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Studies on lymphocyte adhesion to mucosal endothelial cells in 
rheumatoid arthritis.

Aras Kadioglu.
Department of Microbiology & Immunology, University of Leicester

The aetiology of rheumatoid arthritis (RA) remains largely unknown. This 
thesis investigated two questions (1) the likely origin of synovial membrane 
and synovial fluid lymphocytes in patients with RA, and (2) the effects of 
corticosteroid therapy on the adhesion of rheumatoid lymphocytes to 
endothelium.

The migratory patterns of lymphocytes Icnown to be of mucosal and 
peripheral lymph node origin were compared to those of rheumatoid 
lymphocytes from peripheral blood (PB), synovial fluid (SF) and synovial 
membrane (SM). The adhesion of such lymphocytes to mucosal and lymph 
node endothelium was studied and the possible adhesion molecules involved 
were analysed by a series of experiments that included monoclonal antibody 
inhibition studies. Synovial fluid lymphocytes from RA patients exhibited 
adhesion properties more in keeping with lymphocytes of mucosal than of 
lymph node origin. Synovial membrane lymphocytes, by contrast, showed 
poor adherence to mucosal endothelium, suggesting the involvement of 
different adhesion molecules, than those used by SF lymphocytes.

The adhesion of RA PB lymphocytes to mucosal endothelium was inhibited 
by over 50%, 24 hours following intravenous pulse steroid
(methylprednisolone) therapy. To identify whether this effect was due to 
fluctuations in circulating lymphocyte subsets or changes in adhesion 
molecule expression, circulating as well as adherent lymphocyte subsets 
were analysed by flow cytometry and immuno-histochemistry respectively. 
Percentage changes in the CD3 population of circulating lymphocytes and 
the HLA-DR population of adherent lymphocytes were statistically 
significant at P = 0.03 and 0.01 respectively. Levels of circulating VCAM-1 
were also analysed before and after pulse steroid therapy, with no 
significant changes observed.
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A b b r e V i a t  i 0 n s

APAAP Alkaline phosphatase anti-alkaline phosphatase

ARA = American rheumatism association

Ca2+ = Calcium

CLA = Cutaneous leukocyte antigen

Co2+ = Cobalt chloride

CRP = C-reactive protein

CSM = Cell suspension medium

DAB = Diaminobenzidine tetrahydrochloride

DMARDs = Disease modifying anti-rheumatic drugs

DNA = Deoxyribonucleic acid

DSM = Dextran sedimentation mixture

DTT = Dithiothreitol

EC = Endothelial cell

EDTA Ethylene diamine tetra-acetic acid

EOF = Epidermal growth factor

EGTA Ethylene glycol tetra-acetic acid

ELISA Enzyme linked immuno-sorbent assay

ESL-1 E-selectin ligand-1

ESR = Erythrocyte sedimentation rate

FGFR = Fibroblast growth factor receptor

GALT = Gut associated lymphoid tissue

GLP = Gut lamina propria

GlyCAM-1 = Glycosylation dependent cell adhesion molecule-1

HA = Hyaluronic acid

HESS = Hank's balanced salt solution

EEC = High endothelial ceU



HEV = High endothelial venule

HUVEC = Human umbilical vein endothelial cell

IC = Immune-complex

ICAM = Intercellular adhesion molecule

ICM = Iscove’s culture medium

Ig = Immunoglobulin

IL = Interleukin

IFN-y = Interferon-gamma

IV = Intravenous

LAD = Leukocyte adhesion deficiency

LFA = Leukocyte function associated molecule

LFM = Lymphocyte freezing mixture

LN = Lymph node

LNL = Lymph node lymphocytes

LPAM-1 — Lymphocyte Peyer's patch adhesion molecule-1

LPS = Lipopolysaccharide (bacterial)

MAdCAM-1 = Mucosal addressin cell adhesion molecule-1

MALT = Mucosa associated lymphoid tissue

MC = Mononuclear ceU

mg = Milligram

Mg2+ = Magnesium

MHC = Major histocompatibility complex

pl — Microlitre

ml = MiUüitre.

mm = Millimeter

mM = Millimolar

Mn2+ Manganese

MNL = Mesenteric lymph node lymphocytes

MP Methylprednisolone



ng = Nanogram

Ni2+ = Nickel chloride

NSAIDs Non-steroidal anti-inflammatory drugs

PAF = Platelet activating factor

PB = Peripheral blood

PBS = Phosphate buffered saline

PECAM-1 = Platelet endothelial ceU adhesion molecule

PP Peyer's patch

PPL = Peyer's patch lymphocytes

PS = Pulse steroid

PSGL-1 = P-selectin glycoprotein-1

RA = Rheumatoid arthritis

ReA = Reactive arthritis

RF = Rheumatoid factor

RNA = Ribonucleic acid

SCR = Short consensus repeats

SF = Synovial fluid

SM = Synovial membrane

TCR = T cell receptor

TGF-p = Transforming growth factor-beta

TNF-a = Tumour necrosis factor-alpha

VAP-1 = Vascular adhesion protein-1

VCAM-1 = Vascular cell adhesion molecule-1

VLA = Very late antigen



STU D IES ON M O N O N U C LEA R  CELL AD HESIO N  TO M U C O SA L 
ENDOTHELIAL CELLS IN RHEUMATOID ARTHRITIS.

Aras Kadioglu
D epartm ent o f M icrobiology & Immunology, University of Leicester.

The aim of the first part of the thesis v/as to develop and validate an in vitro adherence 
assay involving porcine mononuclear cells (MCs) and porcine endothelium, present 
within gut and lymph node. Factors involved in MC / endothelium interactions were 
determined. In summary we found that cell adhesion in our assay system was 
temperature, Ca^+ and Mn^+ sensitive, required metabolic activity, was inhibited by the 
phosphorylated monosaccharide galactose 6-phosphate, and unaffected by the presence 
of mucus. These findings reflected certain aspects of in vivo cell adhesion, present 
within the in vitro assay used. The adhesion characteristics of porcine Peyer’s patch 
(PP), peripheral blood (PB), and lymph node (LN) MCs to porcine gut and lymph node 
endothelium was examined and used as an guiding model for the future study of human 
MCs adherence. It was found that PP MCs adhered significantly better to gut 
endothelium than to LN endothelium and similarly LN MCs adhered si^ificantly better 
to LN endothelium than to gut endothelium. PP MCs exhibited significantly greater 
levels of adherence to gut endothehum as compared to PB and LN MCs.

The second part of the thesis was to apply the assay in order to study the adherence of 
MCs from patients with rheumatoid arthritis (RA) and to compare results with those 
obtained from porcine MCs. In summary we found that RA synovial fluid (SF) MCs 
exhibited adherence characteristics in keeping with those of PP MCs, with the adherence 
of RA SF MCs to gut endothelium significantly greater than to lymph node, and also 
significantly greater than RA synovial membrane (SM), PB and control PB MCs 
adherence to gut endothelium. This pattern of adhesion was maintained when adherence 
to human gut endothelium was also examined. The possible adhesion molecules 
involved were also studied by inhibition experiments using various monoclonal 
antibodies.

The third part of the thesis, studied the in vitro effects of corticosteroid 
(methylprednisolone) treatment on cell adhesion, using porcine MCs. We then 
proceeded to study the effects of in vivo methylprednisolone (MP), given intravenously 
to RA patients. The effects on ex-vivo adherence to porcine gut endothelium showed on 
average a 58% inhibition of adherence of PB MCs, 24 hours following MP therapy. 
The question of whether this was a quantitative or qualitative effect was addressed by the 
immunophenotyping of circulating and adherent PB MC subsets. We observed no 
significant effect on the majority of circulating PB MC subset populations, except for 
the CD34-, CD44- and CD45RA4- subsets, no significant effect on adherent subsets 
except for the HLA-DR+ subset was observed and additionally no significant effect 
upon the circulating levels of soluble VCAM-1 was observed.

In conclusion, this thesis has shown a reliable and reproducible in vitro cell adhesion 
assay, RA SF MCs which share adhesion characteristics with porcine PP MCs and 
differ from porcine LN and RA SM MCs. In vivo corticosteroid treatment in RA 
patients which significantly reduces adhesion and strengthens the lilcely relevance of the 
assay in understanding adhesion properties and lilcely origin of MCs involved in the 
rheumatoid process.
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CHAPTER 1



1.1 Lymphocyte recirculation

The most important feature of the immune system, is its ability to 

protect the host against pathogenic micro-organisms. Lymphocytes play a 

major role in such a defence system. It is these cells of the immune 

response that specifically recognise and respond to foreign antigen (Abbas 

et al., 1994). To achieve this role, lymphocytes need to continuously 

travel into and out of the organs of the body, by means of the 

bloodstream and lymphatic system (Ager 1994). The cornerstone of this 

process are the organised secondary lymphoid organs; lymph nodes, 

Peyer's patches and spleen (Imhof & Dunon 1995). They are of vital 

importance, because it is these organs that drain the sites of antigen entry, 

and subsequently produce "samples" of such collected antigens to 

lymphocytes. Therefore it is at these sites, that lymphocytes for the first 

time since their production, development and differentiation in the 

primary lymphoid organs (bone marrow and thymus), encounter the 

molecules which their antigen receptors can recognise (Gray 1992). It is 

crucial therefore, for lymphocytes to migrate continuously in and out of 

these secondary lymphoid organs, and maximise the probability of an 

immune interaction (Yednock & Rosen 1989). This highly complex, yet 

elegantly developed scenario is called lymphocyte recirculation.

1.2 Historical background

The continuous recirculation of lymphocytes from blood to 

lymphoid organs and back to blood again, was first shown by the 

pioneering work of Gowans and his colleagues (Gowans 1957, 1959, 

Go wans & Knight 1964). It was shown that when tritium labelled small



lymphocytes obtained from the thoracic duct of the rat were transfused 

intravenously into other rats of the same inbred strain, the labelled small 

lymphocytes rapidly migrated to the spleen, Peyer's patches and 

peripheral lymph nodes, and that a large proportion of these labelled cells 

could be recovered from the thoracic duct within a 5-day period (Gowans 

& Knight 1964). These findings taken together with earlier work 

(Gowans 1957, 1959) showed that transfused small lymphocytes 

recirculate in large numbers from blood to lymphoid tissues to blood 

again. In contrast to this, tritium labelled large lymphocytes from 

thoracic duct lymph localised primarily in the lymphoid tissue of the gut 

following transfusion into the blood, with few being found in the spleen 

and virtually none in peripheral lymph nodes, which led to the suggestion 

that this selective migration may be due to the fact that most large 

lymphocytes in the thoracic duct where derived from intestinal lymphoid 

tissue, where they may have been "sensitised" by antigenic material 

originating in the gut (Gowans & Knight 1964). These studies not only 

provided the experimental basis for lymphocyte recirculation, but more 

importantly established that certain lymphocytes migrated in an organ 

specific fashion. This paved the way for numerous other investigators to 

reveal a migratory system of remarkable specificity.

Initially two organ specific lymphocyte migration pathways were 

demonstrated, one to mucosal lymphoid organs and the other to 

peripheral (subcutaneous) lymph nodes (GrisceUi et al., 1969). It was 

found that tritiated thymidine labelled large lymphocytes obtained from 

lymph nodes of rats exhibited migration to lymphoid tissue after 

intravenous injection into the thoracic duct of sysgeneic recipients 

(GrisceUi et al., 1969). In addition to finding that large lymphocytes 

possessed the same capability of recirculation as smaU lymphocytes did, it



was also discovered that they showed different patterns of migration, 

depending upon the source of the donor cells, such that cells from the 

peripheral nodes localised preferentially in the peripheral lymph nodes 

and mesenteric lymph node cells accumulated preferentially in lymphoid 

tissue within the gut, whereas small lymphocytes did not display a simüiar 

tendency to accumulate selectively in lymphoid tissues of certain regions 

(GrisceUi et al., 1969).

Subsequent work substantiated and further developed these earlier 

findings. Amongst these was the observation that tritiated thymidine 

labeUed large lymphocytes (by this time being caUed lymphoblasts) from 

the mesenteric lymph node and thoracic duct of mice and rats, when 

transferred into same species animals bearing a graft of fetal intestine 

(placed under the kidney capsule and devoid of exposure to antigenic 

stimulus provided by intestinal bacteria or food) migrated into the graft's 

mucosa in the same manner as observed within the hosts own gut. This led 

to the suggestion that such selective migration was not antigen driven but 

could instead be due to the existence of membrane receptors which could 

mediate gut selective migration (Guy-Grand et al., 1974). Simüiar 

patterns of organ selectivity to those demonstrated in mice and rats, were 

also demonstrated in sheep using unfractionated ceUs (ScoUay et al., 1976) 

and purified T cells (Cahill et al., 1977), where lymphocytes from 

intestinal and peripheral lymph recirculate through the gut and the 

peripheral nodes, respectively. The study of the migration patterns of 

tritiated thymidine labelled donor mesenteric lymph node B cell 

immunoblasts and their subsequent accumulation within recipient gut, 

cervix and vagina, uterus, mammary glands and mesenteric lymph nodes 

over a 24 hour period, in contrast to the small numbers of labelled 

peripheral lymph node donor B ceU immunoblasts found in these tissues



led to the suggestion of a common mucosal immunological system in mice 

(McDermott & Bienenstock 1979). The overall consensus to emerge from 

these studies, was that small lymphocyte recirculation took place in a 

general, random pattern to secondary lymphoid organs and that the 

migration of large lymphocytes took place in an organ specific manner 

dependent upon the lymphoid tissue origin of the cells involved. It was 

further suggested that this preferential migration was in some manner 

mediated by specific surface receptors on lymphocytes and their counter­

receptors on tissue. This process of migration was termed "lymphocyte 

homing". The details of which was to emerge in the following years.

As more was understood of lymphocyte migratory pathways, the 

more important became the role of high endothelial venules (HEV). Since 

their discovery by Thome in 1898 (Schoefl 1972), these specialised 

vessels have been described in all secondary lymphoid organs including 

lymph nodes, Peyer's patches, tonsils, adenoids, appendix and within 

lymphoid aggregates associated with the mucosal surfaces of the 

respiratory, gastrointestinal and urogenital tracts (Yednock & Rosen 

1989, Girard & Springer 1995). It was initially demonstrated by electron 

microscopy in the rat that lymphocytes selectively migrated from blood 

circulation into lymph nodes through these high endothelial venules 

(Marchesi & Gowans 1964, Howard et al., 1972). Initial studies focused 

on morphology and histology, and the interaction of lymphocytes with 

HEV were further examined by scanning and transmission electron 

microscopy (Schoefl 1972, Van Ewijk et al., 1975, Anderson & Anderson 

1976). Such studies revealed how lymphocytes interacted with endothelial 

cells through numerous microvilli, foiming initial contacts and 

subsequent close contact and adherence. The prevailing notion was that 

somehow, certain structures on the surface of endothelial cells and on



lymphocytes assisted and augmented this contact, though receptors or 

ligands had not, as yet, been demonstrated.

An advancement in the understanding of such interactive adhesive 

contacts, and their role in lymphocyte homing, was achieved due to a 

newly developed in vitro adherence assay (Stamper & Woodruff 1976). 

Basically, the selective adherence of thoracic duct lymphocytes to the 

endothelium of HEV when overlaid onto glutaraldehyde fixed frozen 

sections of lymph nodes was demonstrated, with the numbers of adherent 

lymphocytes being proportional to the endothelial area. Adherence was 

selective in the fact that lymphocytes did not adhere to any other vascular 

structure in the node and that there was little adherence to other cells in 

the sections. All of which led to the suggestion that thoracic duct 

lymphocytes had surface membrane structures specific for lymph node 

HEV recognition (Stamper & Woodmff 1976). It was also indicated that 

HEV-adherent lymphocytes were capable of dissociation under 

physiological conditions, which supported prevalent suggestions that 

lymphocytes migrated through lymphoid tissues by binding to HEV with 

subsequent transmigration into the parenchyma (Anderson & Anderson 

1976). Data which indicated that lymphocyte adherence is an energy 

dependent, calcium requiring event that involves membrane receptors 

which are sensitive to trypsin treatment also emerged from experiments 

using this new adherence assay (Woodruff et al., 1977). By means of this 

assay it was now possible to answer some of the questions asked with 

regards to lymphocyte-HEV interactions, to quantify lymphocytes layered 

over cryostat cut sections of lymphoid tissue, and also to quantify the 

"selective" adherence of these lymphocytes to HEV. It was the 

development of this in vitro adherence assay that allowed researchers to



substantiate their theories on organ specific lymphocyte homing, and the 

roles that complementary ligands were to play.

1.3 Development of lymphocyte homing

Studies carried out by means of using the in vitro adherence assay, 

demonstrated the existence of organ specific migratory pathways, based 

on the role that adhesive receptors played, on endothelial cells and 

lymphocyte cell surfaces. Based on such experiments, a model was 

proposed, in which two different receptor sets existed, one specific for 

Peyer's patch (mucosal lymphoid tissue) and the other for peripheral 

lymph nodes (Butcher et al., 1979, 1980). It was suggested that HEV in 

mouse Peyer's patches and peripheral lymph nodes present different, 

distinctive surface receptors for lymphocytes, and that lymphocytes could 

express surface receptors specific for these organ-restricted endothelial 

cell determinants, hence selectively directing their traffic through these 

organs (Butcher et al., 1980). This was done primarily by studing the 

adherence of peripheral lymph node lymphocytes (PEN), mesenteric 

lymph node lymphocytes (MNL) and Peyer's patch lymphocytes (PPL) 

adherence to Peyer's patch and peripheral lymph node HEV and also by 

the relative localisation of 51Chromium labelled PLN, MNL, PPL in 

several HEV bearing organs 30 minutes after intravenous injection 

(Butcher et al., 1980). A close resemblance was observed between in vitro 

adherence characteristics and in vivo localisation of aforementioned 

lymphocyte populations, with HEV in Peyer's patches demonstrating a 

selective affinity for PPL, HEV in peripheral lymph nodes selectively 

binding PLN and mesenteric lymph node HEV appearing to demonstrate 

an almost equal affinity for both PPL and PLN (Butcher et al., 1980).



This work was central to further advance the understanding of 

lymphocyte homing insofar as the proposal that lymphocyte surface 

receptors specific for organ restricted endothelial cell determinants 

mediated the antigen independent organ specificity of lymphocyte 

migration (Butcher et al., 1980).

This model was confirmed by further studies and the development 

of specific monoclonal antibodies, which inhibited the adherence of 

lymphocytes to HEV m selected organs. Of these the development of the 

monoclonal antibody Mel-14 which reacted with the cell surface of mouse 

lymphoma cell lines that adhered selectively to peripheral lymph node 

HEV (Gallatin et al., 1983) and the development of the monoclonal 

antibody Meca-367 which recognised HEV within gut associated mouse 

lymphoid tissues (Streeter et al., 1988) was of great value. Mel-14 was 

demonstrated to inhibit peripheral lymph node lymphocyte adherence to 

peripheral lymph nodes, but not to Peyer's patch HEV in vitro and 

furthermore treatment of lymphocytes with MEL-14 prior to intravenous 

infusion inhibited their localisation within peripheral lymph nodes but not 

within Peyer's patches (Gallatin et al., 1983). In contrast, MECA-367 

stained all HEV m Peyer's patches, but fail to stain HEV within peripheral 

lymph nodes and likewise in vitro and in vivo work demonstrated 

inhibition of localisation and inhibition of adherence of lymphocytes to 

Peyer's patch HEV, but not to peripheral lymph node HEV (Streeter et

aL, 198&X

By this time, the receptors present on lymphocyte cell surfaces 

were being called "homing receptors" and their complementary ligands 

(previously called determinants) on endothelial cell surface, "vascular 

addressins". At present today, an overwhelming abundance of these



adhesion molecules have been studied, finally leading to a coherent model 

of lymphocyte homing, in an multistaged adhesion cascade. The important 

features of this process wiU be examined in section 1.7.5.

1.4 Lymphocyte activation and the recirculation of naive and 

memory cells»

In common with secondary lymphoid organs, Peyer's patches are 

sites of lymphocyte extravasation, and subsequent activation (more detail 

of Peyer's patches in section 1.5). Initially, B and T lymphocytes which 

have differentiated in the bone marrow and thymus respectively, migrate 

to the Peyer's patches and other secondary lymphoid organs, as mature, 

but non the less naive lymphocytes, since they have not yet encountered 

antigen to which their antigen receptors can respond to. During their 

extravasation from blood into the Peyer's patches (through HEV) if they 

fail to be presented with antigen which can be recognised, they remain as 

naive lymphocytes and return back to the blood stream through the 

efferent lymphatics and subsequently the thoracic duct. Hence naive 

lymphocytes travel continuously from the blood lymphocyte pool, into 

different secondary lymphoid organs, out through the lymphatics and 

back again to the blood lymphocyte pool, until they respond to their 

specific antigen, or until they die. The migration of naive lymphocytes to 

lymphoid organs is not organ specific, rather, it is an non-specific 

recirculation of lymphocytes, with equal migration patterns to peripheral 

lymph nodes, spleen and Peyer's patches (Hamann & Rebstock 1993). To 

participate in an immune response these naive cells must be induced to 

proliferate and differentiate into cells capable of contributing to the
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removal of antigen. Such a capability is achieved by the presentation of 

specific antigen and subsequent activation.

Lymphocytes which are presented with antigen within the 

secondary lymphoid organs, and respond to it, transform into 

lymphoblasts. These cells are the progeny of lymphocytes that have been 

activated by antigen, and are dividing cells larger than naive lymphocytes 

in size and which can be distinguished from such cells by labelling with 

thymidine analogues. These large cells eventually divide and differentiate 

into "effector" .cells which eliminate antigen from the body. B 
lymphoblasts generate immunoglobulin secreting plasma cells and T 

lymphoblasts generate cytotoxic lymphocytes (CDS) and cytokine 

secreting lymphocytes (CD4). Effector T cells can be placed into three 

functional classes that detect processed antigens presented as peptide 

fragments on the cell membrane surface of antigen presenting cells 

(APCs) such as macrophages, dendritic cells and B cells. This antigen 

presentation is done in association with specialised cell surface 

glycoproteins, which are encoded in a cluster of genes called the Major 

Histocompatibility Complex (MHC). Two different classes of these 

molecules are required for antigen presentation and subsequent 

lymphocyte activation; the MHC class-I and MHC class-II. Antigens 

derived from pathogens that multiply within the cell (viruses for 

example) are carried to the cell surface by MHC class-I molecules. 
Briefly, antigenic material processed into peptides in the cytoplasm by 

large protease complexes called proteasomes, are transported to the lumen 

of the endoplasmic reticulum where pre-assembled MHC class-I molecules 

bind to it and form a peptide : MHC complex which is then exported out 

of the endoplasmic reticulum through the Golgi complex to the cell 

surface and presented to CDS cytotoxic T lymphocytes that kiU the
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infected cell (Janeway & Travers 1996). Antigens derived from pathogens 

multiplying in intracellular vesicles, and those derived from ingested 

extracellular bacteria and toxins, are not accessible to proteasomes, 

instead antigenic proteins are degraded by vesicular proteases into 

peptides and these peptide containing vesicles fuse with other vesicles 

containing newly synthesized MHC class-II molecules, which bind the 

peptide fragments of the pathogens and deliver them to the cell surface 

where they are recognised by CD4 T cells. These cells in turn, can 

further differentiate into two types of effector T cell; the inflammatory T 

lymphocytes (Tgl) which activate infected macrophages to destroy 

intracellular pathogens, and the helper T lymphocytes (Tyl) which 

activate specific B cells to produce antibody (Janeway & Travers 1996).

It is these T^ cells which orchestrate the immune response, by 

promoting intracellular Idlling by macrophages, antibody production by 

B lymphocytes and clonal expansion of cytotoxic T lymphocytes (Fearon 
& Locksley 1996). Tjjl lymphocytes secrete cytokines such as Tumour 

Necrosis Factor-a (TNF-cc) Interferon-y (IFN-y) and lymphotoxm, which 

induces nitric oxide synthase in macrophages (to promote the killing of 

intracellular pathogens), and IFN-y causes B lymphocytes to switch their 

immunoglobulin isotype to IgGl (in humans) which promotes 

phagocytosis by activating the classical pathway of complement and 
binding to receptors on macrophages (Fearon & Locksley 1996). T^2 

lymphocytes on the other hand secrete cytokines such as IL-4, ÏL-5, IL-6, 

IL-10 and IL-13 which in combination mediate the growth and activation 

of mast cells, eosinophils, cause B lymphocyte immunoglobulin switching 

to IgE and IgG4 (in humans) and inhibit macrophage activation (Fearon 

& Locksley 1996). Clearly this last function described has important 

immune regulatory implications in countering the tissue damaging effects
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of Tgl lymphocytes, since by virtue of their ability to phagocytose and 

present antigen, macrophages may also bias the development of T^l 

lymphocytes. Additionally, cytokines such as IL-12 and TNF-cc, secreted 

by activated macrophages leads to the differentiation of naive T cells to 
the Tgl phenotype, which in turn secretes IFN-y which augments IL-12 

secretion, hence IL-12 and IFN-y make up a positive feedback system that 

amplifies the levels of IFN-y for macrophage activation and IL-12 for the 
proliferation of Tgl lymphocytes (Fearon & Locksley 1996).

Other than the effector cells described above, lymphoblasts can also 

differentiate into "memory" lymphocytes which upon re-exposure to 

antigen can rapidly proliferate and differentiate back into effector cells. 

This rapid response is vital in controlling the extent of infection and 

preventing further disease. Memory lymphocytes are morphologically 

mdistmguishable from naive lymphocytes (and hence are smaller in size 

than lymphoblasts) except for a few cell surface markers, one such 

distinguishing molecule being the CD45 cell surface protein. Naive T cells 

that have not been exposed to their specific antigens express a 200kD 

isoform of this protein that contains a segment encoded by an exon 

designated "A". This CD45 isoform can be recognised by antibodies 

specific for the A encoded segment, and is therefore called CD45RA (RA 

standing for "restricted A"), CD45RA does not associate with either the T 

cell receptor or co-receptors. In contrast most activated and memory T 

cells express a ISOldD isoform of CD45 in which the A exon has been 

spliced out, this isoform is thus called CD45RO (Abbas et al., 1994). 

CD45RO is known to associate with both the T cell receptor and the co- 

receptor, enabling this isofoim to transduce signals more effectively than 

the receptor on naive cells (Janeway & Travers 1996). Cell surface 

markers which distinguish between memory T lymphocytes from naive T
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lymphocytes are not useful in differentiating between memory and 

effector cells (since both express the CD45RO marker), hence size and 

functional differences have been generally used instead for identification.

Not much is known about the precise conditions and signals that 

lead to the development of memory versus effector cells. It has been 

suggested that large amounts of antigen plus the presence of inflammatory 

signals and cytokines may favour the development and differentiation of 

effector T cells, whereas the presence of antigen in the absence of such 

cytokines or signals may result in the generation of memory T 

lymphocytes (Ahmed & Gray 1996). The convention at present is to 

suggest that memory lymphocytes are derived directly from effector 

cells. Another view is that the balance between memory and effector cells 

is governed by the level of antigenic stimulation (Ahmed & Gray 1996). 

Indeed there has been substantial debate regarding the role of specific 

antigen in maintaining T cell memory. The two current theories would 

put forward the view that memory is due to long lived memory 

lymphocytes that do not require contact with specific antigen for their 

survival, while the other view would suggest that long term memory is 

dependent upon the continous stimulation of T cells by persisting antigens 

(such as a low grade infection) (Ahmed & Gray 1996). It is possible that 

memory lymphocytes are long lived but need antigen stimulation to 

maintain a state of readiness, or that they cycle because of a unspecific 

stimulus rather than specific antigenic stimulation. The patterns of 

memory/effector cell recirculation is better laiown however, and they are 

substantially different from naive lymphocyte recirculation.

In general, naive lymphocytes recirculate through secondary 

lymphoid tissues (lymph nodes, Peyer's patches, spleen) in a random
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maimer, that is, they show no preference in their migration to these 

lymphoid organs’(Butcher & Picker 1996). Their migratory properties 

appear to be determined ontogenically as a function of their class, and 

they probably traffic continously between the different secondary 

lymphoid organs using lymph and blood circulation systems untill they 

die, or they respond to their specific antigen which is accumulated and 

presented in these lymphoid organs (Imhof & Dunon 1995). Upon 

activation however, (from the naive to the effector ceU and memory 

lymphocyte stage) these recirculation patterns change substantially (see 

diagram-1 for both naive and organ specific lymphocyte circulation). The 

main difference is that memory/effector cells preferentially return to the 

site of their activation, rather than randomly recirculate throughout the 

secondary lymphoid organs.

Most memory and effector cells may indeed traffic through 

lymphoid organs as well, but unlike naive lymphocytes, they can also 

recirculate through non-lymphoid immune sites such as the gut lamina 

propria, pulmonary interstitium, inflamed skin and joints (Butcher & 

Picker 1996). For example, naive lymphocytes activated in the Peyer's 

patches, will drain into the mesenteric lymph node, where they will 

undergo further differentiation and development, drain via the efferent 

lymphatics and thoracic duct back to blood and finally, home selectively 

to non-lymphoid peripheral tissues (such as the gut lamina propria) 

before returning back to the Peyer's patch, by means of the afferent 

lymphatics. This pattern of homing targets memory lymphocytes and 

effector cells to sites where they are most likely to encounter (or re­

encounter) their specific antigen. Therefore this organ specific homing 

pattern, enables lymphocytes to seek out and eliminate the specific antigen 

to which they are activated against, throughout the lymphoid tissue and
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the associated peripheral non-lymphoid tissues concerned. Such changes in 

recirculation require changes in the expression of homing receptors, 

which are brought about by antigen induced activation. Homing receptor 

regulation during memory/effector T cell differentiation is analogous to 
that of T helper type T^l versus Tg[2 lymphocyte differentiation, with 

immunoregulatory cytokines, nature of antigen and costimulatory signals 

all participating in the process of regulation (Butcher & Picker 1996). 

Adhesion molecules in general, and the ones involved in naive and 

memory lymphocyte homing, will be discussed in detail between sections 

1.6  -  1 . 8 .

loS The Gut Associated Lymphoid Tissue (GALT).

It is now generally acknowledged, that three separate lymphocyte 

homing pathways exist; peripheral lymph node homing, skin homing and 

homing to mucosa associated tissues (Imhof & Dunon 1995). The gut 

associated lymphoid tissue (GALT) is part of the larger mucosa associated 

lymphoid tissue (MALT), which consists of respiratory, intestinal and 

genital tissues (McDermott & Bienenstock 1979). The GALT itself, which 

includes the tonsils, adenoids and appendix also consists of aggregated 

lymphoid follicles called Peyer's patches, the surrounding lamina propria 

tissue and the overlying intra-epithelial areas within the small intestine 

(see diagram-2) (Targan 1992). The GALT contains several lymphoid 

populations that can be distinguished on the basis of anatomic and 

morphological considerations. Lymphocytes and plasma cells populate the 

loose connective tissue of the lamina propria, and lymphocytes are present 

between intestinal epithelial cells lining the intestinal villus (i.e., 

intraepithélial lymphocytes). Collections of organised lymphoid nodules
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(i.e., Peyer's patches) as well as scattered solitary lymphoid follicles also 

line the intestinal tract (Kagnoff 1981).

The intestinal lamina propria contains B lymphocytes, plasma cells 

(with the majority of antibody production being of the IgA class, with 

approximately 20% of the IgM class), T lymphocytes (mainly of the CD4 

population), macrophages, eosinophils, and mast cells interspersed in the 

vascular and lymphatic rich connective tissue of the villi and surrounding 

areas (Kagnoff 1981). Intraepithélial lymphocytes (BELs) are most often 

situated between the intestinal columnar epithelial cells lining the vülous 

surface of the small intestine. They are present near the basement 

membrane in the basal part of the epithelium. Intraepithélial lymphocytes 

consist of nearly 90% CD8 phenotype T lymphocytes, in contrast to the 

lamina propria with its majority of the CD4 phenotype (Brandtzaeg 

1996). The focal point of the GALT however, is the organised lymphoid 

stractures, found in the wall of the gut tissue; the Peyer's patches. They 

are specialised secondary lymphoid organs in which draining and 

sampling of antigens from the gut lumen occurs with subsequent 

presentation to lymphocytes. They were first discovered in 1677 by the 

Swiss physician Johann Conrad Peyer (Griebel & Hein 1996).

Peyer's patches contain several distinct regions, such as the 

follicles, domes and thymus dependent areas between the follicles, with a 

compartmentalisation of T and B lymphocytes. The follicles contain 

germinal centres consisting largely of B lymphocytes. Cells in the deeper 

and lateral aspects of the follicle are actively dividing. T lymphocytes are 

found in the inter-follicular areas between follicles, as well as the dome 

region overlying the follicles (Kagnoff 1981). The epithelium overlying 

Peyer's patches (also refered to as follicle associated epithelium) differs
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from surrounding villous surface in that it contains specialised 

membranous cells (M cells). These cells are different from adjacent cells, 

in that they lack fully developed microvilli, have luminal surfaces 

consisting of many small folds and have the ability to take up and 

transport material from the gut lumen to the sub-epithelial tissue by 

means of their endocytic domains (Kagnoff 1981, Neutra et al., 1996). M 

cells are believed to play a key role in the induction of immune responses 

in Peyer's patches, since they appear to be capable of transporting 

macromolecules, particles and microorganisms, which are unable to 

penetrate mature intestinal absorptive cells from the intestinal lumen to 

underlying lymphoid follicles. The M cell surface molecules that serve as 

receptors for this process have not been identified as yet however. M cells 

are not thought to express MHC molecules on their surface, hence even 

though they are responsible for the uptake and the transport of antigens, 

they are not thought to be involved m processing and presentation even 

though MHC class-II antigens have been documented in some 

subpopulations of M cells in the rat (AUan et al., 1993, Veys et al., 1996).

Instead M cells are in close contact with dendritic and B cells, both 

of which will communicate via MHC expression with the germinal centres 

of Peyer's patches containing activated B cells and antigen presenting 

cells. This contact is thought to be achieved by means of basal processes 

that extend 1 0 |xm or more into the underlying tissue, where they are 

thought to make direct contact with dendritic cells (Neutra et al., 1996). 

Adjacent to the germinal centres are the intrafoUicular areas which 

contain predominantly CD4+ T lymphocytes. Therefore, antigens are 

presented to these T cells by macrophages and other antigen presenting 

cells (mcluding B cells), leading to activation, resulting in the generation 

of memory lymphocytes by retaining and presenting antigen on follicular
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dendritic cells under the influence of CD4-i- T cells (Brandtzaeg 1996). 

Intestinal B cells differentiate in the lamina propria under the influence of 

macrophages, antigen presenting cells and CD4-i- T cells into plasma cells, 

which mainly produce joining chain containing polymeric IgA that is 

transported to the gut lumen by epithelial transmembrane secretory 

component to become secretory IgA (Brandtzaeg 1996). Antigen uptalce 

also occurs through the enterocytes at the secretory sites of the gut (villi). 

These enterocytes are in close contact with the intraepithehal lymphocytes 

which they interact with, possibly initiating cytotoxic and suppressor 

activity (Veys et al., 1996).

