectin expression, though this proved to be statistically 

insignificant. The observed difference between FGOC and Crohn's disease 

could be due to significantly higher concentrations of cyclosporin A present in 

the FGOC compared to that used for treatment of Crohn's disease in vivo.

Enteral nutrition has been recently shown to achieve clinical remission rates 

similar to steroids in Crohn's disease^°^’̂ ®\ a finding we confirm here.

However, Cyclosporin A was disappointing since it did not result in clinical 

improvement, although significant histological improvement was observed.
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There have been few studies on the regulation of adhesion molecule 

expression in the gut. In the FGOC model of T cell mediated enteropathy, 

ICAM-1 expression both on endothelial and lamina propria cells is upregulated 

by 18 hours after T cell stimulation and stays high for at least 4 days (Chapter 

3). Steroids or cyclosporin A inhibit this upregulation suggesting that sustained 

high expression is dependent on presence of cytokines (Chapter 4). In 

inflammatory bowel disease ICAM-1 expression is significantly upregulated 

both on the endothelium and on the lamina propria mononuclear cells. 

Sustained high levels of expression after clinically successful treatment 

observed in this study, suggests continuing presence of pro-inflammatory 

cytokines in high enough concentrations to sustain the subclinical 

inflammation. Supporting this, in the parallel study mentioned when TN Fa  

secreting cells in the lamina propria were counted using an in vitro assay, the 

number of TN Fa  secreting cells was not affected after clinically successful 

treatment with elemental diet^° .̂

In FGOC, VCAM-1 expression was significantly increased both in lamina 

propria and endothelium. However in this study and other similar studies^^®’̂ ^̂  

no significant increase in VCAM-1 expression was observed. When present, 

VCAM-1 expression was limited to the follicular dendritic cells in lymphoid 

follicles where it is constitutively expressed and was rarely seen on the 

endothelial surface.

E-selectin is important in rolling of neutrophils on the endothelium before firm 

attachment via integrins^^^. ICAM-1 on the endothelium and LFA-1 on 

leukocytes are crucial in strong adhesion of leukocytes to the endothelium^^^ 

after initial contact via selectins, and this might be followed by transmigration 

of leukocytes to the lamina propria. ICAM-1 is also very important in T  

cell/antigen presenting cell interactions, providing costimulatory signals for T  

cell activation^^. The persistence of increased E-selectin and ICAM-1 

expression after treatment observed in our cases indicate sustained T cell 

activation and increased potential for leukocyte recruitment to the lamina 

propria.
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Finally, it would seem reasonable to assume that the continued high level 

expression of endothelial adhesion molecules is due to continuing chronic low 

grade inflammation in the lamina propria. This is supported by the finding that 

CD25 positive cells and MHC class II expression remained high. However we 

only studied at a single time point (8 weeks) after treatment and it is possible 

that it takes longer for the chronic inflammation to subside. Nevertheless, 

these findings would support the idea that despite clinical remissions in 

Crohn's disease, inflammation persists in the gut wall, resulting in the relapses 

and eventual fibrosis and stricture formation often observed in this disease.
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CHAPTER 6

6.1 INTRODUCTION

The mucosal barrier is selective, controlling the transport of certain antigens 

but not others from the lumen into the gut and circulation. It consists of two 

main components: the extrinsic and intrinsic barriers "̂^®. The extrinsic barrier is 

formed by proteolytic enzymes of the stomach and pancreas, peristalsis of the 

intestine and the mucus layer coating the epithelial surface. The intrinsic 

barrier is made by the epithelium and the junctions between the epithelial 

cells. The intrinsic barrier is the most important physical structure between the 

intestinal lumen and the lamina propria and its integrity is of prime importance 

in the protection of the mucosa^^^.

Epithelial integrity is maintained by several adhesion mechanisms. 

Ultrastructural studies have shown that epithelial cells of the intestine are 

attached to each other by three major specialised structures called zonula 

occludens (tight junctions), zonula adherens and desmosomes. The tight 

junction is present on the apical pole of the intestinal epithelium and wraps the 

epithelial cells like a belt^^°. It is the most important mechanism controlling the 

selective passage of molecules between the lumen and the mucosa^^°. The 

zonula adherens is another band like structure encircling the apex of the 

epithelium underneath the tight junctions^"^®. Although zonula adherens is not 

critical as a barrier, it is connected to the cytoskeletal elements and is thought 

to be the major epithelial-epithelial cell adhesion structure. Desmosomes are 

distributed along the lateral membrane and like the zonula adherens are 

connected to the cytoskeleton^"^®. Epithelial cells are not only attached to each 

other but also to the underlining basal lamina by hemi-desmosomes. They 

also express integrins that recognizes components of the basal lamina.

E-cadherin is a Ca^^ dependent honqophyllic cell adhesion receptor expressed 

by the epithelial cells^® ’̂̂ ®̂ . It is a mem^Br of the cadherin family of cell 

adhesion molecules which also includes P-cadherin, N-cadherin and more
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recently described T - and V-cadherins^® '̂^^^. Each cadherin subclass shows a 

unique pattern of tissue distribution (epithelial; E-cadherin, placental; P- 

cadherin, neural; N-cadherin). Cadherins are characterized by the presence of 

an intracytoplasmic and a transmembrane region and three homologous 

extracellular domains^®\ Transfection studies with deletion mutants have 

shown that the NHg-terminus is responsible for homotypic adhesion and the 

COOH-terminus is associated with the actin bundles of the cytoskeleton^^V

Cadherins are located at the transmembrane part of the zonula adherens and 

are believed to be responsible for cell-cell adhesion. The functions of 

cadherins have been investigated by several methods^^\ When 

blocking monoclonal antibodies against E-cadherin are added to cultures of 

epithelial monolayers, epithelial cells lose their cohesiveness and are 

dispersed in culture. They also lose their epithelial morphology and acquire a 

fibroblast like shape. On the other hand, if a fibroblast cell line is transfected 

with E-cadherin cDNA, the fibroblasts acquire epithelial morphology and form 

monolayers.

Cadherins are critical morphogenetic regulators during embryogenesis^®^’̂ ®̂ . 

Their expression can be switched on and off to help with a variety of 

morphogenetic events. The change in the expression of subsets of cadherins 

enables cells to form cohesive structures or to migrate to different sites and to 

differentiate into other organs^^ '̂^® .̂ Recent evidence strongly suggests that 

down-regulation of E-cadherin expression in cancers is associated with a high 

rate of invasion and metastasis^^^’̂ ®"̂. So far no role in inflammation has been 

reported.

Several functional and morphological changes occur in the intestinal 

epithelium in response to mucosal inflammation. T cell activation in the 

mucosal microenvironment causes an increase in crypt epithelial cell 

proliferation rate and villous atrophy^^^ If monolayer cultures of intestinal 

epithelium are treated with recombinant interferon-y the tight junctions loosen, 

resulting in increased permeability^®®. In Crohn's disease, disorganisation or
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complete loss of tight junctions in the involved ileal epithelium has been 

reported^®^. An increase in the epithelial expression of the integrin VLA-1 

(laminin/collagen receptor) in active IBD is thought to contribute to the 

maintenance of the epithelial barrier during chronic inflammatory response^®®. 

These observations suggest that compensatory changes in the expression of 

E-cadherin may occur; either a decrease which would allow increased mobility 

of cells and ability to cover the areas of epithelial loss, or an increase which 

would increase the epithelial stability.

In this chapter immunohistochemistry was used to examine E-cadherin 

expression in human intestinal inflammation. Expression in the epithelium of 

normal and inflamed intestine, in cytokine treated colonic adenocarcinoma cell 

line HT29 and in the FGOC model was studied.

6.2 RESULTS

6.2.1 Expression of E-cadherin in postnatal normal and inflamed intestine

E-cadherin expression in postnatal intestine was studied in frozen and paraffin 

embedded specimens using an indirect immunoperoxidase method. The 

microwave antigen retrieval technique was used for paraffin sections.

Frozen sections of the following specimens were studied: normal small 

intestine (n=3), normal colon (n=3), small intestine with Crohn's disease (n=5), 

colon with Crohn's disease (n=4), ulcerative colitis (n=3).

In frozen sections E-cadherin was strongly expressed in normal small intestine 

and colon and there was no obvious change in the level of epithelial E- 

cadherin expression in Crohn's disease or ulcerative colitis (Figure 6.1).

Paraffin sections of the following specimens were studied: small intestine with 

Crohn's disease (n=9) and colon with Crohn's disease (n=4). In paraffin
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sections E-cadherin was strongly expressed in morphologically uninvolved 

areas of small intestine and colon. The level of expression in the intestinal 

crypts or surface epithelium in areas showing classical histological changes of 

Crohn's disease was similar to uninvolved mucosa (Figure 6.2 and 6.3). 

However groups of glands usually situated next to fissuring ulcers had 

considerably lower levels of E-cadherin staining (Figure 6.3). These glands 

showed the characteristic morphology of the "ulcer associated cell lineage^®® 

(UACL)" and stained magenta with the diastase-PAS stain but did not stain 

with alcian blue.

6.2.2 Expression of E-cadherin in the fetal intestine during development 

and changes in the level of expression in PWM stimulated FGOC

Expression of E-cadherin was investigated in frozen sections of fetal gut 

specimens from 11-20 weeks of gestation. 1-3 specimens for each week of 

gestational age were stained using an indirect immunoperoxidase technique. 

E-cadherin was strongly and uniformly expressed by epithelial cells in the fetal 

gut within the age range studied and no change in the level of expression was 

detected in different ages (Figure 6.4).

Three FGOC were set up with 16-17 week old specimens as described. The 

control and PWM stimulated fetal gut explants were snap frozen at 2, 4, 6, 8, 

10, 12, 18, 24, 36, 60 and 96 hours after initiation of the cultures. In the 

FGOC, E-cadherin expression was not significantly affected in both control 

and activated explants when compared to uncultured fetal gut (Figure 6.5). 

There was no obvious change in the level of expression between control and 

activated cultures up to 60 hours incubation. However by 96 hours, where 

severe damage to the explant and loss of epithelium was apparent in activated 

explant cultures, the expression of E-cadherin was lower in the remaining 

epithelium compared to the epithelium of control explants (Figure 6.5).
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6.2.3 Induction of E-cadherin expression in HT29 cell line

The effects of conditioned medium from PHA stimulated tonsil cells on E- 

cadherin expression on colonic adenocarcinoma cell line HT29 was 

investigated. HT29 cells were either cultured on gelatin coated coverslips and 

the E-cadherin expression was detected by an indirect immunoperoxidase 

method, or in 96-well tissue culture plates and the E-cadherin expression was 

detected by an ELISA.

When the colonic adenocarcinoma cell line, HT29 was grown on coverslips 

and treated with conditioned medium from PHA activated tonsil cells for 48 

hours, E-cadherin expression was increased compared to controls (Figure

6.6). Although this increase was very marked in groups of cells, the overall 

pattern was patchy, some areas staining stronger than others.

Similar results were obtained in the 96-well plates. E-cadherin expression was 

upregulated in wells treated with the conditioned medium for 48 hours (Figure

6.7). When interferon-y was used in 96 well plates to stimulate the HT29 cells, 

no increase was detected in the level of expression.
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Figure 6.1 a and b ( see the following page for the legend)
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Figure 6.1: Frozen sections of relatively normal small Intestine obtained from an

unlnvolved segment of Crohn's disease bowel (a), small Intestine with 
Crohn's disease (b) and ulcerative colitis (a). The sections were stained 
with an antibody against E-cadherIn using an Immunoperoxidase 
technique. Staining In the lamina propria Is due to endogenous 
peroxidase activity (Original magnification x40).

A ' mV
Figure 6.2: Paraffin section of relatively normal small Intestine from an unlvolved

bowel segment of a Crohn's disease patient. The section Is stained 
with an antibody against E-cadherIn using an Immunoperoxidase 
technique. (Original magnification x40).
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Figure 6.3 a and b (see the following page for the legend)
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Figure 6.3: (a) Paraffin section of Crohn's disease with fissuring ulceration stained
with diastase-PAS; tubules of the "UACL" are strongly positive. 
(Original magnification x40.) (b) Serial section of the same area stained 
with the monoclonal antibody HECD-1 with an immuno-peroxidase 
technique. Reactivity with the tubules of UACL is significantly weaker 
compared to the crypts. (Original magnification x40.) (a) High power 
view of UACL and normal crypts from a different area of the same 
section. Significantly lower expression of E-cadherin in the lateral 
membranes of UACL compared to normal crypts is seen. (Original 
magnification x160.)
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Figure 6.4: E-cadherin expression in frozen sections of 11 (a) and 21 (b) weeks
old human fetai intestine stained with an immuno-peroxidase technique. 
No significant change in the pattern of expression was observed in ail 
ages of fetal intestine studied. (Original magnification x40.)
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Figure 6.5 a (see the next page for the legend)
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Figure 6.5: E-cadherin expression in 16 weeks oid fetal gut before (a) and after 96
hours organ culture in the absence (b) or presence of PM/M stimulation 
(a). The frozen sections were stained with an immuno-peroxidase 
method. E-cadherin expression after 96 hours culture is lower than 
uncultured gut in both control and PWM stimulated FGOC. In PWM 
stimulated FGOC, the epithelium in the explants with severe 
morphological changes shows lower expression (arrow heads).
(Original magnification x40.)
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Figure 6.6: E-cadherin expression in the HT29 ceii line grown on coversiips and
treated with either nothing (a) or with conditioned medium (b) from 
PHA activated tonsil mononuclear ceils. There is a significant increase 
in the E-cadherin expression after treatment with conditioned medium. 
(Immuno-peroxidase, original magnification x100.)
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Figure 6.7: E-cadherin expression in HT29 ceiis determined with an ELISA. The
HT29 ceii line was grown in 96-weli culture plates in the absence or 
presence of conditioned medium from PHA activated tonsil ceiis. The 
results shown are the mean of quadruplicate experiments ± standard 
error.
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6.3 DISCUSSION

Our results showed that E-cadherin expression in the intestinal epithelium was 

consistently high in normal fetal intestine and in postnatal intestine and there 

was no obvious change in the intensity of expression in IBD. However, 

significantly, E-cadherin expression by the cells of the UACL was lower than 

the expression by other intestinal epithelial cells.

UACL is observed next to ulcers in Crohn's Disease as groups of glands 

containing neutral mucins, in contrast to the goblet cells of the normal intestine 

which contain acidic mucins^®®. Mucin content and morphology of the UACL is 

very similar to pyloric glands of stomach and previously it has been named as 

"pyloric metaplasia" . Although the UACL was observed first in Crohn's 

disease, it can be seen next to ulcerations all along the gastro-intestinal 

tract^®°. It is believed that cells of the UACL bud from the bases of existing 

crypts in response to ulceration and they form glands in the lamina propria 

which eventually reach the surface and cover the ulceration. In line with their 

regenerative role they synthesize and secrete EGF which is a mitogen for 

epithelial cells^^®. Additionally they contain trefoil peptides which are small 

secretory proteins believed to be synthesized in the presence of EGF^®°. Three 

trefoil peptides have been identified in the UACL so far^®\ These are human 

spasmolytic polypeptide and intestinal trefoil factor that are predominantly
I ' /located in the glands and lower part of the duct, and pS2 which is located \

upper parts of the glands and the surface epithelium^®°'^®\ The functions

trefoil peptides are not fully understood, however it is known that ̂ porcine 

homologue of human spasmolytic polypeptide (pancreatic spasmolytic 

polypeptide) inhibits intestinal muscular contraction and gastric acid secretion 

in rodents^®\

All properties of UACL are consistent with a specific mucosal repair system 

which is switched on when the mucosa is damaged. In areas of ulceration the 

UACL originates from the bases of intestinal crypt and branches in the lamina 

propria to form a new gland, which carries the secretion to the surface with a
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duct and covers the ulcer surface^®®. The lower levels of E-cadherin 

expression reported in this study indicate reduced cohesion between epithelial 

cells and thus regenerative cells would have higher mobility. This would 

facilitate the passage of epithelial cells through the lamina propria analogous 

to an invasive carcinoma.

In other intestinal epithelium, E-cadherin expression does not seem to have 

been affected by the inflammation. Nevertheless basal expression is 

maintained despite unfavourable microenvironmental changes to keep the 

intestinal barrier intact.

In the FGOC both control and PWM treated explants showed similar levels of 

E-cadherin expression up to 60 hours in culture. However by 96 hours, loss of 

epithelial integrity was apparent in some PWM stimulated explants. In the 

explants where the epithelium was disrupted, E-cadherin expression was low 

on the remaining epithelium, possibly reflecting a regenerative process similar 

to UACL. However it is not possible to culture fetal gut explants more than a 

few days, which makes it impossible to test this hypothesis.

Unlike the intact intestinal epithelium, E-cadherin expression in the HT29 cell 

line was low. It was up-regulated by conditioned medium from PHA stimulated 

tonsil cells but not with recombinant interferon-y, which suggests that either 

factors other than, or a combination of cytokines including interferon-y is 

responsible from enhanced expression of E-cadherin. This would be supported 

by the fact that E-cadherin expression in the intestinal epithelium of Crohn's 

disease is not affected despite the presence of interferon-y in the 

microenvironment. It is possible that the conditioned medium from PHA 

stimulated tonsil cells has the right cytokine/s or right combination of cytokines 

to induce E-cadherin expression. Furthermore, enhanced E-cadherin 

expression after conditioned medium treatment could be an intrinsic property 

of HT29 cell line, similar to the reported induction of ICAM-1 expression which 

can be induced on HT29 cells by cytokines^®^ but is seldom seen during 

inflammation on intestinal epithelium in vivo^° .̂
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In summary, we have shown that E-cadherin is strongly and evenly expressed 

by the epithelium in normal and inflamed intestine and that expression is 

reduced in the epithelium next to ulcers, possibly as a mechanism to assist 

regeneration.
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CHAPTER 7

7.1 INTRODUCTION

The cellular expression of many molecules changes during an immune 

response. Although some of these changes may be simple bystander effects 

resulting from the action of locally produced cytokines which are functionally 

redundant, many have a functional role. In the previous chapters the 

regulation and importance of several cell adhesion molecules which are 

induced during intestinal immune response have been discussed. In the gut 

cytokines released affect the regulation of many other molecules such as 

discussed in the introduction to this thesis and it is reasonable to assume that 

expression of many, yet unidentified, molecules is also induced or increased in 

the inflamed mucosa.

Studies of intestinal inflammation have focused on the expression of 

molecules discovered in other experimental settings and few have originated 

from the studies of inflamed intestine. The aim of this study was to search for 

novel antigens induced in intestinal inflammation by raising monoclonal 

antibodies directly against the inflamed intestine. The arising hybridomas 

would then be screened on sections of normal and inflamed intestine using 

immunohistochemistry to select the ones with interesting patterns of reactivity 

looking in particular for antibodies recognizing antigens which are upregulated 

in an intestinal inflammatory response.

The FGOC model reproduces many of the changes seen in immunologically 

mediated intestinal damage in vivo as described in the previous chapters. As a 

consequence of T cell-mediated immune response, expression of many 

activation antigens such as MHO class II molecules, IL-2 receptor and cell 

adhesion molecules VLA-1, ICAM-1, VCAM-1 and E-selectin are increased. 

