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SUMMARY

The present rescarch was carried out to investigate the chemoattraction activity of
rheumatoid and non rheumatoid synovial fluids for lnunan lymphocytes separated
from peripheral blood, synovial tissuc and synovial fluidd. The phenotyping of
locomotor cells in response to these fluids was also studied. Established
procedures were used to separate lymphocytes from blood, synovial tissue and
synovial fluid. The level of the chemotactic factors in the synovial flud was
measured by commercial and in-house developed methods. The mhibitory effect

of asti-inflacumatory drugs on the lymphocyte locomotion was also studied.

The chemoattractant activity of synowvial fluid for human lymphocyles was
Investigated using the following methods: i, A Polarization assay which measures
the shape change from spherical or round to a polarized shape (i.¢ from mmmotile
to a motile shape) following stimulation with chemoattractants. ii, Collagen gel
invasibn, which measures the migration of lymphocytes into collagen gels-
containing chemoatfractants. Two methods were used for phenotyping the cells
responding to the synovial fluids (I) APAAP which allowed the detection of
lymphocyte surface markers in stained cytospin preparatious, (it) FACS which
allowed the detection of cell surface markers of lymphocytes recovered from
collagen gels after collagenase digestion. In addition methods used to measure the

levels of chemotactic factors in the synovial fluid, were (1) Commercial single

26




antibody sandwich ELISA kits (R&ID) which measured -2, 1[.-8, MIP-1¢ and

MCP-1, (ii} In-house developed multiple antibody sandwich ELISA which

measured I1-15 in the fluids.

The ability of synovial fluids from patients with rheumatoid (n=35) and other
arthnitides (n=18) to attract lymphocytes from peripheral blood of normal subjects,
from theumatoid synovia, and from joint fhuids, was studied. The majority of
synovial fluids from 29 rheumatoid arthritis patients were strongly attractive for
blood lymphocytes which bad been cultured overnight. Three out of five fluids
from OA also attracted lymphocyies but to a lesser extent than RA fluids. In
addition four of seven fluids from other mflammatory artbrittdes also gave high
responses

Rheumatoid synovial tissue ltymphocytes responded to synovial ﬂujds without a
requirement for a period of culture. In conirast lymphocytes derived from
theumatoid and other synovial fluids were completely unrespousive to locotnotor
stimuiants. Most of the responding cclls from blood mononuclear cell fractions
were T lymphocytes and the CD4SRO isotype was attracted prefercntially.
Rheumatoid synovial fluids contained IL~8 | IL-15, MIP-1a and MCP-1 at levels
m the nanogram range, sufficient to attract lymphocytes, but levels of 11.-2 were
too low to exert a chemoatiractant effect. In contrast the levels of chemotactic
factors in OA fluids were low and these fluids also showed less activity in

aftracting lymphocytes, The activity of the fluids could not be abolished by




treatiment with antibodies to IL-8, IL-Z2, MIP-1a, MCP-1 or 1L-15 fested
individually, but combinations of these antibodies inhibited most of the activity,
suggesting that attraction of lymphocytes by the fluids is due to a combination of
attractants. The accumulation of lymphocytes within the synovial fluids was
not correlated with any single chemotactic factor mentioned above, suggesting
that such accumulation is due to combined chemoaltractants.

In the present study it was also observed that mneutrophils separated from
normal blood gave a strong chemotactic response to the synovial fluids. In
contrast newtrophils separated from the synovial fluid were immotile,
suggesting that these cells had an intrinsic defect or that their tocomotion was
selectively blocked by synovial fluid chemotactic inhibitors. Moreover there
was no correlation between IL-8 or levels of any other single cytokine and the
accumulation of these cells 1n the fluids, mdicating the possibility of multiple
chermotactic [actor involvement. |

The manipulation of the locomotion activity of lymphocytes in vitro in
response to synovial floid was studied using anﬁ-ﬁﬂ]ématmy drugs. It was
demonstrated that NSAIDs (including Aspirin, [buprofen and indomethacin),
DMARDs (including gold, D-peniciilamine and primaquine) and cytotoxic
drugs including rapamycin and cyclophosphamide bad no inmbitory effect on
lymphocyte  locomotion. On  the other hand cyclosporin @ A and
Glucocorticosteroids (including dexamecthasone, prednisone and prcnisolonga)

showed a significant inhibitory effect.
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CHAPTER:1 INTRODUCTION

Section 1: Lymphocyte Locomotion in Inflammation

1.1 General Introduction

The inflarnmatory response protects the body from physical and chemical
agents and infectious pathogens. Inflammation is defined as the response of
living tissue to injury and it my be divided into acute and chronic responses
(Cotran ef al., 1988). The acute response is dominated by infiltration of
tissues with neutrophils associated with the exudation of fluid and plasma
protein. The chronic response is usually of longer duration and characterised
by the presence of macrophages and lymphocytes and by the activation and
proliferation of connective tissue (Cotran ef «f., 1988). This chapter wili
discuss first , the current knowledge about joint diseases (theumatoid arthritis
and other nflammatory arthritides) which represent the best example of

undesirable reaction of a complex mmflammation (acute and chronic) in the

synovium. Second the properties, adhesion, locomotion and chemetaxis of

the above mentioned intflammatory cells will be examined. Particular attention
will be paid to the pathophysiology of T lymphocytes which are reported to be
the most predominant cells in the theumatoid synovium. Finally the drugs that
have been reported to control the acute and inflatnmatory immune response in

the joints will be discussed in detail.
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1.2 Discase associated with acute and chronic inflanamation

1.2.1 Rheumatoid arthritis

1.2.1 A. Definitions of disease and criteria

Rheumatoid arthritis {(RA) is an inflammatory disease which primarily affects the
joints, with formation of chronic synovitis leading, to bone and cartilage damage. It
also mvolves the skin, lymph node, heart, lungs, blood and nerve system. Thrce
times as many women as men are affected. As the chinical diagnosis is difficult
(due to overlapping of signs and symptoms with other rheumatoid diseases ) most
theumatologists use the clinical critena ot the American College of Rheumatology
(Ropes et al., 1956) to differentiate RA from other arthritides. These criteria
include clinical, serological, radiological and histological features (Arnett es
al,1988) and have been widely used i clinical diagnosis of RA and

epidemiological studies.

1.2.1 B. Aetiology

Despite many years of investigation of metabolic, nutritional and environmental
factors the aetiology of RA is still unknown. As will be discussed below most
current studies have focused on various immune factors, including autoimmune
reactions, immunogenetics, and the initiation of acute and chronic inflammatory

immune responses in rheumatoid arthritis and other inflatnmatory arthritides.
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1.2.1.B1. Autoimmunity and autoimmmunec discase

1. Backsreund

To discriminate between self and non self 1s an essential feature of the normal
immune system . When something occurs to destroy the ability of discrimination
(such as endogenous or exogenous factors) an immune response to self may
develop. This immune response is called autoiimmunity or an autoimmune
response. Autoimmunity may be organ specific, localized or systemic. The conse-
quence of this reaction may be minimal or catastrophic damage depending on the
extent to which the integrity of self tolcrance has been affected. The distinction
should be made belween an autormmune reaction and autoimmune disease in
which autoimumumity evokes pathologic consequences with the possible
involvement of antibody, complement, smmune complexes and cell mediated
immunity . fu 1963 Bumet, defined antoimmune disease to mclude multiple
conditions in which structural or functional damage is produced by the
immunologically competent cells or antibodies against normal body components.
The presence of autoimmume reactions was confirmed by the presence of
autoantibodics and of lesions in the tissue against which the antibodies were
directed {Burnct, 1972).

According to the site of autoiminune reaction, type of antibody production, and
clinical manifestations, the autoimmune discases can be classified into three

groups. The first group is characterised by specific organ damage and the
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presence of specific antibody against antigens in that organ, for example Graves
disease where thyroid glaund hyperfunction is driven by an autoantibody which
reacts with and stimulates the thyroid stimulating hormone (TSH) receptor (Strak-
osch et al., 1982). The second grouyp is characterized by specific organ damage but
the antibody is non specific for that organ such as primary biliary curhosis in
which the bile ducts within the liver are destroyed causing curhosis and portal
bypertension. In this gronp the autoimmune antibody reacts with the mitochondria
in all cells (Taal ef of ., 1983, Frazer et al., 1985). The third group is characterized
by damage in different organs of the body (joints, nervous system , heart, kidney,

lungs, and skin) inchuding rheumatoid arthritis and other inflammatory diseases.

ii. Arthritis and Awtoimmunity

The concept of autoimmunity in rheumatoid arthritis was introduced in the 1940 s
by Waaler when he described the abnormality of connective tissue metabolism in
this disease. He found high fevels of an autoantibody called rheumatoid factor
(RF). This observation gave an evidence that the immune systcm  might be
involved in the disease. As mentioned above autoimmune diseases may bc a
consequence of the generation of self reactive antibodies and the significant
relationship between thenmatoid factor and rhenmatoid arthritis provided evidence
that autoimmuntty is involved in RA. In 1970 Steffen, proposed a hypothesis in |
which he suggested that RA may be a collagen autoimmune discase, and animals

models of collagen type HI-induced arthritis have confirmed lus theory (Stuart, ef
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al., 1982; Klareskog, efal., 1983, Cremer, 1988; Terato., 1985, 1990; Holmdahl.
et al., 1986; Myres, ¢f af., 1989; Watson and Townes 1985., Watson, ¢/ al., 1986).
Several autoanlibodies including RF and anti-collagen antibodics are produced by
synovial plasma cells suggesting that local antigen may be involved in both
immune complex formation and lymphocyte activation m this tissue (Munthe and
Natvig 1972., Hoffman, er af., 1982, 1990, Wermnck. ef af., 1985). However
despite many reports of a variety of autoantibodies in RA, theumatoid factors are

still considered as the unique serological indicator in RA diagnosis.

til, Rhewmatoid Factors

The theumatoid factors are a group of antibodies directed against the Fe portion
of the immunoglobulin G {(IgG) molecule. Waaler in 1939 and in 1940 and
Rose and Co-workers in 1948 reported that the sera from patients with rheuma-
toid arthntis agglutinated sheep erythrocytes coated with rabbit anti-sheep
erythrocyte antibody. The serum factor responsible for the agglutination was a
high molecular weight immunoglobulin of the IgM Class. In the first years of RF
rescarch the factors were detected in serum but later several experimental studies
reported RF production m the synovial tissue and synovial fluids of RA patients
(Mellors er af., 1959., Munthe and Natvig 1971, 1972a, 1972b). Although they are
present in 70-80% in patients with RA during the course of the diseases (Carson
el al., 1981) , their occurrence in many conncctive tissue diseases , chronic

mnfections and healthy individuals without clinical manifestation of arthritis raised
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doubts about how specific a role they played in the pathogenesis ol rheutnatoid
arthritis (Johnson and Faulk., 1976; Mannik., 1979). A possible haunful effect
of RF is suggested by clinical data showing a correlation between RF and disease
activity, particularly extra~articular manifestations (Allen, ef al, 1981; Mast et
al 1976, Fewgenbaum et af., 1978 ). Further interesting observations of lgG
oligosaccharides have shown that IgG in active RA disease lacks the terminal
galactose in the Fe region of Ig( at position 297 (Mullinax et al.,1976; Young, ef
al., 1991). This sttuctural abnormality alter the IgG antigenicity and may facilifate
immune complex formation and effective binding of IpG to RFs (Soliys ef o/,
1994),  Plasma cells in the synovial membrane produce RF of five
immunoglobulin classes (Muthel and Natvig 1972; Soltys., ef al., 1994; Randen

elal., 1993).