It is possible to define two broad groups in terms of the amount of 

Peyer's patch (PP) tissue found in different segments of the small 

intestine. The first group consists of pigs, dogs, horses, ruminants and 

humans, where PP tissue is unequally distributed along the small intestine, 

with more occuring in the ileum than in the jejunum. In these animals 

ileal PPs occur as a single continuous aggregation of lymphoid follicles 

and jejunal PPs as multiple, discrete accumulations of lymphoid follicles 

(Griebel & Hein 1996). In the second group of animals which include 

rabbits, rodents and chickens, PPs are found more or less at random 

intervals throughout the ileum and jejunum (Griebel & Hein 1996). The 

development of PPs are distinct as well, in these, two different groups of 

animals. In the first group PPs develop in the ileum and jejunum 

prenatally, with ileal PPs reaching maturity early in life and then 

commencing involution, with the jejunal PPs persisting throughout the 

life span of the animal. In the second group of animals PPs develop 2-4 

weeks postnatally, with jejunal PPs again remaining throughout the 

animals life span (Griebel & Hein 1996). These differing developmental 

features also present differing immunological features. It has been
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demonstrated in sheep (less than five months of age) that ileal PP follicles 

contain a majority of B cells (of which 95% express surface IgM), with 

less than 1% T cells, and 2-3% macrophages in contrast to jejunal PP 

follicles which consist of fewer surface IgM-i- B cells, more plasma cells 

(IgM, IgA and IgGl) and up to 15% T cells of which the majority are 

CD4-f (Griebel & Ferrari 1995). Additionally it has been demonstrated 

that labelled sheep thoracic duct lymphocytes that are transfused back into 

blood circulation exhibit low levels of localisation to ileal PP tissue in 

contrast to jejunal PP tissue, leading to suggestions that ileal PPs do not 

have a prominent role in lymphocyte recirculation (Reynolds 1988).

1.6 Endothelium and its role in cell migration

The endothelium consists of a single layer of tightly connected cells 

forming a boundary between the vascular lumen and the underlying 

tissues. Endothelial cells are polarised, consisting of a luminal membrane 

in contact with the blood and an abluminal membrane adherent to the 

subendothelial matrix (Defüippi et al., 1993). These two membranes are 

functionally distinct, with the non-adhesive luminal membrane allowing 

the free flow of blood cells and the abluminal membrane being firmly 

adherent to the basal lamina, providing anchorage to the subendothelium 

(Defilippi et al., 1993). Endothelium is an active tissue which mediates the 

traffic of cells and metabolites across the vessel wall, and is involved in 

inflammatory and immune responses. In contrast to endothelial cells from 

other vessels, the high endothelial cells of HE Vs (which are found in aU 

secondary lymphoid organs, with the exception of spleen) exhibit a 

number of distinguishing characteristics, such as different morphology, 

the expression of specialised ligands for the adherence of lymphocytes and
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the ability to support high levels of lymphocyte extravasation (Girard & 

Springer 1995). The endothelial cells of HE Vs have a plump, cuboidal 

shape to them, with the luminal side presenting a "cobblestone-like" 

appearence composed of dome shaped endothelial cells separated by deep 

intercellular clefts (Freemont & Jones 1983, Yednock & Rosen 1989). 

UltrastructuraUy, high endothelial cells of HEVs have the characteristics 

of metabolicahy active, secretory type cells, exhibiting a prominent Golgi 

complex, abundant mitochondria, many ribosomes (frequently in 

polyribosome clusters), rough endoplasmic reticulum and a large rounded 

nucleus with one to two nucleoli (Yednock & Rosen 1989, Girard & 

Springer 1995). Endothelial cells from other vessels which do not exhibit 

this "high endothelial cell" morphology (and are therefore sometimes 

refered to as "flat endothelial cells") also do not exhibit the biosynthetic 

activity observed in the high endothelial cells of HEVs. Another feature 

of HEVs, is the existence of discontinuous junctions between the high 

endothelial cells. These junctions differ from the tight junctions found in 

capillary and arterial endothelium, and are thought to facilitate the 

passage of lymphocytes between adjacent high endothelial cells, allowing 

lymphocyte transmigration in HEVs (Girard & Springer 1995).

Unfortunately, only a small number of HEV-specific monoclonal 

antibodies have been described to date, although a much wider range of 

monoclonal antibodies exist, directed against specific adhesion molecules 

present on lymphocyte cell surfaces. Two of the HEV-specific 

monoclonals have been described m the mouse; Meca-325 which is laiown 

to define an antigen that can be induced in non-lymphoid endothelial cells 

by IFN-y (Girard & Springer 1995) and has also been reported to react 

with high endothelial cells in mouse peripheral lymph node and Peyer's 

patches (Duijvestijn et al., 1987) and Meca-367 which recognises the
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mucosal addressin MAdCAM-1 (which is a counter-receptor for the gut 

homing receptor a4|37) and is expressed m mucosal HEV and in venules 

of intestinal lamina propria (Andrew et ah, 1994). Other monoclonals 

include Meca-79 which stains all HEVs within lymphoid tissues and 

HECA-452, which is known to recognise a carbohydrate epitope related 

to the sialyl-Lewis X and sialyl-Lewis A oligisaccharides, in addition to 

reacting with high endothelial cells. While the Meca monoclonal 

antibodies were initially produced against mouse HEVs, these antibodies 

have also been demonstrated to show reactivity against rat, sheep, pig and 

human HEV (the question of cross species reactivity shall be discussed in 

detail within the relative section of the discussion chapter).

Differences in endothelial structure have an important role to play 

in the recirculation of naive and memory/effector lymphocytes. Naive 

lymphocytes enter secondary lymphoid organs through HEV, whereas 

activated lymphocytes showing organ specific migration, home to and 

enter non-lymphoid tissues via non-cuboidal (flat) vascular endothelium, 

as shown in the mouse by short term in vivo migration experiments (in 

combination with immunocytochemistry) of labelled lymphoblasts 

migrating and adhering to flat walled endothelium within the lamina 

propria of the small intestine (Jeurissen et al., 1987). Furthermore these 

cells recirculate back to the lymphoid organ where they were initially 

activated, through afferent lymphatics, unlike naive cells which 

recirculate through blood and enter the lymphoid organs via HEV. Hence, 

activated lymphocytes tend not to use high endothelial venules throughout 

their migratory patterns, either when homing to the non-lymphoid 

peripheral tissues (flat endothelial cells are used), or when homing back 

to the secondary lymphoid organ (afferent lymphatics). Therefore it 

would seem that HEV are not required for the migration of antigen
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activated lymphocytes to non-lymphoid peripheral tissues and to lymphoid 

tissue, though they play a vital role in the recirculation and migration of 

unactivated naive lymphocytes into secondary lymphoid organs (Hamann 

& Rebstock 1993).

The use of flat endothelium by activated lymphocytes in homing to 

non-lymphoid peripheral tissues does not however suggest an alternative 

adhesion pattern to that of its naive state. On the contrary, an overall 

adhesion specificity similar to that of the naive lymphocyte-HEV 

interaction is mamtained. Flat walled endothelial venules appear to be 

phenotypically and functionally similar to HEV from lymphoid tissues 

(Girard & Springer 1995). Indeed vessels with HEV characteristics 

(plump, cuboidal endothelial cells and incorporation of high amounts of 
34S0^) appear in human tissue in association with long standing chronic 

inflammation, such as the synovial membrane tissue in rheumatoid 

arthritis (Freemont 1987). However it is known that 40-45% of 

lymphocytes migrate in an unactivated naive state through HEV (in 

peripheral lymph nodes and Peyer's patches) while only 10-15%, 

following activation, wiU home to non-lymphoid tissue through flat 

endothelium (Ager 1994, Young & Hay 1995). This is in keeping with the 

slow, low rate migration of lymphocytes through flat endothelium, and 

the large scale migration of lymphocytes through HEV (Ford 1975, Ager 

1994).

It has been suggested that structural characteristics common to HEV 

and those to non-lymphoid flat endothelial venules may facilitate these 

differences observed in lymphocyte migration rates (Ager 1994). The 

properties that enable HEVs to support the large scale migration of 

unactivated lymphocytes is not laiown, though it has been suggested that
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inter-endothelial cell junctions that regulate the passage of lymphocytes 

are differentially regulated (or even absent) on HEVs allowing greater 

levels of lymphocyte migration (Ager 1994). Interestingly, it has been 

shown that while both antigen activated and naive lymphocytes can bind to 

non-lymphoid endothelium, only the transendothelial migration of antigen 

activated lymphocytes is promoted, whilst the migration of naive 

lymphocytes is restricted (Greenwood & Calder 1993, Masuyama et al.,

1992). It would seem appropriate therefore, to assume that part of this 

variation in migration can be attributed to the differences in the 

expression of adhesion molecules on the surface on HEV and on non­

lymphoid endothelium (along with possible endothelial structural 

differences) as well as the changes in adhesion molecule expression on the 

surface of activated lymphocytes as compared to naive lymphocytes.

These structural changes may be under the control of the local 

microenviroment insofar as HEV / flat walled endothelium morphology is 

concerned. It has been shown that following the cessation of afferent 

lymph flow into peripheral lymph nodes, HEV convert from a high to flat 

walled endothelial morphology, losing their characteristic ability to 

support large scale lymphocyte traffic (Hendricks & Eestermans 1983, 

Drayson & Ford 1984). Also consistant with this, is the observation that 

direct injection of antigen into the afferent lymph deprived node, does 

restore the typical HEV morphology (Hendricks & Eestermans 1983). 

Although the exact nature of how HEVs maintain large scale lymphocyte 

migration is not clear, it makes sense as an evolutionary strategy. Large 

numbers of naive lymphocytes do not randomly migrate throughout all 

tissues, instead they are routed into specific migratory pathways and 

eventually gathered into secondary lymphoid organs, and brought 

together with specialised antigen presenting cells and antigen drained
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from local tissue, within the microenviroment. If lymphocytes fail to be 

antigen activated, then they are re-routed again to another lymphoid 

organ, where they have another chance to meet their special antigen, and 

this process carries on, until they are antigen activated. At this stage they 

develop into memory/effector lymphocytes as described earlier, which 

are sent to non-lymphoid tissues via specific homing pathways to re­

encounter antigenic threat m a similar anatomic location, to where they 

were first stimulated.

Hence the travel of lymphocytes within the immune system is 

governed by distinct migratory pathways, specially suited for the 

requirements of both naive and activated lymphocytes, which ulthnately 

provide an antigen "seek and destroy" traffic system.

1.7 The main adhesion molecule families

A large number of adhesion molecules have been identified over 

the past 10 -15 years, and subsequently arranged together into three main 

groups, according to their biochemical properties and to a lesser extent, 

their physiological functions. In the following section, these families wiU 

be discussed in general, with particular emphasis on adhesion molecules 

which play important roles in leukocyte - endothelium interactions.
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1.7.1 The Selectin family

Three adhesion molecules are found in this family. They are E-, P- 

and L-selectin (Bevilacqua et al., 1991). E-selectin is expressed only on 

endothelial cells (Fairbum et al., 1993, Imhof & Dunon 1995, Tsang et 

al., 1995), P-selectin on endothelial cells and platelets (Johnston et al., 

1989, Cronstein & Weissmann 1993) and L-selectin on all leukocytes, 

except for activated, memory lymphocytes (Gallatin et al., 1983, 

Geoffroy & Rosen 1989, Lasky et al., 1989, Imhof & Dunon 1995). 

These molecules belong to the same family because they share a common 

structure consisting of an N terminal calcium dependent lectin (sugar 

binding) domain (which is found in a variety of proteins including serum 

glycoproteins and proteoglycans of the extracellular matrix) followed by 

a single epidermal growth factor (EGF) like domain, several short 

consensus repeats (SCR) similar to those found in regulatory proteins that 

bind complement, and finally a transmembrane domain and C-terminal 

cytoplasmic domain (Drickamer 1989, Imhof & Dunon 1995). A high 

degree of homology is found between the selectin molecules, which some 

suggest was produced by duplication of an ancestral gene prior to the 

evolutionary divergence of mouse and man, due to the fact that the genes 

for aU three adhesion molecules are clustered over a short region on 

human and mouse chromosome 1 (Pigott & Power 1993). Selectins are 

known to bind to carbohydrate ligands via their lectin domains. 

Tetrasaccharides, such as sialyl Lewis X (sLex) and sialyl Lewis A (sLea), 

or their sulfated forms, have been shown to exhibit ligand activity for aU 

three selectins (Springer & Lasky 1991, Lasky 1992).
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E^selectin

E-selectin, previously laiown as ELAM-1 (endothelial leukocyte 

adhesion molecule-1) and LECAM-2 (leulcocyte cell adhesion molecule-1) 

is believed to play an important role in mediating the initial adhesive 

interactions between leukocytes and endothelium, duiing inflammation 

(Pigott & Power 1993, Tsang et al., 1995). It is found as a cytokine 

inducible endothelial adhesion molecule for neutrophils, monocytes and 

some memory T lymphocytes (Bevilacqua et al., 1987, 1989, Carlos et 

al., 1991, Picker et al., 1991, Shimizu et al., 1991). It is expressed on 

inflamed endothelium only, being absent on normal endothelium. 

However expression on normal, resting endothelium can be induced by a 

number of inflammatory cytokines such as interleukin-1 (IL-1), tumour 

necrosis factor alpha (TNF-a) and by bacterial endotoxin such as 

lipopolysaccharide (EPS) (Bevilacqua et al., 1987, WeUicome et al., 1990, 

Weller et al., 1992). Upon activation, expression is achieved by 

approximately 1 hour, maximal by 4-8 hours and is over by 48 hours 

(Zimmerman et al., 1992, Fries et al., 1993). Endothelial E-selectin 

expression upregulation can also be achieved by two cations; nickel 

chloride (NF+) and cobalt chloride (Co^+) both of which are known to be 

common contact sensitisers, leading to contact hypersensitivity (Goebeler 

et al., 1993). E-selectin is known to be rapidly downregulated by 

internalisation and degradation in lysosomes, though the exact nature of 

this process, or the signalling mechanisms that lead to internalisation, is 

not yet clear (hnhof & Dunon 1995)

E-selectin has a number of ligands. Besides sialyl Lewis X and 

sialyl Lewis A, which show ligand activity for aU three selectins, E- 

selectin can also bind some ligands which do not bear sLex. One such
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ligand is the cutaneous leukocyte antigen (CLA). These ligands consist of 

a family which is highly sialylated and found in a population of memory 

T lymphocytes present in inflammatory lesions of the skin. The 

connection between the recruitment of CLA expressing T lymphocytes 

and the expression of E-selectin on endothelium in inflamed skin, has 

suggested that this adhesive interaction between E-selectin and CLA may 

be regulating lymphocyte homing to skin (Picker et al., 1991, Ager

1994). CLA has been shown to be recognised by the anti-carbohydrate 

antibody HECA-452 (Berg et al., 1991). Another high affinity ligand for 

E-selectin is the recently described E-selectin ligand-1 (ESL-1), which is 

not a mucin, but instead fucosylated and 94% identical to a chicken 

variant of fibroblast growth factor receptor (FGFR). This homology has 

led some to suggest that this receptor may also be used by E-selectin for 

signalling (Steegmaier et al., 1995). Another novel E-selectin ligand has 

been identified recently on ruminant yô T cell receptor (TCR) type 

lymphocytes (Walchek et al., 1993). It would seem to play a role in the 

homing of 76  T cells, since the TNF-a induced expression of E-selectin 

results in yS T cell recruitment to skin. The binding of this ligand to E- 

selectin has also been shown to be uninhibited by antibodies to CLA or to 

sLex, though it is cation dependent and inhibited by EDTA (Imhof & 

Dunon 1995). Finally the sialyl stage specific embryonic antigen (SSEA- 

1) expressed on natural killer cells, is also a recent addition to the 

growing number of E-selectin ligands (Ohmori et al., 1993).

P-selectin, also known as GMP-140 (granule membrane protein), 

LECAM-3 (leukocyte cell adhesion molecule-3) and PADGEM (platelet
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activation dependent granule external membrane), is expressed on 

activated platelets and inflamed endothelium and is known to mediate the 

adhesion of neutrophils, monocytes and macrophages (Larsen et al., 1990, 

Lawrence & Springer 1991, McEver 1991). P-selectin initiates the 

earliest stage of leukocyte-endothelium interactions in inflammatory 

conditions, and recently its role as the predominant adhesion molecule 

controlling leukocyte rolling over the surface of endothelial cells has been 

confirmed by experiments with P-selectin deficient mice (Mayadas et al., 

1993). These strains of mice were obtained by isolating the normal P- 

selectin gene and replacing it in vivo with a defective copy, using the 

technique of homologous recombination followed by transgenesis, or 

"gene loiockout" as it is more commonly laiown. This technique allows 

the replacement of a functional target gene with a copy which is inserted 

with erroneous sequences resulting in a non-functional gene, with 

subsequent abnormalities in gene function. In the case of P-selectin 

deficient mice obtained by this method, a number of defects were 

exhibited in leukocyte behaviour in contrast to normal P-selectin 

expressing mice strains. First, circulating neutrophil levels were elevated 

by 2.4 fold. Second, despite this elevation, the rolling of leukocytes on 

endothelial surfaces was virtually abolished and third, there was a 1-2 

hour delay in the recraitment of neutrophils to an inflammatory site 

(Mayadas et al., 1993). The elevation in circulating neutrophil numbers 

was attributed to the failure of neutrophils to adhere to endothelium due 

to the lack of P-selectin expression (although other possibilities such as 

increased production or extended lifespan of neutrophils were not ruled 

out). The lack of leukocyte rolling on endothelial cell surfaces suggested 

that rolling required adhesion mediated by P-selectin and that the 

extravasation of neutrophils in inflamed endothelium required P-selectin 

involvement too (Mayadas et al, 1993). Such studies using gene loiockout
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mice are of considerable' value due to the complete removal of a target 

adhesion molecule without affecting the expression of other adhesion 

molecules, thereby allowing the analysis of the relative contributions of 

individual molecules.

Similar to E-selectin, the expression of P-selectin is also inducible 

by TNF-a with maximal expression by 3-4 hours and down-regulation by 

12 hours (Weller et al., 1992). Unlike E-selectin however, P-selectin also 

has another very interesting and extremely quick mode of cellular 

expression. P-selectin is stored intracellularly, in the Weibel-Palade 

bodies of endothelial cells and the a  granules of platelets. It can be 

translocated to the plasma membrane within minutes following cell 

stimulation by thrombin, histamine, the complement factor C5q, oxygen 

radicals or various neuropeptides (McEver 1991, Sugayama et al., 1992, 

Smith et al,, 1993). Hence P-selectin is unique amongst adhesion 

molecules, because it has two completely different mechanisms of cell 

surface expression; within minutes by the transport of stored molecules 

and within a few hours via the appearance of newly synthesised 

molecules. It would seem therefore that both regulatory systems can work 

in the same cells and yet function independently of each other, since it is 

known that TNF-a induced newly synthesised P-selectin molecules reach 

the cell surface directly, circumventing the route of the storage granules 

and that TNF-a itself cannot induce the transport of stored intracellular 

P-selectin (Vestweber 1993). The exact nature of how these two 

alternative systems work and coexist together is still not clear however.

As well as interacting with the sialyl Lewis x moiety found on 

neutrophils (as E-selectin can do), P-selectin also has two other ligands. 

The more established of these is the P-selectin glycoprotein ligand-1
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(PSGL-1), which has recently been isolated and characterised (Salco et al., 

1993). It is a transmembrane, highly glycosylated, dimeric mucin of 220 

kDa, expressed on various leukocytes (Sako et al., 1993). It has been 

suggested that PSGL-1 can also act as an ligand for E-selectin (Hogg & 

Berlin 1995). The other ligand, expressed only on myeloid cells, is the so 

called 120-kDa P-selectin ligand (Moore et al., 1992), which is CaZ+ 

dependent and thought to be similar in structure to PSGL-1, though more 

work needs to be carried out on this ligand to make conclusive 

comparisons.

L^selectin

Also known as leukocyte adhesion molecule-1 (LAM-1), leukocyte
cell adhesion molecule-1 (LECAM-1) and gp90̂ ®L-i4̂  L-selectin is by far 

the most widely distributed and multifaceted selectin. It is expressed on 

peripheral blood B and T lymphocytes, neutrophils, basophils, 

eosinophils, monocytes, natural killer cells, bone marrow myeloid 

progenitor cells, erythroid precursor cells, some mature thymocytes and 

by some malignant leukocytes (Gallatin et al., 1983, Griffin et al., 1990, 

Tedder et al., 1990, Spertini et al., 1991). Though it is now known to 

perform many functions, it was initially described as a homing receptor, 

mediating lymphocyte adhesion to peripheral lymph node HEV (Gallatin 

et al., 1983). It was identified on rodent lymphocyte cell surface 

membranes as a ligand for a receptor molecule on the cuboidal 

endothelium of peripheral lymph node HEV (Gallatin et al., 1983). It was 

demonstrated that the monoclonal antibody Mel-14 blocked the adherence 

of lymphocytes to peripheral lymph node HEV, in vivo and in vitro 

(Gallatin et al., 1983). Besides its role as a homing receptor, L-selectin
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contributes to neutrophil, monocyte and lymphocyte adhesion to 

endothelial cells at sites of inflammation. It is also involved in the initial, 

transient adhesion of leukocytes to vascular endothelium in organ specific 

adhesion under flow conditions Icnown as "attachment and rolling" or 

"tethering" which slows down the leukocytes, enabling them to adhere 

more firmly in a second step (Palecanda et al., 1992, Shimizu et al., 1992, 

Mackay & Imhof 1993, Vestweber 1993, Girard & Springer 1995). L- 

selectin is well suited for this function due to its unique localisation on 

cell surface microvilli tips, which are thought to represent the principle 

sites of initial contact with the vascular endothelium under flow 

conditions (Picker et al 1991., Erlandsen et al., 1991). Hence where E and 

P-selectin initiate adhesion via the endothelial surface in inflammatory 

conditions, L-selectin initiates it via the leukocyte cell surface, either 

within the context of lymphocyte homing or in an inflammatory scenario 

together with E and P-selectin, all within the initial step of leukocyte 

attachment and rolling.

Another important aspect of L-selectin function is its apparent dual 

role in lymphocyte homing. Though primarily involved in lymphocyte 

homing to peripheral lymph node HEV, it does not perform this role 

exclusively. Indeed it is now known that L-selectin also plays a role in the 

initial attachment and rolling of lymphocytes in vivo to Peyer's patch 

HEV (Hamann et al., 1991, 1994), thus defining a more widespread role 

in homing. L-selectin was originally thought to mediate lymphocyte 

homing to peripheral lymph node HEV based upon short term in vivo 

homing experiments with the anti-L-selectin monoclonal antibody Mel-14, 

which demonstrated the inhibition of lymphocyte adherence to peripheral 

lymph node HEV and not to Peyer's patch HEV (Gallatin et al. 1983). 

However in these experiments lymphocytes were pretreated with Mel-14
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and washed before injection, whereas more recent experiments where 

Chromium labelled lymphocytes were pretreated with Mel-14 and then 

injected together into the tail vein of mice demonstrated substantial 

inhibition of adherence to Peyer's patches (Hamann et al., 1994). This 

Mel-14 mediated inhibition of adherence to Peyer's patches and 

peripheral lymph node HEV was only achieved in resting small 

lymphocytes however, and not in activated blast cells to either lymphoid 

organ, hence it was concluded that L-selectin also participates in the 

homing of small lymphocytes to Peyer's patches, but not significantly to 

the homing of blasts to non-lymphoid gut tissue (Hamann et al., 1994).

The regulation of expression of L-selectin is quite unique. Within 

5-15 minutes of activation with chemotactic factors or phorbol esters, L- 

selectin is shed by proteolytic cleavage from the cell surface of 

neutrophils and monocytes and in 15-30 minutes from lymphocyte cell 

surfaces (Palecanda et al., 1992, Zimmerman et al., 1992). In neutrophils, 

downregulation of L-selectin is also related to exposure of IL-1 activated 

endothelial cells (Pigott & Power 1993). So far the only cytokine known 

to upregulate the cell surface density of L-selectin, is interferon-a (IFN- 

a) (hnhof & Dunon 1995).

An three of L-selectin's ligands are highly glycosylated mucin type 

proteins, which bear the sialylated or sulfated Lewis x or Lewis a 

tetrasaccharides. AU are expressed on endothelial cells. One of these 

ligands, the glycosylation dependent ceU adhesion molecule-1 (GlyCAM- 

1, also previously known as MECA-79) is expressed mainly in HEV of 

peripheral lymph nodes, acting as a vascular addressin for lymphocytes 

homing to peripheral lymph nodes (Lasky et al., 1992). This endothelial 

addressin role is however, questioned by some, who suggest that since
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GlyCAM-1 is secreted by peripheral lymph node HEV, and has no 

transmembrane domain, at most it can be associated with HEV in some 

form, possibly through another protein, rather than being an endothelial 

adhesion molecule in its own right (Vestweber 1993, Ager 1995). 

Nevertheless there is no doubt that GlyCAM-1 does play an important 

role in lymphocyte trafficking to peripheral lymph nodes. Messenger 

RNA, encoding GlyCAM-1 has in addition been found in lung 

endothelium (Mebius et al., 1993). The regulation of GlyCAM-his also 

interesting, since it appears to be regulated directly or indirectly by 

exogenous factors in afferent lymph (Mebius et al., 1993). Loss of 

expression of GlyCAM-1 and flattening of HEV (accompanied by 

addressin downregulation) in de-afferentiated peripheral lymph nodes has 

been observed, in keeping with the observed loss of lymphocyte traffic to 

such lymph nodes. This suggests that not only has a system evolved where 

lymphocytes traffic to peripheral lymph nodes that have an influx of 

lymphatic material derived from peripheral sites, but also that the levels 

of GlyCAM-1 and HEV morphology are regulated by such lymphatic 

material (Mebius et al., 1993). The exact nature of the lymphatic 

components involved in this process is as yet undetermined. However it 

would seem logical to assume that antigen challenge would play an 

important role in the regulation of GlyCAM-1 expression and subsequent 

lymphocyte adherence, as well as the restoration of HEV morphology. It 

has been shown for example that direct injection of antigen into the 

peripheral lymph node, restores typical HEV morphology in de- 

afferentiated nodes (Girard & Springer 1995). However, it is also known 

that HEV can support lymphocyte migration in the absence of antigenic 

stimuli, therefore other factors must be involved, one possibility being the 

delivery of soluble factors such as chemoattractants (Ager 1994).



34

Another important ligand for L-selectin is CD34. This highly 

glycosylated ligand is expressed on the surface of endothelial cells in most 

organs, and has been demonstrated on the luminal side of small vascular 

endothelium, with expression also abundant in villi and sprouting 

processes (Ager 1995, hnhof & Dunon 1995). Though CD34 expression 

is widespread, it can only function as an L-selectin ligand when associated 

with specific sulfated oligosaccharides, with inhibition of sulfation leading 

to the loss of recognition by L-selectin (Girard & Springer 1995). It is 

now assumed that sulfation of L-selectin ligands is the key process for the 

recognition, and subsequent adherence by L-selectin expressing 

leukocytes. It is known that HEV endothelium can incorporate large 
amounts of 35SO4 (Freemont 1988), unlike other endothelium, and the 

requirement for sulphate by L-selectin ligands on HEV endothelium such 

as CD34 and GlyCAM-1 provides a functional basis for such a metabolic 

requirement. The expression of CD34 can also be regulated by cytokines, 

such as IL-1, TNF-a and INF-y, however this regulatory effect is 

opposite to the effect on E or P-selectin for example. It has been observed 

that cytokines, while upregulating E or P-selectin expression, can 

downregulate CD34 expression, leading to the assumption that CD34 is 

more likely to be involved in selectin interactions under normal 

conditions, rather than during inflammation (Imhof & Dunon 1995).

The recent demonstration that MAdCAM-1 (mucosal addressin cell 

adhesion molecule) can also act as a ligand for L-selectin, would explain 

the role that L-selectin has in the attachment and rolling stage of 

lymphocytes on Peyer's patch HEV. As in the case of peripheral lymph 

node homing lymphocytes, Peyer's patch homing lymphocytes also make 

use of L-selectin as an initial contact adhesion molecule. However, antigen 

activated lymphocytes migrate to Peyer's patches and to sites of



35

inflammation independently of L-selectin, hence the initial attachment and 

rolling stage of adhesion is mediated by another adhesion molecule in this 

instance. It has recently been demonstrated that the integrin a4j37 (which 

is expressed on microvilli tips, like L-selectin) mediates adhesion to 

MAdCAM-1 in the initial attachment and rolling stage of activated 

lymphocytes (section 1.7.2.3 which contains the a4p7 heading will 

address this issue in more detail), as well as in the latter firm adhesion 

stage, taking over the role from L-selectin (Ager 1994, Berlin et al 

19&D.

MAdCAM-1 has been demonstrated to act as a ligand for L-selectin 

under conditions of flow (in which lymphocytes are passed over purified 

MAdCAM-1 coated glass slides under shear), but not under non-flow 

conditions, such as a frozen section assay or with cultured endothelial 

cells (Berg et al., 1993, Berlin et al., 1993). MAdCAM-1 is a highly 

glycosylated mucin type transmembrane protein, which is different from 

the other selectin ligands, in that it exhibits a complex structure 

combining three Ig domains and a mucin like region between Ig domains 

2 and 3 (Imhof & Dunon 1995). It is expressed on Peyer's patch, 

mesenteric lymph node HEV, gut lamina propria endothelial venules, and 

is the main mucosal vascular addressin for gut seeking lymphocytes 

(Andrew et al., 1994, Erie et al., 1994, Hamann et al., 1994). MAdCAM- 

1 will be discussed again in conjunction with the integrin a4p7, which 

plays a more prominent role in MAdCAM-1 interactions (see section 

1.7.2.4).
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1.7.2 The Integrin family

The integrins are a family of heterodimeric membrane 

glycoproteins expressed on a wide range of ceU types, which function as 

adhesion receptors for extracellular matrix and cell to cell interactions. 

They are involved in various biological processes, including 

inflammation, wound healing, tumour metastasis, embryonic development 

and lymphocyte homing (Hynes 1992, Pigott & Power 1993, Sonnenberg 

1993). AU integrins consist of two non-covalently associated subunits; a  

and (3 of 150 and 100-kDa respectively. So far, 15 a  and 8 (3 chains have 

been identified, making up at least 21 different heterodimers (see table-1). 

Leukocytes can express 13 of these different integrins, 6 of which belong 
to the P i, (32 and p j integrin subfamilies, and which are important in 

leukocyte-endothelium interactions. The a  subunits all have large 

extraceUular domains containing up to four divalent cation binding 
domains (Ca^+ or Mg2+) and a single transmembrane region, ending with 

a short cytoplasmic domain. The P subunits also have large extraceUular 

domains, with 48-56 conserved cysteine residues arranged in four 

repeating units, foUowed by a transmembrane region ending with a short 

cytoplasmic domain. The exception is the p4 subunit, which contains a 

long cytoplasmic domain (Pigott & Power 1993, Sonnenberg 1993). The 

integrins bind to a variety of extracellular matrix proteins, such as 

fibronectin, laminin, coUagen, vitronectin and von WiUebrand factor, and 

also to members of the immunoglobulin superfamUy, such as ICAM-1, -2, 

-3 and VCAM-1 (Sonnenberg 1993). Most members of the integrin 

family can bind to more than one ligand, depending on the ceU type in 

which they are expressed.
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1 J .2 J  The 31 integrins

The p i integrins consists of ten heterodimeric glycoproteins 

(combining the p i subunit with variable a  subunits, from a l  to a9), 

seven of which belong to the VLA (very late antigen) group. This 

subfamily includes receptors that bind to extraceUular matrix components 

such as fibronectin, laminin and coUagen, as weU as the Ig superfamUy 

adhesion molecule VCAM-1 (vascular ceU adhesion molecule). They are 

expressed on many non-haematopoietic and leukocyte ceU types, and are 

called very late antigens because two of them (VLA-1 and VLA -2) 

appear on T lymphocytes 2-4 weeks after antigen stimulation in vitro 

(Springer 1990, Sonnenberg 1993).

VLA-1 (also known as a l  p i)  is expressed on activated T 

lymphocytes, monocytes, neuronal cells in culture, melanoma cells and 

smooth muscle ceUs (Pigott & Power 1993). Its ligands are type I and TV 

collagen and laminin (Imhof & Dunon 1995). It is expressed on T 

lymphocytes 2-4 weeks after activation, and expression has been reported 

to be upregulated in a number of inflammatory diseases of the human 

intestine, though the exact role that VLA-1 plays is still unclear 
(MacDonald et al., 1990).

VLA-2 (a2p l) is expressed on B and T lymphocytes, fibroblasts, 

and platelets and its ligands are type I, II, HI, IV coUagen and laminin 

(Pigott & Power 1993). It is known to mediate Mg^+ dependent adhesion

of platelets to coUagen, and is assumed to play an important role in wound
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healing. More recently it has been shown to act as a receptor for 

echovims (Hogg & Berlin 1995). Expression can be upregulated on 

lymphocytes upon antigen stimulation, by TGF-p (transforming growth 

factor) and on fibroblasts in response to serum (Pigott & Power 1993).

VLA-3 (a3pl) is expressed on B lymphocytes, kidney glomerulus, 

thyroid and nearly all cell culture Imes, except lymphoid (Pigott & Power

1993). Its ligands are fibronectin, type I collagen, laminin, epiligrin, and 

nidogen/entactin (Imhof & Dunon 1995). Unlike VLA-2, VLA-3 is 

downregulated by TGF-P.

VLA

VLA-4 (a4pl, also previously known as LPAM-2) is expressed on 

peripheral blood lymphocytes, monocytes, B and T cell lines, natural 

killer cells, eosinophils, many melanomas and functions as both a matrix 

and ceU receptor (Springer 1990, Pigott & Power 1993). As a matrix 

receptor it binds to an alternatively spliced domain (containing the CS-1 

peptide) of fibronectin (distinct from that to which VLA-5 can bind). As 

a cell receptor it binds to VCAM-1 (vascular ceU adhesion molecule) of 

the immunoglobulin superfamUy, a cytokine inducible (IL-1, TNF, also in 

some cases IFN-y and gram negative bacterial lipbpolysaccharide) 

endothelial vascular addressin, mediating ceU adherence to inflamed tissue 

in particular (Rice et al., 1990, Shimizu et al., 1992, Issekutz 1993, 

Hamann et al., 1994). VCAM-1 wiU be discussed in detail within the 

context of Ig superfamUy molecules in section 1.7.3.
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The VLA-4 / VCAM-1 adhesion molecule pairing is an important 

interaction involved in strong lymphocyte adherence to endothelium of 

inflamed tissue. This pairing is not however, involved in lymphocyte 

adherence to HEV, since VCAM-1 is not present on unactivated 

endothelium (Girard & Springer 1995). Therefore this adhesion pair 

would appear not to play a role in organ specific lymphocyte homing to 

non-inflamed tissues.

VLA-4 has also been suggested to play an important role in the 

trans-endothelial migration of lymphocytes, due to its binding capacity 

for the extracellular matrix component fibronectin (Hogg 1993). It has 

recently emerged however that the state of activation of VLA-4 largely 

determines its ability to interact with either VCAM-1 or fibronectin. It 

would seem that there are three activation states for VLA-4; the fully 

active state, where VLA-4 can adhere to VCAM-1 and fibronectin, the 

partially active state, were it can adhere to VCAM-1 only, and the 

inactive state, were adherence is not possible to either ligand (Mackay & 

Imhof 1993). VLA-4 is activated by cytokines, and cellular activation. 