This makes PWM stimulated FGOC a useful source of antigen for raising 

monoclonal antibodies.
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Therefore monoclonal antibodies were raised against cells isolated from PWM  

stimulated FGOC. The resulting hybridswere first screened on frozen sections 

of control and PWM stimulated fetal gut explants by immunohistochemistry 

and selected hybrids were screened on a second, wider panel of tissues. On a 

few occasions cells isolated from small intestinal Crohn's disease and tonsil 

were also used as immunogens.

7.2 RESULTS

7.2.1 Optimization of enzymatic digestion time for preparation of cell

suspensions from PWM stimulated fetal gut

Cell suspensions from PWM stimulated fetal gut to be used as immunogens 

were prepared by collagenase digestion. Digestion time was optimized to give 

highest yield of live cells. In two experiments, the highest number of live cells 

was obtained after two hours of incubation with collagenase and numbers 

declined after two hours (Figure 7.1). Digestion protocol for adult intestine has 

been previously described. No collagenase digestion was used for isolation of 

cells from tonsil.

7.2.2 Production and screening of hybridomas

Twelve successful fusions were performed and a total of 1003hybrids were 

screened from these fusions. 108 of these were thought to be of interest and 

were tested on a second wider panel of tissues. The fusions are summarized 

in Table 7.1.
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FUSION
NO

IMMUNOGENTISSUES USED 
IN THE FIRST 

SCREEN

TISSUES USED IN 
THE SECOND 

SCREEN

TOTAL
HYBRIDS

SCREENED

HYBRIDS 
SELECTED FOR 
SECOND PANEL

F38 TSL TSL TSL 82 2

F40 SBCD TSL,SBCD,SBN TSL,SBCD,SBN 56 9

F46 PWS DO,CNT,PWS DO,CNT,PWS 26 1

F49 PWS DO,CNT,PWS TSL,LBCD,LBN 106 13

F51 PWS DO,CNT,PWS NOT DONE 15 0

F52 PWS DO,CNT,PWS TSL,APX,SBCD,
SBN,CA,UC

155 32

F57 PWS DO,CNT,PWS TSL,APX,SBCD,
SBN,CA,UC

75 11

F62 PWS DO,CNT,PWS TSL,APX,SBCD, 
SBN,LBCD

170 17

F63 PWS DO,CNT,PWS TSL,APX,SBCD, 
SBN,LBCD

73 1

F68 PWS DO,CNT,PWS TSL,APX,SBCD,
SBN,CA,LBCD

141 14

F69 PHA TSL DO,CNT,PWS,
TSL

TSL,APX,SBCD,
SBN,CA,LBCD

69 5

F81 PWS DO,CNT,PWS,
TSL

DO,CNT,PWS,
TSL

35 3

TOTAL: 1,003 108

Table 7.1: Summary of the cell suspensions used in Immunizations, the
tissues used for screening the monoclonal antibodies and the 
number of hybr'idsscreened for 12 successful fusions. 
Abbreviations:
TSL : Tonsil
PHA TSL : PHA stimulated tonsil mononuclear cells
A P X  : Appendix
SBN : Normal small bowel
SBCD : Small bowel with Crohn's disease
LBN : Normal colon
LBCD : Colon with Crohn's disease
CA : Adenocarcinoma of colon
DO : Fetal gut before culture, Day 0
C N T : Control FG O C after three days
PW S : PW M  stimulated FG OC after three days

; UC : Ulcerative colitis
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7.2.3 Immunohistochemical reactivity patterns of monoclonal antibodies

The hybrids of interest were examined and the patterns of immunoreactivity 

were analyzed under the following general headings.

7.2.3.1 EPITHELIUM

Epithelial reactivity was the most common finding. Many hybrids showed 

immunoreactivity with at least one type of epithelium. Some antibodies 

recognized only the gut epithelium (Figure 7.2) and others were reactive with 

tonsil epithelium only (Figure 7.3) but most recognized all epithelia (Figure 

7.4). In the tonsil sections immunoreactivity was usually limited to the crypt 

epithelium rather than surface epithelium. In the gut, the epithelium of fetal 

gut, colon or small bowel generally showed similar reactivity with the same 

antibody however adenocarcinoma of colon was negative with some 

antibodies (Figure 7.5). Several staining patterns were observed in the 

intestinal epithelium. Diffuse staining of the epithelial cytoplasm was observed 

with some hybrids(Figure 7.6). In some cases this was associated with strong 

reactivity with the apical membrane (Figure 7.2). Few hybridsreacted only with 

the apical membrane of intestinal epithelium (Figure 7.7) or only with the 

goblet cells (Figure 7.8).

When intensity of staining in PWM stimulated fetal gut cultures was compared 

with that of the control cultures, there was an increase in PWM stimulated 

explants with several of the monoclonal antibodies. With many of these 

hybrids, this increase in intensity was not observed in the inflamed intestine 

(Crohn's disease or ulcerative colitis) when compared to normal intestine 

(Figure 7.9). However some of the hybrids recognized antigens increased both 

in PWM stimulated fetal gut cultures and inflamed intestine compared to 

controls (Figure 7.10) and these were investigated further.

7.2 3.2 INFLAMMATORY CELLS

This term covers B and T lymphocytes, macrophages, granulocytes and 

dendritic cells of the lymphoid environment. The decision as to whether an
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antibody stains a particular cell lineage was made according to staining 

pattern within the lymphoid microenvironment and the cellular morphology.

Macrophages and follicular dendritic cells were frequently recognized by the 

monoclonal antibodies. Staining of macrophages showed a wide range of 

characteristics. Some antibodies stained majority of macrophages including 

those forming granulomas (Figure 7.11), others were predominantly reactive 

with the tissue macrophages but not with the granulomas (Figure 7.12). 

Occasional hybrids recognized a subpopulation of cells with macrophage-like 

morphology (Figure 7.13).

Follicular dendritic cell staining patterns were very similar between different 

antibodies (Figure 7.14) , nevertheless one antibody identified a subgroup of 

follicular dendritic cells (Figure 7.13).

Several hybrids stained both B and T lymphocytes (Figure 7.15). However 

these hybrids also stained many cells of other lineages as well, suggesting that 

they recognized antigens expressed on a wide range of cell lineages. There 

were no antibodies which predominantly recognized T cells. Three hybrids 

recognized predominantly B cells. One of these antibodies had a staining 

pattern similar to CD21 (Figure 7.16) and another stained macrophages, 

dendritic cells, endothelium and a variety of epithelial cells. This reactivity 

resembled an anti-MHC class II antibody (Figure 7.17).

Dendritic cells, in the T zone of lymphoid tissues or within close proximity of 

the epithelium, were labelled with the same antibodies (Figure 7.18). Dendritic 

cell staining was generally limited to the tonsil. They were rarely identifiable in 

the normal or inflamed gut.

Although the immunogen used in most of the fusions (PWM stimulated fetal 

gut) contains no neutrophils, several hybridswere reactive with neutrophils. 

However all these hybrids strongly reacted with the gut epithelium as well, 

suggesting that they were recognizing an epitope present on neutrophils and
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epithelium (Figure 7.10).

7 .2 .3 .3  CO NN EC TIVE TISSUE. MUSCLE. NERVES

Connective tissue is composed of extracellular fibres such as collagen, 

extracellular matrix and fibroblasts. Many antibodies, used in the second 

screening recognized connective tissue. Generally staining was fibrillar in 

pattern suggesting that most of the reactivity was with the collagen fibres 

(Figure 7.19) however it was not possible to exclude staining of fibroblasts.

Smooth muscle of the muscularis mucosa and muscularis propria was positive 

with some antibodies recognizing the connective tissue (Figure 7.19). Several 

hybridswere only reactive with smooth muscle but not with connective tissue 

(Figure 7.20).

The intensity of staining of connective tissue and muscle was increased in 

PW M stimulated fetal gut explants (Figure 7.21). However no obvious increase 

was present in Crohn's disease or ulcerative colitis.

Few monoclonal antibodies identified neural tissue and most of these were 

reactive with other tissues like connective tissue and muscle. Staining was 

seen in both ganglions and nerve fibres. One hybrid labelled only neural tissue 

(Figure 7.22-62.82).

7.2 .3 .4  VESSELS

In the interpretation of vascular staining emphasis was given to 

microvasculature. Both staining of the endothelium and vessel wall was 

analyzed. Vessel wall was defined as the basal lamina underlying the 

endothelium anc  ̂ if present^the muscle layer of the vessel. Reactivity with the 

high endothelial venules of the lymphoid microenvironment was separately 

evaluated as these are essential in recruitment of lymphocytes into lymphoid 

tissues. Vessel wall staining was almost always associated with connective 

tissue and/or muscle staining (Figure 7.19). Endothelial staining was often 

observed in association with immunoreactivity with other cell lineages and the
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high endothelial venules were also strongly positive occasionally (Figure 7.23).

7.2.4 Summary of reactivity of monoclonai antibodies produced in twelve 

fusions

The immunoreactivity of the monoclonal antibodies of interest which were 

extensively screened on a wide range of tissues are summarized in Tables 7.2  

- 7.12.
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Tables 7.2  - 7.72
The reactivity of hybridsof interest and the summary of resuits from first 
and second screening. Explanations for symbols and abbreviations:

Epithelium
TSL : Tonsil
APX : Appendix
SBN : Normal small bowel
SBCD : Small bowel with Crohn's disease
LBN : Normal colon
LBCD : Colon with Crohn's disease
CA : Adenocarcinoma of colon
DO : Fetal gut before culture, Day 0
CNT : Control fetal gut culture after three days
PWS : PWM stimulated fetal gut culture after three days

Inflammatorv Cells
B : B cells
T : T cells
M : Macrophages
N : Neutrophils
FDC : Follicular dendritic cells
DRC : Dendritic cells
GR : Granuloma

Connective Tissue. Muscle. Nerve
CT : Connective tissue
MS : Smooth muscle
NV : Nerves and ganglions

Vessels
ET : Endothelium
HEV : High endothelial venulet
W : Vessel wall

Intensltv of Immunoreactlvltv
- : No reactivity
± : Weak staining
+ : Moderate staining
++ : Strong staining
T ; Increased In Inflammation
ALL : All tissues tested
REST : All tissues other than stated

See Table 7.1 for tissues stained In each fusion.
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HYBRID
No

Epithelium Inflammatory cells Con. tissue, 
muscle, nerve

Vessels Changes in 
infiammation

F38.3 - B±,T± - -

F38.80 - B++,FDC++ - -

Table 7.2: Immunoreactivity of seiected monoclonai antibodies from F38.

HYBRID
No

Epithelium Infiammatory cells Con. tissue, 
muscle, nerve

Vessels Changes in 
inflammation

F40.1 - M±, L± CT± -

F40.9
F40.17

- FDC++,M+,DRC? GT++ -

F40.10 - FDC+ CT+ -

F40.11 - GR+,M+ CT+ -

F40.15 TSL++,SBN±
SBCD-

FDC+,M+ CT+ -

F40.26 - - CT+ -

F40.27 TSL++,REST- - CT+ HEV++,
W+.ET+

F40.31 - M ± ,B ± iT ± ,F D C + CT++,MS++ W+

Table 7.3: immunoreactivity of seiected monoclonal antibodies from F40.

HYBRID
No

Epithelium inflammatory cells Con. tissue, 
muscle, nerve

Vessels Changes in 
inflammation

F46.5 DO++,ONT+,
PWS+

- - -

Table 7.4: immunoreactivity of the only seiected monoclonal antibodies from
F46.
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HYBRID;
No

Epithelium Inflammatory cells Con. tissue, 
muscle, nerve

Vessels Changes In 
Inflammation

F49.5 ALL++ M+ in TSL GT+,MS+ W+

F49.16 LBN±,LBCD± FDC+,M+ - -

F49.20
F49.51

- - GT++,MS++ W++

F49.21 LBN+.LBCD+,
DO+.CNT+,

PWS+

FDC+ MS+ w+

F49.24
F49.31
F49.91

DO+,CNT+,
PWS++,LBN++

LBCD++

GR++,DRC+ - - PWsT

F49.26 DO±,CNT±, 
PWS+, LBN±, 

TSL++

M+,GR- GT+,MS+ w+ PWST

F49.43 ALL++ FDC+,M+,GR++ GT++,MS++ W+,ET+

F49.45 ALL++ ALL++ MS++.NV++ W+,ET+

F49.48 ALL+ ALL+ GT+,MS+,
NV+

ET++, 
W++

F49.57 DO+.CNT+,
PWS++,LBN+,

LBCD+

- PWsT

Table 7.5: Immunoreactivity of seiected monoclonai antibodies from F49.
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HYBRID
No

Epithelium Inflammatory cells Con. tissue, 
muscle, nen/e

Vessels Changes in 
inflammation

F52.3
F52.48

TSL-,REST+ M+,GR+ - -

F52.10
F52.20
F52.29
F52.36
F52.37
F52.54
F52.60
F52.79
F52.95
F52.99
F52.104
F52.106
F52.115

ALL++ M++,GR++,FDC± CT+,MS+ W+,ET?

F52.11 PWS++.REST+ - - - pwsT

F52.33 TSL-.REST+ - - -

F52.19 CNT++,PWM++
TSL-.REST+

- - -

F52.26 TSL-,REST++ M+,GR+ CT++ in PWS - pwsT

F52.45 CA-, REST+

F52.47
F52.49
F52.66
F52.94
F52.110
F52.122

SBCD++,UC++,
PWS++,REST+

N++ pwsT
s b c d T

ucT

F52.52
F52.145

TSL-.REST++ DRC+,GR+ NV+ -

F52.55 ALL+ GR+,FDC+ NV+.CT+ -

F52.57 TSL-.REST+ - - -

F52.130
F52.133

- - CT++,MS++ W++

Table 7.6: Immunoreactivity of selected monoclonal antibodies from F52.
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HYBRID
No

Epithelium Inflammatory cells Con. tissue, 
muscle, nerve

Vessels Changes in 
inflammation

F57.4 ALL+ GR+ GT+,M+ -

F57.8 ALL++ FDC+,GR+,M+ CT+,MS+ ET+,W+

F57.9
F57.32
F57.33

- - GT++.MS++ -

F57.24 ALL± - GT+,MS+ -

F57.26
F57.34

ALL+ - GT++,MS++ W+,ET+

F57.39 ALL+ FDG+ GT+,MS+
NV+

HEV++,
W+

F57.48 PWS++.REST+ - GT+,M+ W+ p w m T

F57.57 ALL± DRC in TSL+ - -

Table 7.7: Immunoreactivity of selected monoclonal antibodies from F57.
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HYBRID
No

Epithelium inflammatory cells Con. tissue, 
muscle, nerve

Vessels Changes in 
inflammation

F62.1 TSL-, REST+ ALL++ NV++,CT+,M+ W+.ET+
HEV+

F62.17 TSL-,REST+ - CT+,NV+ W+,ET+,
HEV++

F62.43 - - MS++ W++

F62.45 TSL++.REST+ M+,FDC+ CT+,MS+,
pwsT

W+,ET+,
HEV++

PWSÎ

F62.49
F62.61
F62.68
F62.110

PWS++,
SBCD++,
REST+

N++ pwsT,
CDÎ

F62.55 - - MS+ -

F62.82 - - NV++ -

F62.108 TSL-,REST+ N±,FDC+ MS± -

F62.111 ALL+ - CT± W±

F62.114 ALL+ - 0 1 +

F62.115 PWS++,REST+ ±FDC MS+ w+ PWSÎ

F62.135 ALL++ FDC+ MS+ w+

F62.143 TSL-.REST++ M++,GR+ - -

F62.166 ALL++ - - -

Table 7. 8: Immunore activity of selected monoclonal intlbodles from F62.

HYBRID
No

Epithelium Inflammatory cells Con. tissue, 
muscle,nerve

Vessels Changes in 
inflammation

F63.37 ALL++ - - -

Table 7.9: Immunoreactivity of selected monoclonal antibodies from F63.
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HYBRID
No

Epithelium Inflammatory cells Con. tissue, 
muscle, nen/e

Vessels Changes in 
inflammation

F68.33 TSL++ FDC± MS+ W±,HEV±

F68.36 TSL++.REST+ - - ET±?

F68.37 ALL+ FDC+ - -

F68.38 ALL± M+ CT+ -

F68.50 ALL± B++ CT±

F68.63 TSL+.REST- - - -

F68.67 PWS++,REST± FDC+ CT+,MS+ W+

F68.82 APX±,SBN±,
SBCD±,LBCD±

FDC±,GR+ MS+ W+.ET+?

F68.90 TSL-,CA-,
REST+

FDC±,DRC++ CT±,MS+ W++,CT?

F68.93 PWS+,REST± M+ CT±,MS± - pwsT?

F68.97 ALL+ M+.FDC MS++ -

F68.98 TSL-.REST+ M+ CT± -

F68.110 PWS++.REST+
SBCD++,
LBCD++,

B++,M++,DRC++ - ET+ pwsT
SBCDT
l b c d T

F68.113 ALL+ M+ CT+ W+

Table 7.10: Immunoreactivity of selected monoclonal antibodies from F68.
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HYBRID
No

Epithelium Inflammatory cells Con. tissue, 
muscle, nerve

Vessels Changes in 
inflammation

F69.23 - - NV++ -

F69.26 - FDC+ - -

F69.33 ALL+ ALL+ CT+,MS++ W+

F69.38 PWS++.TSL++,
REST+

- - - pwsT

F69.39 PWS++.REST+ - CT+,M+ - PWsT

Table 7.11: Immunoreactivity of selected monoclonal antibodies from F69.

HYBRID
No

Epithelium Inflammatory cells Con. tissue, 
muscle, nerve

Vessels Increase in 
inflammation

F81.6 TSL-.REST+ - - -

F81.7 - FDC+ - -

F81.19 - M++ -

Table 7.12: Immunoreactivity of selected monoclonal antibodies from F81.
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Figure 7.1: The number of live cells for different times of collagenase digestion of
PWM stimulated fetal gut explants. The cell numbers were calculated 
with trypan blue exclusion test. Representative of two similar 
experiments.
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Figure 7.2 a, b and c (see the following pages for the legend)
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Figure 7.2 d,e and f  (see the following pages for the legend)

169



Figure 7.2: The immunohistochemical reactivity of hybrid F52.19. Frozen 
sections of 16 weeks oid fetai gut [before (a) or after 3 days culture in 
the absence (b) or presence of PWM (c)], norm ai small bowel (d), small 
bowel involved with Crohn's disease (e), normal tonsil (f), normal 
appendix (g), ulcerative colitis (h) and colonic adenocarcinoma (I) were 
stained with an immuno-peroxidase technique. Reactivity is 
predominantly localized to the apical membrane of the gut epithelium. 
Tonsillar epithelium is completely negative (arrow heads; f). Although 
there is a significant increase in the fetai gut after culture (a,b,c), there 
is no change in the pattern of expression in intestinal infiammation 
(d,e,f,g). (Original magnification x40).
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Figuæ 7.3: Immunohistochemical reactivity of the hybridF40.27. Frozen sections
tonsil (a) and normal small bowel (b) were stained with an immuno- 
peroxidase technique. Tonsillar epithelium is stained where as 
underlying lymphoid ceils are negative (a). In the small bowel there is 
no epithelial reactivity however weak reactivity with the connective 
tissue in the lamina propria is present. (Original magnification (a) x100, 
(b) x40).