1.2.1.B2, Immunegenetic and susceptibility to rhemmatoid arthritis

During the past four decades it has been described that there is an association
between RA and certain alleles of human Jeukocyte antigens (HLA), particularly
HLA class II. The human class I locus has at least 14 different genes on the sixth
chromosome, most of which are found in three major subregions, designated as
DP, DQ and DR (Ollier and Symmons 1992), The first evidence of a genetic
linkage was reported by Astorga and Williams (1969} who noticed that the
peripheral blood lymphocytes from wvmelated patients with RA were non

stimulatory in mixed leukocyte culturcs. Subscquently it has been reported that
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Caucasians with seropositive RA have an increased frequency of expression of the
cell surface hman leukocyte antigen DR4 (Stastny 1976; Grennan ef af., 1983;
Del Jungo et al., 1984; Walker ef of., 1987). In addition it has been reported that
thc RA association with HLA is localized to the third hypervariable region
(HVRII) of the HLA-DR4 @ chain. This region is a critical component in the
formation of the groove which binds antigenic peptide for their presentation to the
T cell receptor of responding cells (Panayi, 1995). DR4 are expressed by 70% of
white seropositive RA compared to 28 % of normal controls (Stastny, 1978). It
has been observed also that an individual heterozygotic for DR4 has an eight fold
higher risk than normal for developing RA, while DR4 homozygotes have a 36
fold risk factor (Legrand ef ai., 1984; Nepom ef al., 1984). Further evidence of an
influence of HLLA on the severity .of disease has come from studies of the Felty’s
syndrome (another variant of RA charactenized by splenomegaly and leg ulcers
associated with polyarticolar RA) ( Lanchbury, ez al., 1991; Wordswoith, ¢/ af., 1-
992; Van Zebend ef al., 1991) in which 95% of patients with this disease were
found to.be HLA-DR+ (Bowman 1995 et al., 1995). Mauny patients with most
severe RA are DR4 homozygotes (Brackerctz and Wernet 1980). Other stodies
reported that RA was linked to co-expression of certain DQ alleles in association
with DR4 ( Wallin ¢/ al., 1988; McCusker ef af., 1991).

Recent developments in understanding antigen presentation or the inferaction
between MHC and T celis (Babbit ¢/ of., 1985; Guillt ef af., 1987) have led to the

suggestion of several molecular mechanisms concerned the role of MHC in RA,
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These are (i) The expression of specific D molecules may allow the presentation
of foreign antigen that rcsults in a cross-reactivity of certain T-cells with self
antigen causing an autoimmune reaction. (i) Class 11 MHC molecules may
themselves resemble an exogenous epitope. Exposure of an individual with a
haplotype to the exogenous epitope may irigger T-cells that cross react with cells
bearing MHC class 11 molecules. Despite the bmportance of immnunological
mechanisms mentioned above, the critical question now relates to the type of
antigen which initiates the inflammatory immune responsc in human rheumatoid
arthritis and to the molecular events involved in the formation of peptide-MIIC
complex and towards understanding how, when and where MIIC-1 or MIC-II
molecules are associated with this unknown antigen. Several studies have
suggested that heat shock proteins (hsps) may play a significant role in arthritis

aetiology (sce below).
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1.2.1. B3, Heat shock proteins and rhenmatoid arthritis

1. Background

Heat is a major clinical sign of nflammation. It may be either systemic (fever) or
localized to the sites of inflammation including rheumatoid synoviwm. It can

modulate the inflammatory iinmune response and induces the synthesis of
specific proteins. This phenomenon was firstly described by Ritossa in 1962,
where he observed that exposure to heat induced a physiological response m host
cells called beat shock response (Polla B.S 1988) which causes chromosomal
puffing associated with synthesis of proteins termed heat shock proteins (hsps).
These were classified according to their molecular weights, e.g high molecular
weight hsps (65 68, 72, 83, 92, and 110 Kda) and low molecular weight hsps (20

Kda ) (Polla, 1988).

ii. Pathophysiology of hsps in rheumatoid arthrifis

Heat shock proteins are induced not only by high fever but by many other factors
including, heavy metals, ethanol,viral and bactexial infections. It has been reported
that hsps play a complex role in the interaction between host and pathogens. In
human theumatoid arthritts it has been observed that the 65 Kd heat shock
proteins found in the joints is similar to that found in Mycobaterium leprae and
Mycobacterium tuberculosis. This molecular mimicry could initiate an

autoiminune rteaction in the theumatoid joints, because the immune system
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recognizes the mmicking microbe as a self antigen. Such reactions have been
produced in animal models when certain sttains of rats have been injected
intradermally with an emulsion ol killed Mycobacterium tuberculosis in mineral
oil (complete Freund’s adjuvant) which caused a rheumatoid-like discasc (Pcarson
and Wood 1959). Also this discase can been transferred from affected to healthy
rats through T cell lines or clones that recognize a mycobacterial antigen and that
cross react with a self antigen 1n joint carfilage (Van Eden ef al., 1985). It has

been clearly eslablished that the 65 KD hsp found in the synovial fluid (Fisher ef
al,, 1991) induces proliferative responses in synovial fluid T cells from
rheumatoid arthritis patients (Res ez al,, 1988) and also 65 KD hsp induced
adjuvant arthritis (AA) in rats by a T cell clone specific for amino acids 180-188
of the 65 KD HSP (Gaston ¢f al., 1990). However onc semor rheumatologist
criticises the role of hsps in RA (Panayi 1995) because of their lack of tissue
specificity and the low frequency of T cells responding to the 65KD protein which

is the most predominant hsp in the synowvial fluid.

38




1.2.1 C. IHistology of Synovial compartments in rheumatoid arthritis

1.2.1.C1. Synovium

Several reports have been described the histological features of the synovium
during early and late stages of the rheumatoid disease (Schumacher and Kitridou
1972; Schumacher 1975) . Dunng early stage of the disease there is congestion,
erythrocyte extravasation and luminal obliteration. Fibrin deposition ocours
throughout the synovium. Endothelial cell are swollen and exhibit vascular
activity. Neutrophils appear in the superficial synovivm and lymphocytes are rare.
Plasma cells and germinal follicles are uncommon or absent {(Schumacher and
Kitridou 1972; Schumacher 1975; Konttinen ef al., 986). In_comtrast the
histopathologic observations of the synovium during chronic inflammation have
shown that the synovium contains swollen synovial cells (Lewis and Ziff 1966 )
and massive hyperplasia with 100 to 1000 fold weight mcrease (Smiley ef al.,
1985). Tt has been observed also that the hyperplastic synovial tissue responsible
for the joint destruction has an extenstve vascular network. (Koch ez al.,1986). In
addition it has been demonstrated that a subpopulation of macrophages is
responsible for neovascularization probably by elaboration of IL-1, 1L-6 and TNF-
o cytokines that have the ability to promote the growth of blood-vessels. As will
be discussed below numerous investigations have shown that the most
predominant cells in the chronic stage of synovitis are lymphocytes. Most of

these cells are T cells bearing surface markers that reflect in vivo activation
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(Pearsoun and Wood 1964; Cush and Lipsky 1988, John ef af., 1975; Kurosaka

and Zill, 1983; Panay1 1992).

1.2.1.C2. Synovial fluid

Synovial fluid contains a large variety of inflammatory cells including

neutrophils, lymphocytes ( prominently T and B cells, and NK cclls) and
monocytes. Eosinophils and basophils are uncommon, Many cytokines (e.g 11-1,
1.-6, 1L-8, IL~-15, MCP-1, MIP-1a, TNF-o) are present. Also synovial Nuid
contains enzymes {(e.g collagenase), protcing (e.p C-RP; Albumin; lubricin},
carbohydrates, hyaluronic acid (which gives the fluid the consistency of egg
white or glare and viscosity) and a vanety of fibrillar materials (fibrin, collagen)
and crystals (Urate, Calcium pyrophosphate dehydrate; Cholesterol ecrystals)
(Kitridou e al., 1969; Kitridou et al., 1969; Zuckner ct al., 1964). Synovial fluid is
mmportant for the diagnosis and evalvation of many pationts with rheumatic
diseases particularty rtheumatoid arthritis. In monoarticular arthritis, septic arthritis
must be distinguished from other possible causes. Also synovial fluid cell count
and volume are usetul approximate measures of the intensity of the inflammation,
For instance it has been observed (Al-Mughales unpublished observations) that
total white cell count (WBCs) in most active RA synovial fluids were very high
(range from 6.4-65.5 x 10%ml) compared with other diseases such as

osteoatthritis (range from 0.1-3.3 x 10%mi). Also the synovial fluid volume
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collected from most active RA was high (20-40ml/patient) compared with

osteoarthritis (5-7ml/patient).

1.2.1. D, Lymphocyte and macrophage infiltrate in the synovium.

1.2,1.D1. Background

Over the past two decades a considerable amount of evidence has accumulated
to implicate the role of lymphocytes and macrophages in the pathogenesis of this
discase. As mentioned above, the first evidence is the hyperplasia and
hypertrophy of the synovivm with mfiltration of mononuclear cells mainly
lymphocytes, macrophages and plasma cells in the sublining layer of the
synovium. The importance of lymphocytes was shown by improvement of patients
with severe RA after depletion of lymphocytes through thoracic duct fistula
drainage (Wegelius ef al., 1970; Paulus ef al., 1977) and total lymphoid nradiation
(Panayi et al., 1982), Furiher evidence for the role of lymphocyies is the
discovery of rheumatoid factor (RF), immune complexes in joint fluid with
depressed complement and deposition of immune complexes in the synovial
membrane, which attract the attention to the inflamed synovial tissue (Kunkel and
Tan 1964; Hannestcd, 1967). However recent opinion suggests that synovitis 1s no
longer seen as an autibody-mediated process mvolving RF and immune

complexes, but rather as mediated by T cells (Panayi et al, 1992) and
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macrophages (Firestein ¢t al., 1990) which are reported fo play an important role

in the pathophysiology of RA.