The up-regulation of this adhesion molecule can also be induced by 

increasing the concentrations of either Mn̂ + or Ca2+ and Mg^+, with 

maximal levels of adhesion induced by Mn̂ + (Chiu et al., 1995). It has 

also been recently stated that VLA-4 is regulated by CD24 (Kilger et al., 

1995). It would appear that CD24 promotes the efficient adhesion of 

VLA-4 to VCAM-1, how this is achieved is yet to be clarified however.
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VLA-5 (a5pi) is widely distributed. It is expressed on monocytes, 

memory T lymphocytes, B lymphocytes (very early on during 

development and again later after activation), fibroblasts, platelets and 

muscle cells (Pigott & Power 1993). VLA-5 functions as a fibronectin 

receptor, mediating the adherence of B and T lymphocytes to fibronectin 

(Szekanecz et al., 1992, hnhof & Dunon 1995). It has been demonstrated 

recently that antibodies directed against VLA-5, or fibronectin can 

significantly inhibit the in vitro adherence of lymphocytes to peripheral 

lymph node HEV in frozen tissue section assays (Girard & Springer 

1995), hence implicating a role for VLA-5 and its ligand in the strong, 

arrest stage of lymphocyte adherence (which in vitro frozen section assays 

are thought to simulate), rather than the initial rolling stage of adherence. 

Others have suggested that transmigration through endothelium following 

strong adherence of lymphocytes, may depend on VLA-5 mediated 

recognition of the extracellular matrix molecule fibronectin (Szekanecz et 

al., 1992). The precise role of VLA-5 in this proposed trans-endothelial 

migration is not yet clear however, and warrants further research.

VLA-6 ( a 6 p i )  is expressed on platelets, monocytes, T 

lymphocytes, thymocytes and endothelial cells (Pigott & Power 1993, 

hnhof & Dunon 1995). Its ligands include laminin (to which it mediates 

the adhesion of platelets) and an as yet unidentified ligand on the cell 

surface of lymphocytes, which is believed to play a role in signal 

transduction (Pigott & Power 1993, Imhof & Dunon 1995). Most 

interesting of aU however, VLA-6 is believed to promote progenitor T 

lymphocyte homing to the thymus (Dunon et al., 1993). Though a fairly 

new development- in terms of lymphocyte adhesion research, the prospect
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of understanding more about lymphocyte homing at such an early stage of 

T cell development is fascinating and clearly demands attention.

1,7J.2 The 62 integrins

The (32 subfamily includes three integrins, which came to 

prominence following the analysis of immunocompromised patients 

suffering from a rare inherited disorder called leukocyte adhesion 

deficiency (LAD). This disease was characterised by the absence of 

adhesion between leukocytes and endothelium, especially the failure of 

migration of neutrophils to sites of extravascular inflammation, 

eventually leading to recurrent and often fatal bacterial infections (Pigott 

& Power 1993). It was found that LAD results from a mutational defect 

in the gene encoding for the (32 subunit and the three integrins sharing the 

(32 chain, LFA-1 (aL(32), Mac-1 (aM(32) and pl50, 95 (aX(32) were 

found to be missing in patients suffering from LAD (hnhof & Dunon

1995). More recently a new (32 integrin has been identified and 

provisionally termed aD(32, which so far has only been found to be 

expressed on tissue macrophages (Hogg & Berlin 1995).

LFA-1 (leukocyte function associated molecule, also known as 

aL(32) is expressed on the cell surface of all T lymphocytes (though at 

one to twofold higher levels on memory T lymphocytes than naive T 

lymphocytes), neutrophils, monocytes and macrophages, and interacts 

with its ligands ICAM (intercellular adhesion molecule) -1 ,2  and 3 of the
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iminmunoglobulin superfamily (Shimizu et al., 1992, Pigott & Power

1993). LFA-1 has an important role in mediating leukocyte adhesion to 

inflamed endothelium via ICAM-1 (the ICAMs wül be discussed in detail 

in section 1.7.3) and in lymphocyte trafficking, though this role would 

appear to be of a more general non-organ specific strengthening of 

adhesion (Hamann et al., 1988). Indeed it has been shown that LFA-1 

mediates strong adhesion, not only at sites of inflamed endothelium but 

also in secondary lymphoid organs (though not in an organ specific 

manner), such as peripheral lymph node and Peyer's patches, where 

51 Chromium labelled resting lymphocytes pretreated with antibodies 

directed against LFA-1 can inhibit lymphocyte migration by 80% to 

peripheral lymph node, by 50% to Peyer's patches and by 15% to non­

lymphoid gut endothelium (Hamann et al., 1994). •

LFA-1 /  ICAM interactions have also been invoked in trans- 

endothelial migration, and although this has been shown to be the case for 

migration across human umbilical vein endothelial cells (Oppenheimer- 

Marks et al., 1991), more work needs to be carried out, to justify a more 

general role for LFA-1 in trans-endothelial passage. Other than 

lymphocyte /  endothelium interactions, LFA-1 is also known to 

participate in cell to cell interactions, such as the killing of virus infected 

cells by cytotoxic T lymphocytes (in fact, LFA-1 was originally 

identified by monoclonal antibodies which inhibit T ceU mediated killing) 

and the activation of T lymphocytes by antigen presenting cells (Springer 

1990, Imhof & Dunon 1995).

Divalent cations have an important role to play in the regulation of 

LFA-1 activation within the context of resting peripheral blood CD44- T 

cells. Mh2+ and Mĝ + has been shown to upregulate LFA-1 adherence to
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ICAM-1 in such cells, while Ca2+ has been shown to inhibit Mn^+ 

dependent adhesion to ICAM-1 (Shimizu & Mobley 1993). However 

results also suggest that divalent cation upregulation is not complete, since 

phorbol ester treatment can further enhance LFA-1 adhesion in the 

presence of Mn^+, or even in the presence of Mn^+ and Ca^+. This 

suggests that a partial increase in LFA-1 integrin functional activity is 

achieved by divalent cations such as Mg2+ and Mh2+, and that LFA-1 is 

receptive to other stimuli that may increase its activity yet further. 

Overall it can be assumed that integrins such as the LFA-1 / ICAM-1 

adhesion pair contain several layers of activity, that can be up or down 

regulated by various combinations of divalent cations and other stimuli. 

The physiological relevance of divalent cation regulation of function and 

activity is not yet clear. However one would assume that changes in Mg2+ 

/  Mn2+ /  Ca2+ concentrations at sites of injury and tissue inflammation 

would facilitate and guide the following reaction of LFA-1 /  ICAM-1 

mediated adhesion of leukocytes.

Activation of LFA-1 is also achieved via the T cell receptor (TCR) 

/  CD3 complex. It has been shown that T cell receptor crosslinking leads 

to a change in the conformation of the extra-cellular binding domain of 

LFA-1, through intracellular signalling, which in turn increases the 

strength of the adhesion between LFA-1 and ICAMs (Springer 1990, 

Mackay & hnhof 1993). The mechanism involved is very rapid and 

transient, leading to activation within minutes and returning back to a 

resting state within 30 minutes (Springer 1990). This transience provides 

a fluid mechanism for antigen specific LFA-1 mediated adhesion and de­

adhesion, clearly of importance for example to cytotoxic T lymphocytes.
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Mac-1

Mac-1 (aM p2) is present on monocytes, macrophages and 

granulocytes (Springer 1990, Pigott & Power 1993). Its ligands include 

ICAM-1 (though not ICAM-2 or ICAM-3), fibrinogen and also the C3bi 

component of complement (Imhof & Dunon 1995). Mac-1 mediates 

granulocyte and monocyte adherence to inflamed endothelium, and also 

has a role to play in the trans-endothelial migration of granulocytes 

(though LFA-1 is thought to have a more prominent role in this respect). 

Mac-1 is also involved in the phagocytosis of complement coated particles 

(Hogg 1993, Pigott & Power 1993). It is upregulated on the surface of 

neutrophils and monocytes by inflammatory stimuli, and is also increased 

following E-sele.ctin binding to neutrophils as well (Springer 1990,  ̂

Shimizu et al., 1992, Smith 1993). Mac-1 is stored in intracellular 

granules, which are swiftly mobilised to the cell surface following 

chemotactic stimulation by PAF (platelet activating factor) and IL-8 for 

example (both of which are produced by activated endothelial cells). Due 

to its ability to use fibrinogen as a ligand, as well as ICAM-1, it has been 

suggested that Mac-1 provides neutrophils with greater flexibility, 

allowing them to adhere to a wider variety of surfaces, then say LFA-1, 

which would appear to serve a more closely defined role (Smith 1993).

1,7,23 The 157 intesrins

This subfamily consists of the a4p7 and aEp7 integrins. These 

adhesion molecules are involved in the strong adhesion of lymphocytes to 

Peyer's patch endothelium, to endothelial venules within gut lamina 

propria and to gut epithelial tissue.
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a4d7

Also laiown as LPAM-1 (lymphocyte Peyer's patch adhesion 

molecule) and a4(3P, this heterodimer is expressed on T lymphocytes (on 

most or aU naive and on certain memory T lymphocytes), B lymphocytes, 

and to a lesser extent on natural killer cells and eosinophils (Holzmann et 

al., 1989, Erie et al., 1994). a4j37 is a lymphocyte homing receptor, 

mediating adhesion to Peyer's patch HEV and to gut lamina propria 

endothelial venules (Erie et al., 1994, Imhof & Dunon 1995). The 

integrin «4(57 has several ligands, the most prominent being the mucosal 

vascular addressin MAdCAM-1 (Andrew et al., 1994). It can also use 

VCAM-1 and the CS-1 region of fibronectin as ligands, though these 

interactions require a higher level of activation, than for adhesion to 

MAdCAM-1, and interactions with VCAM-1 only become important in 

inflammatory reactions (Andrew et al., 1994, Erie et al., 1994, hnhof & 

Dunon 1995).

Though a4(37 mediates lymphocyte adhesion to gut lamina propria 

endothelial venules by adhering to MAdCAM-1, its main function is to act 

as a lymphocyte homing receptor to Peyer's patches, were it mediates 

adhesion to HEV again via the vascular addressin MAdCAM-1. This 

adhesion pairing, like the LFA-1 /  ICAM-1, 2 pair mediating lymphocyte 

traffic to peripheral lymph nodes, is the only organ specific adhesion 

pair, mediating traffic to Peyer's patch HEV, Its role is crucial in 

directing the passage of naive, unactivated lymphocytes to Peyer's 

patches. Though a4(37 is involved in strong lymphocyte adhesion, it is 

also known to function early on, in the initial attachment and rolling 

phase of lymphocyte adherence under flow conditions (Berlin et al., 

1995). This was demonstrated by the ability of mouse lymphoma cells,
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expressing high levels of (%4(37 to interact with MAdCAM-1 coated 

surfaces under laminar flow conditions within the physiological range of 

venular shear stresses in vivo (Berlin et al., 1995). Binding was blocked 

by the anti-MAdCAM-1 monoclonal antibody Meca-367 and the anti- 

a4p7 monoclonal antibody DATK32 (Berlin et al., 1995). Hence a4p7 

can initiate primary contact, between lymphocyte and endothelium, as 

well as mediating the subsequent attachment and rolling stages, eventually 

supporting strong adhesion and arrest. Thus selectins are not the only 

adhesion molecules capable of initiating lymphocyte - endothelium 

interactions. It is not surprising therefore to find that the expression of 

(%4P7 (like L-selectin) is concentrated on the tips of lymphocyte 

microvillous projections, which represent the initial site of cell to cell 

contact under flow (Berlin et al., 1995). Expression of a4p7 is also 

present on the non-villous cell surface, to mediate the strong adhesion 

stage of lymphocyte adherence that follows the rolling stage.

MAdCAM-1, the ligand for «4^7 is expressed at high levels on 

Peter's patch and mesenteric lymph node HEV, and to a lesser extent on 

non-lymphoid mucosal endothelial venules in the mtestinal lamina propria 

and the lactating mammary gland (Sampaio et al., 1995). Recently 

MAdCAM-1 expression has also been found on a population of sinus 

lining cells surrounding the T cell dependent periarteriolar lymphocyte 

sheath (PALS) of the spleen (Kraal et al., 1995). This is quite interesting 

since the spleen is devoid of HEV, and yet expression is observed on sinus 

lining cells which morphologically resemble endothelial cells. The role 

MAdCAM-1 plays in the localisation of lymphocytes to the spleen needs 

further clarification.
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The appearance of MAdCAM-1 expressing HEV in the inflamed 

pancreas of non-obese diabetic mice, and again the expression of 

MAdCAM-1 by endothelial venules in the brain of animals during 

relapsing episodes of chronic experimental allergic encephalomyelitis 

(O'Neill et al., 1991), has lead to the suggestion that MAdCAM-1 may 

also have a role to play in inflammation. Indeed it is Icnown that 

MAdCAM-1 expression can be induced on endothelial cell lines by 

proinflammatory stimuli, such as IL-1 and TNF-a (Sikorski et al., 1993). 

However to date, the expression of MAdCAM-1 has not been reported in 

any other tissue site of inflammation. It would be of great interest to 

elucidate the role that this adhesion molecule (and its counter-receptor 

a4(37) may have in inflammatory diseases of mucosal origin. Due to its 

nature of acting as a vascular addressin for the homing receptor a4(37, 

and initial contact receptor for L-selectin, MAdCAM-1 can be considered 

to be a multifunctional adhesion molecule, capable of initiating the 

primary rolling and attachment phase (L-selectin and also a 4 p 7  

dependent), as well as strengthening and arresting lymphocyte adhesion in 

the secondary phase of the multi-step adhesion cascade.

Another ligand for a4p7, is VCAM-1. However adherence is only 

observed in vitro and the predominant counter receptor for VCAM-1 is 

VLA-4 (a4 p i)  of the p i integrin subfamily (Chiu et al., 1995). It has 

been proposed that a4p7 has two distinct binding regions for adhesion to 

MAdCAM-1 or VCAM-1 based upon experiments using a panel of 

monoclonal antibodies directed against an a4p7 integrin expressing 

mouse lymphoma cell line. A unique region on a4P7 was identified for 

MAdCAM-1 adhesion, as was a different epitope for VCAM-1 adhesion 

(Andrew et al., 1994). It was concluded that a4p7  interactions with 

MAdCAM-1 and VCAM-1 can be modulated by monoclonal antibody



binding to distinct epitopes and hence functionally separate binding sites 

(Andrew et al., 1994). More recent work has suggested that the amino 

acid residue requirements for murine VCAM-1 adhesion to murine VLA- 

4 and a 4 p ?  are similar but not identical, based upon site-directed 

mutagenesis experiments, where amino acid residues of VCAM-1 

important in adhesion to VLA-4 and a4p7 were identified by testing the 

adherence of VLA-4 and a4P7 positive cells to various site directed 

mutations of VCAM-1 (Chiu et al., 1995). It is also important to realise 

that although a4 p 7  can bind to VCAM-1, VLA-4 cannot bind to 

MAdCAM-1 in the same manner. Hence the a4 P 7  / MAdCAM-1 

interaction is an organ specific selective adhesion pairing.

The ability of a4p7 to use VCAM-1 as a ligand depends largely on 

its activity state. Studies have shown that the oc4p7 binding activities can 

be ranked in the order of increasing affinity; MAdCAM-1 > VCAM-1 > 

fibronectin (Andrew et al., 1994). Hence, the binding of VCAM-1 by 

a4P7 would necessitate a greater state of activity, than it would to bind to 

MAdCAM-1. This increase in avidity is achievable by increased 

concentrations of Mn2+ and pro-inflammatory stimuli. Therefore a4p7 is 

a unique adhesion molecule which modulates its adherence to VCAM-1 

and MAdCAM-1 via distinct, differentially regulated epitopes. These 

function by selective binding capabilities for a4p7; to VCAM-1 on 

mucosal non-lymphoid inflamed endothelium (where MAdCAM-1 is 

absent) and to MAdCAM-1 on HEV of mucosal lymphoid tissues such as 

Peyer's patches and mesenteric lymph node. This sustains a common 

adhesive framework by virtue of a4P7 expression on cell surfaces for 

naive and subsequently activated lymphocytes that migrate throughout the 

mucosal tissues. This duality also raises the possibility of future 

immunomodulation treatment. By developing antibodies directed against
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one epitope, it is conceivable to inhibit a4P? mediated adherence to 

inflamed endothelium, whilst not affecting a4p? mediated lymphocyte 

traffic to Peyer's patches for example.

This integrin, also known as (%M29oP7, (%iELp7 (intraepithélial 

lymphocyte) and cchmlP^ (human mucosal lymphocyte) is expressed on 

95% of intraepithélial lymphocytes and 40% of lamina propria 

lymphocytes, and mediates adhesion between lymphocytes and intestinal 

epithelium (Cerf-Bensussan et al., 1987, Hamann et al., 1994, hnhof & 

Dunon 1995), It has recently been demonstrated that lymphocytes which 

express a4 ^ 7  also express aE p7 , however aE P7 does not bind to 

MAdCAM-1 (Chao et al., 1994). It would seem therefore that a4p7 

bearing lymphocytes also have the capability of interacting with epithelial 

cells within non-lymphoid mucosal intestinal tissue.

aEP7 is known to be upregulated on intraepithélial lymphocytes in 

vitro by TGF-P, a cytokine which is found to be concentrated within the 

gut area (Imhof & Dunon 1995). To date only E-Cadherin, which is 

expressed on epithelial tissue, has been found to act as a ligand for aEp7 

(Cepek et al., 1994). E-Cadherin is linked to cytoskeletal actin, and is 

thought to be involved in the generation and maintenance of epithelial 

layers during development and possibly in adult tissue as weU (Pigott & 

Power 1993).



50

1.7.3 The Immunoglobulin (Ig) superfamily

This is the largest family, with over 70 members. The Ig 

superfamily consists of molecules with multiple immunoglobulin like 

domains (Pigott & Power 1993, Imhof & Dunon 1995). The roles of 

these various molecules differ, but are generally concerned with the 

control of cell behaviour, acting as signal transducing receptors or as ceU 

adhesion molecules for example. With the exception of a few molecules 

which exist as secreted proteins, most are found as cell surface structures. 

Five members of the Ig superfamily are important in leukocyte - 

endothelial cell interactions. These are ICAM-1, ICAM-2, ICAM-3, 

VCAM-1 and PECAM-1. With the exception of ICAM-3 aU serve as 

endothelial ligands for leukocytes.

The vast array of structures found within the Ig superfamily is 

thought to have emerged from one single ancestral unit, namely the 

immunoglobulin fold. This basic structure is thought to have evolved, 

undergoing divergence and duplication resulting in a common domain 

composed of around 90 - 100 amino acids arranged in a sandwich of two 

sheets of anti-parallel P-strands, which is stabilised by a disulphide bond 

at its centre (Springer 1990). This basic motif is more or less the standard 

structure preserved by species as diverse as humans and insects. The 

evolutionary resistance to change in this particular case, is thought to have 

emerged in order to preserve a unit which is protease resistant and is able 

to survive in the extracellular environment (Pigott & Power 1993).
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ZCAM-i

ICAM-1 (intercellular adhesion molecule) is expressed on inflamed 

endothelium (and weakly expressed on resting endothelium), though 

cytokine inducible (IL-1, TNFa, IFN-y) expression on thymocytes, 

dendritic cells, fibroblasts, kératinocytes, chondrocytes, B and T 

lymphocytes, epithelial cells and resting endothelial cells has been 

observed (Pigott & Power 1993). ICAM-1 is important in mediating 

inflammatory responses, monocytes, lymphocytes and neutrophils 

adhering to activated endothelium via its two complimentary receptors 

LFA-1 and Mac-1 (see section 1.7.2.2). Other than mediating leukocyte 

adhesion, ICAM-1 can also serve as a ligand for the adhesion of 

rhinovims and some strains of coxsackie viras to endothelium (Cronstein 

& Weissman 1993). Expression of ICAM-1 has also been implicated in 

tumour metastasis (Johnson et al., 1989).

Leukocyte adhesion facilitated by ICAM-1 interaction with either 

LFA-1 or Mac-1 (both (32 integrins) is achieved following selectin 

mediated interactions, namely the initial attachment and rolling phase of 

adhesion. The integrin - ICAM-1 interactions facilitate the strong 

adhesion stage, which follow the initial rolling phase. ICAM-1 is also 

believed to play a role in the leukocyte transmigration across endothelial 

cell junctions, which subsequently follows the strong adhesion phase 

(Cronstein & Weissman 1993, Hogg & Berlin 1995). Although ICAM-1 is 

involved in adhesion under inflammatory conditions, it also has an 

important role in the strong adherence of lymphocytes to peripheral 

lymph node HEV by interacting with LFA-1 (Girard & Springer 1995).



52

ICAM.2 and fCAM-3

ICAM-2 is constitutively expressed on endothelial cells and its 

expression is not augmented by activation, unlike ICAM-1 (Shimizu et al., 

1992). It serves as a ligand for LFA-1 and has an important role in the 

LFA-1 mediated strong adhesion of lymphocytes to peripheral lymph 

node HEV. Interestingly the affinity of ICAM-2 for LFA-1 seems to be 

weaker than that of ICAM-1 (de FourgeroUes & Springer 1992, de 

Fourgerolles et al., 1994), which would make sense, since constitutively 

expressed ICAM-2 mediates low rate lymphocyte traffic through 

peripheral lymph nodes, whereas cytokine upregulated ICAM-1 mediates 

the adhesion of leukocytes to inflammatory sites. This necessitates a 

higher degree of activity and leukocyte infiltration, not forgetting the role 

that ICAM-1 plays in transendothelial migration. To date, no function for 

ICAM-2 has been demonstrated in lymphocyte transendothelial migration. 

ICAM-2 mediated adhesion is also known to provide a co-stimulatory 

signal for T lymphocyte activation, hence providing an important 

function where ICAM-1 expression on antigen presenting cells is absent 

or low.

ICAM-3, a recently discovered Ig superfamily adhesion molecule, 

is strongly expressed on resting lymphocytes and monocytes and is 

believed to be important in initiating T lymphocyte mediated immune 

responses (hnhof & Dunon 1995). ICAM-3 acts as a ligand for LFA-1, 

and has also been suggested to interact with the recently identified (32 

integrin aD(32, which is present on tissue macrophages (Hogg & Berlin

1995). ICAM-3, though not expressed on endothelial cells, has 

nevertheless been suggested to be involved in competitively inhibiting
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LFA-1 mediated adherence to ICAM-1 (de Fourgerolles & Springer

1992).

VCAM-i

VCAM-1 (vascular cell adhesion molecule) is present on activated 

endothelial cells, tissue macrophages, dendritic cells, and bone marrow 

fibroblasts (Pigott & Power 1993). It is a cytokine inducible adhesion 

molecule mediating leukocyte adherence to inflamed endothelium. 

VCAM-1 is important in the recruitment of leukocytes to sites of 

inflammation, mediating strong adhesion to inflamed endothelium by 

functioning as a ligand for VLA-4 (oc4(31), and to a lesser extent «4(37 

(Berlin et al., 1993, Sonnenberg 1993, Ager 1994, Andrew et al., 1994). 

VCAM-1 is absent from resting endothelial cells, but expression can be 

induced by IL-1, TNFa, and IFN-y, (Cronstein & Weissmann 1993, 

Pigott & Power 1993). VCAM-1 is not expressed on HEV, and therefore 

is not expected to play a role in lymphocyte homing, however low levels 

of VCAM-1 have been detected on rat peripheral lymph node HEV (May 

et al., 1993). Other than mediating strong lymphocyte adherence to 

inflamed endothelium, the VLA-4 /  VCAM-1 adhesion pairing also 

appears to play a small role in transendothelial migration (Smith 1993).

PECAM-1 (platelet endothelial cell adhesion molecule, also known 

as CD31) is a Ig superfamily adhesion molecule mediating leukocyte and 

platelet /  endothelial ceU adhesion and transendothelial migration (Imhof
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& Dunon 1995). PEC AM-1 is expressed on platelets, endothelial cells, 

monocytes, granulocytes and naive T lymphocytes (Albelda et al., 1991, 

Pigott & Power 1993). Its exact function is not clear, however PEC AM-1 

has a vital role as a triggering molecule, activating (31 and (32 integrins 

prior to leukocyte adherence to endothelium, and more recently PECAM- 

1 has been shown to be involved in leukocyte transendothelial migration 

by mimicking homophilic interactions with PEC AM-1 on the endothelial 

cell surface (Smith 1993, Ager 1994, Hogg & Berlin 1995). However the 

presence of PEC AM-1 has not, so far been detected on transmigrating 

lymphocytes using the LFA-1 / ICAM-1 adhesion pair, suggesting that 

PEC AM-1 is not required for the purpose of transendothelial migration 

in these lymphocytes (Ager 1994). A cytoskeletal role has also been 

suggested for PECAM-1, from the observation that PECAM-1 can move 

to endothelial cell-cell borders taking place in interactions limiting 

vascular permeability (Albelda et al., 1991).

1.7.4 Other adhesion moiecnies

VAP-1 (vascular adhesion protein) is an endothelial adhesion 

molecule mediating lymphocyte adherence. It is preferentially expressed 

in peripheral lymph node type HEV under normal conditions, and not in 

mucosal lymphoid organ HEV, however expression can be induced during 

chronic inflammation in the mucosa, synovium, tonsils and skin 

endothelial venules (Salmi & Jalkanen 1995). Low expression can also be 

found in brain, kidney, liver and heart (Imhof & Dunon 1995). VAP-1 is
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expressed both on the luminal surface and in cytoplasmic granules in 

HEV, which are distinct from Weibel-Palade bodies (which can carry 

Factor VIH related antigen and P-selectin), and preferential localisation 

on either surface or granule varies from vessel to vessel (Salmi et al.,
1993). The regulation of VAP-1 expression is thought to be quite distinct 

from other adhesion molecules, yet a clear analysis of this unique 

regulatory system has not yet emerged. Also the exact nature of VAP-1 as 

an adhesion molecule, its counter-receptor, its role in inflammation and 

its possible function in lymphocyte adherence to peripheral lymph node 

HEV is still largely unknown. Clearly more work needs to be done to 

elucidate the functions of this interesting molecule.

L-VAP-2 (lymphocyte vascular adhesion protein) is involved in 

lymphocyte adhesion to vascular endothelium (Airas et al, 1993). 

Expression is limited to human umbilical vein endothelial cells (HUVEC) 

and around 20% of peripheral blood lymphocytes of the B and CDS T 

lymphocyte subsets (Airas et al., 1993, Imhof & Dunon 1995). 

Expression of L-VAP-2 cannot be upregulated by cytokines or LPS on 

HUVEC. There has been some suggestion that L-VAP-2 may be another 

endothelial cell ligand for LFA-1, or that L-VAP-2 may share a common 

ligand with LFA-1 (Airas et al., 1993). Whatever the possible outcome, as 

with VAP-1 much more needs to be learned about the function of this 

molecule.

The CD44 transmembrane glycoprotein is widely expressed. It is 

found on B and T lymphocytes, monocytes, neutrophils, epithelial cells.
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fibroblasts, glial cells and myocytes (Pigott & Power 1993). CD44 has 

been known for more than 10 years under various names and roles, such 

as lymphocyte homing receptor (gp90 Hermes), phagocytic glycoprotein 

(Pgp-1), extracellular matrix receptor (ECMRIII) and hyaluronate 

receptor (H-CAM) with monoclonal antibody studies revealing identity 

between these molecules (Gunthert 1993). As one would expect from such 

a widely distributed molecule CD44 has a large array of functions, from 

cell-cell to ceU-matrix interactions, to hematopoiesis, lymphocyte and 

monocyte activation, cell migration and adhesion and finally metastasis 

(Haynes et al., 1989, Haynes et al., 1991). It is now Icnown that the 

multitude of functions listed above are performed by different isoforais 

of CD44 generated by alternative splicing from a single gene (Imhof & 

Dunon 1995). Five different isoforms have been encountered in 

leukocytes.

CD44 was initially thought to be a homing receptor, mediating 

lymphocyte adherence to Payer's patch HEV, but not to peripheral lymph 

node HEV, in frozen tissue section assays, based on experimental 

observations made with an anti-CD44 monoclonal Hermes-3, which 

inhibits human lymphocyte adherence to HEV in either mouse Peyer's 

patch or human appendix, but not to mouse or human peripheral lymph 

node HEV (Jalkanen et al., 1986, 1987, Berg et al., 1989). This view has 

however led to debate, since in vitro frozen tissue section assays do not 

necessarily reflect the in vivo situation, and indeed in vivo work would 

suggest that CD44 has a much more general role and is more likely to be 

involved in leukocyte extravasation into non-lymphoid inflammatory 

sites. Even if CD44 has a role in lymphocyte adhesion to HEV, it would 

appear to function only as an accessory molecule (Imhof & Dunon 1995). 

Similarly the wide distribution of CD44 on so many leukocytes and other
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cell types would make it very difficult to suggest that CD44 is specific in 

its function as a homing receptor. The debate continues, and it is possible 

that CD44 may have different isoforms, which in certain in vitro 

experiments prove to display a more prominent role in organ specific 

lymphocyte adherence, due to the restricted conditions presented to it. It 

is known for example that CD44 mediates lymphocyte adherence with the 

involvement of hyaluronic acid (HA) to cultured endothelial cells, but not 

to endothelium in frozen section assays (Imhof & Dunon 1995). In 

general CD44 is believed to mediate lymphocyte adherence mainly by 

binding to HA, but also by interacting with extracellular matrix molecules 

such as collagen, laminin, and fibronectin (Peach et al., 1993, Imhof & 

Dunon 1995). This binding to HA also mediates cellular aggregation, 

cytokine release and lymphocyte activation (Haynes et al., 1989). The 

most plausible function for CD44 is that of an accessory adhesion 

molecule. It is known that CD44 can bind to and present chemotactic 

cytokines, such as MIP-lp (macrophage inflammatory protein) to 

leukocytes which are in contact with endothelium, leading to integrin 

activation and subsequent strong adhesion (Imhof & Dunon 1995). 

Therefore CD44 participates in many functions by means of its various 

isoforms, and has an important, though as yet not fully understood role in 

leukocyte adhesion. Once the ligands which interact with the various 

isoforms are identified, the overall functions and regulation of CD44 

expression can be addressed.

1.7.5 The adhesion cascade

AH of the various adhesion molecules mentioned so far, have a part 
o

to play in leukocyte - endothelium interactions. Some are involved in the
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migration of lymphocytes to secondary lymphoid organs, such as 

peripheral lymph nodes and Peyer's patches, and mediate adhesion to 

HEV by functioning, as homing receptors or vascular addressins, while 

others have more prominent functions in leukocyte adhesion to adhesion 

molecules expressed on inflamed endothelium and / or activated 

leukocytes. Some adhesion molecules will mediate adhesion in both 

inflammatory and non-inflammatory situations. A multi-step adhesion 

cascade has been developed (Butcher 1991, Springer 1994) to present a 

comprehensible picture of the interactions of adhesion molecules in 

leukocyte - endothelium interactions in vivo (see diagram-3). Briefly, the 

model states that in flowing blood the initial attachment and rolling of 

leukocytes on endothelium (see diagram-3, stage-1) is mediated by low- 

affinity, selectin carbohydrate interactions. This primary adhesion can 

involve separable contact formation (termed tethering) with loose rolling 

of the leukocyte along the endothelial vessel wall, and molecularly distinct 

mechanisms for slowing the rolling velocity or a transient immediate 

arrest without discernible rolling (Hogg 1993, Butcher & Picker 1996). 

The shear forces of the flowing blood cause the rolling of leukocytes 

along the endothelium surface, and this initial attachment phase slows the 

transit of these cells, allowing them enough time to sample the vessels for 

soluble or endothelial surface proadhesive factors (Butcher & Picker

1996). Adhesion in this stage is mediated by selectins (L, E and P- 

selectin) and their counter-receptors found on the endothelium or 

leukocyte cell surface (in some cases a4p7 /  MAdCAM-1 and, or L- 

selectin /  MAdCAM-1 can be involved in this first stage as well). The 

participation of a4^7 in this stage of adhesion is thought to mediate a 

slower rolling rate than L-selectin mediated adherence, which can be 

important in order to slow down selectin initiated rolling long enough for 

the engagement of activation dependent adhesion mechanisms. In the
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second stage of the cascade, the rolling and initial attachment of 

leukocytes leads to strong adhesion (see diagram-3, stage-2). Adhesion is 

stabilised and leukocytes are arrested from the flowing blood, onto the 

endothelial surface. This stage is mediated by integrins and their ligands 

of the Ig superfamily (adhesion pairs such as a4p7 / MAdCAM-1, LFA-1 

/ ICAM-1 and or ICAM-2, and VLA-4 / VCAM-1 are involved). The 

involvement of different adhesion pairs in this stage depends largely upon 

whether the tissue in question is inflamed, or if migration is taking place 

in secondary lymphoid organs, such as the Peyer’s patches (where the 

(%4|37 / MAdCAM-1 pair would be involved). The final and last stage is 

called the trans-endothelial migration or transmigration stage (see 

diagram-3, stage-3). In this stage strongly adherent leukocytes from the 

previous stage, will travel from the luminal side of the endothelium to the 

sub-endothelial basal membrane within minutes. This travel is one way 

since transmigrating cells are trapped by the extracellular matrix of the 

basal membrane. It is thought that the adhesion pairs of LFA-1 /  ICAM-1 

and Mac-1 / ICAM-1 along with CD44 and VLA-4 /  fibronectin are 

involved in leukocyte transmigration (Hogg 1993, Ager 1994, Hogg & 

Berlin, Imhof & Dunon 1995). This final stage of the adhesion cascade is 

arguably the least well known of all the three stages.

Our knowledge regarding the multi-step adhesion cascade is being 

continually renewed, since its inception over five years ago, from a clear 

cut, well defined system of leukocyte adhesion to a continuous, flowing 

and more often then not, overlapping picture of adhesion molecule 

interaction and behaviour. With the emergence of new roles and functions 

for the already incorporated adhesion molecules to the cascade, and the 

advent of completely new adhesion molecules over the last four to five 

years, the initial confines of the cascade have now lead to a bewildering



60

abundance of adhesion molecule permutations and possibilities. No doubt 

this will continue- to increase as new roles are assigned to lesser known 

molecules, developing the picture further, and thereby demonstrating the 

complexity of such a system which has evolved to operate in different 

tissues and under different conditions.

The role of recirculating lymphocytes in the pathogenesis of 

inflammatory diseases has been known since the pioneering studies of the 

late seventies (Paulus et al., 1977, 1979) which showed that prolonged 

thoracic duct drainage (which preferentially depletes recirculating T 

cells) had a beneficial effect on the clinical course of inflammatory 

conditions such as rheumatoid arthritis and sytemic lupus erythematosus. 

Furthermore, reinfusion of viable thoracic duct lymphocytes exacerbated 

the disease, while reinfusion with killed thoracic duct lymphocytes had no 

such effect (Paulus et al., 1977). Direct studies of lymphocyte trafficking 

using intravenous injection of sichromium labelled cells demonstrated a 

small proportion of injected lymphocytes in the inflamed synovial 

membrane, the synovial fluid and thoracic duct, confirming the 

recirculating nature of lymphocytes in rheumatic disease (Schrieber

1994). In the following chapters rheumatoid arthritis will be discussed 

with emphasis on the immunology of the disease, and also the particular 

role that adhesion molecules play.