Figure 7.4 a (see the following pages for the legend)
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Figure 7.4 b, c and d (see the following page for the legend)
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Figure 7.4: Immunohistochemical reactivity of the hybridF52.95. Frozen sections of

16 weeks old fetal gut [before (a) or after 3 days culture in the absence 
(b) or presence of PWM (a)], normal small bowel (d), small bowel 
Involved with Crohn's disease (e) and normal tonsil (f) were stained 
with an Immuno-peroxldase technique. Both Intestinal and tonsillar 
epithelium Is stained with the antibody. Additionally, there are 
numerous cells staining In the Intestinal lamina propria and tonsil. The 
large proportion of these cells are probably macrophages. There Is no 
obvious Increase In the expression In Inflammation. However a 
granuloma seen In Crohn's disease (e; arrow head) Is strongly positive. 
Strong black-brown staining observed In some of the lamina propria 
cells (d and e) Is due to endogenous peroxidase activity. (Original 
magnification (a,b,d,e,f) x40 and (c) xlOO).
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Figure 7.5: Immunohistochemical reactivity of the hybrid F52.45. Frozen sections of
normal colon next to invasive adenocarcinoma (a) and ulcerative colitis 
(b) were stained with an immuno-peroxidase technique. Colonic 
epithelium has stained however invasive colonic adenocarcinoma is 
completely negative (a; arrow heads). There is no obvious change in 
the pattern of expression in inflammation. Strong black-brown staining 
observed in some of the lamina propria cells is due to endogenous 
peroxidase activity. (Original magnification x40).
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Figure 7.6 a (see the following page for the legend)
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Figure 7.6: Immunohistochemical reactivity of the hybridF52.33. Frozen sections of
16 weeks old fetal gut (a), appendix (b) and ulcerative colitis (c) were 
stained with an immuno-peroxidase technique. Ail intestinal epithelium 
is strongly and diffusely stained and there is no obvious increase in the 
pattern of expression in inflammation. Strong black-brown staining 
observed in some of the lamina propria ceils is due to endogenous 
peroxidase activity. (Original magnification x40 ).

Figure 7.7 a and b (see the following page for the legend)
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Figure 7.7: Immunohistochemical reactivity of the hybrid F62.143. Frozen sections

of 18 weeks oid fetal gut before (a) or after 3 days culture in the 
absence (b) or presence of PWM (c), and normai small bowel (d) 
stained with an immuno-peroxidase technique. The apicai membrane 
of the intestinal epithelium is strongiy positive. There is weak staining 
in the iamina propria ceiis, some of which look like macrophages (d; 
arrow heads). No change in the pattern of expression in PWM 
stimulated FGOC is observed (c). Strong black-brown staining 
observed in some of the lamina propria ceils in (d) is due to 
endogenous peroxidase activity. (Originai magnification x40).
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Figure 7.8: Immunohistochemical reactivity of the hybrid F52.57. Frozen sections of
16 weeks old fetal gut before (a) or after 3 days culture in the absence 
(b) or presence of PWM (a) were stained with an immuno-peroxidase 
technique. The goblet cells are strongly positive. There is no obvious 
change in the pattern of expression in PWM stimulated FGOC.
(Original magnification x40).
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Figure 7.9 a (see the following pages for the legend)
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Figure 7.9: Immunohistochemical reactivity of the h y b r i d F 5 2 . 11. Frozen sections of
17 weeks old fetal gut before (a) or after 3 days culture in the 
presence of PWM (b), normal small bowel (c), small bowel involved 
with Crohn's disease (d), normal colon next to a colonic 
adenocarcinoma (e), ulcerative colitis (f) and normal tonsil (g) were 
stained with an immuno-peroxidase technique. Weak epithelial 
reactivity is observed in fetal gut before culture of in control cultures 
(a). After PWM stimulation expression in the fetal gut is significantly 
increased (c). However there is no change in the pattern of expression 
in intestinal inflammation in vivo (c,d,e,f) Strong black-brown staining 
observed in some of the lamina propria cells ((c,d,e,f) is due to 
endogenous peroxidase activity. (Original magnification x40).

179



4l?m t--

6 A m #

Figure 7.10 a,b and c (see the following pages for the legend)
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Figure 7.10 d,e,f and g (see the following page for the legend)
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Figure 7.10: Immunohistochemical reactivity of the hybric F52.47. Frozen sections of
17 weeks oid fetal gut [before (a) or after 3 days culture in the absence 
(b) or presence of PWM (a)], normai colon (d), ulcerative colitis (e), 
normal appendix (f), normai tonsil (g), normai small bowel (h), small 
bowel involved with Crohn's disease (i,j) were stained with an immuno- 
peroxidase technique. Staining of the epithelium is observed in all of 
the sections. There is a prominent increase in the expression after 
PWM stimulation in the fetal gut (c), in ulcerative colitis (e) and in 
Crohn's disease (i) compared to controls (a,b,d ,f,h). Additionally 
granulocytes observed In ulcerative colitis (e) and Crohn's disease (I J) 
section have strongly stained. Strong black-brown staining observed in 
some of the lamina propria cells (d,e,f,h,i) is due to endogenous 
peroxidase activity. (Original magnification (a,b,c,d,e,f,g,h,i) x40 and (i) 
x100).
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Figure 7.11: Immunohistochemical reactivity of the hybrid F52.37. Frozen sections of
small bowel involved with Crohn's disease (a) and ulcerative colitis (b) 
were stained with an immuno-peroxidase technique. Many cells with 
the morphology of macrophages are reactive in both sections. The 
granulomas observed in the Crohn's disease section are strongly 
stained. Strong black-brown staining observed in some of the iamina 
propria cells is due to endogenous peroxidase activity.(Original 
magnification x40).

Figure 7.12:
  .   ...........................

Immunohistochemical reactivity of thehybnd F49.26. Frozen section of 
small bowel involved with Crohn's disease was stained with an 
immuno-peroxidase technique. The submucosal granuloma is not 
stained despite the reactivity observed with some other macrophage
like cells. (Original magnification x40).
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Figure 7.13: Immunohistochemical reactivity of the hybrid F40.17. Frozen section of
tonsil was stained with an immuno-peroxidase technique. A 
subpopulation of follicular dendritic cells in the B cell follicle are 
positive. Additionally some macrophage-like cells generally outside the 
follicle are reactive (arrow heads). (Original magnification x40).

■ i.'.

# ;

1 ^ »
Figure 7.14: Immunohistochemical reactivity of the hybridFÔ7.7. Frozen section of

tonsil was stained with an immuno-peroxidase technique. The follicle 
centre is stained with a dendritic pattern suggesting that the antibody 
recognizes follicular dendritic cells. (Original magnification x40).

184



Figure 7.15: Immunohistochemical reactivity of the hybrid F49.45. Frozen section of
tonsil was stained with an immunoperoxidase technique. The 
epithelium (arrow heads) and all leukocytes including T and B cells are 
strongly positive. (Original magnification x40).
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Figure 7.16: Immunohistochemical reactivity of f/?e hybrid F38.80. Frozen section of
tonsil (a,b) was stained with an immunoperoxidase technique. The 
immunoreactivity is limited to B cell areas of the tonsil. On high power 
both the follicle centre and mantle zone are stained (b). (Originai 
magnification (a) xIO, (b) x160).
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Figure 7.17 a, b and c (see the following pages for the legend)
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Figure 7.17 d, e and f (see the following page for the legend)
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Figure 7.17: Immunohistochemical reactivity of the hybrid F68.110. Frozen sections
of 17 weeks old fetal gut [before (a) or after 3 days culture in the 
absence (b) or presence of PWM (c)], normal small bowel (d), small 
bowel involved with Crohn's disease (e), colonic adenocarcinoma (f), 
and normal tonsil (g,h) were stained with an immunoperoxidase 
technique. The immunoreactivity observed in the fetal intestinal lamina 
propria (a,b) has increased significantly with PWM stimuiation (c). In 
normal small intestine both the epitheiial and lamina propria cells are 
positive, however bases of the crypts are not stained (arrow heads; d) 
In Crohn's disease the staining is significantly increased (e). Colonic 
adenocarcinoma is negative however there are numerous 
immunoreactive ceiis in the connective tissue. The tonsil is strongiy 
stained especialiy in the B ceil follicles (g) and dendritic cells in the 
tonsil surface epithelium are strongly positive (h). Strong black-brown 
staining observed in some of the iamina propria ceils (c,d) is due to 
endogenous peroxidase activity. (Original magnification (a,b,c,d,e,f,g) 
x40, (h) XlOO).
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Figure 7.18: Immunohistochemical reactivity of f/?ehybrid F68.90. Frozen sections of
normal tonsil (a,b) and ulcerative colitis (c) were stained with an 
immuno-peroxidase technique. The dendritic cells observed next to the 
tonsil crypt epithelium (arrow heads)are strongly positive. The small 
vessels in tonsil (a) and colon involved with Crohn's disease (c) are 
strongly stained. On high power the staining observed in small vessels 
looks to be limited to the wall of the vessel rather than the endothelium. 
There ivas no change in vascular staining pattern in normai tissues 
compared to inflamed ones. Strong black-brown staining observed in 
some of the lamina propria cells (c) is due to endogenous peroxidase 
activity. (Original magnification (a,c) x40, (b) x100).
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Figure 7.19 a,b and c (see the following page for the legend)
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Figure 7.19: Immunohistochemical reactivity of the hybrid F49.20. Frozen sections of

19 weeks oid fetai gut after 3 days cuiture in the absence (a) or 
presence of PWM (b), normai tonsii (c), normal colon (d,e) and colon 
involved with Crohn's disease (f) were stained with an immuno
peroxidase technique. The connective tissue stroma is strongiy 
positive. The epitheiium, the lymphocytes (In c,d and f) and nervous 
tissue (arrow heads in a and b) are compietely negative. There is no 
change in the pattern of staining in inflammation. (Originai 
magnification (d,f) xIO, (a,b,c,e,) x40).
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Figure 7.20: Immunohistochemical reactivity of f/7e hybrid F62.43. Frozen sections of
17 weeks old fetal gut (a), normai small bowel (b) and colon (c) were 
stained with an immuno-peroxidase technique. In all specimens 
reactivity is limited to the smooth muscle cells in the muscularis propria 
(a,c), muscularis mucosa (b) and vessel walls. Strong black-brown 
staining observed in some of the lamina propria ceils (b) is due to 
endogenous peroxidase activity. (Originai magnification x40).
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Figure 7.21: Immunohistochemical reactivity ot f/iehybrid F62.45. Frozen sections of

17 weeks old fetal gut [before culture (a) or after culture in the absence 
(b) or presence of PWM (c)], normal small bowel (d) and small bowel 
involved with Crohn's disease (e) were stained with an immuno
peroxidase technique. Muscle and connective tissue are stained in all 
specimens. Although an increase in the staining is observed in PWM 
stimulated FGOC (c), there is no increase in Crohn's disease 
compared to normal bowel (d,e). Strong black-brown staining observed 
in some of the lamina propria cells (d,e) is due to endogenous 
peroxidase activity. (Original magnification x40).
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Figure 7.22: Immunohistochemical reactivity of the hybrid F62.82. Frozen section of
small bowel ivas stained with an immuno-peroxidase technique. Nerve 
fibres in the muscularis propria are positive. (Original magnification 
x40).
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Figure 7.23 a, b and c (see the following page for the legend)
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Figure 7.23: Immunohistochemical reactivity of the hybrid F57.59. Frozen sections of 

18 weeks oid fetal gut [before culture (a) or after culture in the absence 
(b) or presence of PWM (c)], normai small bowel (d), ulcerative colitis 
(e) and tonsil (f) were stained with an immuno-peroxidase technique.
In the fetal gut and FGOC scattered cells in the iamina propria are 
stained with a distinctive pattern (a,b,c). Many ceiis including 
epithelium are positive in the ulcerative colitis mucosa (e). Ganglion 
cells are strongly immunoreactive in the bowel wall (d) which suggests 
that the ceils seen in the fetal gut may be ganglion cells. In the tonsil, 
HEV are strongly stained (f). The black-brown staining observed in 
some of the lamina propria cells (d,e) is due to endogenous peroxidase 
activity. (Original magnification (a,b,c,d,e) x40, (f) x160).
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7.3 DISCUSSION

The main purpose of the study was to look for antigens which are increased in 

the intestinal inflammation and which may play a role in the inflammatory 

process by raising monoclonal antibodies. The reactivity of 103 hybrids were 

examined in a wide range of tissues.

Most of the monoclonal antibodies recognized antigens expressed by intestinal 

epithelium and/or connective tissue and muscle. These tissue components 

form a large part of the tissues used in immunizations. Therefore they could 

be expected to be the major target for the murine immune response. 

Additionally the collagenase used in preparing cell suspension from solid 

tissues contain proteases. The digestion procedure could expose antigenic 

epitopes in the epithelial cells and connective tissue and on the other hand 

cleave surface molecules expressed in other cell types. In a similar study, 

monoclonal antibodies have been raised against cells isolated from ileal 

Crohn's disease with collagenase digestion^®^. Most of the antibodies studied 

were against high molecular weight mucin glycoproteins expressed on 

epithelial cells. This suggests that the glycoproteins on the epithelial surface 

are highly immunogenic and could explain why many hybrids produced in this 

study recognize predominantly antigens expressed in the intestinal epithelium.

Although many antibodies were screened, careful examination of the 

immunohistochemical staining revealed no antigens that were present in PWM  

stimulated fetal gut ex-plants and/or in inflamed intestine but not in control 

fetal gut culture and/or normal intestine. Therefore an effort was made to 

identify the antigens that were increased in PWM stimulated fetal gut ex-plants 

and/or in inflamed intestine compared to controls. Several antibodies showed 

increased immunoreactivity in PWM stimulated fetal gut compared to control 

ex-plants or uncultured fetal gut. The most prominent increase was observed 

in the staining of the fetal gut epithelium with the majority of these antibodies 

(Tables 7.2 - 7.12). However many of these did not show any obvious 

increase when normal intestine was compared with the intestine effected by
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Crohn's disease. Nevertheless, several antibodies reacted with the intestinal 

epithelium in Crohn's disease more intensely than with the normal intestinal 

epithelium. These antibodies, interestingly, were also reactive with neutrophils 

in the inflamed intestine. This pattern of reactivity was considered to be an 

indication of an antigen or antigens which might play a role in the inflammatory 

process. Fourhybrids; F52.49, F62.49, F62.61 and F62.68, which showed this 

kind of reactivity were selected for further studies . The antigens recognized 

by these antibodies were characterized and results are shown and discussed 

in the next the chapter.
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CHAPTER 8

8.1 INTRODUCTION

Chapter 7 described the production of monoclonal antibodies against antigens 

that could be induced during the course of a T cell-mediated intestinal 

inflammation. Of the antibodies screened, several recognized an antigen or 

antigens which were expressed in increased amounts during intestinal 

inflammation. Four such antibodies, F52.49, F62.49, F62.61 and F62.68, were 

selected for further studies because not only did they show an interesting 

pattern of reactivity, but they also formed stable cell lines and secreted 

abundant antibody. These antibodies recognized an antigen in the intestinal 

epithelium which was increased in intestinal inflammation and PWM stimulated 

fetal gut. They also stained neutrophils in Crohn's disease intestine.

The clones were transferred to 2  ml costar wells. Once they reached 

exponential growth phase they were cloned out twice using the limiting dilution 

method as described. Resulting cell lines were grown in 25 cm^or 75 cm^ 

tissue culture flasks and supernatants were saved and used in the 

experiments listed below. All of the four selected antibodies showed very 

similar characteristics. The four monoclonal antibodies were studied in parallel 

and, where necessary, the results for all four are shown. However, for 

simplicity in some instances, the results for the clone F62.68 are used to 

exemplify the results obtained using all four monoclonal antibodies. The group 

of antibodies, F52.49, F62.49, F62.61 and F62.68, will be referred to in this 

chapter as the antibody panel. The antigen or antigens recognized by the 

antibodies will be referred to as the F62.68 antigen.
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8 .2 RESULTS

8.2.1 Determination of the isotype of the monoclonal antibodies

The isotype of each of the monoclonal antibodies was determined by two 

methods.

First an ELISA method was used. The experiment for F62.68 is shown in 

Figure 8.1. To confirm the result a second test was performed using the 

Sigma ImmunoType™ mouse monoclonal antibody isotyping kit. The results 

for both tests using the antibody panel is shown in Table 8.1.

Clone Number ELISA ImmunoType Kit

F52.49 lgG2a lgG2a

F62.49 IgGI IgGI

F62.61 IgGI IgGI

F62.68 IgGI IgGI

Table 8.1: The Isotypes of monoclonal antibodies determined by ELISA and Sigma 
Immunotype™ Kit.

8.2.2 Immunohistochemical reactivity with human fetal intestine before 

and after explant culture

Four specimens of human fetal intestine from 14-18 weeks of gestation were 

obtained fresh, one piece from each specimen was snap frozen and the rest 

were used in organ culture.

When snap frozen specimens were stained with the antibody panel, the apical 

membrane of the surface and crypt epithelium of the intestine were weakly 

stained (Figure 8.2 a). Reactivity was strongest at the villus tips. In the lamina 

propria a few small vessels were also stained. The intensity of staining was 

identical for different ages of gestation.
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Four different organ cultures were set up with different segments of the same 

specimens used above. After three days of culture, control and PWM  

stimulated fetal gut ex-plants were snap frozen and stained with the antibody 

panel. After three days, the intensity of staining on the apical epithelial 

membrane in the control cultures was generally increased compared to 

uncultured fetal gut (Figure 8.2 b). In PWM stimulated fetal gut ex-plants, 

reactivity was very strong and both epithelial cytoplasm and apical membrane 

were positive (Figure 8 . 2  c). In the lamina propria, groups of cells with a 

vascular pattern were positive in both control explants and PWM stimulated 

explants, however staining was significantly stronger in PWM stimulated 

explants.

8.2.3 Immunohistochemical reactivity with normal and inflamed intestine

Frozen sections of normal small bowel (n= 6 ) and colon (n=5 ), Crohn's 

disease of small bowel (n= 1 0 ) and colon (n= 8  ), ulcerative colitis (n= 2  ), 

appendix (n=3) and adenocarcinoma of colon (n=2) were stained with the 

antibody panel using an indirect immuno-peroxidase technique.

In the normal small bowel and colon the epithelium was positive (Figure 8.3 a 

and 4 a). In general epithelial staining was stronger in the normal colon than in 

the normal small bowel. The reactivity was stronger on the lumenal surface of 

the epithelial cells.The staining was weaker in the crypts but increased 

significantly as the epithelial cells reached the surface and was most 

prominent at the tip of the villi . The appendix showed similar reactivity to 

normal colon (Figure 8.5).

In the inflamed intestine there was an increase in the intensity of epithelial 

staining compared to normal intestine. In addition to surface membrane 

staining, the cytoplasm was positive and both crypt and surface epithelium 

were stained in both small bowel and colon. Although an increase was 

observed both in Crohn's disease of small bowel (Figure 8.3 b) or colon 

(Figure 8.4 b) and ulcerative colitis (Figure 8.4 c), it was most prominent in
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Crohn's disease of small bowel. One Interesting finding, In Crohn's disease 

and ulcerative colitis mucosa, was strong staining of the neutrophils Infiltrating 

the Inflamed mucosa (Figure 8.3 b).