1.2.1.D2. Cells: phenotype and distribution.

i. T lymphocytes

As mentioned above, the majority of lymphocytes in synovial tissue and synoviat
fluid of RA patients are activated T Iymphocytes as phenotyped using
monoclonal antibodies (MoAb) dirccted against T cell activation molecules such
as human leukocytes antigens (HLA-DR) or the interleukin-2 receptor o chain (1L~
2R; CD25) (Panayi 1994). The majority of these cells are  primed and express
surface atigens characteristic of mature memory cells, such as CD4+ CD45SRO+
(Pitzalis et af., 1987; Cush ef ol., 1988; Burmester ez al.,1987). In addition to
CD45RO+ and HLA-DR antigens, they express very late antigens (VI,A-1-VLA-~
4) and the integrin LFA-1 with low expression of IL-2 (lannon F, e al., 1994) and
v-IFN . It was recently observed that synovial fluid T cells express CD69 an early
activation marker (fonnone ef af., 1994). CD69 is a member of the c-type animal
lectin superfa;mi.ly and is the earliest inducible anligen expressed on the surface of

T cells after activation with various stimuli (Fernandez-Gulierrez ef af., 1993).




ii. B lvmphocytes

B cells constitute  about 1-5% of synovial cells fraction. As mentioned above
these cells contribute to the inflammation of the joint  through a number of
physiological processes. First production of antibodies such as IgM, IgG, and
IgA. These antibodies especially IgM form immune complexes (ICs) in  situ
leading to a subsequent antigen processing and presentation to inmune reactive T
cells (Munthe and Natvig 1977, ; Van Snick ¢ al., 1978; Aho et al., 1987).
However other studies have concluded that during RA there is a preferential clonal
expansion of RF B cells which lead to the production of high circulating RF's. As
mentioned above the RFs are not purely pathogenic, but their concentration is

significantly correlated with the disease activity (Smiley ef of ., 1968; Munthe and

Natvige 1972; Tuomi 1988).

iti, Natural Killer cells (NK celis)

The NK cells constitute approximately 1% of mononucicar cells in the synovial
membrane (Fox ef al, 1984; Dobloug ¢t al., 1982). NK cells play several
functions in thc immune response including, target cell destruction, autologous
mixed leukoéyte reactions and suppression of other immune functions (Shah e/

al., 1985). Their absence in RA may contribute to the chronicity of the disease.
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iv. Macrophages

Although the RA synovial tissue is characterized by the predominant infiltration of
T lymphocytes, macrophages also participate in the mnflammatory immune
response i the joints. Most of these cells express CD14 and CD11 and high
levels of activation markers including, HLA-DR which are involved in antigen
presentation. It has becn observed that synovial macrophbages produce a variety of
inflammatory mediators , including prostaglandins, collagenase , clastase and
cytokines such as IL-1, TNF-o, 1L-6, granulocytc-macrophage colony stimulating
factor (GM-CSF), macrophage colony stimulating factor (M-CSF) (Dayer ef of,,
1986; Amed and Dayer 1990). It has been also reported that most of the IL-8
found in the synowial fluid 18 produced by macrophages inn the synovial tissue
(Koch et al,,1991).

In conclusion, the critical question now rclates to which cells mediate the complex
mflammation m the synovium. Firestein and Zvaifler (1990) assign primacy to the
macrophage in the immunopathogenesis of RA. Their argument is supported by
strong cvidence (mentioned above) including cytokine and enzyme production,
and expression of activation markers, Panayi and his cofleagues (1992) proposed
that both cells are important in RA pathogenesis, but suggested that the T cell is
the conductor of the orchestra. Their argument was supported by several
immunological studies including involvement of T cells in most immunological
aspects of RA aetiology including, predominant iofiltration of T cells in the

synovium with their cytokine production and numerous activation markers (more
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than six hundred studies reported the immunological activity of T cell in the
rheumatoid synovium) their umportant role in antigen presentation, their
association with MHC in RA, evidence of animal inodels such as adjuvant arthrits
in which this diseasc can be transferred from ill mice to healthy mice by T cell
clones, beneficial effect of immunotherapy directed agamst T cells such as
thoracic duct drainape, total Iyinphoid irradiation, beneficial effect of cyclosporin
A and monoclonal antibodies.

However [ do suggest that both macrophages and lymphocytes mediate the
complex inflammation m RA  (direct or indirect, either through antigen
presentation or production of enzymes). In addition, the locomotion studies in the
present research produced further important evidence that the T cells  play a role

m RA pathogenesis,
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1.2.1 E. Pathophysiolopy of cytekines in the synoviam

Several studies reported that the cytokines produced in the synovial tissue and
synovial fluid serve as important mediators of inflammation and joint destruction
in RA. This was shown by numerous investigators who found that macrophages,
fibroblasts or T cells in RA synovial tissue release a variety of cytokines which

can be detected in the synovial fluid. These are first, IL-1 (Miyasaka, e/ of., 1988,
Wood ef al., 198; Nouri ef al., 1984; Hopkins , ef al., 1988., Dalton et ol., 1989)
TNF-c (Chu _, et al., 1991; Yocuin e af.,1989; Brenann, ef al., 1992). Both 1L-1
and TNF-alpha stimulate chondrocytes and synovial fibroblasts in the synovial
tissue to release collagenase and clastase, and neutral protease which have been
reported to degrade proteoglycans and collagen resulting in cartilage destruction,
TINF also has been documented in vivo to stimulate the neovascularization and
leukocyte infiltration (Frater-Schroder ef o/, 1987). However animal studies have

shown that the inflammatory activity of TNF-o might be secondary to IL-1.
Injection of TNF-alpha into the rabbit knee induced a weak inflammatory
response but injection of both IL-1 and TNF produced strong inflammatory
activity (Amed er al., 1990). IL-6 is also detected in the synovial tissue and
synovial fluid and is produced by macrophages, fibroblasts (Tield, ez al., 1991;
Bhardawi, ez af., 1989; Guerne, ef al., 1989; ), T lymphocytes and chondrocytes
(Guerne, et al.,, 1989; Wong ef o/, 1988). 1L-6 is veporied to be an RF B cell
stimulating factor (Yasukawa, ef o/, 1987) and also stimulates lymphocyte

proliferation of the CD8+ subset.
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Third GM-CSF has reported to be detected m the rheumatoid synovium (Leizer e/
al., 1990; Alvaro-Gracia ef al., 1991; Haworth ef al., 1991) and plays an important
role i the HLA-DR and HLA-DQ expression by synowvial fissue macrophages and
fibroblasts (Dayer ¢/ al., 1990). Fmally vanious chemotactic Tactors have reported
in the synovial tissue and synovial fluid including [L-8 (Brennan ef of ., 1990,

Sietz, ef al., 1991; Sietx et al., 1992; Koch, et af., 1991; Hirota et ai., ., 1992;) ,
IL-15 (Macloness et al 1995) , and MIP-1 alpha. As will be discussed below these
chemoattractant factors induce polarization and locomotion of lymphocytes m
vitro (Wilkinson and Newman 1992; Wilkinson and Newman 1994; Wilkinson
and Liew 1995;) and recently MCP-1 was reported to cause polarization of T
cells (Wilkinson 1995 unpublished observations). IL-2 is a potent chemotactic
factor for lymphocytes but is undetectable m synovial fluids in a dose that
causes locomotion of lymphocytes in vitro {Combe et al., 1985; Firestein et o,
1987). The chemotactic factors produced in the synovial tissue or the synovial
fluid may activate the adhesion molecules that are expressed on the synovial
fissue blood vessel endothelial cells which in turn stimulates the adhesion of
lymphocytes to the blood vessels (Harris, 1990). Thus lymphocyte chemotactic
factors govém the mediation of locomotion of lymphocytes from synovial

venules, through synovial tissie mto the synovial fluid.
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1.2.2. Other variants of rheumatic diseases

L2.2. A. Osteoarthritis (QOA)

Osteoarthritis is the most common joint disorder reported in most populations. It
affects hand joints, the distal interphalangeal joints, proximal interphalangeal
Jjoints, the carpometacarpal joint of the thumb (frequently involved) and other
joints (Cotran ef al.,, 1988) . OA is very common in old age , it affects women
more often than men, under the age of 45, and oceurs with equal frequency above
the age of 50. The onset and the aetiology of OA is still unclear. Several
investigators have reported many risk factors which are associated with QA
including obesity (reported to be associated with bone mineral density) (Anderson
and Felson 1988), acute major injuries during sporis activities and any heavy
repetitive labour (Felson ef of., 1988). Another possible cause of OA is crystal
depositions m the joints such as calcium pyrophosphate dchydrate which was
found n about 60% OA synoviat fluid (Schumacher ef al., 1981). A Further cause
of OA is impairment of the integrity of cariilage by collagenase and other protease
enzymes which cause synovitis with release of inflatmatory mediators, white
cell degenerative enzymes and free radicals which in tumn lead to cartilage

degradation ( et al., 1988).

1.2.2 B. Ankylosing spondylitis (AS)
Ankylosing spondylitis (AS) is prototypical of a group of rheumatic disorders
collectively called the seronegative spondylarthritides (Moll ez of., 1974). These

disorders are characterized by chronic inflarnmation of the spine. The sacroiliac

48




joints are always affected but the hip, shoulder joints and other joints are rarely
mvolved. The histopathology of the synmovial lesions closely resembles that
typical of RA (Moll et al.,, 1974). Classically AS is scronegative for IgM RF
(Hotborow and Swannell 1983). It affects moslly young men. 'I'he aetiology is
unknown but over 90% of patients across the world have sirong association with
the HLA-B27 antigen (Khan et al., 1990). HI.A-B27 is an MHC class I antigen
{Kellner and D.Yu 1992). Hereditary influence appears to play an important role
in AS because about one quarter of close relatives also have asymptomatic or
symptomatic spondylitis (Cotran ef of., 1988).

1.2.2. C. Psoriatic arthritis (PsA)

This 15 an erosive chronic , recurrent inflammatory polyarthritis affecting about 5-
7% of patients with psoriasis (Stites and Terr 1991). The onset of arthritis may be
acute and preceded by skin disease. It differs from rhewnatoid arthritis n being

consistently scronegative for RFs and anti-nuclear antibodies (ANAs), but in half
of the paticnts there is immune complex circulation and high levels in serum of
IgA and IgG. Synovial fluid examination has shown high white cell counts. The
interphalangeal joints of the fingers are affected including a considerable

periostitis which produces a sansage-like appearance of the fingers (Holborow and
Swannell 1983). The disease might progress to ankylosing spondylitis (Khan and
Linden 1990). The cause of PsA is unknown. Genetic factors appear to play a role
in diseasc causation. PsA are found in family members of 15% of patients.