1.8 Rheumatoid arthritis and its clinical features

Rheumatoid arthritis (RA) is a disabling and painful inflammatory 

disease of multiple joints (typically involving the interphalangeal joints of 

the hands, the metacarpophalangeal joints and the wrists), affecting
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similar joints bilaterally with extra-articular involvement of several organ 

systems a frequent secondary feature. In this respect RA can be regarded 

as a systemic disease, it is however also classified as an autoimmune 

disorder, due to the strong correlation between serum levels of 

autologous antiglobulins (rheumatoid factors), and severity of disease. It 

is characterised by chronic synovial inflammation, brought about by the 

invasion of the synovial membrane and fluid mainly by memory T cells, 

macrophages and plasma cells, accompanied by the maintenance of this 

cellular immune response by inflammatory cytokines (Harris 1990, Ziff 

1990, Lawrence 1994). This leads in most cases to progressive destruction 

of cartilage and bone, which occurs after invasion of these tissues by the 

cellular synovial tissue and is believed to be mainly mediated by cytokine 

induction of destructive enzymes, chiefly matrix metalloproteinases 

(Feldmann et al., 1996). The disease is prevalent throughout the world, in 

with an estimated 1-2% of the general population being afflicted. It has 

been found in every ethnic or racial group that has been studied, with 

climate, geography and altitude no affecting the prevalence of the disesae, 

although climate has been reported to influence symptoms, with wet or 

humid climates leading to increased discomfort (Gordon & Hastings

1994). Rheumatoid arthritis is on average three times commoner amongst 

women than men, with the average age of disease onset around middle 

age, though no age is exempt. This has been noted in all populations 

studied. The severity of this disease is broad, ranging from mild to 

severe, however the disabling effects are cumulative and at the severe end 

of the spectrum can lead to premature death (Webb 1993, Maini et al.,

1995). The aetiology of RA remains largely unknown. Most of the 

current thinking on aetiology is speculative, based on analogy with 

experimental models of arthritis in animals and other forms of human 

disease, particularly reactive arthritis. It remains to be seen how valid
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such comparisons actually are. In recent years, considerable progress has 

been made in unraveling at least some of the genetic factors involved m 

RA. Since direct evidence of infection in the aetiology of RA has proved 

difficult to obtain, the emphasis has shifted from trying to identify a 

single trigger factor for the disease, to possibly a variety of factors that 

cause the disease to develope in susceptible individuals. For many years 

clinicians have noted familial aggregation of RA cases. These observations 

led to an array of genetic epidemiological studies aiming to define the 

contribution of inherited factors to the aetiology of RA. The association 

of the MHC class-n HLA-DR4 gene with RA was observed, with the 

demonstration of a relationship between increasing DR4 frequency and 

features of disease severity including levels of erosions, development of 

extra-articular disease and seropositivity (Oilier & MacGregor 1995).

The clinical course of RA generally falls into three catagories. In 

the majority of cases, periods of disease activity are interspersed with 

intervals of spontaneous remission, the duration of remission periods 

lasting between a few months to several years. This pattern offers the 

most favourable prognosis. The second course, which is also fairly 

common, is characterised by a progressive and unremitting synovitis, 

interrupted by sporadic flares typified by severe joint pains and effusions, 

marked inflammation, fever, general malaise, anaemia and debilitation. 

The third and far less frequent course of disease, is one of very 

aggressive and rapid polyarticular synovitis, accompanied by very high 

rheumatoid factor titers, nodules, and extensive extra-articular organ 

involvement (Webb 1992).

Subcutaneous nodules occur in 20% of RA patients with positive 

tests for blood rheumatoid factors and rarely in seronegative patients. The
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nodules reflect the level of rheumatoid disease activity and accompany 

severe disease (Matteson et al., 1994). Nodules develope most commonly 

on pressure areas, including the elbows, finger joints, achiUes tendon, 

occipital scalp and ischial and sacral prominences. Rheumatoid nodules 

are firm and frequently adherent to the underlying periosteum. 

Histologically there is a focal central fibrinoid necrosis with surrounding 

fibroblasts, which is thought to occur as a result of small vessel vasculitis 

with fibrinoid necrosis which forms the centre of the nodule, and 

surrounding fibroblastic proliferation (Matteson et al., 1994).

Small vessel vasculitis is intimately associated with many of the 

clinical manifestations seen in RA. Inflammation of the small and medium 

sized arteries in the extremities, peripheral nerves, and occasionally other 

organs may complicate RA. Patients with this form of rheumatoid 

vasculitis have a higher frequency of HLA-DR4 than those with 

uncomplicated RA, suggesting an inherited susceptibility to this 

complication (Scott et ah, 1981). Study of the early lesions of vessels 

from patients with rheumatoid vasculitis, show fibrinoid necrosis of the 

vessel wall with an inflammatory cell infiltrate. Chronic changes with 

artery wall fibrosis, occlusion, and recanalisation may also be seen. The 

acute arterial lesions are immune complex mediated, as indicated by the 

finding of immunoglobulins and complement in the involved arteries 

(Conn et al., 1972). Systemic vasculitis that complicates RA is generally 

uncommon. It usually occurs in rheumatoid patients who have 

longstanding disease, usually of 10 years or more. Rarely is systemic 

vasculitis present at the onset of RA, which in such cases the outcome is 

poor. Rheumatoid synovitis may not be active when the features of the 

systemic vasculitis are present. Small vessel vasculitis commonly involves 

the skin and causes nailfold infarcts, digital gangrene and leg ulcers. In
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some patients, the vasculitis may extend to involve mesenteric, coronary 

and cerebral arteries. Patients with rheumatoid vasculitis have high serum 

titres of rheumatoid factor, circulatory immune complexes and low serum 

complement, in addition to a elevated erythrocyte sedimentation rate, 
anemia and a diminished serum albumin.

Ocular, hepatic and pulmonary involvement in RA is also present, 

with keratoconjunctivitis affecting between 10 to 35% of patients, 

elevation of liver enzymes occasionally associated with active RA and 

interstitial pulmonary fibrosis also a feature in 15 to 25% of patients 

(Matteson et al., 1994).

1.8.1 Historical background of rheumatoid arthritis

The term "rheumatoid arthritis" was first introduced into medical 

literature by Sir Alfred Barring Garod, in 1859. However specific 

features of RA, such as hyperextension deformities (swan neck deformity) 

of the finger joints were identified as early as 1676, by the physician 

Thomas Sydenham, Another early example is madame de Sevigne, who 

died in 1696, and described her joint disorder in letters she wrote. 

According to reviewers, her disease had several features suggestive of 

RA, and would have even satisfied the ARA (American Rheumatism 

Association) criteria for the classification of RA (Halberg 1994), The first 

detailed description of RA is found in the doctoral thesis of Landre- 

Beauvais in 1800. He described nine patients, all female, with a 

polyarthritis associated with joint ankylosis and progressive deformity, 

which he termed primary asthenic gout (Symmons 1995), Sir Alfred 

Garrod's son. Sir Archibald Edward Garrod was the first to present a
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clear and well defined clinical description of the disease, in his paper of 

1890 titled "A treatise on rheumatism and rheumatoid arthritis". In his 

paper Sir Archibald Garrod also described osteoarthritis (which is now 

classified as a separate entity) and speculated on the origins of RA, tracing 

it back to ancient Egyptian and Roman times, based on paleopathological 

studies. Others have argued however that RA is a relatively new disease, 

with no convincing descriptions prior to the late 17̂  ̂ century (Snorrason 

1952, Boyle & Buchanan 1971, Short 1974). The issue remains 

controversial and has been renewed since the findings of archaic Indian 

skeletal remains indicating RA, in Alabama, dating back 3000-5000 years 

(Halberg 1994). The British Ministry of Health adopted RA as an official 

term in 1922, with the American Rheumatism Association following suit 

in 1941 (Symmons 1995).

1.8.2 Immunology of rheumatoid arthritis

The earliest stage of rheumatoid arthritis, is clinically refered to as 

the "acute phase" and is characterised by immune hyperactivity. During 

this phase the synovium becomes heavily infiltrated by T lymphocytes 

(mainly memory helper cells), plasma cells, monocytes and macrophages, 

with neutrophil accumulation within the synovial fluid. These cells and 

the cytokines that they produce trigger synovial cell proliferation, 

activation of the vascular endothelium, generation of new blood vessels, 

and further accumulation of activated leukocytes (Issekutz & Issekutz 

1991, Webb 1993, Mertens et al., 1994). Histological examination of 

rheumatoid synovium reveals synovial ceU hyperplasia, infiltration by 

plasma cells, lymphocytes, macrophages and mast cells, and the 

overgrowth of the fibrovascular granulation tissue known as pannus. This
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tissue progressively covers and erodes articular cartilage, and along with 

the secretion of metalloproteinases such as collagenase and 

proteoglycanase by inappropriately stimulated resident connective tissue 

cells (synoviocytes, chondrocytes and osteoclasts) irreversible joint 
destruction is achieved (Schrieber 1994).

A major aspect of pannus, is the formation of new blood vessels 

(angiogenesis). The factors that control angiogenesis in RA, are poorly 

understood however, although a variety of soluble factors such as phorbol 

myristic acetate, fibroblast growth factors a  and (3, transforming growth 

factor (3 (TGF-j3), TNF-a, heparin, prostoglandin E2, and platelet 

activating factor are thought to be involved (Folkman & Klagsbrun, 

1987). Several cell types, such as macrophages, lymphocytes, 

polymorphonuclear leukocytes, mast cells, and fibroblasts can stimulate 

angiogenesis by their secreted products (Schrieber 1994). Since many of 

these cells are present within the rheumatoid joint, it is conceivable that 

any combination of them could be responsible for the development of new 

blood vessels during pannus formation. The synovial fluid has also been 

suggested as a possible activator of angiogenesis, though experimental 

evidence is still scarce. Both TNF-a and TGF-(3 are present in 

rheumatoid synovial fluid, which would suggest involvement.

The synovium of RA often shows histological features similar to 

lymph nodes (Kurosaka & Ziff, 1983). Three regions have generally been 

described, these being the plasma cell rich zones, which consist of nearly 

15% plasma cells, secondly the lymphocyte rich zone, which contains 

around 80% lymphocytes and finally the transitional zone, which consists 

of a high percentage of blast cells, antigen presenting cells, small 

lymphocytes and macrophages (Firestein 1994). A variety of immune
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cells exist within the synovium, with T lymphocytes making up 30-50% 

of such cells. The predominant T cell subset is the CD4+ helper 

lymphocyte, with the CD4/CD8 ratio ranging from anything to 4:1 to 

14:1 (Firestein 1994). This relative lack in the numbers of CD8+ T cells 

(hence suppression), allows the interaction of CD4+ cells with MHC class- 

II positive antigen presenting cells, driving the immune reactivity 

forward. The majority of the CD4+ population is Icnown to express the 

CD45 RO marker characteristic of mature memory lymphocytes, and 

therefore suggesting previous exposure to antigen. Although naive (CD45 

RA) cells are also present within the synovium, they represent a clear 

minority. T lymphocytes are also abundant within the synovial fluid, 

however the numbers of CD44- and CD8+ cells are approximately equal 

to each other, in contrast to synovial membrane. Although the reasons for 

this discrepancy are not clear, it may represent the preferential migration 

of CD8+ cells from membrane to fluid, rather than CD4+ cells. 

Furthermore the high levels of IL-6 found within the synovial fluid may 

favour such expansion, since IL-6 is known to induce CD8+ T ceU 
proliferation.

Other events take place within the synovium as well, the most 

important being the proliferation of B lymphocytes, with subsequent 

rheumatoid factor (RF) synthesis, and formation of immune complexes 

with autologous IgG antibodies. During the clearance of such immune 

complexes from the synovial fluid, neutrophils release proteolytic 

enzymes such as collagenase and elastase, pro-inflammatory 

prostaglandins, leukotrienes and free oxygen radicals which sustain the 

inflammatory state within the synovium and also contribute to the 

eventual destruction of the joint. Non-phagocytosed immune complexes 

on the other hand, lead to the activation of the complement system
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(complement proteins are found within the synovial fluid), which in turn 

mediates further inflammatory systems. The liver is the major source of 

complement synthesis in humans and passive transfer of serum proteins 

into synovial fluid can account for some of the complement proteins 

found there. On the other hand, these proteins are also known to be 

produced locally in the joint, with macrophages and /  or fibroblasts being 

the most likely sources (Firestein 1994).

T ceUs, especially CD4(+) helper cells of the memory phenotype 

are thought to be central to the whole process of RA joint inflammation, 

orchestrating the immune response through cytokines and activating 

effects on other cells, perpetuating joint inflammation (Panayi et al., 

1992, Sewell & Trentham 1993). There is debate however about this 

central role, with the observation that cytokine levels produced by such T 

lymphocytes (such as IL-2 and IFN-y) are low within RA synovial 

membrane and fluid, and that monocyte / macrophage derived products, 

such as TNFa, H^-l and IL-6 are plentiful, suggesting a more prominent 

role for such cells (FitzGerald & Bresnihan 1995). However, evidence to 

support the role of T cells m the development and progression of RA is 

substantial. CD4 T cells are the dominant T cell phenotype m the synovial 

membrane, the disease improves with T cell targeted interventions (such 

as thoracic duct drainage, total lymphoid irradiation and cyclosporin 

treatment) and active arthritis is less severe with patients with AIDS, who 

have CD4 cytopenia (Sewell & Trentham 1993). Due to the abundant 

presence of monocyte /  macrophage derived cytokines and the low levels 

of T cell derived cytokines within the rheumatoid joint, it would seem 

more likely that the former rather than the latter type of cells have a 

dominant role in the perpetuation of RA. However it has been recently 

suggested that the biochemical evidence favouring monocytes /
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macrophages and the histological evidence favouring memory T 

lymphocytes, is compatible. It has been put forward that the mature 

memory T cell population is in a dysfunctional or downregulated state, 

hence explaining the lack of T cell derived cytokines within the 

rheumatoid joint. This theory is held together by two major points. First, 

although memory T cells produce low levels of IL-2, this is enough to 

support T cell function, if high affinity IL-2 receptors are expressed and 

second, low detectable IL-2 is the consequence of rapid turnover (Sewell 

& Trentham 1993).

Whatever the various roles lymphocytes, neutrophils, monocytes or 

macrophages have to play in joint inflammation, the essential factor is one 

of migration and eventual accumulation within the synovial environment. 

The migration of such cells is controlled and mediated by adhesion 

molecules. The expression of adhesion molecules on inflamed synovial 

membrane endothelial cells, and the recognition of these molecules by 

their complementary counter-receptors on leukocyte cell surfaces is the 

essential first step in synovial infiltration.

1.8.3 Adhesion molecules involved in rheumatoid arthritis

Inflammatory cytokines stimulate the expression of certain adhesion 

molecules on synovial endothelial cells, and on circulating leukocytes in 

cases of acute and chronic inflammation of the rheumatoid joint. 

PECAM-1 (CD31), VCAM-1, CD44, P-selectin, L-selectin, a4p7, VLA-
4, and fibronectin are all involved in mediating leukocyte adherence to 

inflamed rheumatoid synovial membrane endothelium. It would seem that 

the VLA-4 /  VCAM-1 adhesion pair is the most prominent of all these
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adhesion molecules, functioning as an inflammation specific homing 

receptor /  vascular addressin system for lymphocytes within rheumatoid 

synovium (van Dinther-Janssen et al., 1991, Morales-Ducret et al., 1992, 

Cronstein & Weissmann 1993). Adhesion of synovial membrane T 

lymphocytes to synovial membrane endothelium was shown to be 

inhibited by anti-VLA-4 and anti-VCAM-1 monoclonal antibodies, 

whereas antibodies to other adhesion molecules such as CD44, L-selectin 

and LFA-1 did not exhibit similar levels of inhibition and also synovial 

membrane T lymphocytes were found to show poor adherence to 

peripheral lymph node HEV as compared to non-rheumatoid peripheral 

blood T lymphocytes adherence (van Dinther-Janssen et al., 1991). Others 

have found high expression levels of a4|37 on T lymphocytes derived 

from rheumatoid synovium, as analysed by flow cytometry using an anti- 

(%4|37 murine monoclonal antibody (Lazarovits & Karsh 1993), the 

implication being that a4|37 expressing T lymphocytes adhere to VCAM- 

1 and fibronectin expressing synovial endothelium, providing an 

alternative to the VLA-4 /  VCAM-1 adhesion pair. This does raise 

questions however about the adherence of a4|37 and VLA-4 expressing 

lymphocytes to the same endothelial adhesion molecule. Furthei* 

experimental evidence is required to substantiate the role a4(37 plays in 

lymphocyte adhesion to synovial endothelium, and also whether VCAM-1 

is indeed the first choice ligand for a4(37, or whether another as yet 

unidentified ligand present on endothelium is involved. More recent 

research has suggested the involvement of CD44 as a homing receptor of 

lymphocytes to rheumatoid synovium, with expression of CD44 being 

upregulated on rheumatoid synovial fluid T lymphocytes relative to 

peripheral blood lymphocytes from the same individuals (KeHeher et al., 

1995). However the relative contribution of CD44 as a homing receptor is 

debatable, since the majority of T lymphocyte adherence to synovial
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endothelium occurs through the VCAM-1 pathway, which is not a ligand 

for CD44, In fact the ligand involved in CD44 mediated adherence to 

synovial endothelium is not yet clear, however hyaluronic acid, which is 

expressed in synovium and which can act as a ligand for CD44, has been 

implicated (Kelleher et ah, 1995). It would seem more likely that CD44 

functions as a signalling molecule within the synovium, rather than a 

homing receptor, signalling the production of cytokines such as TNF and 

the upregulation of other adhesion molecules involved in synovial 

adhesion.

The involvement of fibronectin, in the retention of T lymphocytes 

within the rheumatoid joint has also been suggested, with VLA-5 acting as 

the counter-receptor on T lymphocytes (Rodriguez et al., 1992). The 

abundance of fibronectin in rheumatoid synovium would make it a likely 

candidate for T lymphocyte interactions, however whether this role is 

important in lymphocyte adhesion to synovial endothelium remains to be 
seen.

Adhesion molecules such as P and L-selectin have also been 

implicated in adhesion to synovium. L-selectin is however expressed to a 

limited degree on all synovial tissue components, suggesting a more 

general role in adhesive interactions (Johnson et al., 1993). P-selectin on 

the other hand is expressed by synovial endothelium, and therefore seems 

likely to play a role in leukocyte adhesion. Indeed it has been shown to 

play a role in the in vitro adherence of monocytes to frozen RA synovial 

tissue (Grober et al., 1991). PECAM-1 on the other hand, which is 

expressed on synovial endothelium, synovial lining cells and subsynovial 

macrophages in RA, is not thought to play a role in adhesion. Instead it 

has been suggested this occurrence may be the result of the chemotaxis of
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PECAM-1 expressing monocytes and neutrophils into the rheumatoid 

joint (Johnson et al., 1993).

Adhesion molecules are also found in soluble (circulating) forms in 

the circulation, and raised levels have been reported in a number of 

conditions, including septic shock, certain cancers, impaired renal 

function, haemodialysis, hypertension, systemic lupus erythematosus, 

Wegener's granulomatosis and rheumatoid arthritis (Blann et al., 1995). 

Although different groups have found slightly fluctuating and in some 

cases different results, overall in RA, a raised level of circulating VCAM- 

1 and circulating ICAM-1 has been found in synovial fluid, as compared 

to plasma levels (Mason et al., 1993). Raised levels of circulating VCAM- 

1 correlated with the erythrocyte sedimentation rate (ESR) and C-reactive 

protein (CRP) levels in RA patients, whereas circulating ICAM-1 levels 

did not. The importance of circulating adhesion molecules in the 

pathogenesis of RA is unknown, what is known however is that 

circulating adhesion molecules act as good indicators of inflammatory 

disease. What is perhaps more interesting is to determine how these 

molecules are released from cells and whether they perform a function 

following shedding, in terms of modulating leukocyte action, or if they 

are just shed for clearance and degradation purposes. It is known for 

example that circulating VCAM-1 and ICAM-1 can support leukocyte 

adherence when immobilised to plastic (WeUicome et al., 1993), therefore 

it is not unreasonable to assume that they could have some role to play in 

the continuation of inflammation in RA.
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1.8.4 Evidence for gnt involvement in the pathogenesis of 

rheumatoid arthritis

In general, there have been two approaches regarding the aetiology 

of rheumatoid arthritis. One has been to search for the synovial 

acquisition of a novel antigen, while the other has been the possibility of a 

primary genetic abnormality, culminating in an immunoregulatory 

dysfunction. Despite longstanding research into a possible aetiological 

role in the onset of rheumatoid arthritis, implicating a connection between 

several organisms from viruses (parvovirus, slow acting viruses, 

oncomoviruses, Epstein-Barr virus) to bacteria {Proteus mirabilis, 

Clostridium perfringens, Streptococcus pyogenes, Mycobacteria species, 

to name a few), none have really produced conclusive evidence. Possibly 

the most promising work has come from research concerned with Proteus 

mirabilis. Increased levels of antibodies to this bacteria in the sera of 

patients with RA, but not in those with ankylosing spondylitis or control 

subjects have been found, with the suggestion that RA might be the end 

stage of recurrent episodes of Proteus induced reactive arthritis (Ebringer 

et al., 1985, 1988). More recently the same authors have also 

demonstrated amino acid homology between the outer membrane 

haemolysin protein of Proteus mirabilis and the HLA-DRl and HLA-DR4 

subtypes associated with RA, and that patients with RA have increased 

titres of antibodies against a synthetic peptide common to HLA-DR4 

derived from Proteus mirabilis membrane haemolysin (Ebringer et al., 

1992, Wilson et al., 1995). These studies though interesting, do not 

sufficiently deliver answers as to how the Proteus antigens recognised by 

RA patient antibodies might be involved in the pathogenesis of RA. 

Clearly such immunochemical data is important, but in itself not enough
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to prove conclusively the role of this bacteria in the onset and subsequent 

development of RA,

Another recent approach has been to focus on the relationship 

between diseases of the gastrointestinal tract and RA, and the connection 

between the gut and joints. There has been long unresolved debate as to 

whether the gut is abnormal in RA. There is no doubt that certain 

arthritides such as Reiter's disease and reactive arthritis are associated 

with enteric bacteria (Isdale & Wright, 1989), the most obvious being 

enteric reactive arthritis, where organisms such as Salmonella species. 

Yersinia enterocolitica, Campylobacter jejuni and Shigella flexneri have 

been implicated in the onset of this disease. It has been demonstrated that 

such organisms (or their antigenic material) in cases of enteric reactive 

arthritis can be absorbed systematically and reach the joints (Granfors et 

al., 1989). It is also well established that diseases of the gastrointestinal 

tract such as chronic inflammatory bowel disease (which include Crohn’s 

disease, Whipple's disease and ulcerative colitis) are associated with a 

peripheral arthritis with some features in common with RA, namely, the 

development of a synovitis affecting the larger peripheral joints such as 

the knees and ankles (Segal et al., 1986, Webb 1993). Indeed, the 

suggested causative agent of Whipple's disease {Tropheryma whippleii, a 

bacterium closely related to the actinobacillus group) has been identified 

in the synovium of patients suffering from Whipple's disease using 

electron microscopy (Gaston 1995). It is also established that serum IgA 

rheumatoid factor (RF) correlates with RA disease activity (March et al.,

1987), as does IgA immune complexes (Westedt et al., 1986) implicating 

the gut in RA, since lamina propria lymphocytes from inflamed intestines, 

secrete increased amounts of IgA (MacDermott et al., 1986). Further 

evidence for such a linlc is provided by the observation that polymeric
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(IgA"RF), rather than the monomeric form of IgA, predominates in RA 

synovial fluid (Elkon et al., 1982). Also IgA-RF has been detected in 

synovial membrane plasma cells, although synovial RF is chiefly of the 

IgG and IgM classes (Koopman et al., 1983).

The remission of RA in many women during and several months 

after pregnancy is also a well recognised fact in RA, It has been shown 

that during lactation the number of IgA plasma cells within the breast 

increases 900-fold. This increased homing has been suggested to be 

hormone dependent. (Weisz-Carrington et al., 1978), It has also been 

proposed that at the time of lactation, gut derived blast cells in the 

circulation are diverted to the connective tissue of the mammary gland 

for IgA antibody secretion into the milk, with these plasma cells within 

breast tissue producing antibodies specific for gut associated antigens, 

presumably to confer passive immunity to the intestinal tract of the 

newborn (Roux et al., 1977), Blast cells isolated from mesenteric lymph 

nodes were shown to exhibit significantly better specificity for localising 

within the lactating breast, than peripheral lymph node blasts cells, when 

the migration of these two populations were compared following labelling 

and intravenous injection into mice. Mesenteric lymph node blast cells 

localised within this tissue 3 to 10 fold better than peripheral lymph node 

blast cells, while both cell populations localised poorly to the non- 
lactating breast (Roux et al., 1977). Also, mesenteric lymph node blast 

cells localised within the small intestine 3 to 4 fold better than peripheral 

node blast cells. Indeed, the inference that lymphocyte homing to the 

lactating breast involves an endothelial binding specificity similar to that 

of the small intestine has been supported by studies with the anti- 

MAdCAM-1 monoclonal antibody Meca-367 which has identified 

MAdCAM-1 expressing endothelium within Peyer's patches, mesenteric
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lymph nodes, gut lamina propria and mammary gland (Streeter et al.,

1988).

Concomitant with this, it has also been suggested that the breast 

tissues of a pregnant patient with RA would compete with other mucosa 

associated tissues, diverting some of the cells which would pathologically 

have migrated to the rheumatoid joint (Sheldon 1988). It has been 

postulated that an abnormality in the migratory behaviour is exhibited by 

lymphocytes operating within the mucosal immune system, whereby 

lymphocytes which normally "home" to gut associated tissues may, in RA, 

exhibit a pathological tendency to home to the rheumatoid synovium 

instead (Sheldon 1988). The so called "Iteropathy hypothesis" has 

suggested that these cells may encounter, in the gut, an antigen cross­

reactive with a self epitope present within the joint (Sheldon 1988). Such 

an antigen (e.g., a bacterial cell wall component autoreactive with 

articular cartilage) would render certain lymphocyte clones abnormal in 

the sense that they would home to the synovium, expanding therein, and 

initiating inflammation (Webb 1993). Such a migratory behaviour would 

imply that gut lymphocytes would need to recognise adhesion molecules 

within the synovium, which share the same characteristics with those 

found in the gut. In other words, synovial endothelium would have to 

present adhesion molecules of a complimentary nature to the homing 

receptors expressed on such circulating lymphocytes. Although theoretical 

at the time, recent data has provided interesting new insights into the gut- 

synovium homing relationship.

It was demonstrated for example that human IL-2 stimulated T cell 

lines in vitro, usually bound most efficiently to the same type of tissue 

from which they were derived. Lamina propria lymphocytes (from
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inflammatory bowel disease patients) adhered best to mucosal HEV, 

synovial lymphocytes (isolated from inflamed synovectomy specimens 

from arthritic patients) adhered best to synovial HEV and peripheral 

lymph node lymphocytes (from surgically resected nodes later determined 

to be histopathologically normal) adhered best to lymph node HEV. T cell 

lines derived from peripheral blood lymphocytes bound relatively well 

both to mucosal and synovial HEV. Moreover, T ceU lines from lamina 

propria and peripheral blood were shown to adhere to mucosal and 

synovial HEV in.significantly greater numbers than to peripheral lymph 

node HEV (with lamina propria lymphocytes adhering better than 

peripheral blood lymphocytes), and T ceU lines from synovial membranes 

were shown to adhere to mucosal HEV equally as well as to synovial 

HEV, and both in significantly greater numbers than to peripheral lymph 

node HEV (Salmi et al., 1.992). Furthermore, it has been shown that 

freshly isolated human mucosal immunoblasts adhere significantly better 

than small mucosal lymphocytes to mucosal HEV and that the 

immunoblasts also adhere to synovial HEV as efficiently as to mucosal 

HEV, while not adhering to peripheral lymph node HEV (Salmi et al., 

1995). It was found that the adherence of mucosal immunoblasts to 

mucosal HEV was mediated by a4(37 and to a lesser extent CD44, while 

mucosal immunoblast adherence to synovial HEV was mediated largely by 

VLA-4 (Salmi et al., 1995). More importantly perhaps, it was shown that 

mucosal immunoblasts did not adhere to human peripheral lymph nodes 

that were severely inflamed any better than to non-inflamed lymph nodes, 

just as activated T ceU lines from peripheral lymph showed only marginal 

binding to inflamed synovial HEV, thus indicating that synovial HEV 

adherence is not merely due to the inflammatory status of the tissue 

(Salmi et al., 1995).
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An alternative study has shown high expression levels of a4]37 on 

rheumatoid synovium derived T cells (Lazarovits & Karsh 1993). The 

known capacity of a4j37 to act as a mucosal homing receptor, binding to 

its ligand MAdCAM-1 (which is selectively expressed on mucosal 

lymphoid organ HEV and on gut lamina propria endothelium) may 

suggest an important role for this integrin in the recirculation of activated 

lymphocytes between the gut mucosa and the synovial membrane, 

although the expression of MAdCAM-1 on synovial endothelium has not 

yet been reported, possibly suggesting the involvement of VCAM-1, 

which can mediate the adherence of a4{37 in inflammatory conditions 

(Andrew et al., 1994). Another recent study has demonstrated the 

presence of antigen specific B lymphocytes in the synovial tissue of 

rheumatoid patients, both after oral and parenteral immunisation with an 

influenza virus vaccine, with the magnitude of the synovial B cell 

response comparable to that seen in peripheral blood following oral 

immunisation (Trollmo et al., 1994). The authors suggest three possible 

pathways to induce a synovial B cell reactivity in response to mucosal 

immunisation, the first being the entrance of the mucosally deposited 

influenza vaccine into the blood and then subsequent entry into the 

synovium followed by the activation of synovial resting B lymphocytes. 

This argument is countered by the suggestion that only minute amounts 

(nanograms) of antigenic material would pass the intestinal barrier, with 

only trace amounts entering the joints, which would be unable to evoke a 

synovial B cell response. A second suggestion is that intestinal antigen 

specific B cells could be activated m situ by oral vaccination, and then 

migrate to the synovium. The final third suggestion put forward is that 

oral immunisation may activate antigen specific mucosal T lymphocytes, 

which in turn would interact with antigen committed B cells to induce 

antibody production, following migration to synovial tissue. The
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demonstration of aEp7 (also known as HML-1, which is restricted to 

intestinal intraepithélial lymphocytes) on some synovial lymphocytes 

would also seem to add some support to the theory of immunological 

"cross-talk" between the gut lymphoid tissue and the synovium (Trollmo 

et al., 1994).

These studies and their findings would seem to implicate the 

involvement of the gut in synovial inflamation and possibly rheumatoid 

arthritis. Although research into such a possible connection has increased 

over the years it is still relatively new and needs further attention and 

time. The general outlook in rheumatoid arthritis research has generally 

been to focus on events that take place within the synovium once the 

disease process has fully taken place and inflammation has irrevocably set 

in, be it research on cytokine expression, B cells and rheumatoid factors, 

or the role of T cells in perpetuating this process. Of course most of such 

research has justifiably focused on converting acquired knowledge into 

possible new therapeutic strategies (such as the case with anti-cytokine and 

anti-T cell therapies currently under study), without addressing the 

essential question, which should be the unknown aetiology of the disease. 

It is felt that any such research that tries to address this problem (be it 

studies on the possible genetic, hormonal or gut associated origins of 

disease) should be regarded equally important and noteworthy of 

attention.

1.8.5 Corticosteroids in rheumatoid arthritis

The treatment of rheumatoid arthritis requires a multidisciplinary 

approach, with combinations of non-steroidal anti-inflammatory drugs
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(NSAIDs), corticosteroids and drugs which suppress the rheumatic disease 

process, providing the basis for treatment alongside physical therapies 

including general and specific exercises, attention to patient psychology 

and m some circumstances careful diet control.

NSAIDs are one of the most commonly prescribed group of drugs, 

with up to 20% of people admitted to hospital taking them. They include 

drugs such as the short half-life aspirin, ibuprofen, indomethacin, 

ketoprofen and diclofenac, along with the long half-life fenbufen, 

naproxen, salicylate, and piroxicam to name a few. The principle action 

of NSAIDs is to interfere with prostaglandin production, though other 

cellular processes such as cell membrane functions, superoxide 

generation, rheumatoid factor production, cartilage metabolism and 

leukotriene synthesis are also modified by these drags (Sewell & 

Trentham 1993). NSAIDs are one of the most common causes of adverse 

reactions, the most frequent being gastrointestinal effects, followed by 

renal damge, skin reactions, headaches and nausea (O'Brien & Bagby 

1985). Drags which suppress the rheumatic disease process, such as gold, 

pen ic illam ine, hydroxychloroquine, su lphasalazine , and 

immunosuppressants such as azathioprine, methotrexate, chlorambucil and 

cyclophosphamide, do not produce an immediate therapeutic effect like 

NSAIDs, but require 2 to 6 months of treatment for a full response. 
However these drugs may not only improve the symptoms and signs of 

inflammatory joint disease, but also extra-articular manifestations such as 

vasculitis (British National Formulary, 1995). They have a wide range of 

side effects from rashes and nausea to conditions of renal impairment, 

hypertension, hepatic fibrosis and oncogenicity.
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Corticosteroids are the only drugs in routine use which reliably, 
effectively and rapidly suppress synovial inflammation in rheumatoid 

arthritis (Kirwan 1994). They are superior in effectiveness, when 

compared to non-steroidal anti-inflammatory drugs (NSAIDs) and given 

in low doses may have fewer disadvantages than immunosuppressants. 

They have been used in the treatment of RA since 1949 (Hench et al., 

1950) and despite initial enthusiasm for the treatment, the plethora of 

adverse effects that generally followed high dosages, led to a re- 

evaluation of their role. Recent interest in chronic low dose oral 

corticosteroid treatment in RA has led to more widespread use, with 

possibly less toxicity then previously thought (Smith et al., 1990). Intra- 

articular corticosteroids, to relieve pain and increase mobility, stül have 

an important place in RA treatment. In recent years pulse therapy, 

involving the intravenous (i.v.) infusion of a large dose of corticosteroid 

(usually 500-1000 mg of methylprednisolone) up to three times over a 

seven day period has been used to induce remission prior to the 

ameliorating effects of disease modifying drugs.

Pulse therapy was initially used for renal transplant patients, but 

spread to the treatment of other renal disorders, such as lupus nephritis. 

The observation that synovial inflammation responded rapidly, and for 

prolonged periods with i.v. therapy led to controlled studies throughout 

the 1980s, which- suggested beneficial effects lasting up to 6-12 weeks, 

with fewer side effects (Kirwan 1994). Today, methylprednisolone acetate 

(a synthetic corticosteroid with predominantly glucocorticoid activity) is 

one of the most frequently used corticosteroids in pulse therapy, with a 

favourable risk / benefit ratio, and relatively minor side effects. It is 

known to cause a temporary lymphocytopenia (of T lymphocytes in 

particular), decreased IL-6, IL-8 and soluble IL-2 receptor levels in
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serum, diminished synthesis of IL-1 by mononuclear cells, decreased 

CRP, ESR and immune complex (IC) levels and also results in 

fluctuations in the levels of synovial fluid and peripheral blood neutrophil 

levels (Smith et al., 1988b, Smith et al., 1988c, van den Brink et al., 

1994, Kirwan et al., 1994). On the other hand very little is known about 

the effects of pulse therapy on adhesion molecules and lymphocyte 

migration. It would seem reasonable to assume that a therapy which leads 

to the suppression of joint inflammation, and causes fluctuations in 

circulating leukocyte levels, may also exert an inhibitory effect on 

adhesion molecules. It would also be of great interest to know if such an 

effect were a general, overall inhibitory effect or a specific one, confined 

to any particular lymphocyte subsets.