The adenocarcinomas of colon showed diffuse, strong cytoplasmic staining 

with the antibody panel (Figure 8 .6 ).

A highly sensitive avidln-blotin alkaline phosphatase technique was used to 

stain the tissues listed above using the monoclonal antibody F62.68. In most 

of the tissues, small vessels were stained In a similar pattern to that observed 

In the fetal gut organ culture (Figure 8.7). The Immunoreactlvlty In the PWM  

stimulated fetal gut was mainly with the walls of vessel-llke structures (Figure

8.2 c). However, In the postnatal tissues, staining was generally on the 

lumenal surface of the vessels, suggesting that the antibodies were 

recognizing the endothelium (Figure 8.7).

8.2.4 Immunohistochemical reactivity with other normai human tissues

Reactivity of the antibodies with frozen sections from a panel of normal tissues 

was studied. The results are shown In Table 8.2. Positive staining. Identical to 

that seen In normal bowel, was observed In the stomach In areas of Intestinal 

metaplasia but not In normal stomach mucosa. Tonsil crypt epithelium and 

squamous surface epithelium were positive and staining was strongest on the 

superficial half of the epithelium. Lining of the small vessels was stained In all 

tissues examined.

8.2.5 Expression and induction of the F62.68 antigen in HT29 ceiis

HT29 cells were cultured on cover slips or In 96-well plates for 48 hours. In 

the presence or absence of conditioned medium from PHA treated tonsil cells. 

At the end of the culture period, cells were washed, fixed and stained with the 

antibody panel as already described. With all the antibodies, the Intensity of 

staining was significantly Increased In the cytokine-treated coversllps (Figure
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8.11 a) compared to control coversllps (Figure 8.11 b). Similar results were 

obtained with the HT29 cells grown in 96-well plates where only F62.68 was 

used and immunoreactlvlty was detected by ELISA. In the 96-well plates, in 

addition to cytokines, PMA was also used to activate HT29 cells. Both PMA  

and cytokine stimulation induced F62.68 expression (Figure 8.12).

Tissues Immunoreactivity

Tonsil (Figure 8 .8 ) Surface and crypt epithelium ++

Spleen (Figure 8.9) Granulocytes in the red pulp ++

Thymus Nassau's Corpuscle ±

Stomach (Figure 8.10) Normal mucosa -, intestinal metaplasia ++

Lung Pneumocytes ++, alveolar macrophages ++

Liver Bile canaliculi +

Kidney Glomeruli +, tubules ±

Skin Sweat glands +

Skeletal muscle -

Brain -

Table 8.2: immunoreactivity of the antibodies with a range of normai tissues. Scoring 
of intensity of staining: ++ strong, + moderate, ± weak, - negative staining.

8.2.6 Expression of the F62.68 antigen in the peripherai biood ieukocytes 

and ieukaemic ceii iines

Leukocytes were separated from peripheral venous blood by density 

centrifugation. Cytocentrifuge preparations were made, fixed in acetone and 

stained with the antibody panel. All antibodies strongly reacted with the 

granulocytes and a few monocytes (Figure 8.13). To determine whether 

immunoreactivity was with the cell membrane or with the cytoplasm, immuno

fluorescence studies were performed. To demonstrate surface staining, 

peripheral blood leukocytes were fixed with paraformaldehyde in suspension.
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stained and then cytocentrifuged. To demonstrate cytoplasmic staining, 

cytocentrifuged peripheral blood leukocytes were fixed with acetone to 

permeabilize the cell membranes and then stained. Immuno-fluorescence 

staining revealed that the F62.68 antigen was expressed both in the cytoplasm 

(Figure 8.14 a) and on the cell membrane (Figure 8.14 b) of granulocytes.

The immunoreactivity of the antibody panel was also investigated on human 

Ieukaemic cell lines, HL60 and U937 in cytocentrifuge preparations. Neither of 

these cell lines showed any staining with the antibodies (Figure 8.15). No 

reactivity was observed with HL60 cells after induction of granulocytic 

differentiation by DMSO treatment.

8.2.7 Expression of the F62.68 antigen in HUVEC

The monoclonal antibodies, as described, stained the small vessels in most of 

the tissues stained. To clarify whether the staining was against the 

endothelium or against another component of the vessel wall, isolated 

endothelial cells were stained with the antibody F62.68. HUVEC were grown 

either on 96-well tissue culture plates and stained in an ELISA or on 

coversllps and stained using an avidin-biotin alkaline phosphatase technique. 

Conflicting results were obtained in ELISA plates. In some experiments weak  

immunoreactivity was observed, in others no reactivity was present. TN Fa  

treatment for 4 hours did not affect these findings. Cells grown on coversllps 

gave similar results, sometimes no staining was observed however, in some 

experiments, staining of endothelial cells was detected (Figure 8.16)

8.2.7 Molecular characterization of the antigens recognized by the 

monoclonal antibodies

8.2.7.1 IMM MUNOBLQTTING

HT29 cells were used to characterize the molecules recognized by the 

antibodies. HT29 cells, treated with conditioned medium from PHA-stimulated 

tonsil cells were grown to confluence in 100 mm diameter tissue culture dishes
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and lysed in NP40 lysis buffer. The lysates were run on 5-12.5%  SDS-PAGE,

under reducing conditions, and the gels were blotted on to nitrocellulose

membrane which was then stained with the antibody panel. All antibodies

showed a very similar staining pattern. In general four major broad bands,

190-180 kD, 160-130 kD, 110-90 kD and 60-55 kD were observed in the

immunoblots (Figure 8.17). The intensity of staining and the resolution of
molecular weight

bands changed from one experiment to the other. The three large^bands were 

observed in all experiments. The smaller molecular weight band always 

showed the weakest immunoreactivity and in some experiments this band was 

not detected. In some cases the whole region between 160-90 kD was stained 

in addition to 190-180 kD and 60-55 kD bands.

Neutrophils were isolated from peripheral blood by density centrifugation, 

lysed with NP40 lysis buffer and electrophoresed as described for the HT29 

cells. Immunoblots revealed two broad bands of 170-160 Kd and 130-80 Kd 

(Figure 8.17).

8 2 .7 .2  IM M UNOPRECIPITATION

In all of the previous studies described in this chapter, the reactivity of the 

antibodies in the panel was identical. In addition, the immunoblotting data 

showed that they recognized antigens of the same molecular weight. They 

therefore have been considered to have identical reactivity. Of the antibodies 

in the panel, F62.68 had the strongest reactivity and was therefore used in the 

following immunoprécipitation experiments.

The pattern of immunostaining with different tissues, and the size of 

molecules recognized by the antibodies, suggested that the antibodies were 

recognizing proteins from the carcinoembryonic antigen (CEA) family. To 

investigate this possibility HT29 lysate was immunoprecipitated using F62.68  

and an isotype-matched, unrelated control monoclonal antibody. The 

immunoprecipitates were separated on 7.5%  SDS-PAGE and immunoblotted. 

Staining of the blot with the monoclonal antibody F62.68 and a commercially 

available monoclonal anti-CEA antibody (85A12) revealed identical bands on
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the F62.68 immunoprecipitates but not on the control immunoprecitates. Three 

broad bands of 190-180 kD, 150-140 kD and 100-90 kD were observed. The 

fourth band present in the immunoblots was not observed although this band 

might have been obscured by immunoglobulin heavy chain of the 

immunoprecipitating antibody which has similar molecular weight. No specific 

bands were observed with the control antibody immunoprecipitate or with the 

blot stained with a control antibody (Figure 8.18). This showed that these two 

antibodies had identical specificity in FIT29 cells thus F62.68 recognizes 

proteins of the CEA family.

OPTICAL DENSITY
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ANTIBODY DILUTION

1/18200 1/38400

Figure 8.1: Identification of F62.68 isotype by ELISA. The ELISA plates were
coated with goat sera against mouse immunogiobulins. The test 
antibody was applied foilowed by peroxidase labelied isotype specific 
goat antisera. The optical density vaiue has the background reading 
subtracted (wells with no test antibody).
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Figure 8.2: Frozen sections of fetal gut before (a) and after culture for 3 days in
the absence (b) or presence of PWM (c). The sections were stained 
with the antibody F62.68 using an immuno-peroxidase technique. The 
F62.68 antigen Is expressed on the lumenal surface of the epithelium. 
The expression is significantly upregulated In PWM stimulated FGOC. 
In the lamina propria,a weak staining with a vascular pattern is 
observed in all specimens (arrow heads in a and c). (Original 
magnification x40).
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Figure 8.3:

i

Frozen sections of normal small bowel (a) and small bowel involved 
with Crohn's disease (b). The sections were stained with the antibody 
F62.68 using an immuno-peroxidase technique. The F62.68 antigen is 
expressed on the lumenal surface of the epithelium in normal small 
bowel (a). The expression is significantly increased in severely 
inflamed Crohn's disease (b). Neutrophils present in Crohn's disease 
section are also stained (arrow heads). Strong dark-brown staining, 
seen in some lamina propria ceiis, is due to endogenous peroxidase 
activity. (Original magnification x40).
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Figure 8.4: Frozen sections of normal colon (a), colon with Crohn's disease (b)
and ulcerative colitis (c). The sections were stained with the antibody 
F62.68 using an immuno-peroxidase technique. The F62.68 antigen is 
expressed predominantly on the lumenal surface of the epithelium in 
normal colon (a). The expression is significantly increased in colon with 
Crohn's disease and ulcerative colitis (b,c). Strong dark-brown staining, 
seen in some lamina propria cells is, due to endogenous peroxidase 
activity.(Original magnification x40).
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Figure 8.5: Frozen section of normal appendix stained with the antibody F62.68
using an immuno-peroxidase technique. The F62.68 antigen is 
expressed on the lumenal surface of the epithelium in normal appendix 
similar to colon. Strong dark-brown staining, seen in some lamina 
propria cells, is due to endogenous peroxidase activity. (Original 
magnification x40).

Figure 8.6: Frozen section of colonic adenocarcinoma stained with the antibody
F62.68 using an immuno-peroxidase technique. The F62.68 antigen is 
expressed diffusely by the carcinoma cells. (Original magnification 
x40).

209



Figure 8.7: Frozen sections of small bowel Involved with Crohn's disease stained 
with the antibody F62.68 using an Immuno-alkallne phosphatase 
technique. The F62.68 antigen Is expressed on the lumenal surface of 
dilated vascular structures In the submucosa (a) and small vessels In 
the lamina propria (b; arrow heads). The strong staining seen In the 
epithelium (b) Is due to endogenous alkaline phosphatase activity. 
(Original magnification x40).

Figure 8.8: Frozen sections of normal tonsil stained with the antibody F62.68 using 
an Immuno-peroxidase technique. The F62.68 antigen Is expressed on 
the lumenal half of the surface (a) and crypt epithelium (b). (Original 
magnification x40).
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Figure 8.9: Frozen sections of normal spleen stained with the antibody F62.68

using an Immuno-peroxidase technique. The F62.68 antigen Is 
expressed In the red pulp but not In the white pulp (a). High power 
view shows that majority of these cells are granulocytes (b). (Original 
magnification (a) x40, (b) x100).

Figure 8.10: Frozen section of stomach stained with the antibody F62.68 using an
Immuno-peroxidase technique. The areas of Intestinal metaplasia 
strongly express the F62.68 antigen; however, normal glands of the 
stomach mucosa are negative (arrow heads). Strong dark-brown 
staining, seen In some lamina propria cells. Is due to endogenous 
peroxidase activity. (Original magnification x40).
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Figure 8.11: HT29 cells stained with the antibody F62.68 using an immuno-
peroxidase technique. The cells were grown on coversllps and were 
either treated with nothing (a) or with conditioned medium from PHA- 
stimulated tonsil cells (b). The expression of the F62.68 antigen is 
increased after cytokine treatment. (Original magnification x100).
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Figure 8.12 : Expression of F62.68 antigen on HT29 cell line quantified by ELISA.
HT29 cells were grown to confluence In 96-well tissue culture plates 
and cultured In normal medium, In medium supplemented with 
conditioned medium from PHA stimulated tonsil cells or In medium 
containing 10 ng/ml PMA. The plate was stained with F62.68 
supernatant titrated as Indicated. The experiments were done In 
triplicate, the average of optical density readings of three wells and 
standard errors are shown In this chart.
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Figure 8.13: Cytospins of polymorphonuclear leukocytes isolated from peripheral
blood and stained with the F62.68 antibody using an immuno-alkaline 
phosphatase technique. (Original magnification xlOO).

Figure 8.14: Cytospins of polymorphonuclear leukocytes isolated from peripnerai 
blood. The cells were either stained to show the cytoplasmic (a) or cell 
surface reactivity (b) with the F62.68 antibody using an immuno
fluorescence technique. Both cell surface and cytoplasm are positive. 
(Original magnification x160).
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Figure 8.15: Cytospins of HL60 cell line stained with the F62.68 antibody using an
Immuno-alkallne phosphatase technique. The great majority of HL60 
cells do not express F62.68 antigen. (Original magnification x100).
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Figure 8.16: HUVEC grown on coversllps and stained with the F62.68 antibody
using an Immuno-alkallne phosphatase technique. Some but not all of 
the endothelial cells express F62.68 antigen weakly. (Original 
magnification xlOO).
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Figure 8.17: SDS-PAGE and immunoblotting analysis of the proteins recognized by
the antibody panel. The cell lysates of polymorphonuclear leukocytes 
(lanes 1 and 2) and HT29 cells (lanes 3-6) were run on a 7.5% gel and 
blotted. The blot was stained with F62.49 (lane 1), F62.68 (lanes 2 and 
3), F62.61(lane 4), F52.49 (lane 5) and an IgGI negative control 
antibody (lane 6). Three non-specific bands are detected with the 
control antibody. Molecular weight markers are indicated.
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Figure 8.18: Immunoprécipitation of HT29 cell lysate with the antibody F62.68
(lanes 1 and 3) and with an isotype matched, unrelated control 
antibody (lanes 2 and 4). The immunoprécipitations were run on 7.5% 
SDS-PAGE under reducing conditions and blotted. The blots were 
stained with either the antibody F62.68 (lanes 1 and 2) or a 
commercially available anti-CEA/NCA antibody, 85A12 (lanes 3 and 4). 
Both antibodies recognize identical size bands in F62.68 
immunoprécipitations (lanes 1 and 3). Approximately 55 kD band 
observed in all lanes is the heavy chain of the immunoprecipitating 
antibody. Molecular weight markers are indicated.
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8.3 DISCUSSION

The results in this chapter define F62.68 as a monoclonal antibody 

recognizing the CEA family of proteins. CEA was first defined by Gold and 

Freedman in 1965 as a 180 kD protein associated with fetal colon and 

colorectal cancer Since then, it has been shown to be expressed by a 

number of human cancers, as well as by normal tissueŝ ®®'̂ ®®. A range of 

similar glycoproteins, on a variety of cells, have been discovered 

independently by different laboratories^®®. These proteins share many 

antigenic epitopes with the classical CEA® °̂®^  ̂ and therefore several have 

been termed nonspecific cross-reacting antigens (NCA)®^^®^®. Others have 

been named after the anatomical site from which they were first isolated; 

biliary glycoprotein (BGP)® "̂ ,̂ tumour extracted antigen (TEX)®^® or pregnancy- 

specific glycoproteins (PSG) isolated from the placenta®®®. The study of these 

proteins has been hampered by several factors. Raising antisera recognizing 

specifically a single protein but not the other CEA-related proteins has proved 

very difficult because of the many shared antigenic epitopes. In addition, the 

same protein backbone has been shown to have very different molecular 

weights due to highly variable degrees of glycosylation such as NOA 50 (MW  

50,000)®^®, NOA (MW 90,000)®^® and TEX (MW  75,000)®^®. As a consequence, 

the same protein discovered in different laboratories has been given two 

different names and, sometimes, different molecular weights®®®.

To overcome these difficulties, investigators have used molecular genetic 

approaches to identify CEA-related genes and splice variants. cDNA libraries 

from colon adenocarcinoma cell lines®̂ '̂®̂ ® or granulocytes®®® have been 

screened using oligonucleotide probes derived from protein sequencing data. 

Also, several groups have used expression systems®®  ̂®®® to isolate the CEA- 

related genes. More recently, polymerase chain reaction has been used to 

identify three new genes®®®. So far, over 20 genes on the long arm 

chromosome 19 have been identified from these studies®®"̂ , although not all of 

them have been shown to be transcribed. These genes are named the CEA  

gene family®®®. The domain structures of CEA-related proteins based on
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deduced amino acid sequences show that they have an immunoglobulin 

variable region like domain at the N-terminus and 0-6 immunoglobulin constant 

region like domains^®®. The CEA gene family is therefore a member of the 

immunoglobulin superfamily due to strong similarities in molecular structure®®®. 

The CEA gene family could be divided into two subgroups according to 

sequence homology, one encoding the CEA subgroup of antigens, the other 

encoding the PSG subgroup®®®. The PSG subgroup mainly encode several 

secreted placental proteins and will not be discussed further. The CEA  

subgroup of the CEA gene family is very complex; not only do a large number 

of genes exist, but also splice variants of individual genes are found (for 

example the BGP gene has at least 8  alternatively spliced mRNAs)®®®. The 

members of the CEA gene family, and proteins coded by these genes where 

known, are shown in Table 8.3.

The CEA family of proteins expressed by granulocytes were named as C D 6 6  

in the 5th Conference and Workshop on Leukocyte Differentiation Antigens®®®. 

The C D 6 6  group was divided into 5 subgroups (a-e) to cover individual gene 

products as shown in Table 8.3.

A large number of CEA-related proteins not listed in Table 8.3, have not yet 

been assigned to any members of the CEA gene family (e.g. NCA-26, NCA- 

58, NCA-80, NCA-140, CEA-160 etc.). On the other hand, there are many 

splice variants of individual genes for which proteins have not yet been 

identified (of the 8  different splices of the BGP gene, proteins for only 2 have 

been isolated so far®®®).
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Gene mRNA in 
tissues

Protein MW
kD

CEA®®’' Intestine,various 
adenocarcinomas

GEA-180 (GD 6 6 e) 
NGA-2 

160 kD antigen 
MA-100

160-200
165
160
1 0 0

^0^^378,387,388 Intestine,various 
adenocarcinomas, 
liver,spleen,lung, 

granulocytes

NGA-50 
NGA-90 (GDGBc) 

TEX

45-60
85-100

75

g Q  p389,390 liver,bile canaliculi, 
intestine,various 

adenocarcinomas, 
granulocytes

BGP-I 
NGA-160 (GD 6 6 a)

85
160-180

granulocytes GD 6 6 d 30
? 7 -

C G M 6 ®̂°'̂ ®̂ granulocytes NGA-95 (GD 6 6 b) 95

CGM7^®^ granulocytes 7 -

C G M 8 "®̂ pseudogene? -

GGM9=^®^ pseudogene? - -

GGMIO^"^ pseudogene? - -

G G I V I l f pseudogene? - -

Table 8.3 : The genes of the CEA family.
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MW(kD) in 
HT29 cells

MW(kD) In 
Granulocytes

Protein CD Gene

190-180 - CEA-180 CD 6 6 e CEA
- 170-160 NCA-160 C D 6 6 a BGP

160-130 NCA-160?
NCA-140?

Others?

C D 6 6 a? BGP?
9

?