Patients with PsA bave an increased prevalence of HLA-DR4 and HLA-B 27
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(Leonard et al., 1978; Stern, 1985). These genetic markers might be associated
with an mcreased susceplibility to unknown infectious or environmental agents or
to autoimmune phenomena (Kenneth and Kenneth 1991).

1.2.2. D, Polyinyalgia Rheumatica

Polymyalgia theumatica (PMR) is a subgroup of giant cell arteritis (GCA) .The
name was introduced in the 1950°s to define  a syndrome with pain and stiffness
of proximal muscle of elderly people (Bengtsoon 1991) with fever, weight loss,
and synovitis that may be persist out or recurrent (Chuang et al., 1982). The
synovitis is relatively mild confined to several joints, likcly to appear at the onset
of disease and does not cause deformity or erosive radiographic changes (Healey
1984). The synovial fluid is inflammatory with white cell count ranging from
5,900 to 21,000 cel/mm’. In contrast with rheumatoid arthritis, it has been
reported that PMR patients are seronegative RT (Healey 1984). PMR is
characterized by general artiritis which involves the large atteries. However the

aetiology of this disease is not well defined but several studies reported that the
Iymphocytes from patients with PMR showed higher transformation responses fo
arterial antigens than lymphocytes from controls (Ziko et of., 1977, ) It has been
also observed that patients with PMR have increased prevalence of HLA-DR4
expression in the arterial wall (Richardson ez af., 1987; Sakkas ¢t al., 1990). Thus

genetic factors may be associated with the antoimmune reaction.




1.2.3. How lvmphocytes enter the rheuwmatoid synovium amd sastain their

chronic activity.

1.2.3. A. Introduction

The synovium 1s more vascular than the structures supporting the joints such as
capsule, ligaments and tendons. This vasculature in chronically mflamed joints

has unique venules with specialised endothelivm called high endothelium venules
(HEV). There is preferential binding of lymphocytes at these sites which is
enhanced by IL-1, TNF and interferon gamma. The high endothelial venules play
an important role in blood lymphocyte adhesion and entrance into the synovium
{Cavender ¢/ ¢l.,1987). This section wili examine the current knowledge about

the development, adhesion, locomotion and chemotaxis of the major

lymphoid cells (T cells) which are postulated (o play a central role in chronic

inflammatory lesions, including joint diseases.

1.2.3.B. Lympheocvte, adhesion, Jocomotion and chemotaxis

1.2.3. B1. Historical background

Lymphocytes arc first formed in the bone marrow (B cells) and thyius (T cells)
in adults; in the foetus, the volk sac, and liver are additional sources. T
lymphocytes arise from stem cells (in the bone marrow) migrate to the thymus
where they undergo differentiation into mature T cells and then leave the thymus.

Although the lymphocytes were first described before the 1900°s (McGregor and
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MacKaness 1974; Powers, 1989), it was not until the second half of this century
that the properties and the function of lymphocytes began to be understood. The
classical experiments of Gowans in the rat provided a large step forward in the
understanding of lymphocyte circulation m the secondary lymphoid orpans
through which they recirculated into the efferent lymph and thence back to the
blood (Gowans and Kumight 1964; Pabst 1988). Lymphocytes are the most
predominant cells in the lymphoid organs. Mature T cell recirculate in the blood
and nmgratc to the main sccondary lymphoid organs, the periarticular sheath of
the spleen (PALS), lymph node and gut associated lymphoid tissue (tonsils and

peyer’s patches), and to other lymphoid accumulations in  respiratory and
urogenital tracts, The majority of the lymphocytes in blood s (90%) are

homogenous lymphocyles of small size (6-10 pm in diameter), with a minority of
10% of large cells (12-16 um in diameter). The mean size of the recirculating
lymphogeyte pool in man has been estimated as 23 x 10°  with approximately 50
percent of recirculating cells being present in the blood (Scott et al., 1972). The
mean blood traasit of recirculating lymphocytes is approximalely 30 min, (Fig).
Howcver despite this information the cxact funciion of lymphocytes was still
unclear, untii 1961 when Miller reported the crucial role of the thymus in cell
mediated immunity. Miller working on a murine leukaemia that originated in the
thymus showed that thymectomy of new-born mice resulted in animals that were
immeunodeficient. They could not reject skin allografts and could not produce

effective antibodies to either sheep erythrocytes (SRBC) or to salmonella H




anfigens (Miller 1961). Simdar studies confirmed these findmgs and showed that
the delayed type hypersensitivity response o tuberculin was also impaired
(Cooper et al., 1966). It was also shown that in birds not only did thymectomy had
a similar effect, but that extirpation or removal of a secondary lymphoid organ-the
bursa of Fabricius also led to immune deficits (Warner 1962) It has been has also
noticed that the Bursa of Fabricius contained cells that can produce antibodies
(Klaus, 1990) which increased the knowledge about the real function of B
lymphocytes. However, in confrast to thymectomy, bursectomy ablated all
antibody responses but did not affect graft rejection ( Warner and Szenberg 1964),
It was then appreciated that there were two major lymphoid organs responsible
for the production of tymphocytes and the terms “I” and ‘B’ were coined for the
cells produced in the thymus and bursa respectively.
Subsequently further investigations have been accumulated which described the
role of lymphocytes in delayed-lype hypersensitivity, antibody dependeunt cell
mediated cytotoxicity (ADCC), grafi versus host disease, antibody production, and
cytokine production (Thomson and Preotor 1984, Stites and Terr 1991; Abbass ef
al., 1991; Albert et af., 1989, Remnherz et al., 1979, Hirchata ez al.,1988). Recent
development of monoclonal antibody tecchniques has led to further designation or
phenotyping of lymphocyte surface molecules which defined the immunological
activities of lymphocytes in primary and secondary lymphoid organs and allowed
examination of their inflammatory role in numerous diseases, including

rheumatoid arthritis and other inflammatory arthritides.
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1.2.3.B2. Lymphocyte Surface Molecules

Several molecules located on the surface of the T-cells play an important role in
the differentiation and function of the cell type. Although these molecules were
initially designated by the monoclonal antibodies with which they react, recent
internationally accepted terminology has designated them as clusters of difs
ferentiation antigens (CD). The CD designation refers to the whole molecule and
not simply to an epitope detected by a specific antibody.

With the use of the monoclonal antibodies it has been possible to define several
cell markers on immature and mature lymphocytes. In the case of T-lymphocytes
many CD molecules such as CD3 and CD2 have been recognized on all peripheral
T-cells whereas others define functionally distinct subsets. For example the CD4
marker has been found on approximately 60% to 70% of mature T-cells in the
human blood whereas CDS8 is expressed on about 30% to 40% of T-lymphocytes.
Thus in normal healthy individuals the CD4 to CD8 ratio is approximately 1.5-
2%. This may vary according to sex, age and varous discases. Although initially
discovered as markers for T cells, subsequent studies documented that these mol-
ecules were associated with particular cell functions. For example the CD4+ and
CD&+ phenotype of the T-cell is related to its capacity to recognize antigen in the
context of cither Class Il or Class I MHC antigens on the surface of oiber cells
respectively (Biddison er al., 1982, Engelman ef af.,1981,). A direct physical con-
tact between antigen and MHC has been demonsirated (Babitt e al.,1986, Town-

send. et al,, 1986), . Class I MHC molecules play an important role as restricting




elements for peplide derived endogenously within antigen presenting cells where-
as class 1T MHC molecules restrict T cells responses to exogenous proteins that are
taken up and degraded in the lysosomes of antigen presenting cells 1o reveal
antigenic peptide (Momnson ¢f «f., 1986).

The strong association between Class I and Class I MHC restriction and the
CD81- and CD4- subsets of T-cells respectively is likely to reflect a fundamental
role of the CD4 and CD8 molecules during T cell activation and also during the
sclection of the T cell repertoire in the thymus. In addition tecent studies in the
mouse have suggested that CD4 T cell clones can be generated that express speci-
fic fumctional activities (Mosman ef al., 1986, Strect, et @/, 1991). For example
Thi cells are effective mediators of delayed hypersensitivity reactions and the
primary producers of IL-2 and interferon-gamma whereas Th2 cells produce IL-4,
IL-5, IL-6 and are effective helper cells for B cell differentiation. Further evidence
tor the existence of Thl and Th2 subsets came from theumatoid arthodis studies
(Miltenburg ez al.,, 1992) which suggest a relation between Thl-type functions
(through the production of large amount of IFN-y and absence of IL-4 and variable
production of 1£.-2 and [.-6) and chronic inflammation i RA,

In both the human and the mouse CD4+ cells are subdivided into memory and
naive subsets based on the expression of a variety of markers (Akbar e/ af., 1991,
Sanders ef af 1988, Cerotini ¢/ al., 1989). Although these subsets differ in the

expression of a number of markers the most useful ones 1o separatc them have
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proven to be CD45 RA and CD45RO the isomers of the leukocyle common

antigen.

Properties and function of the leukocyte common antigens (CD45)

The transmembrane protein tyrosine phosphatase CD45 comprises a family of
180-220 KD glycoproteins present in high abundance on the surface of all
leukocytes (Thomas, 1989). They share a common intracellular domain that
exhibits protein tyrosine phosphatase activity (Tonks et a/., 1990). Their different
extracellular domains are produced through alternate mRNA splicing of three
exons (A, B, C) present on the common parent gene (Streuli ef al., 1987;
Mormmoto et al., 1986b). While the exact function and role of the different CD45
proteins chains remains to be detenmined the CD45RA (RA identified by 2H4;
Morimot ef al., 1985; see chapter) and CD45RO (Identified by mAb UCHL];
Smith e/ al., 1986, see chapter 2) forms have proven to be reliable markers for
identifying functionally distinct naive and memory T cells subsets. T cells that
express the RA+ phenotype are testing lymphocytes. These cells when stimulated
with anti-CD3 or phorbol 12, 13 myristate and ionomycin secrete a  limited
number of cytokines (Akbar ez ¢f., 1991; Salmon ¢t af,, 1989) including MIP-
lo, [L-8 and IL-2 (Conlon ¢t al., 1995). It has reported that the CD45RA subsets
express specific adhesion molecules at low levels (Wallace ef al., 1990; Sanders
et al., 1988) and respond slowly to primary antigenic stimuli. This phenotype

predominates in peripheral blood , especially in the blood of neoniates (Demeure et
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al., l§94). In contrast , CII4SRO+ are larger, more activated lymphocytes that
express activation matkers such as CD25. These cells secrete a large repertoire of
cytokines including 11.-2, 1L.-4, IL-5, T1.-6, GM-CSF, TNF, INF-gamma, MIP-1¢
and TL-8 (Conlon et af., 1995) and express high levels of adhesion molecules
including CD2, LFA-1, and CDw29 (Sanders et al., 1988).They also respond
briskly to recall antigens (Akbar e of., 1988). T lymphocytes in RA peripheral
blood primarily express the CD4SRA isoforms (Summers ef af., 1994) whereas
CDA5SRO+ lymphocytes predominates m the rheumatoid tissuc (Hanly et al,
1990, Nakao et al., 1990, Pitzalis et al., 1987, Sew et al., 1992; Lasky et al., 1988)
and synovial fluid (Ichikawa ¢f ¢/., 1992). Antigen presentation is believed to be
the primary in situ signal that induces CD4SRA" lymphogytes to transform to
memory celis and concordantly express the RO isoforms. Several in vitro models
have been developed to study this fransition process including activation of
CIA5RA+ T cells with alloantigen {Akbar ef al., 1988) or with mitogens such as

Con A, PHA, or anti-CD3 mAb 2 (de Jong et al,, 1991, Akbar; et al ., 1988).