Recently many clinical studies have concentrated on monoclonal 

antibody treatment against TNFa and CD4 lymphocytes as a possible 

therapy of rheumatoid disease and also as an alternative to conventional 

drugs (Maini et al., 1995). Monoclonal antibodies directed against human 

ceU surface antigens such as the Campath-1 antigen (CD52) have also been 

studied with apparent efficacy (Isaacs et al., 1996). It was found that 

patients with active rheumatoid arthritis who had been treated over a ten 

day period with a small dose (60 mg in total) of Campath-1 improved 

clinically with response durations of up to seven months (Isaacs et al., 

1992), However subsequent studies have demonstrated adverse effects 

such as fever, nausea, increased incidence of hypotension, rash and 

incidence of serious opportunistic infections with increased doses of up to 

400mg over ten days (Isaacs et al., 1996). These findings are perhaps not 

surprising as Campath-1 therapy has been reported to cause prolonged 

peripheral blood CD4+ lymphopenia along with short term monocyte and 

natural killer cell depletion (Isaacs et al., 1996).
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Although interesting and promising for the future of RA treatment, 

currently such therapies are short lived, with symptomatic improvement 

rarely exceeding a few months, with several side effects, the most 

prominent being low tolerance against administered monoclonal 

antibodies. There are also conflicting reports as to the benefit of such 

therapies, especially in the case of anti-CD4 treatment. It would seem that 

combinations of such agents at low doses, with already established drugs 

in RA therapy should be used in future clinical studies to evaluate the 

benefit of such potential treatments in rheumatic disease.

1.9 Objectives of study

The main objective of the work carried out was to examine the 

possible connection between gut homing mononuclear cells (MCs) and 

those that infiltrate the joint in rheumatoid arthritis, within the light of 

previously published work. Experiments were carried out to compare the 

adhesion characteristics of different MC populations. To this end, porcine 

MC populations of distinct circulatory behaviour (mucosal and peripheral 

lymphoid tissue homing) were used and compared with human control 

and rheumatoid MCs in their adhesion properties. For this pupose an in 

vitro adherence assay was used, and a considerable effort was made to 

validate this assay and to address possible shortcomings. A series of 

monoclonal antibody experiments was carried out to try to elucidate the 

likely adhesion molecules involved. Analysis of temperature and cation 

sensitivity experiments along with a series of assays determining MC- 

endothelium interaction characteristics were also done. Mononuclear cell 

adhesion in other arthritic conditions was studied and compared with RA.



The second part of the study was concerned with the effects of a 

commonly used corticosteroid (methylprednisolone) on the adhesion 

characteristics of rheumatoid MCs. In vitro and ex vivo experiments were 

carried out. Mononuclear ceU adhesion as weU as circulating MC subsets 

were studied before and after steroid therapy over a 24 hour period. 

Finally, the effects of steroid therapy on adherent MC subsets was 

analysed as well as its effect on circulating adhesion molecule VCAM-1 

over a 24 hour period.

The overall aim of this study therefore, was to establish a 

dependable, reproducible in vitro adhesion assay system, to address the 

problems associated with such an assay and then to study the overall 

adhesion characteristics of several MC populations (including those from 

rheumatoid arthritis patients) and by inference their possible homing 

properties. Once this was achieved, possible factors and agents that may 

effect MC adhesion were analysed, with special attention paid to the 

effects of a commonly used corticosteroid in rheumatoid arthritis patients.
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Table-1 The Integrin Family And Their Ligands

Name of Integrin Other names Ligands

Bl Intearins
a ip i VLA-1 CoU (I, IV), LN
«2(31 VLA-2 CoU (I, IV), LN, FN
«3pl VLA-3 CoU (I), LN, FN, Ep
«4(31 VLA-4, LPAM-1 VCAM-1, FN
«5(31 VLA-5 FN
«6(31 VLA-6 LN
«7pl VLA-7 .LN
aSpi 7
«9pi ?
avp l FN

132 Integrins
aLp2 LFA-1 ICAM-1, 2, 3
«Mp2 Mac-1 ICAM-1, FIB
aX|32 pl50, 95 FIB
aOp2 ICAM-3 ?

63 Integrins
«nbp3 FIB, FN, VN
aVp3 FIB, FN, VN, LN

67 Integrins
aEp7 M290 LEL, HML-1 E-cadherin
a4p7 LPAM-1 MAdCAM-1, VCAM-

Other 6 integrins
a6p4 LN
aVp5 VN
aVp6 FN
aVp8 7

LN (laminin), FN (fibronectin), VN (vitronectin), FEB (fibronectin) Coll 
(collagen), Ep (epiligrin).
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3.1. Animals

Porcine Peyer's patch, peripheral blood and peripheral lymph node 

samples were obtained from local abattoirs. In all, 34 porcine samples; 15 

Peyer's patch, 12 peripheral blood and 7 peripheral lymph nodes were 

obtained. AH samples came from healthy, disease free animals, which had 

been approved for slaughter and human consumption by the abattoir 

health inspector.

3.3. Patients and human controls

A total of 92 patients were studied, of which 58 were patients with 

active disease, who aU satisfied at least four of the revised ARA criteria 

(Arnett et al, 1988, see appendix-2) for Rheumatoid Arthritis (RA) and 

had at least three clinically inflamed joints, a raised plasma viscosity, and 

an increased C-reactive protein level. None had been on steroids or 

immunosuppresive agents prior to inclusion into study.

Of those with RA, paired samples of peripheral blood (PB) and 

knee synovial fluid (SF) were obtained from 25 patients (15 female and 

10 male). Synovial membrane (SM) samples were obtained from 7 

patients (5 female and 2 male) undergoing synovectomy operations. The 

disease duration of all 32 patients ranged from five months to 12 years, 

and their age range was 50 to 80 years old. None of the patients were on 

steroids or immunosuppresive agents.

Samples of PB were obtained from another 26 RA patients (18 

female and 8 male) prior to and 24 hours following 500mg intravenous
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glucocorticoid (methylprednisolone acetate) pulse therapy. Their age 

range was 55 to 75 years old. This therapy is generally intended to induce 

benefit prior to the effect of their new Disease Modifying Anti-Rheumatic 

Drug (DMARD), or as an intercurrent treatment of patients already 

established on their existing DMARD, but whose disease had flared. None 

of the patients studied were on immunosuppressive drags.

Peripheral blood samples were also obtained from 30 volunteers 

who acted as control samples (23 female and 7 male) with an age range of 

50 to 65 years old. These volunteers were patients who had come to 

hospital with complaints of back pain and were not on any medication 

except for symptomatic treatment with topical non-steroidal anti­

inflammatory drags (NSAIDs) to relieve back pain and stiffness. Four 

additional peripheral blood samples were obtained from healthy 

laboratory personnel, of age range 23 to 34 years old.

2.3 Preparation of Porcine and human tissue for cryostat 
sectioning

Small intestine and peripheral lymph nodes were obtained from 

freshly slaughtered pigs. The small intestine and lymph nodes were 

excised and transported to the laboratory immediately, in PBS. All 

samples were transported in ice. Porcine Peyer's patches (PP) were 

identified as raised, spherical dome like areas on the outer epithelium of 

the jejunal small intestine. They were excised from the rest of the tissue 

and cut into pieces of 0.5 -Icm^ in size. A total of 20-25 Peyer's patch 

pieces were obtained in this manner from each sample. AU PP pieces were



washed twice in 100ml of PBS for 15 minutes each, on a stirrer with a 

magnetic flea. The supernatant was aspirated and discarded each time.

Cylindrical moulds were made by wrapping aluminium foil around 

4ml Bijoux tubes, while the PP pieces were being washed. Once ready 

these moulds were filled up to an depth of 1cm with Tissue Tek OCT 

tissue embedding compound. The washed PP pieces were embedded in this 

compound one at a time and frozen in liquid nitrogen using an iso-pentane 

heat buffer. The moulds were then wrapped and stored at -70°C. Each 

mould contained two horizontally embedded pieces of PP tissue. The same 

procedure was used for the preparation of porcine peripheral lymph 

nodes (LN) except that the node was cut into pieces of 0.5 - Icm^ and 

frozen.

Human Synovial Membrane (SM) samples from RA patients and 

human gut tissue from 1 patient undergoing gut resection for carcinoma, 

were processed in the same manner as Porcine PP and LN tissue. As was 

the case with LN tissue, all of the synovial membrane was cut and frozen.

2.4 Procedure for isolating mononuclear cells (MCs) from 

porcine and human samples

2.4.1 Isolating mononuclear cells from porcine tissue 

(enzymic method)

Porcine PP tissue was obtained and prepared as previously 

discussed (sections 2.1 and 2.4 respectively) with the exception of 

freezing the PP tissue pieces. Instead, up to 40 pieces of PP tissue were
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added to 100ml of Hank's Balanced salt Solution (HBSS), to which was 

added 150mg of Dispase (neutral protease from Bacillus polymyxa grade 

2) and stirred at 37°C for 45 minutes. The supernatant, containing the PP 

cells dissociated from the tissue, was aspirated and centrifuged at 1000 

rpm (150g) for 10 minutes at 20°C, and the remaining enzymatically 

disrupted PP tissue pieces discarded. The cell pellet was washed twice 

more with HBSS, and finally resuspended in 5 ml of sICM. This final 

suspension of PP cells was overlayered onto an equal volume of 

Histopaque (mononuclear ceU separation medium) and centrifuged at 1800 

rpm (400g) for 30 minutes at 20“C. PP mononuclear cells (MCs) were 

aspirated from the interface layer, washed twice and finally resuspended 

in 1ml sICM. The same procedure was used for obtaining MCs from 

porcine peripheral lymph node.

It should be added that mononuclear cells aspirated from the 

interface following Histopaque separation, would normally yield a 

population of cells consisting largely of B and T lymphocytes, as well as 

the non-B, non-T lymphoid cells called Natural killer (NK) cells in 

smaller numbers (NK cells make up less than 10% of the total percentage 

of lymphocytes in peripheral blood, lymph node and spleen), along with a 

small percentage of monocytes (from 2-11 % depending upon the source 

of sample), while erythrocytes, granulocytes (or polymorphonuclear 

cells) and platelets would sediment to the bottom of the tube (Boyum 

1968, Janeway & Travers 1996). The implications of using mononuclear 

cells rather than B and T lymphocytes shall be analysed in section 4.2 of 

the discussion.
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2.4.2 Isolating mononuclear cells from human tissue (enzymic 
method)

Synovial membrane samples were obtained as discussed earlier 

(section 2.2). According to the size of the synovium, 10 to 15 pieces were 

excised and added directly to 50ml HBSS with 150mg dispase, and stirred 

at 37<>C for 60 minutes. The supernatant was treated in the same manner 

as PP tissue supernatant was following enzymatic dissociation, for the 

isolation of MCs (section 2.5.1).

2.4.3 Alternative method used for isolation of mononuclear 
cells from porcine and human tissue

An alternative procedure to dispase treatment was used in order to 

isolate porcine PP, LN and human SM MCs. This additional method of 

extraction was used to see if MCs isolated by this method were 

comparable to the same cells extracted by dispase treatment, in terms of 

their adherence properties. The following procedure was identical for aU 

three types of tissue. This consisted of cutting the tissue samples into small 

pieces (0 .5-1  cm^) and transferring them to a sterile, stainless steel, mesh 

strainer, rinsed several times with HBSS, and gently teased through the 

mesh, using the barrel of a sterile 2ml syringe untiU the tissue pieces were 

disrupted. Cells were washed three times through the mesh, and the 

suspension collected in an petri dish. This suspension was later aspirated 

and discharged several times more through the mesh, using a sterile 5ml 

Gilson tip, and finally transferred to a sterile 15ml conical tube. This was 

allowed to stand on ice for 10 minutes to enable debris to sediment. The 

cell suspension was centrifuged at lOOOrpm (150g) for 10 minutes at
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20oC. the cell pellet was washed twice more and resuspended sICM. This 

final suspension was overlayered onto an equal volume of Histopaque, 

centrifuged at ISOOrpm (400g) for 30 minutes at 20°C. The MCs were 

aspirated from the interface layer, washed twice and finally resuspended 

in 1ml of sICM.

2.4.4 Procedure for isolating mononuclear cells from 
peripheral blood and synovial fluid samples

Mononuclear cells were isolated from porcine PB, human control 
PB and human RA SF and RA PB. In all cases except for human RA SF, 

4ml DSM was added per 20ml of blood. This was done in order to 

sediment erythrocytes and to prevent the blood from coagulating. Once 

DSM was added, the blood was left to settle for 15-20 minutes. Following 

the sedimentation of erythrocytes, the white cell rich supernatant was 

collected, centrifuged at lOOOrpm (150g) for 10 minutes at 20"C. The 

pellet was resuspended in 5ml of sICM and carefully layered over 5ml of 

Histopaque used for separation of MCs by density gradient centrifugation. 

Samples were spun for 30 minutes at ISOOrpm (400g) at 20°C. The 

interface layer was aspirated, spun down at lOOOrpm (150g) for 10 

minutes at 20»C, resuspended in 5ml of sICM, washed twice more and 

finally resuspended in 1ml of sICM.

Mononuclear cells were obtained from SF samples by density 

gradient centrifugation as described above. No DSM was added to SF 
samples.
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2.5 Mononuclear cell enumeration, viability, the in vitro 

adherence assay, quantification and freezing/recovery

2.5.1 Cell enumeration and measurement of mononuclear cell 

viability

Mononuclear cells were enumerated using a Biological model Z g i 

Coulter counter (Coulter Electronics), with threshold levels, aperture 

current, amplification settings and orifice diameter set for white blood 

cell counting. All counts were performed in triplicate, and the mean value 

taken as the final count. All cell suspensions used were adjusted to a final 

concentration of 5 x lOVml.

The viability of each ceU suspension used was ascertained by trypan 

blue staining. Viable MCs exclude the stain and appear colourless, dead 

cells are permeable to trypan, and appear blue. A total of over 250 cells 

were counted from each cell suspension to be tested, by bright field 

microscopy at x 250 magnification. All counts were done in duplicate, and 

the mean percentage viability quoted.

A Leishmann's differential white blood cell stain was also carried 

out on every MC suspension, to detect contamination, by 

polymorphonuclear cells.

2.5.2 In vitro adherence assay

Frozen tissue samples which were kept at -70“C following 

processing (section 2.4) were moved to -20»C, 24 hours before cryostat
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sectioning. On the day of sectioning, 10 micron sections were taken at 

-18°C to -25“C on a Bright microtome. A total of five sections were used 

for each assay. Sections were then allowed to dry at room temperature for 

20 minutes, and the embedding compound surrounding the tissue was 

peeled away, and discarded. A wax circle was drawn using a Chinagraph 

wax pen, around each tissue section, of no larger then 1.5 cm in diameter. 

Fifty microlitres of cell suspension of 5 x lOVml (250000 cells), was 

layered onto the tissue section and incubated on a shaking platform at 70 

rpm for 30 minutes at 4°C. After incubation the non-adherent cells were 

decanted from the tissue by gentle tapping, and with the aid of a Q-tip 

applicator, by means of aspirating the volume of suspension covering the 

tissue section. The sections were then washed gently in PBS, and fixed in 

2% glutaraldehyde for 10 minutes at room temperature and again washed 

several times with PBS. Once dried, the sections were stained with 

Haematoxylin and Eosin. Adherent cells appeared dark blue to purple, and 

on a slightly different focal plane than the underlying tissue, which 

appeared pink/red. After staining, the sections were fixed with DPX 

mountant for permanent storage.

2.5.3 Quantification of adherent cells

The counting of adherent cells was carried out using bright field 

microscopy, x 250 magnification, with a graticule equipped eyepiece. On 

each section a total of ten 1 mm^ areas were quantified. In the case of PP 

tissue, adherent MCs were counted in five randomly chosen areas within 

the lamina propria and five such areas in the follicular region of the tissue 

section (see diagram-2). The number of MCs adherent within the lamina 

propria were counted and subtracted from the number of MCs adherent
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within the follicular areas, to give the net number of MCs adherent within 

the lamina propria areas independent of follicular adherence. The intra- 

observer coefficient of variation was 3.9% based upon the quantification 

of adherent MCs in ten sections with a total of 100 areas counted.

The final result was calculated as follows;

No. MCs in No. MCs in
lamina propria -  follicular areas = Net no. MCs

Net no. MCs x 250 (magnification factor ; xlO eyepeices and x25 lens)
  =  X

100 mm2 (area of graticule ; 10mm x 10mm)

X

  = MCs adherent per mm2

No.of areas counted

2.5.4 Mononuclear cell freezing and recovery

Mononuclear cells were suspended in sICM, and adjusted to 10-20 x 

106/ml cells. They were then centrifuged for 10 minutes at lOOOrpm 

(150g) at room temperature, and resuspended in an equal volume of
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lymphocyte freezing medium (LFM). They were then stored at -70°C in a 

Nalgene cryofreezing container (gradual temperature cooling of 

-1 "C/minute) overnight, and then transferred to long term storage 

containers. Cells -were kept at -70"C for up to two to three weeks at the 
most.

Once cells were ready to be used, they were thawed out quickly in 

hot (55°C) water and resuspended in 3 times the original volume, this time 

in cell suspension medium (CSM). They were then centrifuged at 

lOOOrpm (150g) for 10 minutes at room temperature and finally 

resuspended in sICM. MCs were enumerated and concentration was 

adjusted again, and ceU viability determined before use.

Frozen MCs were only used initially for some porcine PB samples, 

all human samples were used fresh. No adverse effect of freezing was 

observed on lymphocyte populations in terms of cell viability.

2.6 General adhesion studies

The following experiments were performed in order to validate 

certain aspects of the in vitro adherence assay used. Since it was of 

importance to develop© a reproducible assay system reflecting certain 

aspects of in vivo adherence, it was sought to examine the adherence of 

human control PB MCs to gut lamina propria (GLP) endothelial cells 

under the effects of different temperatures, two different cations, an 

inhibitor of metabolic activity, two phosphorylated monosaccharides, a 

mucus remover and different anatomic origins of cells used, most of
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which have been shown to effect cell adhesion in vivo, to which the in 

vitro adherence assay results were to be compared.

2.6.1 Manganese sulphate, EGTA, sodium azlde, and 

phosphorylated monosaccharide experiments

The effects of Mn2+ (at concentrations of 0.5mM, ImM, 2mM, 

4mM), the Ca2+ chelator EGTA (50mM), the metabolic inhibitor sodium 

azide (20mM), galactose 6-phosphate (20mM) and mannose 6-phosphate 

(20mM) on the adherence of human control PB MCs to Peyer’s patch 

tissue was studied. Mn2+, EGTA and sodium azide were incubated with 5 

X 106/ml of MCs for 30 minutes at 4°C m sICM. The cells were then 

washed and resuspended in fresh sICM and the in vitro adherence assay 

performed. Mannose 6-phosphate and galactose 6-phosphate were 

incubated with 5 x 106/ml of MCs for 30 minutes at 4<>C and were then 

used directly, with no wash-out phase, for the in vitro adherence assay.

2.6.2 Temperature experiments

Using the in vitro adherence assay as described before (section 

2,6.2), the adherence of human control PB MCs to lamina propria 

endothelial cells was studied at 4°C, 20oC and 37<>C.
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2.7.3 Dithiothreitol (DTT) experiments

DTT was used as a mucus remover and Peyer's patch tissue pieces 

were incubated in 2mM DTT containing PBS, on a shaking platform for 

10 minutes at room temperature. Following this incubation period, the PP 

tissue pieces were washed with PBS, frozen and stored for sectioning as 

previously described (section 2.4) ready for the adherence assay.

2.6.4 Variation of Peyer's patch tissue segments from small 
intestine

Porcine Peyer's patch segments were identified and excised from 

the duodenum, jejunum, and üeum of the small intestine, and processed as 

described previously (section 2.4) for future sectioning.

2.6.5 Monoclonal antibody experiments

The effects of monoclonal antibodies Meca-367 (anti-mouse, 

directed against the mucosal vascular addressin MAdCAM-1), Mel-14 

(anti-mouse, directed against the L-selectin adhesion molecule) and 

Hermes-3 (mouse anti-human, directed against CD44) upon the adherence 

of human control PB MCs and paired RA SF and PB MCs, to GLP 

endothelial cells was studied. Meca-367 and Mel-14 were kind donations 

from Prof. Eugene Butcher (Stanford University, USA), and Hermes-3 

was generously supplied by Dr. Sirpa JaUcanen (Turku University, 

Finland).



All three monoclonal antibodies were diluted in Nanopure water 

and stored at -70°C for long term storage, and at -20°C for short term 

use. MCs (50pl of 5 x 106/ml) were incubated with 50 p-1 of Hermes-3 or 

Mel-14 at 4®C for 60 minutes on a rotating platform. This was followed 

by the in vitro adherence assay, as described previously (section 2.6.2).

Meca-367 (lOOpl) was preincubated on 10 pm PP tissue sections, at 

4«C on a shalcing platform for 30 minutes, excess antibody suspension was 

gently tapped off after incubation and this was followed by the in vitro 

adherence assay. In all monoclonal antibody adherence inhibition 

experiments, a non-specific monoclonal antibody was used as a control.

Meca-367 was also used in an indirect two-step immunoperoxidase 

staining method for the localisation of mucosal endothelial cells. Acetone 

fixed (10 minutes at 4°C) 10 pm PP tissue sections were incubated with 

lOOpl of normal rabbit serum (diluted 1:20) at room temperature for 30 

minutes. Serum was then tapped off and excess wiped away. Following 

this, lOOpl of Meca-367 was layered onto sections and incubated 

overnight at 4»C in a humid chamber (to avoid evaporation of antibody 

suspension). The next morning the sections were washed in PBS for 20 

minutes. Then, 50pl of peroxidase conjugated rat anti-mouse monoclonal 

antibody (diluted in Nanopure water 1:100) was added onto sections. They 

were incubated for 30 minutes at room temperature, and following this 

were washed in PBS for 20 minutes. The substrate-chromogen solution 

was prepared as follows: 6mg of three-diam inobenzidine 

tetrahydrochloride (DAB) was added to 10ml 0.05M Tris buffer, pH 7.6. 

After DAB had fully dissolved, lOOpl 3% hydrogen peroxide was also 

added. The substrate solution was used within 20 minutes. It was added 

freely to the sections, and incubated for 5-10 minutes (until desired colour
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intensity had developed), and then washed gently off with distilled water. 

Finally the sections were washed in tap water for 15 minutes. Sections 

were counterstained for 30 seconds with haematoxylin and fixed in DPX 

mountant. They were then examined for positively stained endothelial 

cells. The same staining procedure was used for monoclonal antibodies 

anti-factor VIII (anti-porcine), Meca-325 (anti-mouse) and anti-CD31 

(anti-human), all three were used to identify endothelial cells within 

porcine gut lamina propria.

In all experiments three negative controls were used. These 

consisted of excluding the primary antibody, or the secondary peroxidase 

conjugated antibody or by not incubating with the substrate-chromogen 

solution.

2.7 Effects on adhesion of corticosteroids In vitro and ex vivo

The effects of the corticosteroid methylprednisolone, on MC 

adhesion to GLP endothelial cells, was studied in vitro, using porcine PB 

MCs, and ex vivo, using human RA PB MCs.

2.7.1 In vitro experiments

The corticosteroid methylprednisolone, was supplied as Solu- 

medrone (Upjohn Pharmaceuticals), sodium succinate powder (6- 

methylprednisolone 21 -hemisuccinate).
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A total of 125mg methylprednisolone was dissolved in 20ml of 

sICM, giving final concentration of 6.25mg/ml. This solution was then 

divided into 1ml aliquots and stored at -20°C.

Porcine PB MCs were obtained by density gradient centrifugation 

as previously described (section 2.5.4). MCs were resuspended in 2ml of 

sICM at a concentration of lOx 106/ml. To this was added a mixture of 

1ml methylprednisolone stock at 12.6mM, and 7ml of sICM. This gave a 

ten-fold dilution which contained a concentration of 1.26mM 

methylprednisolone. Methylprednisolone at a concentration of 1.26mM 

was chosen because this was the calculated concentration of MP in the 

blood stream of an RA patient following treatment with intravenous MP. 

It was important to carry out the in vitro experiments with MP 

concentrations close to those attained in vivo. Therefore the minimum 

likely in vivo concentration was chosen to be used in vitro as well. It was 

hoped that this concentration, would have an effect in vitro. Control 

samples consisted of 2ml cell suspensions of 10 x 106/ml MCs added to 

8ml sICM.

Both control and test samples were incubated at room temperature 

for five different time periods; 30 minutes, 1 hour, 2 hours, 4 hours and 
24 hours. The 24 hour incubations were done in 5% CO2  incubation 

chamber, with 130pl penicillin/streptomycin and 130pl L-glutamine 

added to each suspension. After incubation at different time intervals, the 

suspensions were centrifuged at lOOOrpm (150g) for 10 minutes. The 

pellet was resuspended m HBSS and centrifuged as above again. Finally 

the cells were resuspended in sICM and adjusted to an concentration of 10 

X 106/ml. These cells were then used in the in vitro adherence assay, with 

the exception that 25p.l was added per PP tissue section rather then 50p.l
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(though the number of cells layered onto each section did not change). In 

ah cases MC viability was tested and ceU suspensions with less then 85% 

viability were discarded.

2.7.2 Ex vivo experiments

A total of 26 RA patients undergoing pulse methylprednisolone 

therapy was used (section 2.2). AU patients received an intravenous 

infusion of 500mg methylprednisolone acetate. Peripheral blood samples 

were taken into a 25ml syringe 1 hour prior, 1 hour and 24 hours after 

pulse therapy for 14 patients. For 4 patients sampling was done over a 48 

hour period, with samples taken 24 hours, and 1 hour prior and 1 hour, 

and 24 hours after pulse therapy, one patient was foUowed up over a two 

week period. MCs were obtained from all samples as previously described 

(section 2.5.4) and viability, enumeration, the in vitro adherence assay 

and quantification was performed (sections 2.6 - 2.6.3). AU experiments 

were performed coded and read double blind.

2.7.2.1 Flow cytometric analysis

Blood samples from 8 patients were taken 1 hour prior and 24 

hours after pulse therapy. Phenotypic analysis of MCs from whole blood 

and separated blood samples were performed by flow cytometry using an 

FACscan (Becton Dickinson). Monoclonal antibodies directed against 

CD2, CD3, CD4, CD8, CD19, CD44, CD45RA, CD45R0 and HLA-DR 

were used. Monoclonal antibodies were conjugated with either
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fluorescein-isothiocyanate or phycoerythrin. Results were expressed as the 

percentage of positively stained lymphocytes.

In conjunction with flow cytometric analysis, the in vitro adherence 

assay was performed on each sample.

Immuno-histochemistry

The phenotype of adherent MCs was determined by immuno- 

histochemistry, using the Alkaline Phosphatase Anti-Alkaline Phosphatase 

(APAAP) method. Blood samples were obtained from 8 RA patients 

treated with pulse methylprednisolone, as ' previously described 

(additionally 4 blood samples from healthy volunters were also obtained 

for APAAP staining). Samples were taken 1 hour prior and 24 hours 

after pulse therapy. MCs were separated (section 2.5.4), enumerated, 

tested for viability and the in vitro adherence assay performed (sections 

2.6 - 2.6.3) on 10pm PP tissue sections which were previously desiccated 

over silica gel, overnight at 4°C. Following the adherence assay, the 

sections were fixed with acetone for 10 minutes at 4°C, instead of 

glutaraldehyde, to prevent cross-linking of the MC surface antigens.

The sections were then air dried, and washed in PBS for 5 minutes. 

Noraial rabbit serum (diluted 1:5 in PBS) was overlayed onto each section 

following washing, for 5 minutes at room temperature. Excess serum was 

tapped off, and 50pl of monoclonal mouse anti-human CDS, CD4, CDS, 

CD 19 and HLA-DR (all diluted 1:50 in PBS) was layered onto the sections 

(in aU experiments, 3 sections were used for each CD molecule to be 

tested for, hence a total of 15 sections were used, along with 3 sections for



103

negative controls), and incubated at room temperature for 30 minutes. 

This was followed by another 5 minute PBS wash, and incubation with 

50pl of rabbit anti-mouse secondary monoclonal antibody (diluted 1:20 in 

PBS), for 30 minutes at room temperature. After a further 5 minute PBS 

wash, the section was incubated with 50pl of mouse APAAP monoclonal 

antibody (diluted 1:40 in PBS), for 30 minutes at room temperature. A 

final 5 minute PBS wash was done, during which time the APAAP 

substrate was made by dissolving 12.5mg of Naphtol phosphate sodium 

salt in 25ml Veronal acetate buffer, and by adding 12.5mg of fast red TR 

salt and 6mg of levamisole.

The sections were rinsed briefly in 0.9% saline, and then incubated 

with the APAAP substrate for 20 minutes at room temperature, followed 

by another rinse in saline. The sections were then briefly counterstained 

in haematoxylin and washed in tap water. They were mounted in aqueous 

mounting medium (Glycergel). All MCs adherent to mucosal endothelial 

cells, were counted, and expressed as percentage positive or negative cells.

2.7.2.3 Enzyme Linked Immnno-sorbent Assay (ELISA)

Whole blood samples from 8 RA patients were collected in 4ml 

EDTA tubes, 1 hour prior, and 24 hours after pulse steroid therapy. 

Samples were centrifuged at lOOOrpm (150g) for 10 minutes at room 

temperature. Plasma was aspirated, aliquoted and stored at -2QoC until 

samples from all 8 patients had been gathered.

Human soluble VCAM-1 (sVCAM-1) was assayed by a 

commercially available immunoassay kit (R & D systems). A 96 well
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microtitre plate was used. Briefly; lOOjxl of anti-sVCAM-1 horseradish- 

peroxidase conjugate was added to each weU, followed by lOOpl of RA 

plasma (diluted 1:50), or 100 pi of sVCAM-1 control standard. Wells 

were mixed gently and allowed to incubate for 1.5 hours at room 

temperature. After incubation the contents of each well were aspirated 

and washed with 300pl of wash buffer. This process was repeated 5 times 

for a total of 6 washes. After the last wash, the contents of each well were 

decanted and any remaining wash buffer was removed by tapping the 

inverted plate firmly on a clean paper towel. Immediately after decanting, 

100pi of substrate solution (tetramethlybenzidine) was added, and 

incubated at room temperature for 30 minutes. Finally lOOpl of acid 

solution was added to each well to stop the reactions, and the optical 

density of each well was read within 30 minutes, using a microtitre plate 

reader (Dynatech MR600) set at 450nm with a correction wavelength of 

620nm. All samples were assayed in duplicate, and by analysing standards 

of known sVCAM-1 concentration and plotting a curve of absorbance 

versus concentration, the concentrations of unknown samples were 

determined and expressed as.ng/ml of sVCAM-1.

2.8 Latex particles and statistical analysis

Latex particles of similar diameter (10pm) to MC populations were 

used in the in vitro adherence assay, as an internal control for background 

adhesion. In general for each experiment, two slides were used with latex 

particles (25 pi of 10 x lO^/ml) incorporated with MCs. Latex particles 

were enumerated and quantified in the same manner as MCs were, and 
latex adherence results were also expressed in the same fashion.
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AU statistical analysis unless stated otherwise, was evaluated by the 

Mann-Whitney U test, with the level of significance (a) set at 5 % (P = 

0.05).
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CHAPTER

Results
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3.1 General adhesion studies

3.1.1 The effect of temperature on adhesion

The adhesion assay was performed at 40C, 200C and at ST^C, to see 

whether higher (i.e. physiological temperatures) had an effect upon the 

adherence of human control PB mononuclear cells (MCs) to GLP 

endothelial cells. 40C temperature assays were taken as control. At 2Q0C 

adherence was decreased by 24% and at 370C by 14% as compared to 

control. These results would suggest that different temperatures effect the 

adherence characteristics of PB MCs to GLP endothelial cells. See figure- 

1 and table-1.

3.1.2 The effects of EGTA, phosphorylated monosaccharides 

and sodium azide on adhesion

Calcium dependency, endothelial/epithelial adherence inhibition and 

the metabolic dependancy of MC-endothelial cell adhesion was studied, by 

means of EGTA, mannose/galactose 6-phosphate and sodium azide 

respectively (control experiments were performed without the addition of 

these substances). The adherence of human control PB MCs to GLP 

endothelial cells under these conditions was examined.

Table-2 shows their effects upon human control PB MCs 

adherence. As can be seen, adherence was almost totally inhibited by 

sodium azide (adherence down by 98% as compared to controls), 
implying the requirement for metabolic activity. The Ca2+ chelator 

EGTA and the endothelial cell adhesion inhibitor marmose 6-phosphate
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also inhibited adherence by 75% and 65% respectively as compared to 

controls. The epithelial cell adhesion inhibitor galactose 6-phosphate had 

no significant effect on PB MCs adhesion. Figure-2 represents the mean 

percentage adherence values.

3.1.3 The effect of manganese sulphate on adhesion

The effect of increasing concentrations (0.5mM, ImM, 2mM, 

4mM) of manganese sulphate on human control PB MC adherence to GLP 

endothelial cells was studied. As can be seen from table-3, 0.5mM and 

ImM manganese sulphate had no substantial effect upon MC adherence as 

compared to the control sample (which was not incubated with manganese 

sulphate), with 0.5mM increasing adhesion by nearly 6% and ImM 

decreasing adhesion by 6%. There was however a significant increase in 

PB MC adherence, with the addition of 2mM and 4mM manganese 

sulphate, with 2mM increasing adhesion by 39% and 4mM by 52%. 

Figure-3 represents the mean percentage adherence values.

3.1.4 The effect of mucus on adhesion

The effect of mucus, (present within the gut lamina propria) on MC 

adhesion was studied, lest it have an enhancing effect upon adhesion to 

endothelial cells within the lamina propria. Therefore dithiothreitol 

(DTT) was used to remove mucus from gut lamina propria tissue, before 

porcine PP MCs were used in the adherence assay. As can be seen from 

table-4, there was no appreciable difference in adherence to endothelial
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cells following the procedure. Therefore the possible presence of residual 

mucus would not appear to lead to non-specific MC adherence.

3.1.S Adherence of PP mononuclear cells from different 

regions of small intestine

Porcine Peyer's patches from three different regions of the small 

intestine were obtained (duodenal, jejunal and Heal) and PP MCs extracted 

from these regions to study the possible differences in adhesion to GLP 

endothelial cells. MCs from the jejunal region of the small intestine, were 

used in the standard adhesion assay.

In table-5 it can be seen that PP MCs extracted from Peyer's 

patches of different anatomical regions did not show any significant 

difference in adhesion to GLP endothelial cells. Therefore difference in 

anatomical origin of PP MCs would not appear to have an appreciable 

effect upon their adhesion characteristics. By contrast, adhesion to 

proteased lamina propria endothelial cells did inhibit PP MCs adherence 

on average by 60%, again irrespective of tissue originality. Overall 

results are represented in figure-4.

3.2 Adherence characteristics of porcine mononuclear cells 

(MCs)

The adherence of porcine Peyer's patch (PP), peripheral blood 

(PB) and peripheral lymph node (LN) MCs to porcine gut lamina propria 

(GLP) endothelial cells and to perpherial LN endothelium was studied
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(unless stated otherwise aU GLP is of porcine tissue). PP MCs exhibited 

significantly greater levels of adherence to GLP endothelial cells, as 

compared to PB (P= 0.0001) and compared to LN MCs (P= 0.0002). 