110-80 120-90 NCA-90 C D 6 6 C NCA

55-60 - NCA-50 NCA
Table 8.4 : The molecular weights of the proteins recognized by F62.68 in HT29

ceiis and granuiocytes^^ .̂

In immunoblotting studies, four broad bands were observed with the antibody 

panel in the HT29 cells and two major bands in the granulocytes. The 

molecular weights of the bands, probable corresponding protein, cluster 

designation assigned in the 5th workshop on leukocyte differentiation antigens 

and the genes encoding the proteins are summarized in Table 8.4. In the 

immunoprécipitation experiments with F62.68 or a commercially available anti 

CEA/NCA antibody, three larger bands, but not the 55-60 kD band were 

detected by F62.68 in the HT29 cell lysates.

The largest bands identified in HT29 cells (190-180 kD) and in granulocytes 

(170-160 kD) were most likely to be the CEA-180 and NCA-160 respectively.

A 10 kD range observed in either protein is probably due to different 

glycolysation patterns (Table 8.4).

Additionally, in HT29 cells generally two broad bands between 160-130 kD 

and 110-80 kD were observed. In some experiments a large group of bands 

ranging from 160 kD to 80 kD was present. The lower molecular weights were 

probably NCA-90 showing varying degrees of glycosylation. It is more difficult 

to speculate about the nature of higher molecular weight bands. It is possible 

that they may represent NCA-160, NCA-140 and their possible glycosylation 

variants or they may represent molecules that have not been identified.

In granulocytes the second broad band of 130-90 kD was most likely NCA-90
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and its glycosylated forms.

The smallest molecular weight band (55-60) was observed in HT29 cells and 

probably represented the NCA-50 protein and its glycosylation variants. This 

was not present in some of the immunoblots, nor was it observed in the 

immunoprécipitations. This variability could be due to inefficiency of individual 

immunoblotting procedure, relative insensitivity of the detection technique or 

absence of the protein in the lysates.

Granulocytes isolated from peripheral blood showed both surface membrane 

and cytoplasmic staining with the panel of antibodies. It is not possible to tell 

whether CD 6 6 b (old name CD67) is also recognized as it would be obscured 

by the 90-100 Kd CD 6 6 a in the immunoblots. HL60 cells have been reported k j )  \  

to be negative for CD 6 6 acde; however CD 6 6 b is expressed weakly and this 

expression has been reported to be up-regulated if granulocytic differentiation 

is induced by DMSO treatment^®®. In our experiments HL60 cells, in either 

native form or when granulocytic differentiation was induced, were negative 

with the antibody panel. This would suggest that CD 6 6 b (NGA-95) is not 

recognized by F62.68 antibodies.

F62.68 did not recognize bands of 30 kD size, the granulocyte specific 

CDBBd, product of GGM1 gene. Flowever it is possible that GDBBd was not 

present in our granulocyte lysate or the epitope recognized by the antibodies 

was lost during immunoblotting due to conformational changes. It has been 

reported that antibodies that do not react with GDBBd on granulocytes in 

immunoblots could recognize cells transfected by GGM1 gene which codes 

for GDBBd""".

In summary our results show that the antibody panel recognizes GEA-related 

proteins in the GDBB cluster. The antigens recognized in HT29 cells are GDBB 

e (GEA-180), NGA-50, possibly GDBBa (NGA-1B0) and other, poorly 

characterized, GEA-related proteins. The antigens recognized in granulocytes 

are GDBBa (NGA-1B0) and GDBBc (NGA-90).
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The immunohistochemical staining of a panel of normal tissues showed that 

the antibody panel reacted with a wide range of tissues. There is one other 

study of C D 6 6  expression in a similar panel of tissues using 

immunohistochemistry. Bordessoule et have reported similar findings; the 

same pattern of staining in the colon and tonsillar epithelium, weak staining of 

the Nassau's corpuscle in thymus, strong reactivity with the bile canaliculi, 

staining of sweat glands in the skin, alveolar macrophages in lung, tubules 

and glomeruli in kidney. However, we additionally observed staining of 

pneumocytes in the lung and reactivity with the glomeruli. This discrepancy 

could be due to; variability in the sensitivity of immunohistochemical 

techniques used in the two studies, the difference in individual tissues studied 

or differences in antibody specificity.

W e have observed staining of the endothelium of the small vessels of a 

number of tissues. Similarly Bordessoule et aF^  have seen staining of the 

endothelium in the small vessel of lung and kidney. However with HUVEC  

conflicting results were obtained, endothelial cells being positive in some 

instances and negative in others. Although HUVEC have been, generally, 

shown to be negative with the C D 6 6  antibodies, reactivity with TN Fa  

stimulated HUVEC and transformed endothelial cell line HMEC-1 derived from 

dermal microvascular endothelial cells has been reported^®®. In our 

experiments, no induction was observed with TN Fa stimulation in HUVEC. 

However, in PWM stimulated fetal intestine, the vascular staining was 

increased compared to control explants. Although the data is so far 

inconclusive, it is possible that CEA related antigens could be expressed on 

the endothelium in certain circumstances. Another possibility is that some of 

the C D 6 6  group of antibodies could be cross reacting with an antigen on the 

endothelium. One such candidate is CD31 which is expressed on most 

endothelial cells®®®. Molecular cloning of CD31 has revealed that the molecule 

is a member of the Ig superfamily and closely related to CEA®® .̂

The expression of F62.68 was significantly up-regulated in PWM stimulated 

fetal gut explant culture, in inflamed intestine such as Crohn's disease or
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ulcerative colitis and in conditioned medium-treated HT29 cells compared to 

controls. It is known that expression of the CEA family of proteins can be 

regulated by cytokines. Interferon-y and TN Fa both upregulate expression of 

CEA-related proteins by several colonic adenocarcinoma cell lines including 

HT29 cells^®®’̂ ®®. At the mRNA level, transcription of CEA, BGP and NCA  

genes is increased with this treatment. Both interferon-y and T N F a secretion 

is significantly increased in IBD and PWM stimulated fetal gut explants 

(chapter 1). Therefore increased expression of CEA related proteins in all 

systems studied in this thesis is consistent with the published data.

Although the CEA molecule has been recognized for almost 30 years, a 

possible function for CEA-related molecules was not shown until recently. Like 

many members of the immunoglobulin superfamily, CEA is thought to function 

as a cell adhesion molecule. There is strong evidence suggesting that CEA  

molecules act as adhesion receptors for intestinal epithelial cells. Benchimol 

et a/ were the first group to show that CEA acts as a Ca^^ dependent 

homotypic cell adhesion molecule in a colon adenocarcinoma cell line and in 

rodent cells transfected with functional CEA cDNA"^°°. In similar experiments, 

other groups have observed homotypic adhesion of colonic epithelial or 

carcinoma cells supported by CEA-related proteins"̂ ®̂  "̂ ®̂. Pignatelli at al 

showed that monoclonal antibodies against CEA significantly inhibit adhesion 

of SW 1222 colon carcinoma cell line to collagen^^^. Since CEA itself does not 

bind to collagen, they have suggested that CEA may function as an 

accessory molecule in epithelial cell-collagen interaction. If the members of 

the CEA protein family are acting as adhesion receptors, an increase in 

expression during intestinal inflammation regulated by cytokines would favour 

the host. Increased epithelial cell-cell adhesion and increased adhesion to 

basal lamina would increase epithelial stability and protect the mucosa. 

However, the observation that in normal intestine the CEA family of proteins 

are predominantly expressed on the lumenal surface of enterocytes is 

inconsistent with a cell adhesion function"^® .̂ Nonetheless, expression is seen 

in all cell membranes during intestinal inflammation or colon adenocarcinomas 

suggesting that an adhesive role for CEA could be considered under these
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circumstances.

In granulocytes, CD 6 6  has been shown to be involved in granulocyte 

adhesion to cytokine activated endothelial cells'̂ °' ’̂'̂ °®. C D 6 6  antigens are major 

carriers for CD15 (Lewis-x) and sialyl-Lewis-x groups'^®®. Sialyl-Lewis-x is a 

ligand for the inducible endothelial cell adhesion molecule E-selectin. It has 

been shown that neutrophils stick to activated HUVEC using a sialyl-lewis-x 

group on 0066'^°'^’'̂ °®. There is also evidence indicating that CEA acts as a 

ecto-ATPase on the cell surface"^® .̂

In conclusion, F52.49, F62.49, F62.61 and F62.68 all recognize the members 

of the CEA family. Expression of CEA family on epithelium increases in 

inflammation, probably as a result of the actions of cytokines released by 

activated inflammatory cells. As proteins of the CEA family function as cell 

adhesion molecules, the increased expression in inflammation would increase 

epithelial stability and would benefit the host.
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CHAPTER 9 

9.0 OVERVIEW

In Chapters 3, 4 and 5 of this thesis the distribution and regulation of CAM  

molecule expression is studied. In Chapters 3 and 4, the expression and 

induction of endothelial CAM is studied in human fetal intestine before and 

after the induction of an in vitro inflammatory response. The distribution of 

ICAM-1 and VCAM-1 in fetal intestine is consistent with the hypothesis that 

these molecules have a role in the recruitment of lymphoid cells to the 

developing fetal intestine. When mitogens were used to stimulate cultured 

intestine, to mimic an inflammatory response, expression of ICAM-1, VCAM-1 

and E-selectin increased. Generally speaking these results parallel the results 

of others who studied the induction of endothelial CAM expression in other 

systems. The additional information gained from this study was that the 

presence of chronically stimulated T cells, rather than a single stimulus such 

as a cytokine, did not affect the tempo of up and down regulation of these 

molecules. A surprising observation which was studied in detail in Chapter 4, 

was that whereas expression of ICAM-1 and VCAM-1 was inhibited by 

immunosuppression by cyclosporin A, E-selectin expression was enhanced. 

Despite obsessive attempts to understand this phenomenon, the precise 

mechanism remains a mystery, and is probably a function of a factor in the 

microenvironment.

In Chapter 5, adhesion molecule expression was studied in intestinal 

inflammation in vivo in Crohn's disease. The generalised high expression of 

ICAM-1 observed in inflamed gut was consistent with the distribution in the 

FGOC model of intestinal inflammation. However, up-regulation of VCAM-1 

was not apparent in Crohn's disease, suggesting that VCAM-1 does not have 

a significant role in the recruitment of inflammatory cells to chronically 

inflamed intestine. It is possible that in Crohn's disease VCAM-1 could be 

initially induced in a local inflammatory response as in the FGOC model, but 

that induction is followed by decline in expression and a long refractory period.
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Many vessels in inflamed Crohn's bowel express E-selectin. This contrasts 

with the situation in the organ culture model where expression is rapidly 

induced and transient. It is not known whether this reflects constant up- and 

down-regulation, or sustained expression in vivo. Treatment of patients with 

Crohn's disease with cyclosporin A did not significantly change the profile of 

CAM expression. This contrasts with the suppression of ICAM-1 and the 

enhancement of E-selectin in cyclosporin A treated, mitogen stimulated FGOC. 

Although there are many basic similarities between the simulated FGOC and 

inflamed intestine in Crohn's disease, there are also several important 

differences. Some of these differences, which could account for the 

discrepancy observed, are the chronicity of the inflammation in Crohn's 

disease, variations in the local concentration of cyclosporin A in the mucosal 

microenvironment, the time elapsed between treatment and sampling of the 

bowel, the different developmental states and cellular components of fetal and 

postnatal intestine. It is clear from this study however, that although a patient 

with Crohn's disease may be clinically in remission, potential mediators of 

extravasation/migration of inflammatory cells are still expressed.

In Chapter 6 , the expression of E-cadherin was studied in the context of 

intestinal inflammation. No upregulation of E-cadherin was observed in 

response to intestinal inflammation, other than a paradoxical increase in 

expression by an epithelial cell line. However, decreased E-cadherin 

expression was observed in the UACL which probably leads to increased 

mobility of these cells in the process of mucosal regeneration.

In the chapters described above, CAM defined in other systems were applied 

to the gut in the context of intestinal inflammation. In the final 2 chapters of 

results an attempt was made to produce monoclonal antibodies against 

antigens specifically relevant to intestinal inflammation, using inflamed or 

activated intestinal cells as immunogens. Despite the production of many 

antibodies with interesting, unknown specificity, nothing considered to be 

directly relevant to intestinal inflammation was produced, other than a panel of 

antibodies to CEA. Although this is not a novel antigen, it had not previously
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been studied in detail in the context of intestinal inflammation. It is possible 

that CEA, which is upregulated in inflamed intestine, plays a role in 

maintaining intestinal stability during an inflammatory response.
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S U M M A R Y

In  this study we exam ined the d istrib u tio n  o f  the adhesion molecules IC A M - 1 ,  V C A M -1  and E - 
selectin in  hum an fetal intestine, to  determ ine w hether they m ay have a role in  the developm ent o f  gut- 
associated lym pho id  tissue. Secondly, we studied the tem po o f  induction  o f  these m olecules a fter T  
cell activation in  explants o f  hum an fetal intestine cultured in vitro. In  the fetus fro m  11 to  20 weeks 
gestation, endothelia l expression o f  IC A M -1  and diffuse staining o f  V C A M -1  was observed in  the 
lam ina p rop ria . In  contrast, there was intense expression o f  IC A M -1  and V C A M - l  in  the developing  
Peyer’s patches, suggesting th a t these molecules m ay be invo lved in  the accum ulation o r  organ ization  
o f  lym phoid  tissue in  the gut. A fte r  T  cell a ctivation  in  fetal intestinal explants, the expression o f  
IC A M -1  and V C A M -1  was increased on m ost endothelia l cells, leucocytes, and strom al cells in  the 
lam ina  propria . Expression was m ain ta ined  fo r  a t least 4 days. In  contrast, the induction  o f  E-selectin  
was rap id , and the expression was transient, despite the continu ing  presence o f  activated T  cells and  
macrophages. This suggests th a t o th er factors are required to prevent the dow n-regu lation  o f  E - 
selectin to m ain ta in  the sustained expression sometimes observed in vivo.

Keywords adhesion molecules intestine IC A M -1  V C A M -1  E-selectin Peyer’s patches

IN T R O D U C T I O N

The adhesion m olecule IC A M -1  is constitu tively  expressed by 
endothelia l cells and is thought to  con trib u te  to the process o f  
recirculation o f  small lym phocytes expressing the ligand L F A -1  
between the blood and norm al lym pho id  tissues [1,2]. B oth  
lC A M -1  and V C A M -1  are expressed by accessory cells in  the T -  
dependent areas o f  lym pho id  tissues and in  the fo llic le  centres, 
and m ay therefore be involved in  m ed iating  the m ovem ent o f  
cells expressing L F A -1  and V L A -4  respectively through tissues, 
or in retain ing them  [1 -5]. In  tissues that are acutely o r  
chronically  in flam ed, the expression o f  IC A M -1  and V C A M -1  
is increased both on endothelia l cells and w ith in  the lym pho id  
tissues [1,4]. Th is  is thought to  increase the cellu lar traffic in to  
sites o f  in flam m ation , and also to enhance the im m une response 
by increasing the co-stim ulatory  signals required fo r T  cell 
activation [6]. In  the intestine, such an increase has been 
observed in  in flam m atory  bowel disease, coeliac disease and  
graft-i'ersus-host disease [7 -10 ]. In  acute in fla m m a tio n , the  
endothelial receptor E-selectin is rap id ly  induced [11]. Th is  
molecule is thought to m ediate the m ig ra tion  o f  neutrophils  and  
some T  cells from  the blood [12,13]. T h e  endothe lia l expression 
o f IC A M -1 ,  V C A M -1  and E-selectin can be m odu la ted  in vitro

Correspondence: Jo Spencer, Department of Histopathology, 
University College and Middlesex School of Mediciiie, University St, 
London WCIE 6JJ. UK.

by cytokines; in  particu la r IL -1 , in terfero n-gam m a ( IF N -y )  and 
tu m o u r necrosis facto r-a lp ha  ( T N F -a )  have been im plicated  
[1 ,12 -15 ].

In  this study we have investigated the ontogeny o f  IC A M -1 ,  
V C A M -1  and E-selectin in the lam ina  p rop ria  and early  Peyer’s 
patches in hum an fetal intestine in  the period between 11 and 20  
weeks, when the lym pho id  tissue is know n  to accum ulate [16], to 
determ ine whether these molecules are like ly  to p lay  a role in  the 
recru itm ent o f  leucocytes in to  the gut. W e  have also used an  
organ culture m odel o f  in testinal in flam m atio n  [17] to  study the 
tem po o f  the induction  o f  these m olecules d u ring  an intestinal 
in flam m atory  response, and the dependence o f  the expression o f  
these molecules on the presence o f  activated lym phocytes.

M A T E R IA L S  A N D  M E T H O D S

Tissue
Sm all intestine from  11-2 0 -w ee k -o ld  fetuses was obtained from  
therapeutic abortions. F o r  each week o f  gestational age between  
1 and 3 specimens were studied, g iving a tota l o f  24  specimens. 
Specimens were transferred to  the la b o ra to ry  im m ediate ly  after  
post mortem dissection. They  were then either snap frozen in 
liqu id  nitrogen or processed fo r  organ culture.

Feta l age was deduced fro m  the date  o f  the m other's  last 
m enstrual period.
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Fig. 1. Frozen sections of fetal small intestine ( 18 weeks gestation) either snap frozen immediately after dissection (a, d), or maintained in organ culture 
for 60 h in the absence (b, e), or presence (c, f) of stimulation of local T cells with pokeweed mitogen (PWM). Sections were stained with MoAbs to 
ICAM-1 (a-c) or VCAM-1 (d-f). ICAM-1 is constitutively expressed by endothelium in normal fetal small intestine (a; arrow heads) and endothelial 
expression is maintained after 60 h in culture (b; arrow heads). Intense ICAM-1 expression is induced on fetal lamina propria cells when local T cells 
are stimulated (c). VCAM-1 is constitutively expressed, albeit weakly, in normal fetal lamina propria (d). Expression is increased slightly when 
explants are cultured (e), but intense expression is induced when explants are cultured in the presence of T cell stimuli. Reactivity in the epithelium is 
due to endogenous alkaline phosphatase activity. (Alkaline phosphatase anti-alkaline phosphatase, original magnification x 90.)

Organ culture o f fe ta l small intestine 
These studies were carried out with the approval of the local 
ethical committee. Specimens of fetal small intestine were 
cultured according to the method previously described [17]. 
They were cut open and dissected into 1 -2  mm square pieces and 
cultured in serum free CMRL-1066 medium, modified accord
ing to Autrup et al. [18], in 24-well culture plates. Five to six 
small intestinal explants were incubated in each well at 37"C in 
5% CO]-I-95% 0]. At the initiation of cultures 7 /ig/ml 
pokeweed mitogen (PW M) were added to half of the wells, while 
the other half were used as control cultures in medium alone. 
Samples of activated and control fetal gut were then snap frozen 
at 2, 4, 6, 8, 10, 12, 18, 24, 36, 60, 96 h after initiation of the

Imnmnohistochemistry
Frozen sections (8 //m) were cut from snap-frozen specimens, 
fixed in acetone and stained with the MoAbs anti-CD3 (Dako 
Ltd, High Wycombe, UK), 1.2B6 against E-selectin and 1.4C3 
against VCAM-1 (kindly donated by Dr D. 0 . Haskard, Royal 
Postgraduate Medical School, London, UK ), and anti-ICAM-1 
(CD54) (Cambio Ltd, Cambridge, U K ) using an alkaline 
phosphatase anti-alkaline phosphatase method with secondary

reagents purchased from Dako. Positive and negative controls 
were used for each antibody.