1.2.3. B3. Lymphocytc adhesion

The exhavasﬁﬁon of lymphocytes from blood into tissue is mediated by specific
interactions between lymphocyies and the endothelial cells lming posi-capillary
venules. These interactions are a crucial step for migration of lymphocytes into
chronic inflammatoty sites including synovial compartments in rheumatoid

arthritis (RA) where HEV-like morphology resembles that of lymphoid tissues
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{Freemont 1983; Janossy ef al., 1981) and where HEV can bind to normal
peripheral blood lymphoeytes (Fan and Dale 1994),

The molecular mechanisms which dircet lTymphocyte migration through
endothelium mto inflamed tissue have been the subject of intensive mvestigation.
Over the past decades it has been found that several molecules (called adhesion
molecules or homing receptors) influence the first step of lymphocyte-
endothelium interactions and entry inte tissue. Many of these molecules have
been identified and characterised using monoclonal antibodies (Osbomn et af.,
1989; Stasnton ef al, 1989; Picker et al, 1992) and also several adhesion
regulatory factors have been identified such TNF-o -1, INF-y , IL-4, and
bacterial lipopolysacharide (I.PS) (Wilkinson 1994; TTamblin 1994; Panayi 1994).
When endothelial cells are exposed to any of these factors in vitro marked
lymphocytes emigration across the endothelium is seen (Pettiffer er af,, 1986;
Munro et al., 1989). Combinations of these factors enhance adhesiveness for T
cells further. The combination of TNF and 1L~ was found to be motc potent than
the combination of TNF and IFN-y (Thornhill ez af., 1991).

The first adhesion molecule characterized as a homing receptor was the L-selectin
which was ﬁreviously named lymphocyte-endothelial cell adhesion molecule-1
(LECAM) or murine MEL-14 , .AM-1 or Leu 8 (Gallatin ef al., 1983; Picker et
al., 1991). It belongs to a family of cell surface receptors charactetized by a lectin
binding site recognizing carbohydrate higands (Lasky et af., 1989; Siegalman ef

al., 1989, Tedder e of., 1989, Spertini ¢f al., 1991; Camerim ¢f al., 1989) on the
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following HEV glycoproteins: glycosylation-dependent cell adhesion molecule
(GlyCAM-1,) CD34 and mucosal addressin cell adhesion molecule (MAJCAM-1)
(Girard, J.P and Springer 1995). It is not clear whether these molecules are
involved in lymphocyte traffic into inflamed tissuc.

Another adhesion molecule expressed on the surface of human kymphocytes
which plays a role in lymphocytc migration is CD44 (Pgp-1, Hermes antigen).
Antibodies against CD44 have been found to inhibit lymphocyte adhesion to
peripheral blood lymph node, and synovium high-endothelial venules (Jalkanen ef
al., 1987). In addition numerous studies have reported another family of adhesion
molecules which mediate lymphocyte adhesion to endothelium in vivo. This
family consists of three surface membrane heterodimeric glycoproteins named the
Baintegrins (CD11a, 11b and 1lc /CDI18). CD11a/CD18 is commonly called
leukocyte function antigen-1 (LFA-1, on lymphocytes) (Dana and Arnaout 1988,
Dahams and Hart 1986; Dahmas and Hart 1985; Haskard ef o/., 1986; Hamann e/
al., 1988;) and o4 or Brintegrins also known as very late activation antigen-4
(VLA-4)( Holzmam et of., 1989; Glices ef al., 1990) that appear 2 to 4 weeks after
T cell prolifcration in vitro at a time that is late relative (o the expression of other
activation antigens. There are about six VLA antigens which are variably
expressed depending upon cell lineage and activation (Hemier 1990). It has been
reported that lymphocyte adhesion via integrin (LFA-1 (CD11a), VLA-4 (CD49d)
and some non integrin (e,g., CD2 CD43) receptors provides costimulatory signals

to T lymphocytes engaging antigen via the T cell receptor/CD3 complex as well as




to B lymphocytes that recognize antigen on follicular dendritic cells. When these
accessory and costimulatory adhesion are blocked with antibodies in vitvo, greater
than 100-fold higher concentrations of antigen are required to initiate tymphocytes
responses (Wegner ef al., 1993) whereas oyintegrins seem to be involved in
homing into mucosal tissues and into inflamed sites . It has been shown that VLA-
4 (on lymphocytes) mediates the adhesion of lymphocytes to  fibronectin ( that

have separate tissue cell-binding sites) which is abundant in synovium and
throughout the lining, blood vesscls and interstitiom (Issckutz and Issekutz 1991;
Van Dinther-Janssen er al., 1991). VLA-4 binds to the cell surface molecule
VCAM-1 (Vascular-cell adhesion molecule-1). Endothelial ligands for these £,
integrins such as intracellular adhesion molecule-1 (ICAM-1 or CD54) (Diamond
et al., 1991) and Vascular cell adhesion molccule-1 (VCAM-1) (Osborm ef af.,
1989; Thomhill and Haskard 1990) have reported to be stimulated by cytokincs
produced in the inflamed synovial tissue suggesting a role in lymphocyte
mfiltration into inflamed synovial tissues (Pober and Cotran 1990). ICAM-1 is
widely distributed among synovial tissue cells including fibroblasts, macrophage-
like synovial lining cells and the endothelium of blood vessels in the Jining as well
as deep in the subsynovium. It has been found in vitro that treatment of

synoviocytes (B cell type) with TNF-o, IL-1 or INF-y upregulated ICAM-1
expression (Chin et al., 1990). Also it has been found that o 3, (I.FA-1) is present
on synovial T cells and could play a role in the ingress and retention of T
lymphocytes. Also it has been found that ICAM-1 expression is upregulated by
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TNF-o and T1.-1 with an expression peak of 24-48 hours after cytokine treatiment
and remains ¢levated as long as cytokine 1s present (Pober et al., 1986; Pober and
Cotran 1990; Osborne et al., 1989; Mariln and Springer 1987). On the other hand
it has been observed that TNV-o and IL-1 has the same effect on VCAM-1 with
similar time courses of expression as ICAM-1. It has been reported that the
rheumatoid synovial T cells cxhibit a higher avidity than peripheral blood T
lymphocytes for VCAM-1, the endothelial ocl ligand for o4} and o437 integrins
as well as for several extracellular matiix proteins (Arroyo ef of., 1995),

The lymphocvtes-endothehal interaction involves the following multistep cascade
(Fig ) (Ager 1994; Girarad and Springer 1995). i) attachment and rolling
mediated by L-sclectin, which recognizes CD34 and GlyCAM-1. i) Triggering
and stable adhesion mediated by LFA-1 (0pB2; CD11a/CDI18) integrins on
leukocyles (following their activation by chemoaltractants) and endothelial
counter receptors I[CAM-1 and ICAM-2. iii) Transendothelial migration mediated
by unknown factors.

However adhesion of lymphocytes to the huminal surface of endothelium is not
sufficient to promote migration and accumutation of cells into tissues. As will be

discussed below locometion and chemotaxis are excellent mechamsms, for cell

accumulation, n acute or chronic inflammatory lestons.




1.2.3.8B4. Lymphocyte Locomotion and Chemotaxis

1.2.3.84.1 1listorical background

Although several studies by many researchers in the middle of this century gave
surprising, amount of insight into the ways m which cells moved, chemotaxis
studies were hampered by the lack of suitable techniques for testing soluble
substances for chemotactic activity and for collecting quantitative data on the
movement of the cells. In 1962 , Boyden developed a method (Filter assay) which
provided a simple way of quantifying the locomotion stimulus given to a cell by
a chemical. Subsequently a mumber of articles were published using this assay to
determine the chemotactic potential of complement component C5a (Shin ef al.,
1968; Synderman et ai., 1970).
However despite the progress of chemotaxis methods the definitions of
different forms of locomotor behaviour were unclear until 1977 when Keller and
Wilkinson revised the terms describing lenkocyte locomotion and presented a
proposal for a standardisation of locomnotor terminology. These was serious
confusion in misuse of terms {(relating to the locomotion of leukocytes). First the
term, chemotaxis was used in many different ways such as interchangeably using
the term chemotaxis (dircctional locomotion) to describe any form of leukocyte
movement. Second confusion is usc of the terms random migralion or randotn
locomotion to describe the intrinsic locomotor capacity and change in the speed

of locomotion.
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Cuarrent  definitions of leukocyte locomotor behaviour are as follow: a)
Chemotaxis ( Pfeffor, 1884) is a reaction by which chemical substances determine
the directional of locomotion of cells. It is usnally accompanied by morphological
orientation of the cells towards the source of concentration gradients of a
chemical substance ( positive chemotaxis) or away from the source (negative

chemotaxis) (Wilkinson 1994); b) Chemokinesis (Rothert 1901; Wilkinson,

1985) i1s used mn many different contexts but in the case of leukocytes it
refers to the reaction by which chemical substances detenmine the speed or
frequency of locomotion of cells in their environment (orthokinesis), c)

Iaptotaxis (Carter 1967 R27) is defined as chemotaxis along a gradient in
which the attractant molecules are surface bound rather than in the fluid

(Wilkinson 1995 in press); d) Randem locomotion is a term which

describes the random direction of cell movement along a path which is not
oriented in relation to the stimulus. (Wilkinson 1993; Abercrombie 1965, Gail

and Boone 1970) e) Directional locomotivn [ocomotion with a preferences

for (or avoidance of ) a particular direction. The axis of the migrating cell 1s

oriented in relation 1o the stimulus (Wilkinson 1977; and Wilkinson 1995).