There was no significant difference in adherence between PB and LN 

MCs (P= 1). In table-6 the individual results for each experiment are 

presented, figurè-5 represents the mean experimental results as a 

histogram.

PP MCs also exhibited significantly greater adherence to GLP 

endothelial cells as compared to peripheral LN endothelium (P= 0.03). 

Similarly LN MCs adhered significantly better to LN endothelium than to 

GLP endothelial cells (P= 0.01). See table-7 and figure-6 for individual 

and mean results respectively.

3.3 Adherence characteristics of human RA and control 

mononuclear cells

3.3.1 Adherence to gut lamina propria (GLP) endothelial cells

The adherence of human control peripheral blood (PB) MCs, 

human RA PB, synovial fluid (SF) and synovial membrane (SM) MCs to 

GLP endothelial cells was studied. The adherence of SF MCs was 

significantly greater than the adherence of RA and control PB MCs (at P= 

0.001 and P= 0.001 respectively, with no significant difference between 

RA PB and control PB MCs adherence; P= 0.07).

This difference in adhesion was most apparent when compared to 

RA SM MCs, which showed poor levels of adherence to GLP endothelial
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cells. Both the adherence of RA SF, PB and control PB MCs was greater 

than RA SM MCs (statistical significance at P= 0.0001, P= 0.0035 and P= 

0.0001 respectively).

In table-8, the individual results for each experiment are presented. 

Control PB MCs adherence results are presented in table-9, and the mean 

results of all experiments with RA and control MCs are represented in 

figure-7 as histograms. Figure-8 represents the paired RA SF and PB 

results as a scattergram (values for paired samples in table-8), with pairs 

of results from each patient connected with a line. The median values are 

also included. It can be seen that in 22 out of the 25 paired samples, the 

adherence of RA SF MCs is greater than RA PB MCs. Photo-1 and 2 

show SF MCs adherence to gut lamina propria.

3.3.2 Adherence to peripheral lymph node endothelium

The adherence of four paired RA SF and PB MCs to peripheral 

lymph node endothelium was studied, and compared with adherence to 

GLP endothelial cells. The adherence of both RA SF and PB MCs to 

lymph node endothelium was low. RA PB MC adherence was slightly 

greater than that of RA SF, but this difference in adhesion was of no 

statistical significance (P= 0.47). The adherence of RA SF MCs to GLP 

endothelial cells was greater than that of RA PB MCs (statistical 

significance at P= 0.001), and both RA PB and SF MCs showed higher 

levels of adherence to gut endothelial cells than they did to lymph node 

endothelium. This difference in adhesion to lymph node endothelium as 

compared to GLP endothelial cells for both RA SF and PB was 

statistically significant (P= 0.0017 for RA SF and P= 0.0033 for RA PB).
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In table-10, the individual results for each experiment are 

presented, and in figure-9, the mean results of all experiments are 

represented as histograms.

3.3.3 Monoclonal antibody experiments

The effects of monoclonal antibodies Mel-14, Meca-367 and 

Hermes-3, on the adhesion of paired RA SF and PB MCs to GLP 

endothelial cells was studied. Neither RA SF or RA PB MC adherence 

were significantly inhibited by Mel-14 (P= 0.77 and P= 0.66 

respectively). However both Meca-367 and Hermes-3 were markedly 

inhibitory on both RA PB (adherence inhibited by 74% with Meca-367 

and by 57% with Hermes-3) and RA SF (adherence inhibited by 69% with 

Meca-367 and by 79% with Hermes-3) MCs adherence to GLP endothelial 

cells. Statistical significance at P= 0.03, as compared to Mel-14 and 

control results, for both RA SF and PB MCs.

Though RA SF MCs showed greater adherence than RA PB MCs, 

in the control and Mel-14 experiments (difference was statistically 

significant at P= 0.03), when treated with Meca-367 or Hermes-3 this 

difference in adherence levels was reduced to a similar extent for both 

RA SF and RA PB MCs. The individual results for each experiment is 

presented in table-11, and the mean percentage of adherence is 
represented as a histogram in figure-10.

Meca-367 was also used in a two-step immunoperoxidase staining 

method on porcine gut lamina propria. Positive staining was observed
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within the lamina propria of jejunal small intestine, between the crypts of 

Lieberkuhn closer to the muscularis externa. No staining was observed in 

the villus regions. Areas of Meca-367 positive staining corresponded to 

those of MC adhesion observed in the adherence assay (see photos 4 and 

5). Three additional Mabs were also used for staining of gut lamina 

propria tissue using the same method as for Meca-367 staining. No 

endothelial staining was observed with Meca-325, or anti-CD31, either in 

the villi or between the crypt regions. Anti-factor-Vm stained regions 

within the lamina propria (though not villi) in a manner similar to that of 

Meca-367 staining (see photos 6 and 7).

3.3.4 Adherence to human gut endothelium

The adherence of paired RA SF, PB and human control PB MCs to 

human GLP endothelial cells was examined and compared to their 

adherence to porcine GLP endothelial cells. The adherence of RA SF MCs 

to both human and porcine GLP endothelial cells (202+/-14 and 221+/-12 

MCs per mm^ respectively) was appreciably higher than RA PB (118+/-9 

and 131+/-8 MCs permm^ respectively) and control PB (124+/-11 and 134 

+/-7 MCs per mm^ respectively) adherence to the same tissues. Adherence 

to human gut endothelium closely resembled adherence to porcine gut 

endothelium (see photo-3). This was the case for all three MC populations 

studied, and the substantial differences observed in adherence to gut 

endothelium between RA SF and PB MCs was maintained when applied to 

human gut as well. In figure-11 the results are expressed as a histogram.
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3.3.5 Comparison of enzymic and mechanical methods of 

mononuclear cell extraction

Possible differences in adhesion of MC extracted from tissue by 

two separate methods (enzymic or mechanical extraction) was studied. 

Human RA SM MCs showed very low levels of adherence to gut 

endothelial cells as compared to other MC populations (see section 3.3.1). 

Since SM MCs were extracted by enzymic method (protease treatment), 

another alternative extraction method (mechanical) was used to see 

whether or not the low levels could be attributed to enzymic extraction. 

The same procedure of both enzymic and mechanical extraction was used 

also for porcine PP MCs as a control. As can be seen from table-12, no 

appreciable difference was observed in RA SM or porcine PP MCs 

adhesion, when extracted by enzymic or mechanical method. Hence the 

low levels of RA SM MCs adherence to gut lamina propria endothelial 

cells would not seem be attributed to the fact that they were obtained by 

enzymic dissociation from synovial membrane.

3.3.6 Other arthritic diseases

The adherence characteristics of SF and PB MCs from other 

diseases including osteoarthritis, reactive arthritis, Paget's disease and 

Reiter's syndrome were studied. Adherence was compared with that of SF 

and PB MCs from rheumatoid arthritis.

Reactive arthritis was closely similar to rheumatoid arthritis, in 

terms of adhesion of SF and PB MCs to GLP endothelial cells. The 

adherence of SF MCs was significantly greater than that of PB MCs (P-
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0.03), as with rheumatoid arthritis SF MCs (section 3.3.1). Osteoarthritis 

and Paget's disease showed markedly different results. The adhesion of 

their SF lymphocytes was much lower than RA SF MCs, and interestingly 

their levels of PB MC adhesion were higher than their SF MCs, the 

opposite being observed in reactive arthritis and Reiter's syndrome.

The paired results are presented in table-13, and these results are 

also represented as a scattergram in figure-12.

3.4 Effects of methylprednisolone (MP) pulse steroid (PS) 

therapy on mononuclear cell adherence, in vitro and ex vivo

3.4.1 In vitro experiments

The effects of the corticosteroid methylprednisolone on porcine PB 

MC adherence to GLP endothelial cells was studied after 0.5, 1, 2, 4 and 

24 hour incubation. Four separate experiments were done for each 

incubation period, and the results can be seen in table-14, with the overall 

mean results expressed as percentage adherence, in figure-13.

Maximal inhibition of adherence (34%) was achieved after 4 hours 

of incubation with steroid. After 24 hours of incubation the levels of 

adherence was seen to return to the control samples adherence level. 

Though there were appreciable differences in PB MCs adherence to GLP 

endothelial cells over 2 and 4 hours after steroid incubation, none were 

statistically significant as compared to control samples.
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3.4.2 Ex°v:vo experiments

Twenty-six RA patients undergoing intravenous (iv) pulse 

methylprednisolone therapy patients were studied. The effects on MC 

adhesion to porcine gut lamina propria endothelial cells, the effects on 

circulating MC subsets, and on adherent MC subsets, and finally the 

effects on circulating soluble adhesion molecules were studied.

3.4.2.1 Effects of pulse steroid therapy on mononuclear cell 
adhesion

The adhesion characteristics of human RA PB MCs, 24 and 1 hour 

prior to, 1 and 24 hours after MP PS therapy was studied. One patient 

was also studied 2 weeks after pulse steroid (PS) therapy.

Table-15 presents individual results for each patient at each time 

point. There was a statistically significant difference in adhesion to GLP 

endothelial cells 24 hours after PS therapy as compared to the 24 hour 

period prior to and 1 hour after PS therapy (P= 0.03 and P= 0.001 

respectively). By 24 hours after PS therapy, adhesion was reduced on 

average by over 58% as compared to pre-pulse levels. This reduction in 

adhesion was not apparent by 1 hour after PS therapy. Indeed there was 

no significant difference in adhesion between 1 hour prior or 1 hour after 

PS therapy results (P= 0.59). Sampling of patients 24 hours prior to PS 

therapy, was primarily done in order to see if the results observed were 

an artifact of hospitalisation stress on patients. Again, however there was 

no significant difference in adhesion as compared to 1 hour prior to, or 1 

hour after PS therapy (P= 0.66 and P= 0.88 respectively). There was no
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significant difference therefore, in adhesion to gut lamina propria 

endothelial cells, 24 and 1 hour prior to, and 1 hour after PS therapy. As 

for the one patient sampled 2 weeks after pulse therapy, there did not 

seem to be any difference in adhesion as compared to the mean adhesion 

values of the 24 hour post pulse samples, suggesting that for this 

particular patient at least, the in vitro effects of the steroid was still 

apparent. This however was only one patient's sample, hence no overall 

conclusion can be drawn.

In figure-13.1, the mean percentage adherence values are 

represented for the patients undergoing PS therapy over 24 hours, in 

figure-13.2, the mean percentage values are represented for patients 

undergoing PS therapy over 48 hours, and finally in figure 13.3, the total 

mean percentage results are given for all time periods, before and after 

PS therapy.

3.4.2.2 Effects of pulse steroid therapy on circulating
mononuclear cell subsets

Phenotypic analysis of circulating MCs was carried out in whole 

blood and from MCs separated from whole blood, 1 hour prior to and 24 

hours after pulse steroid therapy. Analysis was done by flow cytometry. 

The RA patients used in this study were the same patients used for the 

study on the effects of PS therapy on adhesion. All samples were taken in 

conjunction and experiments carried out within the same day (see section 

3.4.2.1).
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Results of the phenotypic analysis of circulating whole blood MCs 

can be seen in table-16 and figure-14, and for circulating MCs from 

separated blood samples in table-16.1 and figure-14.1.

Overall for circulating MCs, obtained after separation from whole 

blood, no statistically significant difference was observed in the 

circulating population of any of the subsets studied, before or after PS 

therapy. There was no significant difference between observed 

fluctuations in subsets and the effects of PS therapy on adhesion as 

analysed by percentage change or by change in the numbers of MCs / 

litre.

As for circulating MCs analysed as whole blood samples, a slightly 

different picture emerged. When the number of circulating MCs per litre 

was analysed, both the CD4+ and CD45RA+ subsets of MCs showed a 

significant decrease in circulation levels. CD4+, from pre pulse levels of 

0.67 X 109/litre to 24 hour post pulse level of 0.35 x 109/litre (P= 0.05) 

and CD45RA+ from pre pulse level of 0.87 x 109/litre to post pulse level 

of 0.63 X 109/litre (P= 0.02). When however, the percentage change in 

circulating MC subsets are analysed (rather than the number of MCs / 

litre) before and after PS therapy, then only the CD3+ subset showed a 

significant decrease (P= 0.03) from pre pulse levels of 74% (+/- 3) to post 

pulse levels of 63% (+/- 3). The difference in statistical significance 

depends upon whether the percentage change or the actual numbers of 

MCs /  litre are analysed before and after PS therapy.

These results would suggest that the 24 hour post pulse PS therapy 

inhibition of PB MCs adherence by over 58% (section 3.4.2.1, figure-
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13.3), was only in part related to the observed decreases in circulating 

MC subsets.

3.4.2.3 Effects of pulse steroid therapy on adherent 

mononuclear cell subsets

In conjunction with the adhesion experiments and the phenotypic 

analysis of circulating MCs, the phenotypic analysis of PB MCs adherent 

to gut lamina propria endothelial cells was also studied, 1 hour prior to 

and 24 hours after pulse steroid therapy. The RA patients used in this 

study were the same patients used for the previous two studies (sections 

3.4.2.1 - 3.4.2.2). Analysis was done by Alkaline Phosphatase Anti- 

Alkaline Phosphatase (APAAP) immuno-histochemistry.

As can be seen from table-16.2, besides the HLA-DR subset there 

was no significant difference in adherence to GLP endothelial cells in any 

of the subsets of MCs, following PS therapy. Although there was a small 

decrease in the CD3+, CD4+ and CD8+ subsets following PS therapy, and 

an increase in CD 19+ these were not statistically significant. However the 

HLA-DR+ subset was increased by 15% and this proved to be statistically 

significant (P= 0.01). In terms of overall MC adherence, before and after 

PS therapy, the small fluctuations observed in the adherence of the subsets 

of MCs analysed, would not seem to be the underlying cause behind the 

inhibition of adherence observed 24 hours after PS therapy (section 

3.4.2.1, figure-13.3).

Phenotypic analysis of PB MCs adherent to GLP endothelial cells 

was also done (with the exception of the HLA-DR subset) with blood
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samples from 4 healthy volunteers, in order to have some comparison 

with RA results. There were no appreciable differences in the levels of 

adherent CD3+, CD4+, CD8+ and CD 19+ MCs to GLP endothelial cells, 

as compared to pre-pulse or post-pulse RA PB MCs subsets adherence 

levels (see table 16.2).

3.4.2.4 Effects of pulse steroid therapy on circulating soluble 

VCAM .l (sVCAM-1) levels

The levels of circulating peripheral blood sVCAM-1 in 8 RA 

patients undergoing PS therapy over a 24 hour period was studied. 

Quantification of sVCAM-1 levels in plasma samples was done by ELISA 

and results expressed as ng/ml. As can be seen from table-17, there was 

no significant difference in the concentrations of circulating sVCAM-1, 

before or after PS therapy in any of the patients studied. Therefore PS 

therapy does not appear to have an effect on the levels of sVCAM-1 in 

circulation. However the mean value of sVCAM-1 concentration for RA 

patients (842 ng/ml +/- 50 for pre pulse and 813 ng/ml +/- 81 for post 

pulse samples) was substantially higher than previously reported levels of 

8VCAM-1 in control donors (553 ng/ml +/- 159 from 105 patients 

studied).

3.5 The use of latex beads as internal control

Latex beads were used in all adhesion assay experiments, as internal 

controls for background adherence to gut lamina propria tissue. Latex 

beads adhered randomly throughout lamina propria and follicular tissue
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in small numbers, very different to MC adherence patterns, hi all cases, 

the non-specific adherence levels of latex was 1 5 - 3 0  beads per mm^ of 

tissue. Any experiment which showed significantly higher latex adherence 

levels, was discarded, and the experiment repeated with fresh tissue.



Table 1

Adherence of human control peripheral blood (PB) mononuclear cells 
(MCs) to gut lamina propria endothelial cells, after incubation at 40C, 
2Q0C and 370C. Results expressed as adherent MCs per mm^ of lamina 
propria. The standard error o f mean is given in parentheses (+/- SEM).

Temperature (20  No. adherent MCs

4 = 283 (+/- 19)
20 = 216 (+/- 26)
37 = 242 (+/- 25)

Table 2

Adherence of human control peripheral blood (PB) mononuclear cells 
(MCs) to gut lamina propria endothelial cells, following incubation with 
EGTA (50 mM), mannose 6-phosphate (20 mM), galactose 6-phosphate 
(20 mM) and sodium azide (20 mM). Results expressed as adherent MCs 
per mm2 of lamina propria. The standard error o f mean is given in 
parentheses (+/- SEM).

No. o f adherent 
Treatment PB MCs % inhibition

Control = 190 (+/- 7) 0%
EGTA = 47 (+/- 19) 75 %
Mannose 6-phosphate = 66 (+/- 2) 65 %
Galactose 6-phosphate = 187 (+/- 23) 2 %
Sodium azide = 3 (+/- 1) 98 %
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Results represent the mean % adhesion of human control PB mononuclear 
cells to gut lamina propria endothelial cells under different temperatures. 
Vertical lines represent +/- SEM.



%

1

110

CQ
4)

100

JS
O
"O
CV

90

.S3
c.
o

80

kc.
es
c

70

E
jg

o

60

4)Uc
4)

50

U
4)
£■c
CQ

40

"34>
ba

30

jw
3

20

C
O
s
o
s

10

0 T

■

y y y y

F ig u re -2

Results represent the mean % adhesion of human control 
PB mononuclear cells to gut lamina propria endothelial 
cells, following treatment with EGTA (20 mM), mannose 
6-phosphate (20 mM), sodium azide (20 mM) and galactose 
6-phosphate (20 mM). Vertical lines represent +/- SEM.



Table 3

Adhesion of human control peripheral blood (PB) mononuclear cells 
(MCs) to gut lamina propria endothelial cells, with no added manganese 
sulphate, and with 0.5 mM, 1 mM, 2 mM and 4 mM added. Results 
expressed as adherent MCs per mm^of lamina propria. The standard 
error of mean is given in parentheses (+/- SEM).

Manganese sulphate (mM) No. adherent MCs

None added 
0.5 
1 
2 
4

163 (+/- 20) 
172 (+/- 34) 
153 (+/-14) 
226(+/- 8) 
248(+/- 7)

Table 4

Adherence of porcine Peyer's patch (PP) mononuclear cells (MCs) to gut 
lamina propria endothelial cells, following treatment of PP tissue with 2 
mM Dithiothreitol (DTT). Results expressed as adherent MCs per mm^ of 
lamina propria. The standard error of mean is given in parentheses (+/- 
SEM).

Treatment of PP tissue No. of adherent PP MCs

Control 
DTT treated

2 7 2 (+ /-ll)
274(+/-45)



Table 5

Adherence of porcine Peyer's patch (PP) mononuclear cells (MCs), 
extracted from ileal, jejunal and duodenal PP tissue, to jejunal lamina 
propria endothelial cells. The adherence to proteased ileal PP tissue is 
also included. Results expressed as adherent MCs per mm^ of lamina 
propria. The standard error of mean is given in parentheses (+/- SEM).

Tissue origin of proteased jejunal
PP MCs Jejunal PP tissue PP tissue

Duodenal PP = 212(+/-25) 91(+/-15)
Jejunal PP = 220(+/-23) 78(+/- 9)
DealPP = 253(+/-31) 81(+/- 13)
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Figure-3

Results represent the mean % adhesion of human control 
PB mononuclear cells to gut lamina propria endothelial 
cell, with no added manganese sulphate (control sample) 
and with 0.5mM, ImM, 2mM and 4mM manganese 
sulphate. Vertical lines represent +/- SEM.
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Results represent the mean adhesion of PP mononuclear 
cells (MCs), extracted from ilealjejunal and duodenal PP 
tissue, to ileal gut lamina propria endothelial cells. The 
adhesion of ileal, jejunal and duodenal PP MCs to proteased 
gut lamina propria endothelial cells is also included. 
Vertical lines represent +/- SEM.



Table 6

Adherence of porcine Peyer's patch (PP) mononuclear cells (M Cs), 
peripheral blood (PB) MCs and peripheral lymph node (LN) MCs to gut 
lamina propria endothelial cells. Results expressed as adherent MCs per 
m m 2 o f lamina propria. The standard error o f mean is g iven  in 
parentheses (+/- SEM).

PP PB LN

385 (+/-81) 88 (4-7- 25) 67 (+/-10)
486 (+/- 83) 99 (4-7- 26) 52 (4-7-12)
244 (+/- 25) 75 (4-7-16) 161 (4-7-14)
466(4-/-77) 62 (4-7-19) 109 (4-7- 33)
343 (+/- 49) 115(4-7-22) 192 (4-7- 39)
269 (+/- 44) 67 (4-7- 8) 150(4-7- 4)
445 (+/- 60) 135 (4-7- 23) 161(4-7-22)
257 (-+-/- 21) 213 (4-7-18)
325 (+/- 32) 162 (4-7-22)
279 (+/- 63) 64(4-7- 6)
495 (4-7-46) 280(4-7- 12)
200 (4-7- 19) 259 (4-7- 29)
348 (+7- 20)
384 (4-7- 25)
253 (4-7- 31)

meanPP (n = 15) mean PB (n = 12) mean LN (n = 7)

345 (4-7- 25) 135 (4-7-22) 127 (4-7-20)
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Results represent the mean adhesion of porcine PP (n=15), PB (n=12) and 
LN (n=7) mononuclear cells, to gut lamina propria endothelial cells. 
Vertical lines represent +/- SEM.



Table 7

Adherence of porcine Peyer's patch (PP) and peripheral lymph node (LN) 
mononuclear cells (MCs) to peripheral lymph node endothelium. Results 
expressed as adherent MCs per mm^ of tissue. The standard error of the 
mean is given in parentheses (+/- SEM).

IS* MCs LJfMCs

99 (+A 8) 201(+A:%)
112 (+/-14) 253 (+/- 40)
1310h4io) 264(+A 29)
81 (+A 60 310(+A3WO

mean (n = 4) mean (n = 4)

106(^L11) 257(+A 22)
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Adherence of porcine lymph node (LN, n=4) and Peyer's patch (PP, n=4) 
mononuclear cells (MCs) to porcine peripheral LN and gut lamina propria 
(GLP) tissue. Vertical lines represent +/- SEM.



Table 8

Adherence of paired RA peripheral blood (PB) and synovial fluid (SF), 
and RA synovial membrane (SM) mononuclear cells (MCs), to gut 
lamina propria endothelial cells. Results expressed as adherent MCs per 
mm z of lamina propria. The standard error of mean is given in 
parentheses (+/- SEM)

PB SF SM

83 (+A 10 --------- -  217 (+/-19) 21 (+A 1)
110 (+A 20 --------- -  276 (+A 5) 45 (+A 60
136 (+A 1 ) -----------  215 (+A SO 35 (+A 40
142 (+/-15) --------- -  156(+/-10) 41 (+A 8)
95 (+/-10) --------- -  124 9) 20 (+A 60

104 (+A 8 0 --------- -  160(+/-30) 80(+/-13)
85 (+A 20 --------- -  187 0 t4 i3 ) 112 (+/-19)

122 (+ /-1 8 ) --------- -  246(+/-31)
63 (+ /-1 2 ) --------- -  237(+/-28)
24 (+A WO--------- -  134(+/-11)
78 (+A 20 --------- -  216(+A2W)
srrcyL ii) ------- -  223(+/-12)
70 (+A 8) --------- -  245(+/-25)
6 2 ( + A l( 0 --------- -  176(+/-36)

152 (+A SO -------- -  396 (+/- 37)
137(+A:% 0--------- -  366(+/-48)
131 (+ /-1 8 ) ---------- 394(+/-31)
216 (+A L O --------- -  242(+/-18)
1 8 2 (+ /-2 1 )-----------  292(+/-19)
1 0 4 (+ /-1 1 )-----------  191CtA16)
96 (+A SO -------- — 227 (+/-17)

201(+A:UO-----------  177(+/-12)
3 1 9 (+ /-4 3 )--------- -  241Cb415)

67(+ A :K 0--------- -  9)
239(+AS%0--------- -  174 (+A 5)

mean PB (n = 25) mean SF (n = 25) mean SM (n = 7)

125Ct413) 224(+/-16) 510hLl3)



Table 9

Adherence of human control peripheral blood (PB) mononuclear cells 
(MCs) to gut lamina propria endothelial cells. Results expressed as 
adherent MCs per mm2 of lamina propria. The standard error of mean is 
given in parentheses (+/- SEM).

PB

186 (+/- 38) 75 (+/- 23)
128(tA:K0 118(tA:K0
187(+A:K0 62(^416)
150(+A21) 120(+A:WO
137(+AW0 118(+A15)
163(+A:K0 162(+A23)
101(^416) 124(+A:%)
190(+/-16) 140(+/-17)
82(+ /-26) 149(+/-31)

179(+/-18) 152(+/-18)
153(+A11) 112(+A 9)
154(+A:W) 198(+A29)
132 (+A 80 131(+A13)
129(+/-11) 171(+/-17)
134(+/-12) 124(+/-28)

mean PB (n = 30) = 139 (+/- 6)
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Results represent the mean adhesion of paired RA PB and SF 
(n=25), RA SM (n=7) and human control PB (n=30) mononuclear 
cells, to gut lamina propria endothelial cells. Vertical lines 
represent +/- SEM.
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Results representing the adhesion of paired RA PB and SF (n=25) 
mononuclear cells, to gut lamina propria endothelial cells. Each pair 
of connected circles represent one paired sample. Cross represents 
median value.



Table 10

Adherence of paired RA peripheral blood (PB) and synovial fluid (SF) 
mononuclear cells (MCs) to gut lamina propria endothelial cells and 
peripheral lymph node endothelium. Results expressed as MCs adherent 
per mm2 of tissue. The standard error of mean is given in parentheses (+/- 
SEM).

Tissue RAlMB(n = 4) =

Lymph node
endothelium = 40 (+/- 8) 29 (+/-14)

Lamina propria
endothelial cells = 115 (+/- 7) 214 (+/-10)

Table 11

Adherence of paired RA peripheral blood (PB) and synovial fluid (SF) 
mononuclear cells (MCs) to gut lamina propria endothelial cells, 
following incubation with monoclonal antibodies; Hermes-3, Meca-367 
and Mel-14. Isotype matched IgG 2a class, used as control monoclonal. 
Results expressed as adherent MCs per mm^ of lamina propria. The 
standard error of mean is given in parentheses {+/- SEM).

FL&PBfn = /n_____________R A SFfn = 4̂

Ck)ntrol == 118C+/-:23) :>68 (+/-19)
lVIel-14 = 1:W(4̂ L 11) :253 (+/- 29)
Meca-367 = 31 (4-/- 4) 84 (-h/- 3)
Hermes-3 = 51 (4-/- 4) 56 (+/- 9)



240-1

220-

200 -cr LN

□  GLP180-

a .
160-

140-

120-

100-

80-

60-

40-

20 -

RA SF RAPE

F igure-9

Results represent the mean adhesion of paired RA PB and SF (n=4) 
mononuclear cells, to gut lamina propria (GLP) endothelial cells, and 
also to lymph node endothelium. Vertical lines represent the +/- SEM.
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Results represent the mean % adhesion of RA PB and SF (n=4) 
mononuclear cells to gut lamina propria endothelial cells, following 
monoclonal antibody treatment. Control was a isotype matched 
monoclonal antibody (IgG 2a class). Vertical lines represent the 
+/- SEM.
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Results represent the mean adhesion of paired RA PB and SF (n=2) 
and human control PB (n=2) mononuclear cell adherence, to human 
and porcine gut lamina propria (GLP) endothelial cells. Vertical lines 
represent +/- SEM.



Table 12

Adherence of porcine Peyer’s patch (PP) and human RA synovial 
membrane (SM) mononuclear cells (MCs) to gut lamina propria 
endothelial cells, following enzymic or mechanical extraction from PP 
and SM tissue respectively. Results expressed as adherent MCs per mm^ 
of lamina propria. The standard eiror of mean is given in parentheses (+/- 
SEM).

Method of PP MC No. adherent PP No. adherent SM
extraction MCs MCs

Enzymic extraction = 281 (+/- 20) 35 (+/- 4)
Mechanical extraction = 266 (+/- 16) 41 (+/- 8)



Table 13

Adherence of paired human peripheral blood (PB) and synovial fluid (SF) 
mononuclear cells to gut lamina propria endothelial cells, from reactive 
arthritis (n = 4), osteoarthritis (n = 2), Paget's disease (n = 1), and Reiter's 
syndrome (n = 1). The standard error of mean is given in parentheses (+/- 
SEM).

Arthritic disease PB SF

Reactive arthritis = 137 (+/- 16) 266 (+/- 58)
246 (+/- 22) 
241 (+/- 33) 
22:7 (4V- 41)

Osteoarthritis = 138 (+/-13) 13 (+/- 1)
38 (+/- 4)

Paget's disease = 42 (+/- 13) 25 (+/- 8)

Reiter's syndrome = 30 (+/- 3) 72 (+/- 14)

137 (+/- 16)
122 (+/- 8)
151 (+/- 18)
65 (+/- 4)

138 (+/- 13)
121 (+/- 9)

42 (+/- 13)
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Results represent the adhesion of paired PB and SF mononuclear cells 
(MCs) to gut lamina propria endothelial cells, from rheumatoid arthritis 
(n= 25) reactive arthritis (n= 4), osteoarthritis (n= 2), Paget’s disease 
(n= 1) and Reiter's syndrome (n= 1). o indicates SF MC,and o indicates 
PB MC adherence.



Table 14

Adherence of porcine peripheral blood (PB) mononuclear cells (MCs) to 
gut lamina propria, fo llow ing incubation with 1.26 mM 
methylprednisolone over a 24 hour period. Results expressed as 
adherent MCs per mm  ̂of lamina propria tissue. The standard error of 
mean is given in parentheses (+/- SEM).

Time (hours) No. of adherent MCs

0.5 hr steroid 199(+/-11)
0.5 hr control 197 (+/-10)

1 hr steroid 164 (+/- 33)
1 hr control = 194 (+/- 32)

2 hr steroid = 129 (+/- 22)
2 hr control = 190(+/-20)

4 hr steroid 12K+Z- 7)
4 hr control 183 (+/- 18)

24 hr steroid = 163(+/-22)
24 hr control = 180 (+/-12)
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Figure-13

Results represent the mean % adhesion of porcine PB mononuclear 
cells to gut lamina propria endothelial cells, following incubation with 
L26mM methylprednisolone over a 24 hour incubation period. 
Vertical lines represent the +/- SEM.
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Results represent the mean % adhesion of RA PB mononuclear 
cells (n=14) to gut lamina propria endothelial cells, 1 hour 
prior, 1 hour and 24 hours after 500mg intravenous 
methylprednisolone pulse steroid therapy. Vertical lines 
represent +/- SEM.
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Results represent the mean % adhesion o f RA PB 
mononuclear cells (n=4), to gut lamina propria endothelial 
cells, 24 and 1 hour prior, 1 and 24 hours after 500mg 
intravenous methylprednisolone pulse steroid therapy. 
Vertical lines represent the +/- SEM.
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Results represent the total mean % adhesion of RA PB 
(n= 18) mononuclear cells adherence to gut lamina propria 
endothelial cells, 24 and 1 hour prior, 1 and 24 hours after 
500 mg intravenous methylprednisolone pulse steroid 
therapy. Vertical lines represent the +/- SEM.



Table 16

Phenotypic analysis of circulating human RA peripheral blood 
mononuclear cells (MCs) from whole blood samples, over a 24 hour 
period, from 8 patients undergoing intravenous pulse (500 mg) 
methylprednisolone therapy. Analysis of circulating MCs was done by 
flow cytometry. Results are expressed as percentage positively stained 
MCs for each monoclonal concerned. Mean results are given as (p), 
along with standard error of mean (+/- SEM).

1) Pre pulse (-1 hour) results

Patient No.
Monoclonal 1 2 3 4 5 6 7 8

CD2 73 88 88 74 83 86 67 81 80(+/-3
CD3 66 67 86 68 82 72 69 78 74(+/- 3
CD4 43 36 64 64 50 37 54 28 47(+/-5
CD8 25 40 20 9 29 35 15 47 28(+/-5
CD19 19 1 9 20 14 1 25 13 13(+/-3
HLA-DR = 29 22 17 24 14 31 31 20 24(+/- 2
CD44 98 99 98 96 99 92 97 98 97(+/-1
CD45RA = 53 49 61 70 75 36 50 67 58(+/-5
C D 45R 0 = 39 37 33 25 19 57 37 24 34(+/- 4

2) Post pulse (+ 24 hour) results

Patient No.
Monoclonal 1 2 3 4 5 6 7 8 |4

CD2 61 90 65 79 79 86 57 74 74(+/-4
CD3 52 55 65 62 74 67 51 75 63(+/-3
CD4 34 26 46 57 35 36 31 20 36(+/-4
CD8 20 45 22 13 36 36 19 56 31(+/-5
CD19 33 2 29 16 19 3 33 15 19(47-4
HLA-DR = 39 24 39 20 26 34 42 25 3K+/-3
CD44 97 98 96 98 97 96 92 96 96(47-1
CD45RA = 65 63 61 73 65 34 61 76 62(4-/-4
CD 45RO  = 30 30 24 22 27 58 31 20 30(+/-4
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Results represent the mean number of circulating human RA PB 
lymphocytes (x 10^/litre) from whole blood samples (n= 8), from 
patients receiving 500mg pulse steroid therapy over 24 hours.



Table 16.1

Phenotypic analysis of mononuclear cells (MCs) obtained by density 
centrifugation from human RA peripheral blood (PB). Samples were 
obtained from 8 patients undergoing intravenous pulse (500 mg) 
methylprednisolone therapy, over a 24 hour period. Analysis of 
circulating MCs was done by flow cytometry. Results are expressed as 
percentage positively stained MCs for each monoclonal concerned. 
Mean results are given as (ji), with standard error of mean (+/- SEM).

1) Pre pulse (-1  hour) results

Patient No.
Monoclonal 1 2 3 4 5 6 7 8

CD2 75 93 75 83 72 85 82 88 82(+/- 3
CD3 64 58 73 85 64 85 79 67 72(+/-4
CD4 47 30 58 64 62 54 24 31 46(+/- 6
CDS 23 39 11 17 7 29 47 38 26(+/- 5
CD19 21 2 18 9 27 12 14 3 13(+/-3
HLA-DR = 23 3 24 16 26 13 18 23 18(+/-3
CD44 99 99 96 99 97 99 99 99 98(+/-1
CD45RA = 54 62 49 67 81 77 77 48 64(+/-5
CD45 RO = 34 24 43 26 14 18 18 57 29(+/-5

2) Post pulse (+24 hours) results

Patient No.
Monoclonal 1 2 3 4 5 6 7 8 P

CD2 61 84 53 71 85 88 78 90 76(+/-5)
CD3 = 49 36 48 64 73 83 72 61 6K+/-6)
CD4 36 14 36 51 63 36 20 26 35(+/-6)
CD8 17 41 18 19 14 46 47 38 30(+/-5)
CD19 = 39 2 40 30 8 7 16 2 18(+/-6)
HLA-DR = 38 11 43 29 11 16 17 22 23(+/-4)
CD44 99 98 98 99 95 97 99 99 98(+/- 1)
CD45RA 66 68 60 69 71 77 75 45 66(+/- 4)
CD45RO 30 25 32 23 22 18 20 53 28(4-/- 4)
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Results represent the mean number (x 10^/litre) of circulating 
human RA PB lymphocytes from seperated blood samples (n= 8), 
after 500mg iv pulse steroid therapy over 24 hours.