Quantification o f immunohistochemical reactivity 
Reactivity of antibodies was scored by one of us (A.D.) using the 
semiquantitative system described below. The staining was 
reviewed by the group and in each case the semiquantitative 
analysis was considered to be an accurate reflection of the 
staining observed. ICAM-1: 0, no staining; 1, basal endothelial 
expression; 2 and 3, staining of lamina propria stromal cells with 
increasing intensity; 4 and 5, staining of lamina propria stromal 
cells and muscle with increasing intensity. VC A M -1:0-1, diffuse 
stromal staining with increasing intensity; 2 and 3, staining of 
endothelium with increasing intensity; 4 and 5, staining of 
endothelium, lamina propria and muscle with increasing inten
sity. E-selectin; 0, no staining; 1-5, staining of endothelium with 
increasing intensity.

R E S U L T S

Ontogeny o f  adhesion molecule expression
IC A M -I. In the lamina propria, IC A M -I was constitutively 

expressed on venular endothelium only, in all specimens studied



534 A. Dogan, T. T. MacDonald & J. Spencer

W

4 #

m

Fig. 2. Frozen sections of a fetal intestinal Peyer’s patch ( 18 weeks gestation) stained using MoAbs to CD3 (a), ICAM-1 (b), and VCAM-1 (c). All cells 
in the Peyer’s patches express lCAM-1 and VCAM-1 intensely. Reactivity in the epithelium is due to endogenous alkaline phosphatase activity. 
(Alkaline phosphatase anti-alkaline phosphatase, x90.)
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Fig. 3. Frozen sections of fetal small intestine ( 18 weeks gestation) either freshly isolated (a), or maintained in organ culture for 8 h in the absence (b) or 
presence (c) of local T cell stimulation. Sections were stained using a MoAb to E-selectin. No E-selectin positivity is seen in freshly isolated fetal 
intestine. Weak endothelial E-selectin positivity is observed when explants are maintained in culture for 8 h (b; arrow head). The peak expression of E- 
selectin is observed 8 h after the onset of culture in the presence of I  cell stimulation (c; arrow heads). Reactivity in the epithelium is due to endogenous 
alkaline phosphatase activity. (Alkaline phosphatase anti-alkaline phosphatase, original magnification x 50.)
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Fig. 4. Kinetics of induction of ICAM-1 (a), VCAM-1 (b) and E-selectin (c) in fetal intestine maintained in organ culture in the absence (0) and 
presence (□) of stimulation of local T cells and macrophages using pokeweed mitogen.

fro m  11 to  20 weeks gestation (F ig . 1). P r im itiv e  P eyer’s patches, 
in c lud ing  those present a t 11 weeks w h ich  conta ined  on ly  a few  
T  cells, expressed IC A M - 1  in tensely on  a ll cells in  the P eyer’s 
patch  (F ig . 2).

VCAM-1. V C A M -1  was constitu tively, b u t diffusely and  
w eak ly  expressed by  s tro m al cells in  the up per la m in a  p ro p ria  
and in  some venules fro m  11 to  20  weeks gestation (F ig . 1). 
Th ere  was no  p a tte rn  to  the d is tr ib u tio n  o f  positive vessels. In  
contrast, a ll cells in  p rim itiv e  P eyer’s patches expressed V C A M -  
1 strongly at a ll ages studied (F ig . 2).

E-selectin. N o  constitu tive  expression o f  E-selectin  was  
observed in  fe ta l in testine o f  any  age (F ig . 3).

Induction o f adhesion molecule expression 
Experim ents  p lo ttin g  the tim e  o f  in duc tio n  o f  the adhesion  
molecules in  the organ cu ltu re  system, in  the presence or absence 
o f  T  cell m itogens, were repeated three tim es using d ifferent fe tal 
guts o f  18 weeks gestation in  w h ich  T  cells w ere relatively  
abun dant. V e ry  s im ila r results w ere ob ta ined  in  a ll three  
experim ents. F o r  com para tive  purposes, the d a ta  be lo w  are all 
fro m  the same representative case. In  this case, T  cell a ctivation  
visualized by C D 2 5  p o s itiv ity  was apparen t a t 10 h  post
stim u la tio n  w ith  P W M . N o  C D 2 5  po s itiv ity  was seen in  con tro l 
cultures in  this o r  any o th er o f  the experim ents.

IC A M -1 . In  com parison  w ith  the tissue snap frozen  a t the  
s tart o f  the experim ent, an increase in  IC A M - 1  expression in  the  
endo the liu m  and  la m in a  p ro p ria  was observed a fte r 4  h  in  
cu ltu re  in  the presence o r absence o f  m itogen ic  s tim ula tio n . 
A fte r  10 h , p o s itiv ity  o f  m uscle cell s was observed, and  enhanced  
expression in  the stim ula ted  com pared  w ith  the un stim u la ted  
explants was apparent. IC À M - 1  expression in  the absence o f  I  
cell s tim u la tio n  reached a p la teau  a t 18 h. In  the presence o f  
activated T  cells, the increase in  the in tensity  o f  expression  
continued  u n til a p la teau  was reached a t 60 h . T h e  m ax im u m  
levels o f  expression were m a in ta in e d  un til the te rm in a tio n  o f  the 
experim ent a t 96 h  post s tim u la tio n  (F igs 1 and  4).

VCAM-1. A s w ith  IC A M - 1 ,  increased expression o f  
V C A M -1  w a s  observed in  the presence o r  absence o f  P W M  
stim u la tio n  com pared  w ith  the sam ple taken  a t the s tart o f  the  
experim ent, bu t P W M  stim u la tio n  greatly  enhanced the  
observed changes. A fte r  6 h in  cu ltu re , an  increase in  endo the lia l 
expression o f  V C A M - I  was observed. G enera lized  p o s itiv ity  o f  
la m in a  p ro p ria  s trom al cells was observed a t 12 h, w h ich was  
m ore intense in  cultures stim ula ted  w ith  P W M  th a n  in  un stim u
lated cultures. N o  fu rth e r  increase was seen in  the absence o f  
P W M . In  the presence o f  P W M , increase in  expression o f  
V C A M -1  on  endo the liu m , la m in a  p ro p ria  cells and muscle  
continued  u n til 60 h , w h en p lateau  was reached (F igs  1 and  4).

E-selectin. T h e  in d u c tio n  o f  E-selectin  was m ore rap id  than  
the in d u c tio n  o f  e ither IC A M - 1  o r V C A M - I .  T h e  expression 
was transient, despite the on-go ing  T  cell a ctivation  in  the 
P W M -s tim u la te d  cultures. Expression was restricted to the 
endo the liu m . In  the absence o f  s tim u la tio n , E-selectin was 
m a x im a l a t 4 -6  h  and  was absent by 12 h. F o llo w in g  P W M  
stim u la tio n , expression was seen a t 2  h, was m ax im a l a t 8 h and  
was m ore  intense th a n  expression seen a t any  tim e in  unstim u
la ted  contro l cu ltu re , and  had  disappeared by 24 h (Figs 3 and 

4).

D I S C U S S I O N

In  the la m in a  p ro p ria  o f  the fe ta l intestine between 11 and 20 
weeks gestation, IC A M - 1  expression was lim ited  to  the endo
th e liu m , V C A M - 1  expression was w eak and  diffuse and no E - 
selectin p o s itiv ity  was observed. In  contrast, Peyer’s patches 
even in  the youngest specimens fro m  11-w eek-o ld  fetuses 
s trongly  expressed IC A M - 1  and  V C A M -1 .  T h e  functions o f  
these m olecules in  cell adhesion, m ig ra tio n  and signalling are 
w ell established. I t  is possible th a t IC A M - 1  is invo lved in  the 
extravasation  o f  lym phocytes in to  the m ucosa, since cells 
expressing L F A -1 ,  the ligand  fo r  IC A M - 1 ,  are k n o w n  to be 
present in  fe ta l tissues [19]. T h e  intense expression o f  both  
IC A M - 1  and  V C A M -1  in  the Peyer’s patches suggests th a t they 
m a >  be in vo lved  in  accu m u lation  o f  lym p h o id  cells and 
org an iza tio n  o f  the P eyer’s patch  m ic ro ana tom y. H ow ever, 
fu rth e r  experim enta l evidence is needed to c la rify  the function o f  
these m olecules in  the P eyer’s patches.

W h e n  unstim u la ted  explants o f  fe tal intestine were m ain
ta ined  in  o rgan  cu ltu re , we observed a sm all increase in 
expression o f  IC A M - 1 ,  V C A M -1  and E -selectin in  the lam ina  
p ro p ria  in  the absence o f  C D 2 5 +  cells. Th is  has been observed in 
oth er organ cu ltu re  m odels and could  be caused by  local tissue 
in ju ry  due to  trau m a  [14].

M o s t o th er studies o f  the kinetics o f  adhesion molecule 
in d u c tio n  have focused on the effects o f  added cytokines. In  this 
study we analysed the consequences o f  lo ca lly  stim ulating T  cells 
and m acrophages. F o llo w in g  activa tion , the expression o f  
IC A M - 1 ,  V C A M -1  and  E -selectin  were all induced, though the 
kinetics o f  in d u c tio n  were d ifferent fo r  each o f  these molecules. 
A t  the peak  o f  expression, the changes seen in  the lam ina  
p ro p ria , m ost n o tab ly  the generalized expression o f  IC A M -1  by 
a ll cells and  strom a (b u t n o t ep ith elia l cells), the generalized 
po sitiv ity  and  endo the lia l s taining w ith  V C A M -1 ,  and E - 
selectin expression associated w ith  vessels on ly , closely resem
bled the changes reported  by others in  coeliac disease, C ro hn ’s 
disease and  in testinal gvàït-versus-hosi disease [7 -10,20]. In  
in flam ed  bo w el, IC A M -1  and  V C A M - I  are p ro b ab ly  involved
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in  both mechanical cellular adhesion and the delivery o f  co
stim ulatory signals to T  cells [6]. E-selectin is thought to be 
involved solely in  m ediating the extravasation o f  neutrophils  
and some T  cells [11,13].

W e have shown that when chronic po lyclonal T  cell 
activation is used as the in itia ting  event in  the induction o f  
adhesion molecules, the dynamics o f  induction o f  adhesion 
molecule expression are sim ilar to reports o f  studies using 
cytokine induction [1,5,11,14], though the induction o f  IC A M -1  
was slightly slower than that observed in  a patient w ith  coeliac 
disease w ho’s biopsies were studied at tim ed intervals during  
gluten challenge [7]. The expression o f  both IC A M -1  and  
V C A M -1 , once induced, was sustained throughout the experi
m ent, paralle lling the presence o f  C D 2 5 +  T  cells and m acro
phages. The transient expression o f  E-selectin, which peaks and  
begins its decline before the appearance o f  C D 2 5 +  cells, is 
surprising.

In  studies o f  intestinal graft-t^ersw^-host disease [9], C ro h n ’s 
disease [20], reactive lym phadenitis and some H o d g k in ’s and  
no n-H odgkin ’s lym phom as [21], strong E-selectin expression on 
m any intestinal vessels was observed, suggesting sustained 
expression. S im ilarly, in a study o f  experim entally induced  
delayed hypersensitivity in  baboon skin, E-selectin expression 
was sustained when com pared w ith  the timecourse o f  E-selectin  
expression induced by cytokines alone [12]. C learly, factors in  
addition to  the products o f  chronically stim ulated T  cells and 
macrophages which are present in  our system are required to  
m aintain expression. The up-regulation and dow n-regulation o f  
E-selectin expression are both know n to involve protein synthe
sis by the endothelial cells. The expression o f  E-selectin can be 
prevented or sustained by the addition o f  cycloheximide to  
stim ulated cultured endothelial cells either before or at the peak  
o f expression respectively [22]. I t  is possible that fo r sustained 
expression in vivo, other factors are required to interfere w ith  
down-regulation, a lthough to our knowledge no such factors  
have been reported.
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Cyclosporin A enhances T cell-mediated induction 
of E-selectin*

I n  a fe ta l in te s tin a l o rg a n  c u ltu re  m o d e l o f  in te s tin a l in f la m m a tio n , a c tiv a tio n  o f  
T  cells b y  a le c tin , s u p e ra n tig e n  o r  a n t i-C D 3  a n tib o d ie s  induces E -s e le c tin  
express ion  w h ic h  p eaks  6 - 1 0  h  a f te r  a c tiv a tio n  a n d  d isappears b y  24  h . W e  n o w  
show  th a t  a d d it io n  o f  cyc losporin  A  ( C y s A )  increases th e  n u m b e r  o f  E -  
s e lectin -exp ress ing  e n d o th e lia l cells an d  th e  in te n s ity  o f  exp ress ion , an d  it  
p ro long s  express ion  u p  to  a t leas t 60  h  a fte r  s t im u la tio n . T h e  dynam ics  o f  
E -s e le c tin  exp ress ion  o n  tu m o r  necrosis fa c to r  a c tiv a te d  h u m a n  u m b ilic a l v e in  
e n d o th e lia l c e ll cu ltu res  is n o t a ffe c te d  b y  C ys A .  F u r th e rm o re , o th e r  im m u n o 
suppressive agents F K  5 06  and  d e x a m e th a s o n e  in h ib it  E -s e le c tin  exp ress ion , 
in d ic a tin g  th a t  th e  e n h a n c e m e n t ob served  in  th e  p resen ce  o f  C ys A  is n o t a  
consequence o f  g e n e ra l im m u n o su p p re ss io n .

1 Introduction 2 Materials and methods

T h e  cell adhes ion  m o le c u le  E -s e le c tin  is in d u c e d  on  
e n d o th e liu m  at sites o f  in f la m m a tio n  [1 - 3 ] .  I t  m ed ia te s  th e  
m o v e m e n t o f  n e u tro p h ils  [4 , 5 ] , som e T  cells [6 ] and  
m ono cytes  [7] in to  in f la m m a to ry  les ions. In  th e  b o w e l, 
en h an ced  E -s e le c tin  express ion  to g e th e r  w ith  o th e r  in d u 
c ib le  adhes ion  m o lecu les  have  b e e n  ob served  in  in f la m m a 
to ry  b o w e l disease [8] a n d  g ra ft-ve rsus -hos t disease [9 ].

W e  have  show n in  an ex vivo system  th a t E -s e le c tin  
expression is in d u c e d  b y  T  c e ll a c tiv a tio n  in  fe ta l g u t o rg a n  
c u ltu res  [1 0 ]. T h e  express ion  in  th is  system , as in  o th e r  
systems s tud ied  to  d a te , is ra p id ly  in d u c e d  (p e a k , 6 - 1 0  h )  
and d isappears b y  24  h , d esp ite  th e  c o n tin u e d  presence  o f  
a c tiv a te d  lym p h o cy tes  and  m a c ro p h a g e s .T h is  o b se rv a tio n , 
and  those o f  o th ers , s how ing  th a t  b o th  u p - a n d  d o w n -  
re g u la tio n  o f  E -s e le c tin  a re  a c tive  processes [ 1 1 ,1 2 ] ,  
in d ic a te  c o m p le x  c o n tro l o f  E -s e le c tin  exp ress ion .

T h e  T  ce ll im m u n o su p p ressan t cyc losporin  A  (C ys  A )  has  
b e e n  e x te n s iv e ly  used in  o rg a n  tra n s p la n ta tio n  an d  a u to im 
m u n ity , and  m o re  re c e n tly  has b e e n  used w ith  h m ite d  
success in  th e  tre a tm e n t o f  in f la m m a to ry  b o w e l disease  
[1 3 ], w h e re  a T  c e ll-m e d ia te d  im m u n e  re a c tio n  is th o u g h t to  
b e  im p o rta n t  in  th e  patho genesis  [1 4 ].

H e r e  w e  describe  th e  e ffe c t o f  C ys A  o n  th e  in d u c tio n  o f  
E -s e le c tin  in  th e  fe ta l g u t o rg a n  c u ltu re  m o d e l o f  in te s tin a l 
in f la m m a tio n  a n d  show  th a t ,  p a rad o x ic a lly , Cys A  
enhances th e  express ion  o f  E -s e le c tin , in  association  w ith  
T  ce ll a c tiv a tio n .
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2.1 Tissue

S m a ll in te s tin e  f r o m  16- to  1 8 -w e e k  o ld  fe tuses was  
o b ta in e d  f r o m  th e ra p e u tic  a b o rtio n s . A  p iece  o f  each  
spec im en  was s n a p -fro ze n  in  h q u id  n itro g e n  a n d  th e  res t 
w as processed fo r  o rg a n  c u ltu re .

2.2 Organ culture o f fetal small intestine

T h es e  studies w e re  c a rr ie d  o u t w i th  th e  a p p ro v a l o f  th e  lo ca l 
e th ic a l c o m m itte e . S pec im ens o f  fe ta l s m a ll in te s tin e  w e re  
c u ltu re d  as p re v io u s ly  d escribed  [1 5 ]. T h e y  w e re  cut o p en  
a n d  d issected in to  1 - 2  m m  square pieces and  c u ltu re d  in  
s e ru m -fre e  C M R L -1 0 6 6  m e d iu m  ( IC N  B io m e d ic a ls  L t d . ,  
H ig h  W y c o m b e , B u c k s ., G B )  m o d if ie d  acco rd ing  to  
A u tr u p  e t a l. [16] w ith o u t s tero ids , in  2 4 -w e ll c u ltu re  p la tes  
(C o rn in g  In c . ,  C o rn in g , N Y ) .  F iv e  to  six s m a ll in te s tin a l 
exp la n ts  w e re  in c u b a te d  in  each  w e ll a t 37  °C  in  5 %  C O 2 +  
9 5 %  O 2. In  each  e x p e rim e n t severa l w e lls  w e re  used as 
c o n tro l cu ltu res . I n  o th e rs , T  cells w e re  s tim u la te d  w ith  
p o k e w e e d  m ito g e n  ( P W M ;  7  p g /m l; S ig m a  C h e m ic a l C o .,  
S t. L o u is , M O )  [15] o r  a n t i-C D 3  a n tib o d y  U C H T l  (D a k o  
L t d ,  H ig h  W y c o m b e , B u c k s ., G B )  [15] o r  s tap hy lococca l 
e n te ro to x in  B  (S E B ;  S ig m a ) [17] in  th e  presence  o r  absence  
o f  im m uno su ppress ive  drugs. A s  im m uno su ppressan ts , 
C ys A  (1 5 0  n g /m l-7 5  p g /m l; in  m o st e x p e rim e n ts  15 p g /m l;  
S an d o z L t d . ,  B a s e l, S w itz e r la n d ), d e x a m e th a s o n e  (1  pM; 
S ig m a ) a n d  F K  5 06  (1 0 0  nM; F u jis a m a  P h a rm a c e u tic a l 
C o m p a n y , O s a k a , J ap a n ) w e re  used . T h e s e  con c e n tra tio n s  
w e re  show n  to  b e  o p t im u m  in  suppressing T c e ll-m e d ia te d  
d a m ag e  in  fe ta l g u t e xp la n ts  in  p re v io u s  studies [1 5 ,1 8 ] .  
E x p e r im e n ts  w e re  te rm in a te d  a t 14  h  a n d  60  h  b y  snap- 
fre e z in g  th e  fe ta l g u t e xp lan ts .