1.2.3.B4.2 Mcthodology

As mentioned above chemotaxis studics have been faced with a lot of difficulties

in finding reliable methods to quantify cell locomotion. IFor this reason  numerous

63




reports have been pubhished in scientific journals using, assays to dctermine the

chemotactic migration of cells in vitro. These are as follows:

i, Microfilter assays (Boyden chamber)

This assay was first mtroduced by Boyden in 1962 and proved to be a reliable
method for quantifying the chemotactic migration of neutrophils, and was also
used to measure the chemotactic activity of various factors which might causc the
locomotion of lymphocytes. The principle of this assay is as follows: A porous
filter paper (of size large enough to allow cells to move into the filter by active
migration) i3 geparated into two  compartments, one contativng the
chemoattractants (lower chamber) and onc containing the cells (upper chamber),
The attractant diffuses up through the filter to form a gradient to which the cells
respond by migrating through the pores of filter towards its lower surface and
then after incubation the filters are fixed. The evaluation of Iocomotion by
counting cells on the bottom of the filter is inaccurate (Keller ef al., 1972) .
However a leading front count method developed by Zigmond and Hirsch (1973)

isamore accurate method for evaluation of locomotion using the filter assay.

it. Pularization assay

As mentioned above thc accumulation of lymphocytes at the site of inflammatory
tissues requires adheston and locomotion. Differentiation between these processes,

needs assays independent of adhesion to evaluate the locomotor activity of
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leukocytes i tesponse to chemoattractants (Wiltkingon 1995 in press). An assay
which achicves this is the polarization assay (Haston and Shields 1985). 1t is
carried out on cells in suspenston (for morte details sec chapter 2) and it enables
leukocytes polarized in response to a chemotactic factor to be scored visually |
Compared with the filter assay the advantages of this assay are, shorl time
incubation, low cost, accuracy, and cxcellent dose response data {Wilkinson 19935
in press; for details, sce chapter 3). This assay has been used to study the aclivily
of various chemotactic factors which cause locomotion of cither neutrophils (such
as FMLP, Casein, LPS-activated serum; Haston and Shields 1985) or lymphocytes
such as [1-2 and MIP-1 alpha (Wilkinson and Newman 1994) IL-8 (Wilkinson
and Newman 1992), IL-15 (Wilkinson and Liew 1995), synovial fluid (Al-
Mughales et al., 1995 submitted for publication), IL-4 and IFN-y (Wilkinson and
[slTam 1989) Phorbol ester (Wilkinson ef «af, 1988) MCP-1 (Wilkmson
unpublished observation)

However this assay is not a direct measure of locomotion, but simply of the
morphological change that accompanies locomotion but data collected from this
assay do correlate very well with locomotion assays, such as collagen gel invasion

(Wilkmson 1986 ; Al-Mnughales et @/, 1995 submitted for publication)

i, Collagen gel invasion assay

As mentioned above polanization of lymphocytes 1n response to various stimuli

does not allow {ull evaluation of locomotion. Polanzabon studies (using
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polarization assay) needs to be supplemented with migration studies. In 1982
and 1985 Haston ef al and Wilkinson respectively, .-reportcd the locomation or
migration of normal lymphocytes into a 3- dimensional collagen gel, using the
collagen gel invasion assay. This assay analyses very well the invasion of cells
into three dimensional collagen gels (Haston, Shields and Wilkinson 1982; Schor
ef al., 1983) or fibrin gels (Wilkinson and Lackie 1983; Lanier ef of., 1988). The
collagen gel invasion assay has been used to evaluate the locomotion activity of

lymphocytes in response to many chemoatirctants.

1.2,3.84.3. Activation of lymphecyte locometion in vitro

Studies of the behaviour of lymphocyte locomotion showed that most
lymphocytes separated from peripheral blood arc immotile. These cells are
not in cell cycle (Go) (see Fig 1.1). Several studies have shown that the
locomotor capucity of resting T cells is cnhanced if they are cultured (24-48h)
in the presence of activators of growth, such as phytohemoagglutinin (PHA),
Con A ,mixed lymphocyte culture, OKT3 (anti-CD3), PPD and ['CS
(Wilkinson 1986; Wilkinson and Higgins 1987; Wilkinson 1987; Wilkinson
and Islam 1989; Wilkinson 1992). The idea that lymphocyte locomotor
capacity is increased in culture is supported by the finding that these
locomotor cells increase in size (Wilkinson 1986) and in uptake of tritiated
uridine or leucine. Polarization occurs when lymphocytes move from G to the

G, phase of growth and polarized G1 cells show increased synthesis of RNA
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and proteins. In addition it has been found that the acquisition of locomotor
capacity (Gy.G; phase) can be inhubited by cyclosporin A (Wilkinson and
Higgins 1987a) and FKS506 (Wilkinson and Watson 1990). Recently it has
been [ound thal corticosteroids such as dexamethasone and prednisolone
inhibit the acquisition of lymphocyte locomotion. The  activation of
lymphocyte locomotion occurs during the fust 24h of growth and is
accompanied by protein and RNA synthesis but precedes DNA synthesis (48
hours). As will be discussed below, once the lymphocytes acquire locomotor
capacity they can respond to a variety of chemoattractants which mediate the
lymphocyle locomotion etther in vivo or in vitre. This locomotion activity can
be blocked cither by Cytokine-specific antibodies (Al-Mughales et af., 1996

submitted for publication) or by a variety of anti-theumatic drugs.
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Fig 1.1. Lymphocyte Growth Cycle.

This figure shows 4 phases i mitosis | Gy (the pre- DNA synthetic phase wlich is

the stage at locomotor capacity develops), S ( the DNA synthetic phase), G, (the
premitotic phasc) and M (the actual mitosis). (Adapted from Basic and chimcal

Immumology. Stites & Terr, 7th ed 1991).
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1.2.3.B4.4. Factors Mediating Lymphocyte Locometion

As mentioned above adhesion is not sufficient to organize and ensure the
accumulation of leukocytes at the site of inflammation, because, during the
process of adhesion (o endothcelial cells at site of inflammation) lymphocytes
way be exposed to chemoattractants derived from extravascular sources. These
stimuli are thought to regulate extravasation of leukocytes by stimulating
movement and directional locomotion (chemotaxis) (Parrott and Wilkinson
1981). The description of these chemoattractants will be discussed below in more
detail with special reference to lymphocytes attractants, such as -2 (Wilkinson
and Newman 1994), 1L-8 (Wilkinson and Newman 1992), IL-15 (Wilkinson and
Liew 1995), MIP-1a (Taub et o/, 1993; Schall er al., 1993; Wilkinson and

Newman 1993), MCP-1 (Carr ¢f al., 1994; Taub ¢! al., 1995).

i. Interienkin-2 (I1.-2)

IL-2, was first discovered during stimulation of normal human blood lymphocytes
with PHA (Morgan ef al., 1976). Subsequently it was reported to have several
activities (Ruscetti et af., 1971, Robb, 1984) as a I cell growth factor (TCGF),
thymocyte stimulation factor (TSF), T cell replacing factor (TRF), thymocyte
mitogeneis factor (TMF), and Killer helper factor and (KHF). Its molecular
weight is of 19 Kd by gel filiration chromatography and 14-16 by SD-PAGH
(Robb et al., 1981, Kuzicl and Greene, 1991; Waldmann 1993; Minami et af.,

1993).
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IL-2 plays a central role in the regulation of cellular immune responses by
expansion of the function of T-lymphocytes (Farrar ef af,, 1982) proliferation of
murine NK cells (Biron e7 a/.,1990) and production of TFN-y by T cells (Kashara
et al., 1983; Yamamoto ef al., 1982; Kelin e of.,1983). Several 1eseaichers also
confirmed the important role of IL-2 in many aspects of the immune response.
Blocking IL-2 production int the thymus interrupts T-cell development (Tentori et
al.,1988), blocking [1.-2 with anti-IL-2R in vivo inhibits the development of virus
specific cytotoxic T cells (Leist et a/l.,1989), blocking the activity of I1.-2 may
have potential in prevention of allograft rejection (Kirkman et ad., 1985; Kelley et
al., 1988).

The biological activities of -2 are mediated by the binding to a receptor
comprising o, B, andy chains (Tsudo ez af., 1986, Sharon e/ df., 1986, Smith et
al., 1989; Takeshita er al., 1990), The o-glycoprotein chain has a molecular
weight of 55 KD (IL-2Rq; also known as Tac antigen and CD25) (Nikaido ez af.,

1984; Cosman ef al., 1984). The [-chain has a molecular weight of 75 K (IL-
2RB Hatakeyma, ef o/, 1989; Minanu e/ of., 1993), The y chain is 65 KD a
fransmembrane  profein, necessary for high affinity binding and signalling
(Takeshita et al., 1992, Cosman ef al., 1993) .

Although it has been reported that 1L-2 is a T cell stimulating factor in theumatoid
synovial fissue, the biological activity of I1.~2 in the rtheumatoid arthritis is
reported to be deficient. Several studies suggested that IL-2 production m vitro
by lymphocytes from RA synovial fluid or RA peripheral blood lymphocytes 1s
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very low (Miasaka ez al., 1984, Combe et al., 1989, Kitas ef of., 1988) and also
the T1.-2 level in the rheumatoid synovial {luid was found to be low. The lack of
this factor may be due to the activity of tmmune response during the disease
activity or due to freatment effects such as steroids which inhibit the 1L-2
production (Arya et al., 1984),

It has been weported that IL-2 has chemoattractant activity for hwman T
lymphocytes (Komnfeld ez a/.,1985). Wilkinson and Newman (1994) reposted
that I1.-2 1s a stronger chemoatfractant for 1" lymphocytes, than other
chemokines. (see below). Although the IL-2 receptor has several chains
(Uchiyama ef al., 1981; Miyjima et al., 1992; Sharon et al., 1986) it has been
reported that the [ chain of the IL-2 receptor 1s sufficient for activation of
locomotion of T1.-2 as judged by complete blocking of the locomeotion activity of
lvmphocytes in response to IL-2 by olL-2RB-chain, and not by olL-2Ra

(Wilkinson and Newman 1994),

ji. Interleukin-8 (IL-8)

IL-8 was originally described as a neutrophil activating peptide that was purified
in several laboratories (Schroder et af.,1987; Yoshimura ef af., 1987; Walz et al |
1987; ). These various stodies led to the identification of several peptides with 79,
77, 72 or 69 amino acids (Schroder ef of., 1990; Gimbrone et al., 1989). The 72~
(secreted predominantly by T cells and monocytes) and 77- amino acid peptide

fortns (secreted predominately by endothelial cells) are reported to be the most
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amino acid peptide was suggested to be the most potent form of NAP-1/[L-8
(Nourshargh ef al., 1992; Clark-Lewis ¢/ af., 1991).

NAP-1/IL-8 has been known under variety of names. It was mitially called
monocyte-derived neutrophil chemotactic factor (MDNCI;, Yosimura ef 4l
1987); lymphocyte-derived neutrophil- activating peptide (ILYNAP; Gregory, Il et
al., 1988), neutrophil activating factor (NAF, Walz ¢f ¢l.,,1987), and the term
neutrophil-activating peptide (NAP)-1/IL~8 became widely accepted (Baggiolini
et al., 1989) . Presently duc to studics showmg that that NAP-1 IL-8 has
chemoatiracive/ activating properties for different inflammatory cells, the term
IL-8 is most widely used.