Table 16.2

Phenotypic analysis of human control and RA peripheral blood (PB) 
mononuclear cells (MCs) adherent to gut lamina propria endothelial 
cells. Data from 8 patients undergoing intravenous pulse (500 mg) 
methylprednisolone therapy, over 24 hour period, also from 4 healthy 
volunteers. Analysis of adherent MCs was done by Alkaline Phosphatase 
Anti-Alkaline Phosphatase (APAAP). Results are expressed as percentage 
positively stained adherent MCs, for each monoclonal concerned. Mean 
results are given as (|i), standard error of mean (+/- SEM).

1) Pre pulse (-1 hour) results

Patient No.
Monoclonal 1 2 3 4 5 6 7 8

CD3 86 69 76 53 77 73 65 69 71(+/-4)
CD4 77 61 65 38 64 53 51 59 59(+/-4)
CD8 25 52 58 13 48 31 42 29 37(+/- 5)
CD19 11 46 26 6 30 21 16 18 22(+/-4)
HLA-DR = 41 71 58 39 59 52 46 41 51(+/-4)

2) Post pulse (+24 hour) results

Patient No.
Monoclonal 1 2 3 4 5 6 7 8 P

CD3 77 75 55 63 61 73 70 65 67(+/- 3)
CD4 67 66 48 38 48 61 56 52 55(+/-4)
CD8 21 52 21 30 31 23 29 38 31(+A4)
CD19 30 34 30 9 21 13 22 31 24(+/- 3)
HLA-DR = 74 71 62 60 66 73 50 69 66(-k/- 3)

3) Control results (Monoclonal used) 1 2 3 4
CD3 = 69 70 78 71 72(+/-2)
CD4 58 61 54 66 60(+/- 3)
CD8 31 43 34 20 32(+A 5)
CD19 — 18 24 15 19 19(+/-3)



Table 17

Analysis of the levels of circulating soluble VCAM-1 in plasma over a 24 
hour period, from 8 RA patients undergoing intravenous pulse (500 mg) 
m ethylprednisolone therapy. Results are expressed as ng/ml of 
circulating VCAM-1. Mean results are given as (ji), with standard error of 
mean is given in parentheses (+/- SEM).

Patient No. Pre pulse (- 1 hr) Post pulse (+ 24 hrs)

1 = 650 525
2 = 700 690
3 = 1200 1275
4 = 1100 975
5 = 640 750
6 = 725 650
7 = 800 790
8 = 920 850

|i = 842 (+/- 50) 813(+/-81)
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Photo-1 & 2. Adherence of RA SF lymphocytes and latex particles to 
endothelium-containing porcine gut lamina propria. Haematoxylin and eosin 
staining, x 400 magnification (above) and x 250 magnification (below).

#
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Photo-3. Adherence of RA SF lymphocytes to endothelium containing 
human gut lamina propria. Haematoxylin and eosin staining, x 250 
magnification
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Photo-4. Indirect two-step imniunoperoxidase staining of endothelium 
containing porcine gut lamina propria, using monoclonal antibody, Meca- 
367 (positive staining appears dark brown). Counterstained with 
haematoxylin, x 250 magnification.



Photo-5. Indirect two-step immunoperoxidase staining of endothelium 
containing porcine gut lamina propria, using monoclonal antibody, Meca- 
367 (positive staining appears dark brown). Counterstained with 
haematoxylin, x 400 magnification.



Photo-5.1. Indirect two-step immunoperoxidase staining of endothelium- 
containing porcine gut lamina propria, using monoclonal antibody, Meca- 
367 (positive staining appears dark brown). Counterstained with 
haematoxylin, x 300 magnification.
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Photo-6 & 7. Indirect two-step immunoperoxidase staining of endothelium- 
containing porcine gut lamina propria, using anti-factor VIII monoclonal 
antibody (positive staining appears dark red/brown colour). Both photos at x 
250 magnification.
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CHAPTER

Discussion
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A series of adhesion experiments were performed in order to 

validate and further optimise certain aspects of the in vitro adherence 

assay, which was used in most of the experiments presented within this 

thesis. Therefore it was of importance to develop a reproducible assay 

system reflecting certain features of cell adhesion (as ascertained by other 

researchers using the same system) and possibly also reflecting some 

aspects of cell adhesion in vivo.

To this end, experiments were performed examining the effects of 

temperature, cations, phosphorylated monosaccharides, metabolic activity, 

protease, mucus and anatomic locations of cells used, on cell adhesion in 

the adherence assay used. The discussion of these experiments will be 

dealt with first, before the question of adhesion within the context of 

different populations of mononuclear cells is addressed.

4.1 Discussion of general adhesion experiments and their 

implications on the in vitro adherence assay

The effects of temperature, EGTA, manganese sulphate, sodium 

azide, mannose 6-phosphate and galactose 6-phosphate on human control 

peripheral blood (PB) mononuclear cells (MCs) adherence to gut lamina 

propria (GLP) endothelial cells was studied.

The effects off temperature

The in vitro adherence assay was initially performed at 7^0 

(Stamper & Woodruff 1976, Butcher et ah, 1980). Others have
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reproduced the same conditions at 4°C with no apparent differences in 

lymphocyte adhesion (Willfuhr et ah, 1990). Indeed the general tendency 

has been to perform the assay at 4^0 rather than at 70C. Our results 

showed that increasing the assay temperature does have a considerable 

effect upon human PB MC adhesion as compared to the 4^0 results. We 

observed maximal adhesion at 4^0 (the standard assay temperature), with 

reduced adhesion at 20^0 (adhesion down by 24%) and slightly less 

adhesion at 37°C (adhesion down by 14%). These results are interesting 

since it was initially demonstrated that the adhesion of rat thoracic duct 

lymphocytes to rat peripheral lymph node HEV was maximal at 7^0, 

significantly reduced by 70% at 24^0 and virtually eliminated at 37^0 

(Stamper & Woodruff 1977). Although the results presented in our study 

do not show the same level of inhibition at 20®C or 37^0, it should be 

noted that the adherence of a different cell population to a different organ 

tissue was examined. The adherence properties of a human PB MC 

population to gut lamina propria rather than to peripheral lymph node 

HEV, may be expected to be different with regards to the adhesion 

molecules involved. If it is assumed that reductions in adherence at higher 

temperatures are due to the dissociation of adherent cells from 

endothelium or the inability to adhere successfully in the first place then 

one would assume that the required molecules for maximal adhesion at 

40c  or 70c  are somehow altered or switched off at higher temperatures. 

Indeed the converse effect at higher temperatures has been reported. 

a4(37 mediated adherence of a murine T cell lymphoma line to murine 

VCAM-1 occurs at Zl^C and 3?0C, but not at 40C (Andrew et al., 1994). 

Similarly, L-selectin mediated adhesion of peripheral blood T 

lymphocytes to peripheral lymph node high endothelial cells is increased 

substantially at 370C (as compared to 40C), as is LFA-1 / ICAM-1 

mediated interaction (Ager, personal communication 1994). It should be
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noted though that these experiments were not done by using a frozen 

section in vitro adherence assay, but instead by experiments using purified 

VCAM-1 and ICAM-1 as endothelial addressins coated on multiwell tissue 

culture plates. Although these findings are in contrast to those of Stamper 

& Woodruff (1977), simply because they showed increased levels of 

adherence at higher temperatures as compared to lower ones, they 

successfully highlight the apparent functional differences in some 

adhesion molecules reflected by increased or reduced adhesion.

Regarding our own results, though no substantial analysis 

considering the effects of temperature on specific adhesion molecules can 

be made from one such experiment, it is clear that at least within the in 

vitro adherence assay used, differences in temperature correspond to 

differences in PB MC adherence, suggesting that the assay system is 

influenced by physical factors.

The effects of EGTA & manganese sulphate

The calcium (Ca2+) chelator EGTA (50mM) inhibited the 

adherence of PB MCs to GLP endothelial cells by 75% suggesting the 

involvement of Ca2+ in the adherence of these cells. Manganese sulphate 

(Mn^+) on the other hand increased PB MC adhesion to GLP endothelial 

cells by 39% at concentrations of 2mM and 52% at 4mM, while showing 

no substantial effect at concentrations of 0.5mM or ImM, also suggesting 
a role for Mn̂ -f- at higher concentrations in MC adherence.

The role of divalent cations in lymphocyte adherence to 

endothelium has been known for some time. It was first demonstrated in
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the rat, when rat thoracic duct lymphocyte adherence to rat peripheral 

lymph node HEV was inhibited with the calcium and magnesium chelators 

EGTA and EDTA respectively (Woodruff et al., 1977). It was observed 

that the inhibitory effects of EGTA were prevented by the addition of 

Ca2+, but no reversal of inhibition occured with the addition of 

magnesium (Mg2+). These findings were later reproduced in the mouse, 

with the added observation that besides Ca2+, Mg2+ is also required (but to 

a lesser extent) in Peyer's patch lymphocyte adherence to gut endothelium 

(Yednock et ah, 1988). More recently, individual adhesion molecules 

have been studied for their cation requirements. Integrin adherence for 

example, is largely dependent on the presence of divalent cations, 

consistent with the presence of multiple cation binding sites in the integrin 

extracellular domain, one such cation being Mn^+ which has been shown 

to increase the functional activity of LFA-1, VLA-3, VLA-4, VLA-5, and 

VLA-6 (Shimizu & Mobley 1993). However Mg^+ has also been found to 

upregulate LFA-1 mediated human PB T cell adhesion to purified ICAM- 

1, but not VLA-4 mediated adhesion to fibronectin and VCAM-1 

(Shimizu & Mobley 1993). Likewise Ca2+ by itself is sufficient to support 

VLA-4 mediated PB T cell adhesion to VCAM-1, but not to fibronectin 

or LFA-1 mediated adhesion to ICAM-1. Such experiments demonstrate 

the various different cation requirements of several adhesion molecules. It 

is clear that these requirements differ for each receptor / ligand 

interaction and although one cation may be enough to up-regulate an 

adhesive interaction, an additional cation may increase adhesion still 

further. It has been shown for example that VLA-4 mediated PB T cell 

adhesion to purified VCAM-1 and a4 ^ 7  mediated murine T cell 

lymphoma line adhesion to mouse mesenteric lymph node derived 

MAdCAM-1 is up-regulated by increased concentrations of Mn^+ in the 

presence of Ca^+, with the a4|37 / MAdCAM-1 adhesive interaction
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increasing in proportion to the increase in Mn^+ levels (Berlin et al.,

1993). On the other hand, it has also been shown that the B lymphoma 

cell line RPMl 8866 can adhere to MAdCAM-1 quite sufficiently without 

further activation from Mn^+ (in fact increased concentrations of this 

cation had no enhancing effect), while the T lymphoma cell line HUT 78 

is unable to adhere to MAdCAM-1 without the presence of Mn^+, 

although VLA-4 mediated adhesion to fibronectin is independent of Mn2+ 

presence (Erie et al., 1994). Hence not only do cation requirements differ 

for individual adhesion molecules for different populations of cells, but 

also within the same cell line.

Within the light of such knowledge, it would seem reasonable to 

conclude that the adherence of human PB MCs to GLP endothelial cells 

(in our adherence assay) could involve adhesion molecules of the integrin 

family, based upon Ca^+ requirement and the observed increase in 

adhesion following added Mn2+, It would seem that Ca2+ is not the only 

cation of importance in such interactions though, since 25% of PB MCs 

still managed to adhere to gut endothelium despite EGTA chelation. Of 

course it is possible that higher concentrations of EGTA might have 

inhibited adherence further still, but it has been shown that EGTA 

concentrations as small as ImM managed to inhibit thoracic duct 

lymphocyte adherence to lymph node HEV (with higher EGTA 

concentrations not significantly adding to its inhibitory effect), using 

essentially the same in vitro adherence assay (Woodruff et al., 1977). The 

adhesion enhancing effects of Mn^+ would also seem to justify the 

involvement of another cation besides Ca2+, and the possible involvement 

of integrin adhesion molecules. Concentrations of 2mM Mn^+ increased 

a4[37 mediated adhesion of mouse mesenteric lymph node lymphocytes to 

purified MAdCAM-1 coated slides (Berlin et al., 1993) lending support to
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our observed increases in PB MC adhesion to gut endothelium at similar 

Mn2+ concentrations, albeit in a different adhesion assay.

Although such assumptions are difficult to make, based upon one 

set of experiments, it is nevertheless interesting to observe adhesive 

interactions influenced by cations in a manner similar to those reported 

by others for integrin adhesion molecules. The demonstrated involvement 

of such cations is indicative of the capability of the in vitro adherence 

assay's capability to reflect certain aspects of in vivo cell adhesion as well.

The effects of sodium  azide and p h o sp h o r lv a ted  

monosaccharides

Sodium azide is a metabolic inhibitor of oxidative phosphorylation, 

previously shown to inhibit rat thoracic duct lymphocyte adherence to 

lymph node endothelium by over 85% (at a concentration of lOmM) in 

the in vitro adherence assay (Woodruff et al., 1977). We have also shown 

that sodium azide at a concentration of 20mM inhibits the adherence of 

PB MCs to GLP endothelial cells by 98%, using a largely similar in vitro 

adherence assay. Cell mortality did not account for the observed 

inhibition, since all MCs were tested for viability as measured by trypan 

blue exclusion before each assay, and found to be over 90% viable. This 

result would suggest that MCs need to be metabolically intact in order to 

adhere to gut endothelium in the adherence assay used.

The phosphorylated monosaccharides galactose 6-phosphate and 

mannose 6-phosphate (at a concentration of 20mM) were also studied. 

Mannose 6-phosphate inhibited MC adherence by 65%, whereas galactose
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6-phosphate showed no inhibitory effect. Inhibition by mannose 6- 

phosphate and its structural analog fructose 1-phosphate were initially 

demonstrated in rat lymphocyte binding to peripheral lymph node HEV, 

where both molecules produced a 80-90% inhibition of adherence at a 

concentration of lOmM, while another monosaccharide galactose 6- 

phosphate (at the same concentration) showed no such inhibitory effect 

(Stoolman et al., 1984). Similar results were also demonstrated in the 

mouse, mannose 6-phosphate inhibiting lymphocyte adherence to lymph 

node HEV (Yednock et al., 1987). It has been suggested that mannose 6- 

phosphate acts as an inhibitor of cell-endothelium interactions, while 

galactose 6-phosphate inhibits cell-epithelium interactions, based on 

adherence of thoracic duct MCs to lymph node endothelium and intestinal 

and lacrimal gland epithelium, using an in vitro adherence assay 

(O'Sullivan & Montgomery 1990). Mannose 6-phosphate inhibited MC 

adhesion to lymph node endothelium, while having no effect on adhesion 

to intestinal or lacrimal gland epithelium, whereas galactose 6-phosphate 

inhibited adhesion to intestinal and lacrimal gland epithelium, while 

having no effect on adhesion to peripheral lymph node endothelium. 

Although there have been speculative suggestions as to the exact function 

of these molecules, it would appear that the inhibitory effects of mannose 

6-phosphate may be due to blocking of ligand binding regions of adhesion 

molecules, either by competion with the adhesion molecule's natural 

ligand, or by interactions with sugar moieties present on such molecules, 

although there is no satisfactory experimental evidence to support these 

assumptions as yet. Perhaps adhesion molecules of the Ig superfamily with 

their abundance of protein bound sugar side chains, and the selectin 

family with their carbohydrate ligand binding lectin domains may 

possibly be affected by such mannose 6-phosphate interactions.
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Mannose 6-phosphate led to a substantial inhibition in our 

adherence assay. However up to 35% of PB MCs did manage to adhere 

despite its presence, suggesting that whilst this molecule does indeed 

prevent the adherence of the majority of MCs, nevertheless a sizeable 

proportion is not affected. It is suggested that these cells adhere instead to 

a third tissue component such as fibronectin, which is present within 

Peyer's patch tissue, and which is also loiown to support the adhesion of 

a4|37, CD44 and VLA-4. Alternatively, mannose 6-phosphate may 

preferentially interfere with the adhesive interactions of one set of 

adhesion molecules (which in the assay used mediates the majority of 

adhesive interactions) without affecting a second set of adhesion molecules 

mediating the adherence of a smaller proportion of MCs. Or the second 

set of adhesion molecules could be taking part as accessory molecules able 

to support adhesion on their own, but not to a great extent.

In summary therefore, the consensus of opinion is that PB MCs do 

not adhere to epithelium. The questions regarding the inhibitory effects of 

mannose 6-phosphate on PB MCs adherence to gut endothelium cannot be 

answered clearly. It is of value however to note that the in vitro 

adherence assay does support adhesive interactions that can be modulated 

as such and that these interactions require functional activity on the part 

of MCs.
The other aspects investigated with regards to the adherence assay, 

were to do with the nature of the tissue used in the assay, rather than 

those affecting the cells.
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Effects of cell source, proteased tissue and mucus on adhesion

It has been suggested that Peyer's patch (PP) tissue from different 

regions of small intestine may yield MCs with different adhesion 

characteristics (Pabst 1992). This would also imply that the adhesive 

properties of the tissue itself could also be different. To address this 

question, PP MCs from ileal, jejunal and duodenal PPs were used to study 

their adherence to jejunal PP tissue (which was the standard PP tissue 

used in all of the in vitro adherence assays). No significant difference in 

adhesion was observed in PP MCs from any of the three different 

regions. Additionally, when adherence of the same PP MC populations 

were examined on PP tissue subjected to proteolysis the level of MC 

adhesion was reduced on average by 60% for all three populations. These 

results would suggest that PP MCs from different regions do not show 

appreciable differences in adhesion, and that these levels of adhesion are 

substantially reduced when the counter-receptors present on gut 

endothelium are proteolytically altered or destroyed.

The low concentration of protease used may account for the 40% 

or so of PP MCs that still managed to adhere to gut endothelial cells. It 

would be reasonable to expect even greater levels of reduction in 

adherence if higher concentrations of protease or longer incubation 

periods were used. This was not done however since it was of importance 

to demonstrate the sensitivity of the gut tissue used against proteolysis, 

rather than trying to abolish adhesion totally. Although differences in 

ileal and jejunal PP histology have been reported in 1.5 month old pigs 

(differing follicle shapes and smaller inter-follicular areas in ileal PPs as 

compared to jejunal PPs), no such differences were seen in older animals 

of 12 months or more (Rothkotter & Pabst 1989). Additionally,



172

differences were also reported to occur in the composition of 

lymphocytes in ileal as compared to jejunal PPs in young pigs, with more 

B lymphocytes in the former and more CD4+ and CD8+ T lymphocyte 

populations in the latter (Rothkotter & Pabst 1989). These differences 

were not evident in older pigs. Since tissue from pigs at least 12 months 

old was used in our experiments, one would not expect differences 

between PPs from differing regions to be substantial enough to affect the 

adhesive properties of the cells concerned. Indeed at least in terms of 

adhesion to gut endothelial cells in the assay system used, this can be said 

to be true.

It is known that mucus is present within gut tissue, therefore the 

possible effects of such mucus on PP MC adhesion to gut endothelium was 

tested for within the in vitro adherence assay system. Although a fairly 

simple experiment, it had been reported previously that at concentrations 

of l-2mM, dithiothreitol (DTT) could successfully remove residual 

mucus present on porcine PP tissue segments prior to the in vitro 

adherence assay (O'Sullivan, personal communication 1992). Tissue 

samples treated with 2mM of DTT in our assay system, showed no 

appreciable difference in MC adhesion, when compared to non-DTT 

treated tissue samples. Residual mucus would not, therefore seem to effect 

MC adhesion.

The in vitro adherence assay used, would seem to reflect certain 

aspects of cell adhesion. Factors such as temperature and the presence of 

certain cations, and phosphorylated monosaccharides previously 

demonstrated by others to affect adhesive interactions, would also appear 

to affect such interactions in our assay. Additionally, the requirement of 

metabolic activity and the necessity that both cell and tissue adhesion
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molecules are intact and functional, in order to support adhesive 

interactions lends further credibility to the assay system used.

One final point has to be made about the composition of the cells 

used in the experiments discussed so far, and throughout the rest of the 

discussion. As described earlier (see section 2.5.1) all cells were obtained 

as mononuclear cells separated by density gradient centrifugation. 

Therefore the MC populations did not only contain B and T lymphocytes, 

but also a small proportion of monocytes and natural killer (NK) cells. 

The main problem of using such mixed cell populations is that it is 

impossible to say which subset is adhering to the tissue used and in what 

proportions, unless the MC population used, is further separated into 

individual subsets or the phenotypic analysis of adherent cells is done. 

Since it was our intention to use B and T lymphocytes together in our 

adherence assays rather than separating them, we chose the latter option. 

Therefore the phenotypic analysis of healthy human volunteer control PB 

MCs adherent to GLP endothelial cells was examined to see what 

proportion of adherent cells were B or T lymphocytes or neither (see 

section 2.8.2.2). It was seen that on average more than 90% of all 

positively stained adherent cells were of the pan T (72% CD3+) or pan B 

(19% CD19-f) lymphocyte subsets. Therefore nearly 10% of adherent 

MCs did not express the pan B or T lymphocyte marker. Monocytes and 

NK cells do not express these markers, hence it is possible that the 

unidentified 10% were made up of these cells (however monocyte or NK 

cell surface markers were not tested, hence it is difficult to be accurate on 

this matter). Also on average, 60% of adherent cells stained positive for 

the CD4 subset and 32% for the CDS subset of T lymphocytes 

(phenotypic analysis was also done for adherent rheumatoid PB MCs, 

which can be seen together with these results in table 16.2).
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Although a small proportion of adherent cells do not express B or 

T lymphocyte cell surface markers, at least in terms of human MC 

adherence to porcine tissue the majority of adherent cells consist of B and 

T lymphocytes.

4.2 Discnssion of the adherence characteristics of porcine 
mononuclear ceils

One of the first attempts at using an vitro adherence assay in 

determining organ specific migratory pathways was done by studying the 

adherence of mouse peripheral lymph node (LN) lymphocytes, mesenteric 

LN lymphocytes and PP lymphocytes, to PP and peripheral LN HEV 

(Butcher et al., 1980). This early work showed that each cell population 

adhered best to its own tissue HEV (with the exception of mesenteric LN 

lymphocytes which showed similar levels of adhesion to both PP and 

peripheral LN HEVs) with peripheral LN lymphocytes binding twice as 

well as PP lymphocytes to peripheral lymph node HEV, and PP 

lymphocytes binding 1.5 times as well as LN lymphocytes to PP HEV. 

These in vitro results were comfirmed by in vivo studies, where the 

relative localisation of 51 Chromium labelled PP, mesenteric and 

peripheral LN lymphocytes to HEV bearing organs was determined 30 

minutes after intravenous injection, with essentially the same levels of 

selective lymphocyte adherence as in the in vitro study (Butcher et al., 

1980). We likewise have demonstrated the adherence of porcine PP, LN 

PB MCs to porcine GLP endothelial cells and to peripheral LN HEV in a 

similar fashion. The experiments were primarily done to determine the 

adhesion characteristics of such different populations of MCs in the pig, 

where information on the selective adherence of cells to different organ
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tissue endothelium is minimal (the majority of information concerning 

recirculatory migration being derived from studies using mice, rats and 

to a lesser extent sheep as experimental animal models). The second added 

benefit of such studies was to demonstrate the experimental validity of the 

in vitro adherence assay used, with respect to previously published work 

and the current knowledge regarding recirculation and cell migration, 

and thirdly, to use results obtained from porcine MC adhesion 

experiments as a guiding model for future adhesion studies with different 

cell populations.

The results show that both PP and LN MCs demonstrated the 

greatest levels of adherence to their own tissue endothelium, with PP MCs 

adhering to gut endothelium more than 3 times as well as to LN 

endothelium, and similarly LN MCs adhering to LN endothelium 2 times 

as well as to gut endothelium. Additionally, important differences were 

detected in the adherence characteristics of PP, LN and PB MCs when 

compared against each other. PP MCs adhered to gut endothelium more 

than 2.5 times as well as LN and PB MCs did, while LN MCs adhered to 

LN endothelium nearly 2.5 times as well as PP MCs did. PB MCs 

exhibited similar levels of adherence to gut endothelium as LN 

lymphocytes did, with no significant differences.

These results are in keeping with previously published work insofar 

as the relative adherence levels of PP and LN MCs are concerned 

(Butcher et al., 1980). These results would therefore suggest that a higher 

proportion of PP MCs have the required adhesion characteristics for 

binding to gut endothelium than to LN endothelium, and likewise a higher 

proportion of LN MCs have the necessary adhesion characteristics for 

binding to LN endothelium than to gut endothelium. Suggesting specific
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mucosal tissue homing adhesion characteristics. These would largely 

depend upon whether or not the cells in question were naive or memory 

cells, and also the adhesion molecules expressed on their cell surfaces. 

Recirculation patterns of naive and memory cells are distinct, insofar as 

their capabilities to migrate to specific organs (see section 1.4 for details). 

Selective migration is due to the expression of specific homing receptors 

on cell surfaces and their successful interaction with complimentary 

endothelial addressins on target organ tissues. Naive cells on the other 

hand express adhesion molecules enabling them to adhere to different 

lymphoid organ endothelia non-selectively.

Although the proportions of naive and memory cells within the 

populations of porcine PP, LN and PB MCs is not known, one may be 

able to deduce from the results, that the PP and LN populations had 

significantly greater proportions of memory cells, expressing adhesion 

molecules specific for own tissue endothelium (e.g. LN MCs adhering to 

LN endothelium), due to the significantly higher levels of adherence than 

to other tissue endothelium. Also a smaller proportion of naive cells exist, 

capable of adhering to both tissue endothelium (e.g. LN MCs adhering to 

gut endothelium and PP MCs adhering to LN endothelium) by means of 

expressing the necessary adhesion molecules to do so. While it is harder 

to make such an assumption for PB MCs, which exhibit adherence to gut 

endothelium just as well as LN MCs and hence may possess equal numbers 

of naive cells or indeed that many memory cells with specific binding 

affinity for gut endothelium. It is impossible to come to a well supported 

analysis of the results, without exactly knowing the numbers of naive and 

memory cells in the MC populations as well as the numbers of adherent 

naive and memory cells following the adherence assay. It was not possible 

to undertake such an study since at the time of the experiments being
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performed (and still today) the identification of naive and memory cells 

by phenotype available for human lymphocytes (CD45RA and CD45RO 

respectively) is not available for porcine cells, although a naive cell 

marker for mouse, rat and sheep lymphocytes has been identified 

recently, with the memory cell phenotype being identified by default as 

non-naive cells which do not express the naive cell marker (Westermann 

& Pabst 1996). Other than this the only conclusion can be made is that at 

least two different sets of adherence properties exist (mucosal and 

peripheral adhesion characteristics) amongst two different populations of 

porcine cells with a third population sharing adhesion characteristics with 

possibly both of the other populations.

Of course such conclusions are largely based on the assumption that 

naive and memory cells are indeed distinct in their migratory patterns, 

with specific adhesion molecules mediating such diverse migration. But 

recently there have been suggestions to dispute this accepted notion, at 

least when it comes to in vitro studies. The researchers found that 

mesenteric LN derived gut lymphocytes bound 3 times better to 

endothelium of PPs than to the endothelium of peripheral LNs in the rat, 

using the in vitro adherence assay (Westermann et al., 1992), in keeping 

with our own results. However the levels of gut lymphocyte adherence to 

PP and LN endothelium was nearly equal when studied by fluorescence 

labelling in vivo, suggesting that experimental approach may have a 

considerable effect on the results of migration experiments when 

comparing different populations. More surprisingly perhaps, it has been 

reported that memory T cells isolated from thoracic duct lymphocytes are 

found in the wall of HEVs of peripheral (cervical) LNs and PPs 30 

minutes after intravenous injection into rats, and that memory T cells are 

found in large numbers in the efferent lymph after such injection
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(Westermann & Pabst 1996), showing a pattern that is comparable with 

that of naive T cell circulation patterns, since it had previously been 

demonstrated that more than 90% of sheep T cells obtained from the 

efferent lymph had a naive phenotype, whilst more than 90% of T cells 

obtained from the afferent lymph exhibited a memory phenotype (Mackay 

et al., 1990). The expression of different adhesion molecules mediating 

naive and memory cell migration has also been questioned, since most 

adhesive interactions have been studied in vitro and in vivo studies have 

occasionally casted doubt on certain aspects of in vitro experiments. One 

such example is the ability of naive cells to use L-selectin mediated 

adherence to peripheral LN endothelium when using in vitro adherence 

assays, with no L-selectin involvement in adherence to PP endothelium 

(Gallatin et al., 1983) with more recent in vivo studies demonstrating L- 

selectin involvement in adherence to LN and PP endothelium (Hamann et 

al., 1994, see L-selectin heading in section 1.7.1).

The suggestions that naive and memory cell recirculation may not 

be as different as currently accepted is a contentious issue, which until 

quite recently had been generally ignored. The questions regarding results 

obtained from in vivo as compared to in vitro adherence assays is quite 

the opposite however, with the general acceptance that in vitro adherence 

assays can only reflect certain aspects of the whole picture (in terms of 

adhesive interactions between cells and endothelium) and that although 

results from in vivo adherence assays (being performed under flow 

conditions more recently) are reproduced to a certain extent in vitro, such 

conclusions should be taken as informative rather than as concrete 

evidence.
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The results presented so far are as such informative, as to the 

general capabilities of the in vitro adherence assay used and by inference 

the migratory patterns of different porcine MC populations.

4.3 Discussion of the adherence characteristics of rheumatoid 

and control mononuclear cells

The adherence of paired RA synovial fluid (SF), and PB MCs and 

synovial membrane (SM) MCs, along with the adherence of human 

control PB MCs to CLP endothelial cells was studied. Additionally the 

adherence of RA SF and PB MCs adherence to peripheral LN 

endothelium was also examined and compared to CLP endothelial cell 

adherence. The overall aim was to demonstrate (if present) any 

differences in adhesion to gut or LN endothelium between any of the MC 

populations studied, and also to compare results to those obtained earlier 

with porcine MCs, with the intention of suggesting possible migratory 

characteristics within the confines of the in vitro adherence assay used.

The results would suggest that differences in adhesion between the 

populations studied does indeed exist. With RA SF MCs adhering to CLP 

endothelial cells nearly 1.8 times as well as RA PB MCs and 1.6 times as 

well as control PB MCs and interestingly nearly 4.5 times as well as SM 

MCs. With no significant differences in adhesion to CLP endothelial cells 

between RA PB MCs and control PB MCs, although both MC populations 

adhered nearly 2.5 and 2.7 times as well as SM MCs did respectively. 

Recent research in humans, using the in vitro adherence assay has 

demonstrated the adherence of gut lamina propria lymphocytes to gut 

endothelium and to rheumatoid synovial membrane endothelium in
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largely equal numbers, with minimal adherence to peripheral LN 

endothelium, leading the authors to conclude that normal mucosal 

lymphocytes can interact with endothelium in mucosa and synovium, but 

not in peripheral LN (Salmi et al., 1995). Similar results were obtained 

using mouse peripheral LN and PP tissue endothelium with human lamina 

propria lymphocytes exhibiting the same levels of adherence as they did 

with human LN and gut endothelium, suggesting that lymphocyte- 

endothelium interactions in corresponding human and mouse tissue is 

comparable and that cross-species reactivity does occur to a certain 

degree (Salmi et al., 1995). These results would lend some support to our 

own findings indirectly, since the ability of gut lamina propria 

lymphocytes to adhere to mucosal and synovial endothelium in equivalent 

numbers would suggest that they share similar adhesion characteristics, 

different from those required for peripheral LN adhesion. Therefore one 

might assume that synovial lymphocytes would exhibit a similar pattern of 

adhesion to those of gut lamina propria lymphocytes. As our results 

indicate RA SF MCs, exhibited significantly greater levels of adhesion to 

gut endothelium than to peripheral LN endothelium comparable to the 

levels of porcine PP MC adherence to gut and LN endothelium (see 

section 4.2). Although RA PB MCs also exhibited greater levels of 

adherence to gut than to peripheral LN endothelium, it was not as 

prominent as that demonstrated by SF MCs. The level of adherence of RA 

PB MCs to gut endothelium was far smaller than that of RA SF MCs. 

While both MC populations proved capable of adhering to LN 

endothelium, this was less so for SF MCs, which exhibited a greater 

mucosal tissue endothelium binding capability. Others have shown that 

human T cell lines derived from gut lamina propria, peripheral blood and 

rheumatoid synovial lymphocytes adhered to mucosal and rheumatoid 

synovial endothelium in significantly higher numbers than to peripheral
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LN endothelium. Gut lamina propria and synovial lymphocytes adhered 

significantly better than peripheral blood lymphocytes to mucosal and 

synovial endothelium while adhering equally well to each others tissue 

endothelium (Salmi et al., 1992). Additionally these experiments were 

also performed by using the in vitro adherence assay and reproduced with 

corresponding levels of adherence using mouse rather than human tissue 

(Salmi et al., 1992). Such work lends further support to our results 

insofar as gut and synovial lymphocytes (and in our case MCs) seem to 

exhibit similar patterns of adhesion. RA SF MCs used in our assays 

exhibited adhesion properties more in keeping with MCs that home to 

mucosa, than those that home to peripheral lymph nodes. In other words, 

it has been shown that an appreciable proportion of the MCs found within 

the joints share adhesion characteristics with MCs homing to the gut.

The point that such experiments were performed by using an in 

vitro adherence assay essentially the same as ours, with similar results is 

of value at least in terms of the further validity of the assay system used. 

The observations of comparable results when using human cells and 

mouse tissue is also of importance, when the question of cross-species 

cell-endothelium interactions is discussed (this point shall be taken up 

later with more detail in the next section). The assumptions made about 

RA SF MCs do however need consideration when the results concerning 

RA SM MCs is addressed (this point shall be addressed in section 4.3.2). 

As mentioned previously RA SF, PB and control PB MCs all exhibited 

significantly greater levels of adherence to gut endothelium then RA SM 

MCs did.
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4.3.1 The use of monoclonal antibodies and the question of 
cross-species reactivity

A series of monoclonal antibody (Mab) experiments was performed 

using RA SF and RA PB MCs. The adherence of these MCs to CLP 

endothelial cells was studied in the presence of Mabs directed against 

specific adhesion molecules present on cell or endothelial surface. The rat 

anti-mouse Mab Mel-14 is directed against the L-selectin adhesion 

molecule (see section 1.71 for more details) and experiments using the in 

vitro adherence assay have demonstrated that Mel-14 inhibits the 

adherence of mouse lymphocytes to peripheral lymph node HEV but not 

to PP HEV (Gallatin et al., 1983) although more recent in vivo work has 

also demonstrated a role for Mel-14 in inhibiting naive lymphocyte 

adherence to PP HEVs, but having no effect on the adherence of 

memory/activated blast cells to this lymphoid organ (Hamann et al.,

1994). These findings are in keeping with the role L-selectin has to play 

as a peripheral LN homing receptor (most apparent when using in vitro 

adherence assays) and as an early stage contact adhesion molecule for 

recirculating naive lymphocytes to LN and PP lymphoid organs (apparent 

in adhesion assays under conditions of flow within the physiological range 

of venular shear stresses in vivo). When Mel-14 was used in our assay, it 

had no inhibitory effect whatsoever on either SF or PB MCs adherence to 

gut endothelium as compared to controls. The rat anti-mouse Mab Meca- 

367 on the otherhand, which is directed against the mucosal vascular 

addressin MAdCAM-1 (which is a counter-receptor for the gut homing 

adhesion molecule a4p7, see section 1.7.2.3), inhibited the adherence of 

SF and PB MCs to gut endothelium significantly by 69% and 74% 

respectively as compared to controls (P= 0.03 for both). These results are 

in agreement with the findings of others insofar as the ability of this Mab



183

to block the adhesion of cells to gut endothelium. It has been shown for 

example, that Meca-367 inhibits mouse gut lymphocyte adherence to 

mouse Peyer's patch HEV by over 90%, while adherence to peripheral 

lymph node is unaffected when using the in vitro adherence assay 

(Streeter et al., 1988). Intravenous injection of Meca-367 inhibits 

lymphocyte localisation within Peyer's patches by over 95% but does not 

affect localisation within peripheral lymph nodes (Streeter et al., 1988). 