In  som e e x p e rim e n ts , c o n d itio n e d  m e d iu m  fr o m  P W M  
(7  p g /m l)-s tim u la te d  to n s il cells was a d d e d  to  th e  P W M -  
a n d  C ys A - t re a te d  e xp la n ts .

2.3 Immunohistocheinistry

F ro z e n  sections (8  p m ) w e re  cu t f r o m  s n a p -fro ze n  speci
m en s, th e y  w e re  fix e d  in  a ce to n e  a n d  s ta in e d  w ith  th e
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m ono clona l an tib od ies  against E -s e le c tin  (B rit is h  B io te c h 
nology, A b in g to n , O x fo rd s h ire , G B )  [19] and  e n d o th e liu m  
(P A L -E -E u ro -D ia g n o s tic a , A p e ld o o rn , H o lla n d ) [20] 
using an in d irec t im m u n o p ero x id ase  m e th o d . P os itive  and  
negative  contro ls  w ere  used fo r  each antibody.

2.4 Quantitation of immunohistochemical reactivity

R e a c tiv ity  o f  an tib od ies  was m easured  by a p o in t-c o u n tin g  
tech n iq ue  using a L e n n o x  eyep iece g ra ticu le  (G ra tic u le s  
L td .,T o n b r id g e , K e n t, G B )  [21] u n d e r h ig h -p o w e r m a g n if
ica tio n . T h e  nu m b er o f  po ints  on the  g ra ticu le  co in c iden t 
w ith  E -s e le c tin - o r P A L -E -p o s it iv e  e n d o th e liu m  w ere  
expressed as a ra tio  o f  th e  to ta l n u m b e r o f  po in ts  fa llin g  
o ver la m in a  p ro p ria , g iv ing  a n tib o d y  re a c tiv ity  p e r  u n it a rea  
o f la m in a  p ro p ria . B e tw ee n  1565-9407  (average  377 0 ) 
points w ere c oun ted  fo r  each e x p e rim e n t. R e p ro d u c ib ility  
o f q u a n tita tio n  was show n by  rec o u n tin g  several e x p e ri
m ents w h ich  gave low, m e d iu m  and high counts, w ith  very  
s im ila r results.

v ' .  ■

k

fzgwre I. E-selectin expression in frozen sections of 16-week-old 
fetal gut cultured with medium only (a; arrow heads), PWM (b; 
arrow heads) or PWM and Cys A (c; arrow heads) for 14 h. Both 
the number of vessels expressing E-selectin and the intensity of 
staining is significantly increased in the presence of PWM and 
Cys A.The reactivity observed in the epithelium (a and c) is due to 
nonspecific binding. (Immunoperoxidase, original magnification 
X 100).

2.5 Human umbilical vein endothelial cell cultures 
(HUVEC)

H u m a n  u m b ilic a l vein  e n d o th e lia l cells w ere  iso lated  fro m  
tw o  to  th re e  u m b ilic a l cords by collagenase tre a tm e n t  
(W o rth in g to n  B io c h e m ic a l C o rp ., F re e h o ld , N J ) .  T h e y  
w ere  grow n in  p r im a ry  cu ltu re  using R P M I  1640 m ed iu m  
( Im p e r ia l L a b o ra to r ie s , A n d o v e r, H a m p s h ire , G B )  con 
ta in in g  10%  fe ta l c a lf serum  ( Im p e r ia l L a b o ra to r ie s ), 10%  
n o rm a l hu m an  serum  sup p lem en ted  w ith  100 p g /m l e n d o 
th e lia l cell g ro w th  su p p lem en t (S ig m a ) and  5 U /m l sodium  
h e p a rin  (S ig m a ). T h e y  w ere  passaged in to  9 6 -w e ll tissue 
cu ltu re  p lates (C o rn in g ) and  grow n  to  c on fluence . In d u c 
tio n  and d o w n -re g u la tio n  o f  E -s e le c tin  w ere  stud ied  by  
s tim u la tin g  co n flu e n t H U V E C  w ith  100 U /m l hu m an  
rec o m b in a n t T N F  (a  k in d  g ift fro m  the  N a tio n a l In s titu te  
fo r  B io lo g ica l S tandards  and  C o n tro l, P o tte rs  B ar, H e r ts .,  
G B )
fo r  4  h  and 28  h in  th e  presence o r  absence o f  C ys A  
(15  p g /m l-1 5 0  n g /m l) using a p p ro p ria te  contro ls. In  several 
exp e rim e n ts  c o n d itio n e d  m ed iu m  fro m  co n tro l and  P W M -  
tre a te d  e xp la n t cu ltu res w ith  and w ith o u t Cys A  and tonsil 
cells w h ich  w ere  h an d led  id en tica lly , was also used in  
H U V E C  e xp e rim e n ts .

A t  th e  end  o f  th e  e xp erim en ts  H U V E C  w ere  w ashed w ith  
p h o s p h a te -b u ffe red  saline p H  7 .2  (P B S ) , fix e d  fo r  5 m in  
using 0 .0 2 5 %  g lu ta ra ld eh yd e  (S ig m a ) in  PBS. N onspec ific  
re a c tiv ity  was b lo c ke d  by o vern ig h t in cu b a tio n  in 3 %  
h e a t-in a c tiv a te d  horse serum  (S ig m a ) in  P B S  at 4 °C . A l l  
a n tib o d y  d ilu tio n s  and  washes w ere  do ne  using 3 %  horse  
serum  in  PBS. P r im a ry  a n tib o d y  against E -s e le c tin  o r  an  
is o ty p e -m a tc h ed  co n tro l a n tib o d y  w ere  a p p lie d  fo r  1 h at 
ro o m  te m p e ra tu re  fo llo w e d  by p e ro x id a s e -la b e le d  rab b it  
a n tib o d y  against m ouse im m u n o g lo b u lin s  (D a k o )  fo r  
30  m in . Perox idase  reac tio n  was v isua lized  using o -p h e n y l-  
e n e d ia m in e  (S ig m a ) as substrate . O p tic a l density  was 
calcu la ted  as the  d iffe re n c e  b e tw een  E -s e le c tin  re a c tiv ity  
and the  is o ty p e -m a tc h ed  c on tro l.

3 Results

3.1 E-selectin expression is enhanced by Cys A in an 
activated fetal intestinal organ culture system

N o  o r  very  lit t le  E -s e le c tin  expression was d e te c te d  in  fe ta l 
gut b e fo re  c u ltu re . A f t e r  14 h in  c u ltu re , E -s e le c tin  exp res
sion by e n d o th e lia l cells was observed in  th e  presence and  
absence o f  P W M  s tim u la tio n . B o th  th e  n u m b e r o f  vessels 
and in ten s ity  o f  s ta in ing  w ere cons id erab ly  s tro nger in  
P W M -tr e a te d  cu ltu res. A d d it io n  o f  C ys A  s ign ifican tly  
enhanced  E -s e le c tin  expression in P W M  tre a te d  cultures  
b u t had no e ffec t on exp lants  c u ltu re d  in  m ed iu m  w ith  no  
stim ulus (F igs . 1 and 2 ) .  In  contrast th e  expression o f  
IC A M - 1  and V C A M - 1  w h ich  are  also u p -re g u la ted  by  
P W M  s tim u la tio n  [10] w ere  e ffec tiv e ly  abo lished  by the  
inclusion o f  Cys A  in  th e  cu ltu re  m ed iu m  (d a ta  n o t s h o w n ). 
A lth o u g h  v a r ia b ility  was observed b e tw e e n  the  e x p e ri
m ents  as re flec te d  by  s tandard  e rro rs , the  re la tiv e  changes  
w ith in  th e  in d iv id u a l e xp e rim e n ts  w ere  consistent. B y  60 h 
E -s e le c tin  expression d isapp eared  in co n tro l cu ltu res and  
those trea te d  w ith  P W M  a lo n e . H o w e v e r, w h en  C ys A  and  
P W M  w e re  presen t to g e th er, E -s e le c tin  expression was 
m a in ta in e d  th o ugh  a decrease in  b o th  th e  n u m b e r o f  
positive  vessels and th e  in ten s ity  o f  s ta in ing  w ere  observed
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Figure 2. Relative area of E-selectin expressing vessels per unit 
area of lamina propria of fetal gut at 0 h and after 14 h or 60 h in 
culture, treated with either PWM, Cys A , PWM 4- Cys A  or 
nothing (control). Results are shown as the mean of four separate 
experiments ±  standard error.
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Figure 3. Relative area of E-selectin expressing vessels per unit 
area of lamina propria of fetal gut harvested after 14 h in culture. 
Explants were treated with either Cys A alone (cross-hatched 
bars), specified Tcell stimulants (dotted bars), specified Tcell 
stimulants + Cys A (open bars) or nothing (hatched bars). Results 
shown are from representative experiments, each of which was 
repeated at least three times with a similar result.
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c o m p a re d  to  values o b served  at 14 h (F ig . 2 ) . T h e  e ffec t o f  
Cys A  was strongest a t 15 p g /m l and  it fe ll to  c o n tro l levels  
at 1 p g /m l.

W h e n  c o n d itio n e d  m e d iu m  fro m  P W M -s t im u la te d  tonsil 
cells was a d d e d  to  C ys A  and  P W M -tr e a te d  o rg an  cu ltu res , 
no  change was ob served  in  th e  p a tte rn  o f  E -s e le c tin  
express ion  (d a ta  no t s h o w n ).

T h e  to ta l n u m b e r  o f  vessels p e r  u n it a re a  was d e te rm in e d  by  
s ta in in g  w ith  a n tib o d y  P A L -E  in  selected  exp e rim e n ts . 
E ith e r  th e  to ta l n u m b e r  o f  vessels was s tab le  in  d iffe re n t  
tre a tm e n ts  o r  th e re  was a decrease in  th e  to ta l n u m b e r o f  
vessels in  th e  P W M -t r e a te d  cu ltu res  (d a ta  n o t s h o w n ).

3.2 Enhancement of E-selectin expression by Cys A is 
dependent on T cell stimulation

In  th e  fe ta l gu t o rgan  c u ltu re  system  P W M  is the  m ost 
p o te n t in d u c e r o f  in vitro e n te ro p a th y  and  was used in  m ost 
o f  th e  e x p e rim e n ts . In  selected  e x p e rim e n ts , th e  T  cell 
s u p e ra n tig e n  S E B  o r  an a n t i-C D 3  a n tib o d y  w ere  used to  
s tim u la te  th e  T c e lls . In  p rev ious  studies b o th  have been  
show n to  be cap ab le  o f  in duc in g  th e  e n te ro p a th y  g enera ted  
by P W M  in  fe ta l gu t [1 5 , 1 7 ]. E -s e le c tin  expression was 
en h a n c e d  in  th e  presence o f  C ys A  w ith  a ll T  cell s tim u li 
(Fig. 3).

3.3 E-selectin expression is not enhanced by other 
immunosuppressants

W h e n  im m uno su ppress ive  agents , de x a m e th a s o n e  and  F K  
506  w e re  used in  th e  c u ltu re  system  in  p lace o f  Cys A ,  no  
e n h a n c e m e n t o f  E -s e le c tin  express ion  was ob served  u n d e r  
T c e l l  s t im u la tio n  (F ig . 4 ) .

3.4 Enhancement of E-selectin expression by Cys A was 
not observed in association with cytokine stimulation 
of HUVEC

W h e n  H U V E C  w e re  tre a te d  w i t h T N F a ,  E -s e le c tin  exp res
sion was s tro ng ly  in duced  a t 4  h and  d ro p p e d  to  co n tro l

4h

28h

E-SELECTIN/UNIT AREA

Figure 4. Relative area of E-selectin expressing vessels per unit 
area of lamina propria of fetal gut cultured for 14 h in medium 
alone (hatched bars), different immunosuppressants (cross 
hatched bars), PWM (dotted bars) or PWM and different immu
nosuppressants (open bars). Results shown are from three repre
sentative experiments. (DEX = dexamethasone)
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Figure 5. E-selectin expression in H U VEC  treated in culture with 
either TNF, Cys A, TNF +  Cys A or nothing (control) for 4 h and 
24 h. Results are shown as the mean of optical density readings 
from four separate experiments (each value within an experiment 
representing the mean of four readings) ±  standard error.
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leve ls  b y  2 8  h . P re s e n c e  o f  C ys  A  h a d  n o  e ffe c t  o n  th is  
p a tte rn  w h e th e r  a d d e d  a t th e  s ta r t  o f  th e  e x p e r im e n t  o r  a t  
th e  p e a k  o f  e xp re s s io n  (F ig . 5 ) .  C ys  A  d id  n o t e n h a n c e  
E -s e le c t in  e xp re s s io n  b y  H U V E C  in d u c e d  b y  s u p e rn a ta n ts  
f r o m  e ith e r  P W M -s t im u la te d  to n s il cells  o r  P W M - s t im u 
la te d  fe ta l in te s t in a l o rg a n  c u ltu re s  (d a ta  n o t  s h o w n ).

4 Discussion

T h e  k in e tic s  o f  c y to k in e - in d u c e d  E -s e le c t in  e x p re s s io n  a re  
w e ll e s ta b lis h e d . W h e n  H U V E C  a re  a c tiv a te d  w ith  T N F a  
o r IL - 1 ,  E -s e le c t in  is r a p id ly  in d u c e d  a t  th e  tra n s c r ip tio n a l  
le v e l a n d  m a x im a l e xp re s s io n  occurs a t 6  h  [1 1 , 2 2 ] . B y  2 4  h  
m e m b ra n e  e xp re s s io n  has v ir tu a lly  d is a p p e a re d , b y  e n d o -  
cytosis a n d  c le a va g e  a n d  re le as e  o f  E -s e le c t in  [1 2 , 2 3 ]. 
In je c t io n  o f  c y to k in e s  in to  th e  s k in  o f  p r im a te s  fo l lo w e d  b y  
se ria l b io p s ie s  s h o w  th e  s am e k in e t ic s , w i th  m a x im a l  
e xp re s s io n  o n  d e rm a l e n d o th e lia l cells  a t 6 - 8  h  [2 4 ]. 
E -s e le c t in  e xp re s s io n  is p re s e n t o n  e n d o th e liu m  a t  s ites o f  
in f la m m a t io n  in vivo [ 1 - 3 ]  th o u g h  i t  is n o t  y e t  k n o w n  
w h e th e r  th is  re fle c ts  c o n tin u o u s  e xp re s s io n  b y  s o m e  e n d o -  
th e h a l cells  o r  w h e th e r  th e re  is a  c o n s ta n t s w itc h in g  o n  a n d  
o f f  b y  in d iv id u a l e n d o th e lia l ce lls .

In  e x p la n ts  o f  fe ta l  h u m a n  in te s t in e  g ro w n  in vitro, w e  h a v e  
p re v io u s ly  s h o w n  th a t  e n d o th e lia l E -s e le c t in  e xp re s s io n  
a f te r  T  c e ll a c tiv a t io n  fo llo w s  th e  k in e tic s  w h ic h  w o u ld  b e  
e x p e c te d , w i th  m a x im a l res p o n s e  6 - 8  h  a f te r  T c e l l  a c tiv a 
t io n  (n o tin g  th a t  H U V E C  a n d  e n d o th e lia l cells  in  th e  
e x p la n ts  a re  b o th  f e ta l )  [1 0 ] . T h e  p a ra d o x ic a l o b s e rv a tio n  
re p o r te d  h e re  is th a t  a d d it io n  o f  C ys  A  to  th e  e x p la n t  
c u ltu re s , w h ic h  in h ib its  (s u b s ta n tia lly  b u t  n o t  c o m p le te ly )  
la m in a  p ro p r ia  T c e l l  a c t iv a t io n , resu lts  in  a n  e x te n s iv e  a n d  
in te n s e  e xp re s s io n  o f  E -s e le c t in  w h ic h  is p ro lo n g e d  fo r  u p  
to  a t  le a s t 2  V2 d ays . T h is  e ffe c t  is seen  w ith  a ll T  ce ll 
a c tiv a to rs  u s e d , b u t  is n o t  seen  w i t h  o th e r  im m u n o s u p p re s 
sive agents  such as s te ro id s  o r  F K 5 0 6 .  T h is  la t te r  re s u lt is 
s u rp ris in g , s ince  C ys  A  a n d  F K 5 0 6  in h ib it  T  c e ll a c t iv a t io n  
th ro u g h  a c o m m o n  p a th w a y  [2 5 , 2 6 ] , a n d  suggests th a t  in  
th e  e x p e rim e n ts  d e s c rib e d , C ys  A  m a y  b e  a c tin g  o n  cells  
o th e r  th a n  T  cells . A t te m p ts  to  d e te rm in e  w h e th e r  s u p e r
n a ta n ts  f r o m  h u m a n  to n s il cells  o r  e x p la n t  c u ltu re s  s tim u 
la te d  w i th  P W M  in  th e  p re se n ce  o f  C ys  A  c o n ta in e d  a n  
“E -s e le c t in  e n h a n c in g  fa c to r ” w h ic h  c o u ld  a c t o n  H U V E C  
w e re  un su ccessfu l. N e i th e r  i t  is l ik e ly  th a t  a  h y p o th e t ic a l  
T  c e ll d e r iv e d  “ E -s e le c t in  d o w n -re g u la t in g  fa c to r ” is in h ib 
ite d  b y  C ys  A ,  s ince s u p e rn a ta n ts  f r o m  P W M -s t im u la te d  
to n s il cells  w h ic h  w o u ld  b e  e x p e c te d  to  c o n ta in  such a 
d o w n -re g u la t in g  fa c to r  fa i le d  to  p re v e n t th e  e n h a n c e m e n t  
o f  E -s e le c t in  o b s e rv e d  in  th e  p re s e n c e  o f  C ys  A  in  th e  
e x p la n t  c u ltu re s . A ls o  fa ilu re  o f  e ith e r  C ys  A  a n d  T N F  o r  
C ys  A  a n d  c o n d it io n e d  m e d iu m  f r o m  P W M - t r e a t e d  o rg a n  
c u ltu re s  to  p ro lo n g  E -s e le c t in  e x p re s s io n  in d u c e d  o n  
H U V E C  suggests th a t  C ys  A  w as  n o t  d ire c t ly  a c tin g  o n  
e n d o th e lia l ce lls .