Several articles reported that I1-8 1s a member of the o chemokine superfamily of
8-10 KD molecular weight (Schall er af., 1994; Murphy ef af., 1994; Oppenheim
et al., 1991; Baggiolini, ef al., 1994; Taub, ¢t al., 1993) characterized by four

cysteine residues at identical relative positions. This family is called the o

subfamily or -Cys-X-Cys-(C-X-C) (i.e the first two cysteine amino acids are

separated by variable amino acids). Other members of this family are , melanoma
growth-stimulating activity (MGSA/gro; Schroder ¢t al., 1990; Moser et of., 1990)
and neutrophil activating protein (NAP-2; Walz et /.,1989). The gene for these

chemotactic factor is found on chromosome 4q.

The receptors for IL-8 have isolated and characterized (Samanta, ¢/ of., 1990). It
has been shown that buman 11.-8 has two receptors termed IL-8 RA and I1L-8 RB

(Folmes et af., 1991). The [L-8 RA is a 350 amino acid length with five potential
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N-linked glycosylation sites and seven hydrophobic membrane spanning stretches
characteristics of the G-protein linked family of molecules (Strosberg 1991). The
IL-8 RB is 355 amino acids in length with one potential N-linked glycosylation
site . 1t was also observed that in the rabbit, F3R, which was reported (o be an N-
formyl-Met-Leu-Phe (fMLP) receptor has (urned out to be the rabbit IL-8
receptor (Lee. J. et al., 1992).

Different cellular sources have been reported to produce IL~8. Although human
fibroblasts are important for 1L-8 production in response to IL-1 or TNF (Stricter
et al., 1989; Schroder J et al., 1990; Van Damine et al., 1989: Larsen, C ¢t al.,
1989), human macrophages appear to be the principal source of [L-8 (Koch et al.,
1991). Human synowial cells also release ncutrophil stimulating activity when
challenged with IL-1 (Watson ef a/., 1988), and also other cells produce I1~8 such
as synovial chondrocytes (Brennan ef al.,1990), and articular chondrocytes (Lotz
et al, 1992). IL-8 is reported to play a major role in neutrophil diapedesis
through vascular endothebum and focal recruitment at inflamed sites. This study
is supported by the observations that upon exposure to 11 -1 or TNF, endothelial
cells not only express adhesion proteins (Bevilacquea et of., 1985; Pohlman et af.,
1986) that promote their interaction with circulating neutrophils but also produce
IL-8 (Srieter ef al., 1988; Schroeder ef af., 1989).

IL-8 is also effective in vivo. Intradermal injection in rabbits results in plasma
exudation and massive neutrophil infiltration (Colditz ef af., 1989, Endo, H. ef al.,

1991).




Several studies have also reported that IL-8 has chemoattractive/ achivating
properties for neutxophil in the joint cavities of RA and other arthritides. Although
a large proportion of the chemotactic activity for PMN in the synovial fluid was
due to IL-8 (Elford and Cooper 1991; Koch A. e/ a/ ., 1991) no correlation
existed between the concentration of I1.-8 { Koch et al., 1992) and accumulation of
neutrophils or lymphocyte count m the RA and non RA.
The effect of [L-8 on the in viiro locomotion of human activated lymphocytes was
studied. 1t was obscrved that IL-8 induced chemokinesis and chemotaxis in these
cells as determined by several locomotion assays (Wilkinson and Newman 1992).
IL-8 was released mto the medium when mononuclear cells were: cultured with a
CD3 or PPD and induced locomotion and chemotaxis of the activated population
of cultured lymphocyles. This might suggest that in vivo such activated
hymphocytes would respond to  specific signals from T1.~8 s inflammatory sites by

leaving the circulation and migrating into the lesion.

iii, _Iuterlenkin-15 (11.-15)

Recombinant IL-15 (14-15 Kd on SDS-PAGE) was originally purified from a
sIHan Iddnéy epithelial cell line and shown to have lymphocyte activating
properties hike IL-2 (Grabstemn, K et al., 1994). Activation of T cells by JL-15 is
inhibited by preincubating the cells with antibody to the (3 chain of the IL-2
receptor. Modelling studies have suggested that 1L-15 shares a4 similar  thiee

T

dirensional structure with 1L-2 but has a different sequence from IL-2. 1L-15
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exerts its biological activity through the B and y chain of the TL-2 receptor
(Grabstem, ef al., 1994, Gm. el al., 1994). Subsequent investigations reported
that IL-15 mediates T cell (Burton et af., 1994; ), B cell (Armitage et al., 1995)
and NK cell protiferation (Bomford ef af., 1994, Carson ef al., 1994).

The chemoatiractant activity of IL-15 for hutnan lvmphocytes was studied.
Wilkinson and Liew reported that IL-15 stimulates locomotion of T lymphocytes
as judged by several locomotion assays. IL-15 is widespread in the RA synovium
and TL-15 levels in the synovial fluid are high (Maclnnes ef al., 1996). Moreover
it has been found that the immunological activities of T helper cells , B cells and
NK. cells in the in vivo immune response of IL-2 knockout mice were normal

(Kundig et ai., 1993) which might suggest an important alternative role for 1L~

15.

iv. Macrophage Inflammatorv-Protein-1 (MIP-1¢)

MIP-1 ¢ (7.8-KD on SD-PAGE) is a heparin binding protein, which was

originally identified  during stimulation of murine macropbages with
Lipopolysaccharide {LPS) (Oppenheim, J . ef @/, 1991; Davatelis, G. ef al., 1988:
Wolpe et al., 1988; Wolpe and Ceramni 1989). MIP-1 «, belongs to the family of
chemokines that have been called the intererine B subfamily, defined by the Cys-
Cys- (C-C) motif. This family includes MIP-18, monocytc chemotactic and
activating factor (MCAF, MCP-1), hRANTES, Hact-Zh, and MJE,. The cellular

sources of this molecule are various such as T cells , B cells, monocytic cells, mast
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were shown to express significant levels of MIP-1e via imtmunochennstry, both
spontancously and in response to lipopolysaccharide (LPS) (Denis and Ghadiran
1994),

Several investigators have shown that MJP-1 o exerts a variety of biologicul
acfivities such as chemoattraction of monocytes and eosinophils (Taub ez af.,
1993) as well as induction of chemotaxis for neutrophils (Wolpe ef al.,1988;
Alam et al., 1992), basophils and mouse mast celis (Alam ef o, 1992). In
addition it has been reported that MIP-1a increases the adherence of T cells into
mflammatory sites (Taub et o/, 1993). The chemoattractant activity of MIP-1 o
for human lvmphocytes was first reported by Taub e of., 1993 and Schall ef al.,
1993. Subsequently  Wilkinson and Newman reported that MIP-1o is
chemoattractant for normal human lymphocytes as judged by several locomotion
assays (Wilkinson and Newman 1994). In addition it has been shown that MIP-1«
in supernatants of alveolar macrophages has strong chemotactic activity for
highly purified CD8+ T cells as judged by neutralizing the activity of MIP-1a

(Dcenis and Ghadrian 1994).

v. Macroephage.chemeotactic protein-1 (MCP-1)

MCP-1 (alternative designations: JE, monocyte chemotactic and activatiirg factor,
tumour=derived chemotactic factor) 1s a 76 amino acid protein that structurally

belongs to the C-C supergene family of chemokines (see above) and has specific




chemoattractant and activating propertics for monocytes (Leonard, ef af., 1990;
Schall e af., 1991; Van. Damm et of., 1989 MCP-,1 9) . The human MCP-1 gene
maps fo chromosome 17 (q 11.2 -12; Miller and Krangel 1992). However MCP-1
is produced by various cell types, including PHA-stimulated blood mononuclear
cells (Yoshimura, T. ef al., 1989), fibroblasts (Lukacs et af., 1994} , funour cells,
LPS treated macrophages, human lver fat storing cells, endothelial cells and
simooth muscle (Christensen et al., 1993; Marra ef ¢f., 1993;).

The biological function of MCP-1 has been reported by many investigators.,
MCP-1 is a potent stimulus of histamine release from human blood basophils
(Bischoff, et af, 1992; Kun ef al., 1992), stimulates macrophage inliliration of
tumours, which suggests its ability to stimulate the killing of tumour cells in
animal models (Charo er /., 1994; Matsushima, K ez al, 1989) . It is also
suggested that monocyte recruitment into the artery wall is a critical step in the
mnitiation of atherosclerosis , MCP-1 was reported to be abundant in the active
macrophage-rich areas of human artherosclerosis plaques (Charo, ¢ af., 1994}, In
addition MCP-1 1s reported to mediatc monocyte recruitment of tissues in various
mflammatory diseases sach as alveolitis (Jones e of, 1992) and thewmatoid
arthntis (Koch, et al., 1992),

Recently it has been found that MCP-1 has chemoattractant activity for human
lymphocytes in vitro. Carr e al (1994) reported that MCP-1 is the major
lymphocyte chemoaliractant secrefed by mitogen-stimulated peripheral blood

mononuclear cells and is capable of acting as a potent T- lymphocyte as well as

17




monocyte, chemoattractant. This may explain why monocyte and 1 lymphocytes
of the memory subset are always found at sites of antigen-induced inflammation
(Carr ct al 1994). MCP-1 has a chcmoattractant activity for hmman blood
lymphocytes in vitro at optimal concentrations of about Ing/ml (Wilkinson 1995;

unpublished observation).

vi, Foetal Calf Serum

The chemoattractant activity of FCS setrum was investigated by several
researchers. It has been reported that culture of lymphocytes in T'CS cause a large
proportion of lymphocytes to change from a round to a polavized shape (O” Neill
and Parrott, 1977). A Similar study reported that neat or 20%, FCS can stimulate
the locomotion activity of lymphocytes (45% or 20% respectively) as judged by

short term polarization assays (Wilkinson 1986).
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1.2.4, Laboratory cvaluation of systemic and_chronic rhenmatic inflammatory

diseases.

1.2.4.A. Introduction

The mflammalory immune response in theumatic diseases mentioned above play
an important role in the inmunopathogenesis of these diseases.

Scveral laboratory methods have been used to evaluate the metabolic changes in
the joint and peripheral blood mcluding histopathology, immunochemistry, blood
analysis. The major important changes noted are in the increase of concentration
of acute phase proteins such as complement components, «; anfitrypsin,
fibrinogen, haptoglobulin and major nnportant changes have been observed in the
concentration of C-reactive protemn and erythrocyte sedimentation rate (Several
bundred fold the normal vahic) which have become widely employed indicators

of the acute phase response in the theumatic diseases and other systemic diseases.