More recently, the characterisation of the primary structure and adhesion 

characteristics of MAdCAM-1 and its interaction with a4^7, as a specific 

receptor/counter-receptor pair in mucosal homing to the gut, has also 

validated the role played by Meca-367. Anti-a4|37 antibodies parallel the 

inhibitory effects of the anti-MAdCAM-1 Mab Meca-367 (Briskin et al., 

1993). It would be reasonable to suggest therefore, that the inhibition of 

adherence observed in RA SF and PB MCs, is in part due to the blocking 

of the MAdCAM-1 vascular addressin by Meca-367. The third Mab used 

was the mouse anti-human Hermes-3 (directed against the human CD44 

adhesion molecule, see section 1.7.4). It also inhibited the adherence of SF 

and PB MCs to gut endothelium. This monoclonal has been demonstrated 

to inhibit the adherence of human lymphocytes to HEV in either mouse 

PP or human appendix, but not to mouse or human peripheral lymph 

node HEV when using the in vitro adherence assay (JaUcanen et al., 1987). 

It is known to specifically block CD44 mediated adherence of 

lymphocytes to mucosal HEV (Goldstein et al., 1989). CD44 expression is 

widespread, with expression known to be significantly greater in RA SF 

than PB lymphocytes, although whether CD44 positive cells accumulate 

within the synovial fluid or whether the expression of CD44 is 

upregulated within the synovial fluid is not clear (Kelleher et al., 1995). 

However, this increase in expression may explain the higher levels of
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Hermes-3 induced inhibition observed in SF lymphocytes (79%) as 

compared to PB lymphocytes (57%).

As far as the results are concerned, it is evident that the adherence 

of a large proportion of RA SF and PB MCs to porcine gut endothelium 

is inhibited by Hermes-3 and Meca-367. Since the Mab Mel-14 exhibited 

no inhibitory effect, it would appear that L-selectin was not playing an 

important role in the adherence of these cells. This would make sense, 

since to date L-selectin has only been shown to mediate adherence to 

peripheral LN endothelium, and not to gut endothelium, when used in the 

in vitro adherence assay. This is an important point to make, since in vivo 

work with Mel-14 has demonstrated the ubiquitous role of this adhesion 

molecule, with regards to naive cell recirculation. Perhaps a more vital 

issue with regards to the current results is one of cross-species reactivity. 

Mel-14 is a rat anti-mouse Mab. This casts doubt over the capability of 

this Mab to recognise L-selectin on human MCs. Though falling far short 

of absolute proof, Mel-14 has been shown to inhibit the adherence of 

mouse and human PB lymphocytes to lymph node endothelium to the 

same degree, but not to mucosal or synovial endothelium when using the 

in vitro adherence assay (Jalkanen et al., 1987). Experimental procedures 

involving Mel-14 were the same as described for our own experiments 

(see section 2.7.5 for details). Additionally Mel-14 was shown to 

immunoprecipitate a 901cD band from lysates of surface iodinated human 

PB lymphocytes, and this Mel-14 antigen was precleared by absorption 

with another Mab called Hermes-1, which itself defines a 85-95kD human 

lymphocyte surface glycoprotein involved in binding to peripheral lymph 

node HEV (Jalkanen et al., 1986). Such findings have led the authors to 

suggest that the Mel-14 epitope must be present on human as well as on 

mouse lymphocyte surfaces. The reproducibility by others of similar
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levels of Mel-14 induced inhibition of adhesion using mouse and human 

PB cells is encouraging for our own results and would suggest that the 

observations may indeed be genuine.

Likewise this same problem arises for the anti-MAdCAM-1 Mab 

Meca-367 which like Mel-14 is a rat anti-mouse Mab. We have shown that 

this Mab inhibits the adherence of SF and PB MCs to gut endothelium. 

Meca-367 would mediate such inhibition by binding to the MAdCAM-1 

vascular addressin on gut endothelium, preventing the adherence of such 

cells to MAdCAM-1. The use of Meca-367 in the identification of gut 

endothelium and in lymphocyte adherence inhibition studies is well 

documented. It has been established that Meca-367 recognises HEV within 

gut associated lymphoid tissues in the mouse and that this Mab positively 

stains HEV within the Peyer's patches and mesenteric lymph nodes 

(Streeter et al., 1988) and also endothelium within the lamina propria of 

the small intestine (Andrew et al., 1994), while failing to stain HEV 

within peripheral lymph nodes, such as the axillary, brachial, popliteal 

and inguinal lymph nodes (Streeter et al., 1988). To date however, no 

evidence to suggest that Meca-367 can positively stain or bind to porcine 

MAdCAM-1 has been forthcoming. We have shown positive staining with 

Meca-367 within the porcine gut lamina propria in areas corresponding to 

MC adherence (Kadioglu & Sheldon 1996, and see photos 4 and 5). Such 

staining was similar to positive endothelial staining (within the same tissue 

organ and within similar vicinities) using a Mab directed against porcine 

Factor VIII, (which acts as an endothelial cell marker in the pig, see 

photos 6 and 7). However, we also failed to show any positive staining 

with the rat anti-mouse Mab Meca-325, which has been reported to react 

with HEVs in mouse peripheral lymph node and Peyer's patch tissue 

(Duijvestijn et al., 1987) and we have also failed to do so with an mouse
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anti-human Mab directed against CD31 (PECAM-1) expressed on 

endothelial cell surfaces. Such positive endothelial staining with porcine 

Factor-VIII (despite the failures with Meca-325 and anti-CD31 Mabs) 

lends support to the Meca-367 results, since taken together with the MC 

adhesion results, this would suggest that Meca-367 recognises the murine 

equivalent of MAdCAM-1 in the pig. Although great care was taken in 

such experiments (such as using several negative controls and unrelated 

control antibodies) they may still require additional support. 

Unfortunately the vast majority of research on adhesion molecules is done 

with mouse, rat or human lymphocytes, generally using mouse tissue, or 

endothelial cells derived from human tissue. Needless to say published 

work using porcine tissue in adherence studies is minimal and the 

availability of Mabs directed against specific porcine adhesion molecules 

virtually non-existent during the period when these experiments were 

being performed. Hence any supportive evidence is rather indirect. For 

example in vitro adherence studies have shown human a4(37 expressing 

lymphocytes adhere to murine MAdCAM-1 as well as mouse a4(37 

expressing lymphocytes (Erie et al., 1994). Hence human lymphocytes can 

adhere to mouse gut endothelium by recognising murine MAdCAM-1, 

suggesting that this addressin is conserved to a certain extent in humans 

and mice. Human MAdCAM-1 has recently been identified and cloned 

(Shyjan et al., 1996) and it has been shown that human MAdCAM-1 

selectively binds both murine and human lymphocyte cell lines expressing 

a4j37 and that Meca-367 inhibits the adherence of a4(37 expressing mouse 

lymphocytes to human MAdCAM-1 as well (Shyjan et al., 1996). 

Although human MAdCAM-1 would seem to have retained sequences 

important in selective adherence to a4(37 expressing cells, mucin lüce 

sequences between mouse and human MAdCAM-1 exhibit substantial 

divergence. The functional aspects of this difference is not yet known.
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The exact role of Meca-367 in binding to porcine MAdCAM-1 and hence 

inhibiting MC adherence is difficult to assess, since neither porcine 

MAdCAM-1 has been identified as yet, nor is there much evidence to 

suggest that cross-species reactivity may occur with this Mab on porcine 

tissue. But our own adhesion inhibition results along with tissue staining 

experiments supported by similar endothelial staining with different Mabs 

would suggest that some sort of reactivity does occur. Direct analysis of 

porcine MAdCAM-1 with murine and human MAdCAM-1 is awaited.

Recently cross-species reactivity has been shown for a mouse anti­

human E-selectin Mab. This Mab has been shown to cross-react with 

porcine E-selectin in endothelium and porcine leukocyte adherence to 

human E-selectin was also shown to be inhibited by this antibody. It has 

also been shown to inhibit porcine leukocyte adhesion to porcine E- 

selectin, as well as human leukocyte adherence to porcine E-selectin 

(Tsang et al., 1995). The authors suggest that the immunological 

similarities between the pig and human adhesion molecule E-selectin in 

terms of structure and function in particular, plus conserved sequence 

homologies (e.g. conserved amino acid residues important for adhesion to 

human E-selectin being conserved in the porcine sequence for E-selectin) 

are also suggestive of such a cross-reactivity (Graves et al., 1994, Tsang 

et al., 1995). It is conceivable that such similarities may also exist for 

other porcine adhesion molecules leading to cross-reactivity with 

equivalent human adhesion molecules.

We have also shown a pattern of cross-species reactivity, at least in 

terms of MC adherence to human and porcine gut tissue. The adherence 

of paired RA SF and PB MCs as well as human control PB MCs to human 

as well as porcine gut lamina propria, was compared. The results showed
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no appreciable differences in adhesion to either human or porcine tissue, 

with differences in adhesion between each population being. maintained. 

That is to say while RA PB and control PB MCs adhered to human gut 

lamina propria in similar levels (maintaining the same levels of adherence 

as to porcine tissue), RA SF lymphocytes adhered on average nearly 1.8 

times as well as RA PB or control PB lymphocytes, mirroring the 

differences observed when using porcine tissue. The point to make is that 

differences observed in adhesion to porcine CLP endothelial cells was 

maintained even when human gut lamina propria tissue was used. 

Although these findings do not pretend to propose that porcine and human 

gut tissue are interchangable, they nevertheless suggest that the same 

levels of selective MC adhesion as quantified by the in vitro adherence 

assay using porcine tissue, can also be mirrored when human tissue of 

comparable organs are used, additionally suggesting that the adhesion 

molecule(s) required for such selective adherence may be to a certain 

extent conserved in human gut tissue.

43.2 The synovial membrane discrepancy

Rheumatoid arthritis SM MCs exhibited significantly lower levels  ̂

of adherence to GLP endothelial cells than any other MC population 

studied, and especially less than RA SF MCs. This inconsistency is 

intriguing since one would expect SM MCs to exhibit similar adhesion 

charcteristics as SF MCs, because such cells enter the synovium via 

endothelium, and subsequently transmigrate into the synovial fluid, 

presumably using the same set of adhesion molecules. Indeed, similar 

levels of VLA-4 expression on RA SM and SF lymphocytes has been 

demonstrated (van Dinther-Janssen et al., 1991) with CD44 expression
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being reported on RA SM MCs (Johnson et al., 1993) but to a lesser 

extent than to its expression on RA SF lymphocytes (Kelleher et al., 

1995). In order to rule out the possibility of experimental procedure 

affecting the adherence levels of SM MCs by possibly disrupting cell 

surface adhesion molecules, two different extraction methods were used 

for SM MCs (porcine PP MCs were also extracted by the same methods 

from PP tissue to see if the results were comparable). SM MCs were 

extracted from SM tissue via an enzymic extraction method (see section 

2.5.2) and a alternative mechanical extraction method (see section 2.5.3). 

It would seem unlikely that either method used would lead to the low 

levels of SM MC adherence, since MCs obtained from both extraction 

methods showed no appreciable differences in adherence to gut 

endothelium (in fact when tested for PP MCs, enzymic extraction method 

obtained MCs showed on average a 5% increase in adhesion, which was 

not statistically significant). Therefore the reason for low SM lymphocyte 

adherence, may lie in the differing levels of adhesion molecule 

expression rather than experimental procedure. If there are significant 

differences in the expression of adhesion molecules on the surface of SM 

MCs as compared to SF MCs this may be reflected in their capacity to 

adhere to gut endothelial cells within the adherence assay used. Such 

differences in the adhesion of SM MCs may have to do with the functional 

state of the MC when extracted from tissue.

The adhesion molecules which function in adherence to 

endothelium and subsequent transmigration are generally different. The 

transmigration phase of lymphocyte adherence is not so well understood 

although adhesion molecules pairings such as LFA-l/ICAM-1, VLA- 

4/fibronectin, or CD44/fibronectin are thought to be involved (Hogg 

1993, Hogg & Berlin 1995). Of these, the VLA-4 or CD44 /fibronectin



190

pairings would seem more likely to be involved in transmigration across 

the synovial membrane due to the higher levels of VLA-4 and CD44 

expressing SM lymphocytes and the abundance of fibronectin within the 
synovial compartment (Rodriguez et al., 1992). Were this the case, it 

could be suggested that tissue extracted SM lymphocytes may express 

different adhesion molecules on their cell surfaces due to their migratory 

state within the tissue, than SF lymphocytes. We have demonstrated the 

possible role of a4j37 mediated adherence of SF MCs to gut endothelial 

cells by blocking its counter-receptor MAdCAM-1 via Meca-367. Since 

the a4p7/MAdCAM-l pair have not yet been demonstrated in the 

transmigration stage, this would suggest that SM MCs may indeed be 

using other adhesion molecules to cross the endothelial basal membrane. 

Subsequently the differences of adhesion observed in our assay could 

depend upon the migratory state of the SM MC at the time of tissue 

extraction. In other words the SM MCs extracted may be expressing the 

adhesion molecule(s) required for transmigration, rather than strong 

adhesion (see section 1.7.5 for the different stages of adhesion). Since the 

in vitro adherence assay is not capable of reflecting all stages of adhesion, 

and since the assay would ideally mediate the adherence of MCs in the 

secondary, "strong adhesion" stage of adherence (due to the transient 

nature of expression of adhesion molecules involved in the first and third 

stages of adherence, which are best assayed in conditions of flow in vivo), 

it is possible that SM MCs extracted from SM express adhesion molecules 

not detected by the in vitro adherence assay.

The question regarding the low adherence of SM MCs to gut 

endothelium remains enigmatic. Further work needs to be done to solve 

this discrepancy and the most informative way forward would be to
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identify the exact adhesion molecules involved in adhesion to gut 

endothelium in SM and SF MCs.

4.3.3 Adhesion in other inOammatory arthritic diseases

The adherence of SF and PB MCs to GLP endothelial cells from 

patients with other arthritic conditions such as reactive arthritis, Reiter's 

syndrome, osteoarthritis and Paget's disease was studied in order to 

compare the findings with those obtained in RA. The results in reactive 

arthritis (ReA) were similar to rheumatoid arthritis. MCs from the 

synovial fluid of patients with reactive arthritis adhered to gut endothelial 

cells in significantly greater (P= 0.03) numbers than did their PB MCs. 

The mean adherence levels for both cell populations were closely similar 

to those obtained from the equivalent cell populations in RA. SF MCs 

manifested on average twice the adherence of PB MCs. It is known that 

certain arthritic diseases such as Reiter's syndrome and ReA are 

associated with gut infections. Antigenic material from causative 

organisms such as Salmonella, Yersinia and Shigella species have been 

identified within inflamed joints (Granfors et al., 1989). More recently 

Chlamydia trachomatis DNA has been shown using the polymerase chain 

reaction (PCR) to be present within the joints of patients with ReA, 

suggesting a link between synovial inflammation and abnormalities in the 

gut (Sieper & Kingsley 1996). Such a link may also be reflected in the 

MCs that populate the synovial joint. It would appear from the results 

obtained in our experiments that an appreciable proportion of ReA SF 

MCs share adhesion characteristics similar to those of gut homing MCs, as 

do RA SF MCs. This may be indicative of a similar pathogenic process in 

terms of the onset of disease and the subsequent migration and infiltration
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of MCs into the joint. The fact that the opposite was observed in 

osteoarthritis and Paget's disease would suggest a difference in the 

adhesion characteristics of these MCs, setting them apart from ReA and 

RAMCs.

4.3.4 Overview of RA results

The main purpose of studying the adhesion characteristics of RA 

MCs to GLP endothelial cells and to peripheral LN endothelium was to 

compare the levels of adherence to those of human control PB MCs and 

porcine PP, PB and LN MCs. Overall, the picture to emerge was that RA 

SF MCs exhibited adhesion properties similar to those of normal gut 

homing PP MCs and that RA PB MCs exhibited adhesion properties 

similar to those of normal LN homing MCs, but with adherence to gut 

endothelial cells as well (though to a much smaller extent than SF MCs). 

Such adhesive properties were also demonstrated with human gut. 

Adhesion molecules such as MAdCAM-1 (and by inference a4P?) and 

CD44 have been demonstrated to play a significant part in the adherence 

of MCs to gut endothelial cells, while L-selectin has not (within the 

confines of the in vitro adherence assay used and questions regarding 

cross-species reactivity permitting). The unexpected differences in RA 

SM and SF MC adherence has also been highlighted, and suggested to be 

due to differences in adhesion molecule expression rather than 

experimental procedure. Finally, similarities between the adhesive 

properties of ReA and RA SF and PB MCs have also been suggested.

Overall, it is felt that whilst falling short of certainty there is a 

modicum of experimental evidence to suggest the existence of a
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connection between SF MCs and gut homing MC populations, in terms of 

their adhesive properties only. The data presented does attempt 

speculation as to how this may come about or why and these are questions 

which need to be addressed within the framework of future studies.

4.4 Discussion of the effects of methylprednisoione treatment 
on mononuclear cell adherence, in vitro and ex-vivo

Corticosteroids have been used to suppress synovial inflammation 

in rheumatoid arthritis since the late forties, with superior effectiveness to 

non-steroidal anti-inflammatory drugs (NSAIDs) and possibly with fewer 

disadvantages than immunosuppressants (Kirwan 1994). Although a 

significant amount of work has been published regarding the effects of the 

most commonly used corticosteroids on the levels of MC and 

polymorphonuclear cell circulation in peripheral blood, and on 

circulating cytokine levels with suggested effects of such corticosteroids 

on DNA-RNA function, there is little on the effects of corticosteroid 

action on adhesion molecules and the adhesion characteristics of 

circulating MC populations. It was therefore our intention to see if the 

glucocorticosteroid methylprednisoione (MP) used in pulse therapy to 

induce remission in RA patients (see section 1.8.5 for more details) would 

have an effect on the adherence characteristics of circulating PB MCs 

obtained from such patients. The effect of MP was first examined on 

porcine PB MCs in vitro, as an initial experimental stage to see if 

adhesion was indeed affected. It should be stressed that all the following 

experiments where the effect of MP on porcine and human MC adhesion 

was studied, were always performed coded and read double blind to avoid 

any observer bias.
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In vitro effects of methylprednisoione on porcine mononuclear

The effects of methylprednisoione (MP) on the adherence of 

porcine PB MCs to GLP endothelial cells was studied over a 24 hour 

period in vitro. Inhibition of adherence was seen to be initially related to 

the length of MP treatment, with maximal inhibition (34%) achieved after 

4 hours of incubation as compared to controls. However after 24 hours 

MC adherence levels returned to those comparable of control samples 

adherence levels. It would seem that in vitro at least the duration of MP 

inhibition was short lived, yet although inhibition was not statistically 

significant, there was an appreciable difference by 2-4 hours. It has been 

known for some time that on average a 70% decline in circulating MCs 

occurs following a single dose (of equivalent concentration to that used in 

our assay) of glucocorticosteroid in humans (Fauci & Dale 1974). These 

workers reported that the decrease in circulating MC levels occurs within 

4-6 hours of glucocorticoid administration and reverts to normal levels 

by 24 hours and has been suggested to be due to the redistribution of 

circulating MCs to other lymphoid compartments, in particular the bone 

marrow, and not due to cell lysis or death (Fauci et al., 1976). Although 

the time scale of inhibition of adherence of PB MCs observed in vitro 

seemed to follow that of the fluctuating levels of circulating MCs over a 

24 hour period in vivo, it is apparent that the observed levels of 

adherence inhibition in vitro are not due to the redistribution of MCs or 

other such events that could occur in vivo. It would seem more lücely that 

the observations made in vitro were due to differences in adhesion 

molecule expression following PS therapy (it should be noted that MC 

populations were tested for cell viability at all time points studied and all 

were found to be more than 90% viable).
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Indeed there is some evidence to suggest that glucocorticoids such 

as dexamethasone can inhibit the expression of E-selectin (in a dose 

dependent manner, at nanomolar concentrations) on human umbilical vein 

endothelial cells, and thereby inhibit the adhesion of polymorphonuclear 

cells to this adhesion molecule (Cronstein et ah, 1992). The authors 

suggested that such inhibitory action occured at the transcriptional level, 

with dexamethasone inhibiting the levels of mRNA message required for 

E-selectin expression and subsequent display on the surface of endothelial 

cells. Also, it has recently been demonstrated that MP treatment at 

30mg/day orally in RA patients, can downregulate the expression of 

LFA-1, as ascertained by flow cytometric analysis (Pitzalis 1995). So 

there is some evidence to suggest that corticosteroids can interfere with 

the expression of adhesion molecules leading to inhibition of binding to 

endothelium. The next logical step was to investigate the effects of MP 

treatment in RA patients, in order to see whether or not the same levels of 

inhibition were also present, and to try to understand the sequence of 

events that could be taking place in terms of the expression of adhesion 

molecules.

Effects of methylprednisoione therapy on mononuclear cell 

adhesion ex-vivo and on circulating subsets In vivo

The adherence of human RA PB MCs to GLP endothelial cells was 

studied over a 48 hour period. In all cases studied the adherence of PB 

MCs was inhibited on average by over 58% 24 hours after pulse steroid 

(PS) therapy with MP as compared to the pre-pulse adherence levels. This 

reduction in adherence was not evident by 1 hour following PS therapy.
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but was maximal by 24 hours. Prior to PS therapy, no significant change 

in MC adherence levels was observed over a 24 hour run-in period. The 

adherence levels of MCs (24 and 1 hour prior to PS therapy) along with 

the adherence levels of MCs 1 hour after PS therapy were significantly 

different than those obtained 24 hours after PS therapy (P= 0.03 for both 

and P= 0.001 respectively). These results would suggest, that similar to 

the in vitro studies previously, MP leads to a significant decrease in PB 

MC adherence to gut endothelial cells, this time the degree of inhibition 

being greater and the length of effect possibly longer. What was not 

possible in vitro, is now possible, hence the levels of inhibition observed 

by 24 hours could be due to lymphocytopenia and the redistribution of 

circulating subsets of MCs which would have normally presented 

equivalent levels of adherence to gut endothelial cells as the pre-pulse 

samples did. To answer this question and to see if indeed any particular 

subset exhibited preferential adherence to gut tissue, immunophenotyping 

of circulating MC subsets 1 hour prior to and 24 hours after PS therapy 

was carried out in conjunction with the adherence assay experiments 

described above.

Of the nine subsets studied, only the CD3, CD4 and CD45 RA 

positive populations in whole blood, showed any significant differences in 

circulating levels 24 hours after PS therapy (when maximal inhibition of 

MC adherence occured) when compared to pre-pulse levels. No 

significant changes were observed in MCs separated from whole blood 

samples, both when analysed as percentage change or as absolute 

numbers. In samples taken as whole blood the percentage level of the CD3 

positive subset decreased significantly as compared to pre-pulse levels and 

when absolute numbers were analysed only CD4 and CD45 RA positive 

cells showed a significant decrease as compared to pre-pulse levels. These
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findings are partially in keeping with the findings of others where it has 

been reported that following intravenous infusions of 200mg 

dexamethasone over a three day period in patients with active RA, there 

was a transient decrease in the number of circulating peripheral blood 

CD3, CD4, and CDS positive cells with an increase in the number of 

HLA-DR positive cells (ascertained by flow cytometric analysis) 24 hours 

after steroid infusion as compared to pre-steroid levels with most other 

circulating subsets unaltered (van den Brink et al., 1994). We have also 

shown a similar decrease in the levels of circulating CD3 and CD4 

positive cells 24 hours after MP PS therapy as compared to the pre­

steroid levels, however we failed to show any significant differences in 

the CDS positive or for that matter the HLA-DR positive subsets. 

Although we also found a significant decrease in the CD45RA positive 

subset following PS therapy, the remaining subsets were unaltered. This 

would be in accordance with the work of others, who also found the CD4 

positive subset from peripheral blood samples to be decreased following 

pulse methylprednisoione therapy (given intravenously lOOOmg, hence 

double the dose that our patients were receiving) in RA patients with 

active disease (Smith et al., 1987). No other subsets were reported to be 

affected, however the CD3 positive and CD45RA/RO positive subsets 

were not immunophenotyped. Additionally, when adherent cell subsets 

were examined in our assay, only the HLA-DR positive subset showed a 

significant increase following PS therapy as compared to the pre-pulse 

levels (P= 0.01).

As with the adherence results, PS therapy also exhibited a 

significant effect on the circulation of certain MC subsets 24 hours 

following treatment. This effect was not however translated to those 

subsets of MCs which were actually adherent to gut endothelium, since no
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significant differences were found in MC subset adherence before or after 

PS therapy (with the exception of the HLA-DR subset). In other words 

more or less the same percentage of subsets adhered to GLP endothelial 

cells regardless of PS therapy. Since these subsets adhered in similar 

quantities to gut endothelium irrespective of PS therapy and yet the 

average 58% inhibition of adherence was still observed, this would imply 

that the relatively small changes observed in certain circulating subsets in 

PB could not be held responsible for such a large decrease in adherence. 

Additionally, the levels of adherent MC subsets were similar to those 

from human control PB MCs. Hence it would appear that PB MC subsets 

that adhere to GLP endothelial cells from healthy volunteers or from RA 

patients are not substantially different.

The decreases observed in certain circulating subsets are interesting 

yet in themselves are not enough to explain the large inhibition of 

adherence observed. Therefore it seems more likely that differences in 

the expression of adhesion molecules following PS therapy may account 

for the high levels of adhesion inhibition observed 24 hours after PS 

therapy. The circulating levels of the CD44 positive subset were however 

unaltered following PS therapy. This suggests that CD44 function was not 

affected by corticosteroid action. It should not be overlooked however 

that over 40% of PB MCs did manage to adhere to gut endothelial cells 24 

hours after PS therapy. Perhaps the reduction in adherence was due to 

downregulation of a methylprednisoione sensitive gut endothelium 

specific adhesion molecule, while another adhesion molecule (such as 

CD44) which may have more of an accessory role in adhesion to gut 

endothelium, remained insensitive to PS therapy thereby retaining its 

ability to assist in the adherence of a smaller proprotion of MCs. Since no 

other adhesion molecules were tested (and Mabs suitable for flow
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cytometric analysis of a4(37 were unavailable at the time of study) it is 

impossible to speculate about the possible fluctuations of such molecules 

on MC surfaces following PS therapy. What is not known however is 

whether MP is specific or general in its inhibitory action.

Glucocorticoids such as dexamethasone have been shown to inhibit 

RNA transcription of the IL-2 gene and increase the degradation of IL-2 

mRNA (Boumpas et al., 1991). So it is conceivable that such steroids 

could effect the expression of adhesion molecules by altering the levels of 

cytokines present within PB, or indeed act directly upon particular 

adhesion molecules by inhibiting their nuclear transcription. Such studies 

of the effects of corticosteroid therapy on adhesion molecule expression is 

a very recent development and therefore many questions still remain 

unanswered. What can be said in view of the results obtained however, is 

that pulse methylprednisoione therapy does lead to a significant reduction 

in MC adherence, causes minor fluctuations in a small number of 

circulating subsets, but with no substantial effect on the actual subsets 

which adhere to GLP endothelial cells, suggesting a possible inhibitory 

action on the expression of one or more adhesion molecules required for 

adhesion to gut endothelium. It would seem that methylprednisoione is a 

potent inhibitor of adhesion related mechanisms, as demonstrated both in 

vitro and in vivo.

Effect off methylprednlsoloiie therapy on circulating VCAM-1 

levels

Increased levels of circulating soluble (shed) adhesion molecules 

have been reported recently in a number of conditions, including RA
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(Blann et al., 1995). Of the small number of patients studied, the overall 

levels of soluble VCAM-1 in RA PB v/ere found to be higher (by nearly 

50%) than previously reported levels of soluble VCAM-1 in PB from 

normal donors. However when soluble VCAM-1 levels were compared in 

RA PB samples before and after PS therapy, no significant difference was 

found, with a decrease of only 3.4% 24 hours after PS therapy. Thus 

methylprednisoione treatment appeared to have little effect on the 

circulating levels of soluble VCAM-1 and probably not on cell surface 

shed VCAM-1 either. Although reports have demonstrated raised levels 

of soluble VCAM-1 in SF as compared to plasma levels in RA patients 

(Mason et al., 1993) the importance of these findings with regards to the 

pathogenesis of RA is not clear, despite the obvious benefit as a good 

indicator of inflammatory disease. What is especially interesting is how 

and why such adhesion molecules are shed from cell surfaces. In the case 

of the presented findings, the significant decrease in MC adherence to gut 

endothelium would not seem be attributed to any fluctuations in 

circulating soluble VCAM-1 levels.

4.S The importance of studying the adhesion characteristics of 

RA mononuclear cells and possible further avenues of research

By studying the adhesion characteristics of RA lymphocytes to 

lymph node and gut endothelium, and by taking the migratory patterns of 

adhesion of porcine lymphocytes as a guiding model, it has been sought to 

elucidate to some extent the complicated and often overlapping models of 

lymphocyte trafficking. The effects of various elements on lymphocyte
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adhesion have also been studied, with a view to highlight the properties 

and nature of certain adhesion molecules which may have a role to play in 

the pathogenesis of RA, and finally the possible control of such molecules 

by therapeutic agents.

One of the most important questions to be asked in future work 

should be which adhesion molecule RA SF lymphocytes use when 

adhering to gut endothelium in vitro. The results obtained here provide 

valuable clues, however the exact nature of this molecule must be 

elucidated, in order to be of value in the future treatment of RA. Is the 

ligand for this adhesion molecule also present within the rheumatoid 

synovial membrane and is that the reason why a certain population of 

lymphocytes migrate to RA joints? Is the disease itself the cause for this 

alteration in lymphocyte migration? And what is the exact mechanism of 

action of corticosteroids (which are commonly used as therapeutic agents 

in the treatment of RA) on adhesion molecule expression? It is vital to 

know whether such agents can specifically alter adhesion molecule 

function in terms of developing future treatment regimens which are 

much more specific and less toxic then current ones.

The present work has demonstrated a possible relationship between 

gut homing lymphocytes and those that migrate to the rheumatoid joint. 

The probable participation of mucosal adhesion molecules in this process 

has been highlighted along with questions concerning the interaction of 

such molecules with their ligands. The interesting role of 

methylprednisoione in lymphocyte adherence has been brought forward 

and examined within the context of circulating lymphocytes and adhesion. 

Finally suggestions have been made concerning the origin of rheumatoid
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synovial lymphocytes, with the intention of presenting the important yet 

often overlooked connection between the gut and rheumatoid arthritis.
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APPENDIX

General reagents

0.5ml Penicillin /  streptomycin

0.5ml L-Glntamine

Iscove's Culture Medium to 50ml

For 25ml. 23.125ml Iscove's Culture Medium 

1.25ml Foetal Calf Serum

0.625ml Hank's Balanced salt Solution

3g Dextran

3g D-Glucose

0.9g Sodium Chloride

5000 units Heparin

Nanopure water to 100ml

Dextran sedimentation mixture was prepared by dissolving sodium 

chloride in 100ml nanopure water, followed by dextran and D-glucose. 

Once dissolved, the required amount of heparin was added and the whole



mixture was filtered, using a Supervac 0.2pm filter and aliquoted into 
20ml universals. Stored at -20°C.

For 500ml. 470ml Nanopure water

25ml Phosphate Buffered Saline (10 x)

Sterilised by autoclaving at 121«C at 15 pounds per square inch for 120 

minutes.

Lymphocyte Freezing

For 50ml. 29mls 

15ml 

5ml 

0.5ml 

0.5ml

Iscove's Culture Medium 

Foetal Calf Semm 

Dimethylsulphoxide (DMSO) 

L-Glutamine 

Penicillin /  Streptomycin

1.2g Sodium acetate (trihydrate)

2,94g Sodium barbitone

Nanopure water to 500ml

BDH chemicals

DPX mountant, Iso-pentane, Sodium chloride.



Boehrineer Mannheim 

Dispase

Dako

APAAP mouse monoclonal, Monoclonal mouse anti-human CD2, CD3, 

CD4, CDS, CD19, CD44, CD45RA, CD45R0, HLA-DR, Rabbit semm
(normal), Rabbit anti-mouse immunoglobulin, Glycergel aqueous 

mounting medium.

Fisons

D-glucose, Dimethylsulphoxide (DMSO), Glutaraldehyde, Sodium acetate, 

Sodium barbitone.

Gibco
Hanks balanced salt solution (HBSS), Foetal calf serum (FCS), 

PeniciUin/Streptomycin.

ZÇV
Dithiothreitol (DTT), Iscove's cell culture medium.

Mercia

Phosphate buffered saline (x 25 stock).

Miles

Tissue TEK OCT tissue embedding compound.



Dextran, Diaminobenzidine tetrahydrochloride (DAB), Eosin Y solution 

with phloxine, Fast red TR salt, Haematoxylin solution gill no:3. Heparin 

(100000 units), Histopaque; mononuclear cell separation medium, 

Levamisole, NaphtoL

Sherwood medical

Q-tips single tipped applicators.



P P E N D I X  2

American rheumatism association (ARA) revised criteria for 

rheumatoid arthritis classification (Arnett et al., 1988).

Criterion Definition

1) Morning stiffness Morning stiffness in and around the joints, 

lasting at least 1 hour before maximal 

improvement.

2) Arthritis of 3 or more At least 3 joint areas (out of 14 possible 

joint areas; right or left PIP, MCP, wrist 

elbow, knee, ankle, MTP joints) 

simultaneously have had soft tissue 

swelling or fluid (not bony overgrowth 

alone) as observed by a physician.

3) Arthritis of hand joints At least one swollen area (as defined 

above) in a wrist, MCP or PIP joint.

4) Symmetric arthritis Simultaneous involvement of the same 

joint areas (as defined in 2) on both sides 

of the body (bilateral involvement of 

PIPs, MCPs or MTPs, without absolute 

symmetry is acceptable).



5) Rheumatoid nodules Subcutaneous nodules over bony

prominences or extensor surfaces, or in 

juxta-articular regions as observed by a 

physician.

6) Serum rheumatoid factor Demonstration of abnormal amounts of

serum rheumatoid factor by any method 

for which the result has been positive in 

less than 5% of normal control subjects.

7) Radiographic changes Radiographic changes typical of

rheumatoid arthritis on 

posteroanterior hand and wrist 

radiographs, which must include 

erosions or unequivocal bony 

décalcification localise in, or most 

marked adjacent to, the involved 

joints (osteoarthritis changes alone 

do not qualify).

For classification purposes, a patient has RA if at least 4 of these criteria 

are satisfied (criteria 1-4 must have been present for at least 6 weeks). 

Abbreviations used; PIP: proximal interphalangeal joint, MCP: 

metacarpo-phalangeal joint, MTP: metatarso=phalangeal joint.
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