T h e r e  h a v e  b e e n  s ev e ra l s tud ies  in  w h ic h  th e  E -s e le c t in  
exp re s s io n  in d u c e d  b y  m o n o k in e s  such as T N F - a  a n d  IL - 1  
has b e e n  m o d if ie d  b y  o th e r  c y to k in e s  [ 2 7 ,2 8 ] .  In te r fe r o n -y  
syn erg izes  w i t h  T N F - a  to  p ro lo n g  E -s e le c t in  e xp re s s io n  o n  
H U V E C .  T h e  m e c h a n is m  a p p e a rs  to  in v o lv e  e n h a n c e d  o r  
p ro lo n g e d  tra n s c r ip tio n  o f  th e  E -s e le c t ih  g e n e . I n  a d d it io n ,  
in te r fe ro n -y  ab o lish es  th e  r e fra c to ry  p e r io d  fo r  E -s e le c t in  
exp re s s io n  o n  H U V E C .  I t  is , h o w e v e r , d if f ic u lt  to  s u p p o rt

th e  id e a  th a t  IF N - y  is re s p o n s ib le  fo r  th e  p ro lo n g e d  
E -s e le c t in  e x p re s s io n  seen  in  th e  fe ta l in te s t in a l e x p la n ts , 
since C ys  A  in h ib its  th e  p ro d u c tio n  o f  in te r fe ro n -y  in  th is  
m o d e l. O n  th e  o th e r  h a n d  IL - 4  p a r t ia l ly  in h ib its  T N F -  o r  
IL - l - in d u c e d  e x p re s s io n  o f  E -s e le c t in  o n  H U V E C  [2 9 ]. 
L ik e  IF N - y  i t  is a p ro d u c t o f  T  cells  a n d  C ys  A  in h ib its  its  
s e c re tio n . H o w e v e r  i t  is u n lik e ly  th a t  in h ib it io n  o f  IL - 4  
s e c re tio n  c o u ld  b e  p la y in g  a ro le  in  e n h a n c e d  e xp re s s io n  o f  
E -s e le c t in , s ince  c o n d it io n e d  m e d iu m  f r o m  P W M - s t im u 
la te d  to n s il cells  w h ic h  is assu m ed  to  c o n ta in  IL - 4 ,  d id  n o t  
d e crease  E -s e le c t in  e xp re s s io n  in  P W M -  a n d  C ys  A - t r e a te d  
o rg a n  c u ltu re s .

I n  s e e k in g  a n  e x p la n a t io n  fo r  o u r  o b s e rv a tio n s  i t  is 
im p o r ta n t  to  re m e m b e r  th a t  in  th e  fe ta l  gu t e x p la n ts  th e  
e n d o th e lia l cells  a re  in  a  m ic ro e n v iro n m e n t  w h e re  a  
n u m b e r  o f  c e ll ty p e s  c o u ld  in f lu e n c e  th e ir  fu n c t io n . E n d o 
th e lia l  cells  a re  a d ja c e n t to  p e r ic y te s , s m o o th  m u scle  ce lls , 
u n d e rn e a th  w h ic h  a re  a b u n d a n t m a c ro p h a g e s , ly m p h o 
cy te s , d e n d r it ic  ce lls , o th e r  s m o o th  m u s c le  cells  a n d  
f ib ro b la s ts . S u p p o r t in g  th e  c o n c e p t o f  c e llu la r  c o lla b o ra 
t io n , c o -c u ltu re  o f  e n d o th e lia l cells  a n d  p e r ic y te s  is k n o w n  
to  re s u lt  in  e n h a n c e d  p ro d u c tio n  o f  a c t iv e T G F -^  [3 0 ] w h ic h  
is a n  in h ib ito r  o f  E -s e le c t in  e xp re s s io n  [3 1 ]. I n  a d d it io n ,  
lo c a l c y to k in e  c o n c e n tra tio n s  m a y  b e  h ig h e r  th a n  th o s e  in  
tra n s fe r re d  s u p e rn a ta n ts . A lth o u g h  th e  p r in c ip a l ad vances  
in  th e  u n d e rs ta n d in g  o f  th e  b io lo g y  o f  a d h e s io n  m o le c u le s  
h a v e  b e e n  m a d e  us in g  is o la te d  e n d o th e lia l ce lls , th is  s tu d y  
show s th e  im p o rta n c e  o f  c o n s id e rin g  th e  c o m p le x ity  o f  
t issue  m ic ro e n v iro n m e n t , d e s p ite  th e  p ro b le m s  th a t  th is  
c re a te s , w h e n  s tu d y in g  th e  re g u la t io n  o f  c e ll su rfac e  
m o le c u le s .
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A b s tra c t
Aims— To inves tiga te  E -c a d h e r in  ex
pression  in  n o rm a l an d  in fla m e d  in te s tin e , 
in  th e  co lon ic  adenoca rc inom a ce ll lin e  
H T 29 , in  n o rm a l fe ta l in te s tin e , and  in  a 
fe ta l g u t o rgan  c u ltu re  m o d e l w here  a T  ce ll 
m e d ia te d  en te rop a thy  can be generated; to  
d e te rm in e  w h e th e r expression o f  E -c a d 
h e r in  changes in  in te s tin a l in fla m m a tio n . 
Methods— Im m uno h is to che m is tryw as  used 
to  de te rm in e  E -c a d h e r in  expression in  fo l
lo w in g  tissues: fro ze n  an d  p a ra ff in  w ax 
sections o f  n o rm a l and  in fla m e d  in te s tine ; 
H T 29  co lon ic  ad en oca rc inom a ce ll lin e  
c u ltu re d  on cove rs lips  in  th e  presence o r 
absence o f  cy tok ines; fro ze n  sections o f  
fe ta l s m a ll in te s tin a l tissue (ges ta tiona l age 
11-22 weeks); and  frozen  sections o f  c u l
tu re d  fe ta l gu t in  w h ic h  a T  ce ll m e d ia te d  
en te rop a thy  ha d  been in du ced .
Results— E -c a d h e r in  was s tro n g ly  and  
even ly expressed b y  th e  e p ith e liu m  in  a ll 
specim ens o f  in te s tin e  s tud ied . A lth o u g h  
the re  was no change in  in f la m m a tio n  gen
e ra lly , in  som e cases o f  C ro h n ’s disease 
groups o f  glands w ith  th e  ch a ra c te r is tic  
m o rp h o lo g y  o f  “ u lc e r associa ted ce ll l in 
eage”  showed lo w e r expression  o f  E -c a d - 
h e r in . In  fe ta l g u t o rgan  cu ltu re s  e p ith e lia l 
expression o f  E -c a d h e r in  was lo w e r w hen 
lo c a l T  cells were a c tiva ted  w ith  m itogens , 
com pared  w ith  c o n tro l exp lan ts . B y  con 
tra s t, the  H T 29 ce ll lin e  showed lo w  levels 
o f  expression w h ic h  increased  a fte r  tre a t
m e n t w ith  co n d itio n e d  m e d iu m  fro m  ac
t iv a te d  to n s il cells.
Conclusions— E -c a d h e r in  is  s tro n g ly  and 
evenly expressed b y  e p ith e liu m  in  n o rm a l 
and  in fla m e d  in te s tin e , a lth o u g h  an  in 
crease in  E -c a d h e r in  expression in  cy
to k in e  trea te d  11X29 ce lls was observed. 
E -c a d h e r in  expression is  reduced  in  the  
e p ith e liu m  ad jacen t to  u lce rs  (u lc e r as
socia ted ce ll lineage ), poss ib ly  to  assist 
regenera tion .
(J Clin Pathol 1995;48:143-146)

Keywords: E-cadherin, Crohn’s disease.

E -c a d h e r in  is a  c a lc iu m  d e p e n d e n t ce ll a d 
h e s io n  re c e p to r  expressed b y  e p ith e lia l c e lls .’ 
I t  is a m e m b e r  o f  th e  c a d h e r in  fa m ily  o f  cell 
a d h e s io n  m o lecu les  w h ic h  is ch a ra c te rise d  b y  
th e  presence  o f  a n  in tra c y to p la s m ic  a n d  a 
tra n s m e m b ra n e  re g io n , a n d  th re e  h o m o lo g o u s  
e x tra c e llu la r  d o m a in s . T h e  N - te r m in u s  is re 
sponsib le  fo r  h o m o ty p ic  ad h e s io n . T h e  C - te r -  
m in u s  is associated w ith  th e  c y to sk e le to n  v ia  
a g ro u p  o f  m o le c u le s  k n o w n  as ca ten ins . E -  
c a d h e rin  is a c ritic a l m o rp h o g e n e tic  re g u la to r  
d u rin g  em b ryog enesis  a n d  re c e n t ev id e n c e

s tro n g ly  suggests th a t  d o w n re g u la tio n  o f  E -  
c a d h e rin  exp ress ion  in  cancers  is associated  
w ith  a h ig h  ra te  o f  in v a s io n  a n d  m eta s ta s is .’ A s  
y e t, n o  ro le  in  in f la m m a t io n  has be e n  re p o rte d .

In  response to  m u c o s a l in f la m m a tio n  several 
fu n c tio n a l a n d  m o rp h o lo g ic a l changes o c c u r in  
th e  in te s tin a l e p ith e liu m . T  ce ll a c tiv a tio n  in  
th e  m u c o s a l m ic ro e n v iro n m e n t causes th e  c ry p t  
e p ith e lia l ce ll p ro life ra t io n  ra te  a n d  v illo u s  a t
ro p h y  to  increase.^ I n  C ro h n ’s disease d is
o rg a n isa tio n  o r  c o m p le te  loss o f  t ig h t  ju n c tio n s  
in  th e  in v o lv e d  ile a l e p ith e liu m  has b e e n  re 
po rted .^  T h is  suggests th a t c o m p e n s a to ry  
changes in  th e  exp ress io n  o f  E -c a d h e r in  m a y  
occur; e ith e r  a decrease  w h ic h  w o u ld  p e rm it  
in creased  m o b ility  o f  cells a n d  the  a b ility  to  
co ver th e  areas o f  e p ith e lia l loss o r an  increase  
w h ic h  w o u ld  in crease  e p ith e lia l s tab ility .

In  th is  s tu d y  w e  us e d  im m u n o h is to c h e m is try  
to  e x a m in e  E -c a d h e r in  express ion  in  h u m a n  
in te s tin a l e p ith e liu m  in  n o rm a l a n d  in f la m e d  
in te s tin e , in  th e  c y to k in e  tre a te d  c o lo n ic  a d 
e n o c a rc in o m a  cell lin e  H T 2 9 ,  a n d  in  a fe ta l g u t  
o rg a n  c u ltu re  m o d e l w h e re  a T  ce ll m e d ia te d  
e n te ro p a th y  can  b e  ge n e ra te d .'’

M ethods
POSTNATAL NORM AL AND INFLAM ED IN TESTIN E 

A ll  tissues used  in  th is  s tu d y  w e re  o b ta in e d  
f ro m  th e  p a ra ff in  w a x  a n d  fro z e n  tissue b an ks  o f  
D e p a r tm e n t  o f  H is to p a th o lo g y , U C L  M e d ic a l  
S c h o o l a n d  D e p a r tm e n t  o f  P a e d ia tr ic  G a s 
tro e n te ro lo g y , M e d ic a l C o lle g e  o f  S t. B a r
th o lo m e w ’s H o s p ita l, L o n d o n . T h e  fo llo w in g  
snap fro z e n  spec im en s w e re  s tu d ied : n o rm a l  
s m all in te s tin e  (n  =  3 ) ,  n o rm a l c o lo n  (n  =  3 ) ,  
s m all in te s tin e  w ith  C ro h n ’s disease (n  =  3 ) ,  
c o lo n  w ith  C ro h n ’s disease (n  =  3 ) ,  a n d  u l
cera tive  co litis  (n  =  3 ) .  T h e  fo llo w in g  p a ra ff in  
w a x  e m b e d d e d  spec im en s w e re  s tu d ied : s m a ll 
in tes tin e  w ith  C r o h n ’s disease (n  =  9 )  a n d  c o lo n  
w ith  C ro h n ’s disease (n  =  4 ) .

FETAL IN TESTIN E AND FETAL GUT 

ORGAN CULTURE

F e ta l in te s tin e  was o b ta in e d  fro m  M e d ic a l R e 
search C o u n c il fe ta l tissue b a n k . E th ic a l c o m 
m itte e  a p p ro v a l w as rec e iv e d  fo r  a ll e xp e rim e n ts  
us in g  fe ta l tissue. F e ta l s m a ll in te s tin a l speci
m en s  ( n = 1 0 ;  g e s ta tio n a l age 1 1 - 2 2  w eeks) 
w e re  e ith e r  snap fro z e n  fo r  im m u n o 
h is to c h e m is try  o r  in  th re e  cases exp lan ts  w e re  
c u ltu re d  as d e s c rib e d  previously .^  In  ex 
p e r im e n ta l cu ltu re s  T  cells w e re  a c tiv a te d  w ith  
p o k e w e e d  m ito g e n ; c o n tro l cu ltu res  c o n ta in e d  
n o  T  cell s tim u lu s . In  th is  m o d e l in  s itu  ac
t iv a t io n  o f  T  cells  c an  cause a ran ge  o f  changes  
in  th e  s m a ll in te s tin a l e xp la n ts , th e  severity  o f  
w h ic h  is d ire c tly  re la te d  to  th e  n u m b e r  o f  T
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F ig iiiv  I  (A )  P a ra ffin  w ax section o f C m h n ’s disease w ith  fissu ring  ulceration, stained w ith  diastase!PAS, titbides o f 
U A C L  are stmngly positive. (B )  Seria l section o f the same area stained w ith  the m onoclonal antibody H E C D -1 .  
R eactiv ity  lu ith  the U A C L  tubules is s ign ifican tly  lueaker than that o f the crypts (iniinunoperoxidase technique; o rig ina l 
m agnifica tion  x 4 0 ) .

cells present in each expiant.*’ In 11-14 week old 
expiants, which contain few T  cells, adaptive 
changes such as crypt hyperplasia and villous 
atrophy are observed. In explants from 16 to 
20 week old fetuses, which are rich in T  cells, 
destructive changes with shedding of epi
thelium are observed. Control and activated 
fetal gut cultures were snap frozen at zero, 
four, eight, 16, 24, 36, 60, and 96 hours after 
initiation of culture. Frozen sections were cut 
and stained as described below.

H T 2 9  CELL LINE

Cells from the H T 2 9  colonic adenocarcinoma 
cell line were cultured on gelatin coated cov
erslips in R P M I 1640 tissue culture medium  
(Imperial Laboratories, Andover, Hampshire, 
U K ), supplemented with 10'%, fetal bovine 
serum (Imperial Laboratories). In some ex
periments cultured cells were treated for 48 
hours with conditioned medium from phy- 
tohaemagglutinin (PHA; Sigma, Poole, Dorset, 
U K ) activated tonsil mononuclear cells as a 
cytokine source. Treated and control cultures 
were then washed, fixed, and stained as de
scribed below.

retrieval technique was used to enhance sensi
tivity in paraffin wax sections.

Results
EXPRESSION OF E-C A D H E R IN  IN POSTNATAL 

NORMAL AND INFLAMED INTESTINE 

In  frozen sections E-cadherm was strongly ex
pressed in normal small intestine and colon. 
There was no obvious change in the level of 
epithelial E-cadherin expression in Crohn’s dis
ease or ulcerative colitis sections.

In  paraffin wax sections E-cadherin was 
strongly expressed in morphologically un
involved areas of small intestine and colon. 
The level of expression in the intestinal crypts 
or surface epithelium in areas showing the 
classic histological changes of Crohn’s disease 
was similar to that in uninvolved mucosa. H ow 
ever, groups of glands adjacent to fissuring 
ulcers, which showed the characteristic mor
phology and diastase/periodic acid Schiff (PAS) 
reactivity of “ulcer associated cell lineage 
(U A C L )”,̂  exhibited considerably lower levels 
of staining for E-cadherin (fig 1).

IM M UNOHISTOCHEM ISTRY 

Frozen and paraffin wax sections and coverslips 
were stained with an E-cadherin antibody 
(H E C D -L  R & D  Systems Europe, Abingdon, 
Oxon, U K ) using an indirect immuno
peroxidase technique. A microwave antigen

EXPRESSION OF E-C A D H E R IN  IN THE FETAL 

INTESTINE AND CHANGES IN THE LEVEL 

OF EXPRESSION IN FETAL GUT ORGAN 

CULTURE AFTER ACTIVATION 

E-cadherin was strongly and uniformly ex
pressed by epithelial cells in fetal gut (gest
ational age 11-22 weeks). In fetal gut organ
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(A )

«

^C ïr>

(B)
F i^nre 2 E -cadherin expKssioti h i the H T 2 9  cell line. (A )  H T 2 9  cell line gnnvn on 
coverslips and  (B )  after treatment toith conditioned n iedinni from  P H A  activa ted tonsil 
m ononuclear cells (in im iinopew xidase technique; o r ig ina l m agnifica tion  x 4 0 ) .

culture E-cadherin expression was slightly re
duced in both control and activated explants 
when compared with uncultured (zero hour) 
fetal gut. There was no obvious change in 
the level of expression between control and 
activated cultures up to 60 hours of incubation. 
By 96 hours, hoWever, where severe damage to 
the explant and loss of epithelium was apparent 
in activated explant cultures, the expression of 
E-cadherin was lower in the remaining epi
thelium compared with control explant epi
thelium.

Discussion
The intestinal epithelium forms a barrier be
tween the antigenic load of the lumen and 
immunocompetent cells o f the lamina propria. 
Disruption of epithelial integrity leads to an 
extensive inflammatory reaction in the lamina 
propria against faecal antigens. An increase 
in epithelial expression of the integrin VLA-1  
(laminin/collagen receptor) in active in
flammatory bowel disease is thought to con
tribute to the maintenance of the epithelial 
barrier during longstanding inflammatory re
sponse.** In  this study, however, we observed 
that E-cadherin expression in the intestinal 
epithelium was consistently high in normal fetal 
intestine and in postnatal intestine whether 
inflamed or not.

Significantly, E-cadherin expression in 
U A C L  was lower than other intestinal epithelial 
cells. Cells of this lineage are observed adjacent 
to ulcers in the gastrointestinal tract, and are 
believed to be important for the regeneration 
of the epithelium. U A C L  has a characteristic 
mucin profile and secretes epidermal growth 
factor, a mitogen for epithelial cells.’ As U A C L  
buds from the bases of existing crypts and 
migrates to the mucosal surface through the 
lamina propria, lower levels of E-cadherin ex
pression would be compatible with reduced 
cohesion and higher mobility.

In the fetal gut organ cultures both control 
and pokeweed mitogen treated explants 
showed similar levels of E-cadherin expression 
up to 60 hours of culture. By 96 hours, however, 
loss of epithelial integrity was apparent in some 
pokeweed mitogen stimulated explants. In the 
explants where epithelium was disrupted E- 
cadherin expression was low in the remaining 
epithelium, possibly reflecting a regenerative 
process similar to that found in U A C L .

Unlike the intact intestinal epithelium, E- 
cadherin expression in the H T 2 9  cell line was 
low. This could be upregulated by conditioned 
medium from P H A  stimulated tonsil cells. 
Hum an recombinant interferon-y did not affect 
E-cadherin expression in this cell line (data not 
shown). Enhanced E-cadherin expression after 
treatment with conditioned medium could be 
an intrinsic property of this cell line, similar to 
the induction of intercellular adhesion mo
lecule-1 expression,^ which can be induced in 
H T 2 9  cells by cytokines, but is seldom seen 
during inflammation in intestinal epithelium in 
vivo.^

In  summary, we have shown that E-cadherin 
is strongly and evenly expressed by epithelium 
in normal and inflamed intestine and suggest 
that this expression is reduced in the epithelium  
adjacent to ulcers to assist regeneration.

INDU CTIO N  OF E -C A D H E R IN  EXPRESSION IN 

H T 2 9  CELL LINE

When cells from the H T 2 9  colonic ad
enocarcinoma cell line were grown on cov
erslips and treated with conditioned medium, 
E-cadherin expression was increased compared 
with control coverslips (fig 2). Although this 
increase was very marked in small groups of 
cells, the overall pattern was patchy, some areas 
having stained stronger than others.
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