1.2.4B. Ervthrocyte sedimentation rate

The LISR is a single most important laboratory test of inflammatory activity. The

imcreased re;tc of setthmg of erythrocytes in the blood of patients with
mflammatory diseases has been known for many years. Measurement of the ESR
was first applied to the study of the acute and chronic rheumatism by Herman in
1924. The principle of this test relies on the concentration of fibrinogen and other

acute phase proteins which cause increase aggregation of erythrocytes suspended
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in plasma (rouleaux formation) causing them to fall more rapidly (Ballou and
Kushner 1993), The international committee for standardisation in haematology
has recommended a method for ESR determination called Westergren’s method

(ICSH. 1977).

1,2.4C. C-reaclive protein,

CRP is present in all RA pattents with clinical evidence of disease activity. C-
reactive proteins were originally detected in human serum because of their ability
to interact with somatic C-polysaccharide of the pneumococcus (Ballou and
Kushner 1993). Its serum level riscs and falls faster than ESR which gives an
indication of the current inflammatory activity of patients more accurately

(Motley et al., 1982). Following acute inflammation the serun concentration
mercascs within a few hours and there is an increasc in numbers of hepatocytes
producing C-RP (Powell. 1983). The most widely used method for C-RP

determination is immunoturbidometry assay.
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1.2.5 Control of systemic and chronic inflammation in rhenmatic diseases

using anti-inflammatery drugs.

1.2.5A. Non Steroidal Anti-inflammatory Drugs (NSAIDs)

In 1977 Brook and Corbett reported that the serious complications in RA occur
within 2 years of disease onset. Hence theumatologists have suggested that
treatment with arthritis should be started with simple antirheumatic drugs (first
line drogs) such as analgesic and non-steroidal antimflammatory drugs (NSALDS)
(Brooks 1985). These arc relatively lipid soluble, weak acids (they have a
carboxylic acid, keto-enolic moiety giving them a pKa of 3-6 which enables them
to accumulate in inflammatory sites where the pH is about 6-9.5) (Rainsford
1994), and almost all are absorbed from the gastrointestinal tract (Langman 1989;
Fries et al., 1989). The presence of these drugs at the inflammatory site including
synovial tissue 1s critical for their manipulation of inflammation and other
undesirable inflammatory processes such pain (pain controlled by NSAIDs may be
at the level of the central nervous system by regulation of neurokines). The
mechanism of action of NSATDs is as follows: They ihibit the biogynthesis of
prostaglandiﬁ, thromboxane and prostacyclin by nreversibly blocking the enzyme
cyclo—-oxygenase (prostaglandin synthetase) which catalyzes the conversion of
arachidonic acid to endoperoxide compounds (Rinstoord 1994, Forest and Brook
1988; Brook and Day 1991; Allen K 1995). They can also exert other functions

including (c.g Aspuin indomethacin, Ibuprofen) suppression of lymphocyte
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transformation (Opeiz et al., 1973;), whibition of cartilage degeneration (Palmoski
and Brandt 1983). In addition it has been reported that NSAIDs inhibit the
migration, adhesion, and locomotion of levkocytes as well as the release of
lysosomal enzymes (Brown and Collins 1977; Spisani et al., 1979; Higg ef al.,
1980). A Further action of NSAIDs is the interfering with the kallikrein system
(Kallikreins are proteinases which generate small peptide molecules, kinins, from
a prolein substrate, kininogen) (Cuthbert 1994) and cell membrane activities
(such as enzyme, NADPH oxidase and phospholipase). New generation of
NSAIDs can inhibit the production or activity of cytokines such IL-1 (Rainsford

1994). For more detail about the sites of action of NSAIDs see Fig 1.2.

1,2.5B. Disease-modifying antirhcumatic drugs

The second goal of rheumatic disease treatment is to alter the disease progression
and ountcome uwsing second line or disease-modifying antirheumatic drugs
(DMARDS). Examples are Gold, D-penicillamine and anti-malatial drugs.

There have been several trials using combined DMARDs to rheumaloid arthritis,
such as hydroxychloroquine, penicillamine and hydroxychloroquine, penicillamine
and chloroquine, penicillamine and salphazalazine (Dawes e al., 1987, Bitter
1984; Gibson ef al., 1987). The mechanism of action of these drugs as follows:

(1) Gold_compounds were introduced for treatment of RA in 1929 (Forestier, J.,
1935; Kean ef al,, 1985) and most conumonly administrated gold preparations are

aurothiomalate and aurothiloglucose (Harfall ef o/, 1937). Gold compounds
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Kigure 1.2, Scheme for mediators derived from archidonic acid and site of action
of NSAIDs (adapted from Basic and clinical pharmacology, Katzung, D.G, 4th ed
1989).
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available for therapeutic use contains elemental aurous gold (Aut) combined with
a sulfur-containing ligand. The mode of action of gold mn RA still unclear, Several
investigators reported that gold suppresses activity of lymphocytes , prostaglandin

and Tleukotriencs (Lies, ef al,, 1977; Lipsky and Ziff 197).

(i) D-penicillamine  (D-(-)-2-aminoc-3mercapto-3methylbutyric acid) is a
metabolite of penicillin and can be prepared from il by acid hydrolysis (Lock et
al., 1986; Joyce and Day 1990). The mechanism of action in RA still unclear , but
treatment with this drug interferes with the lymphocyte membrane receptors and
nhibits the production of RF by binding to the disulphide bonds (S-5). It has been
reported that D-penicillamine in the presence of copper ion markedly inhibited
mitogen--induced human T lymphocyte DNA synthesis. The mechanism by which
D-penicillamine in the presence of copper inhibits T lymphooytes responsiveness
was reported to be due to the production of the generation of hydrogen peroxide
(Lipsky , 1984).

(iii). Antimalarial drugs

Choloroquine or hydroxychloroquine have been used extensively in the treatment
of RA. Anti-malarial drugs include 4-aminoquinoline-choloroguine, 8-
aminoquinoline-primaquine, and others (Golsmith 1989). Treatment with these
drugs interferes with plasma protcins, RNA/DNA polymerase (Salako, 1985;
McChesney ef al., 1966). Their interaction with phospholipids decreases the

lvmphocytes fluidity (Beccricerica, 1989). In addition it has been shown that the

84




anti-malarial drugs (e.g Chloroquine) interfere with antigen processing and antigen

presentation (Davis P, 1994),

1.2.5C. Cytotoxic diugs

Cytotoxic drugs are used for the treatment of theumatoid arthritis patients if their
illness has failed to respond to less aggressive drogs or has been complicated by
systemic vasculitis (ITofman, 1993). Concern about toxicity, including the
induction of malignancies has until recently lmmited morc routine use and
reassessment of the morbidity in rheumatoid arthritis has tead many
rheumatologist to rc-evaluate (heir strategics of when such drugs should be used
in the manipulating of the progressive disease (Mofman 1993). As discussed
below cytotoxic drugs such as cyclosporin A |, rapamycin cyclophosphamide and
Glucocorticotods (including dexamethasone, prednisone and prdednisolone)
interfere with specific phases of the mitotic cell cycle (Fig). There are 4 phases in
mitosis : G1 (pre-DNA synthetic phase), S (the DNA synthetic phase), G2 (the
premitotic phase) and M (the actual mitosis). Cells in a prolonged intermitotic
petiod are consider to be in a GO phase (Albert et af., 1989). However any
suppression cffect on the cell RNA/DNA cell replication and proliferation leads
to suppression of production and function of immune competent cells and other
cells, in manner that dose not discriminate agamst those cclls that may be of most

pathologic significance.
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i. Cyclosporin A

Cyclosporin A (CsA) is a Diologically active metabolite extracted fiom two
species of fungi called a Cylindrocarpon Lucidum Booth and Trichoderma
Polysporum Rifai (Borel et al., 1976). It 15 used widely as an  powerful
immunosuppressive drug (Borel, ef al., 1977) in the ireatment of several diseases
mncluding theumatoid arthritis (Douglas ez al., 1988). Structurally CsA is a cylcic
polypeptide consisting of 11 amino acids (one of them unsaturated C-9 that is
unique to this molecule) (Hess & Tuschka 19980), 1976) and is insoluble in
water but it can dissolve in ethanol. Several experimental animal studies have been
reported that CsA mhabits antibody formation to T cell -dependent antigens, the
prolongatton of skin graft survival and suppression of delayed-type
hypersensitivity reactions (Borel e al, 1988). CSA also cxerts its
immunosuppressive effects by selectively inhibiting the transcription of messenger
RNA of 11.-2 and N.-2 receptors by CD4-+ T cells by at an carly stage of growth
(G1) and other cytokines including IL-3, TL-4, IL-5, IL-6 (Grilly ef af., 1995;
Hedges 1993). CsA was also found to wmlubit the mitogen activated but not
phorbol ester-activated locomotion of human lymphocytes vitro (Wilkinson and
Higgins 1937). In addition a rccent study reported that CsA combined with
methotrexate had a significant cffcct on the improvement of patients with sever
RA (Tugwell ef al, 1995). 1t has been observed that CsA me@iates its
immunosupprestve effect through an abundant cytoplasmic protein termed

cyclophilin of 17 kda. (Sigal & Dumont 1992).
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ii. Rapamy¢in

Rapamaycin was originally extracted from soil micro-organisms and became

widely used as an antibiotic and as an immunosuppressive drug (Vezma ef af.,
1975; Martel et af., 1977). Like CsA 1t can affect a4 wide variety of cellular
activities but its mechanism of action mvolves binding to DNA through
intercalation with a consequent blockade of the syn(hesis of DNA and RNA (Sigal
and Dumont 1992). Rapamycin has similar , but not identical actions to
cyclosporin A, and may also prove a fess toxic immunosupressant than the former
(Fan and Rainsford 1994). Several studies have reported that rapamycin inhibits
murine and human T cell proliferation. Tt interferes at a later time in the activation
processes than does CsA which act at an early stage of T cell signal transduction
(Sigal and Dumont 1992). Further studies reported that rapamycin delays the
growth of tumour cell lines transplanted m mice, suggesting that this compound is

a general anti-proliferative agent (Sigal and Dumont 1992).

il Cyclophosphamide

Cyclophosphamide is one of the alkylating agents that have been widely used to
treat theumatic disease (Clement et al., 1974), Its mode of action is inhibition of a
wide varicty of cellular processes mcluding T and B lymphocytes (Stockman ef
al., 1973). The alkylation of guanine in DNA can lead to miscoding, destruction of
the purine ring and inhibition of DNA replication through cross-linking. Although

the alkylating agents are not cell cycle specific, cells arc most susceptible to
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alkylation in latc GI and S phase of the cell cycle and express blockage in G2

(Kovarsky 1983).

1.2.5D, Glucecorticoids

Glucocorticoid hormones (GeH) are used widely in the therapy of inflamimatory
diseases including rtheumatoid arthritis (Morand ef af., 1994), They mediate their
action through cytosolic receptors. The glucocorticoid-receptor complex then
moves quickly into the nucleus. They bind to the to gluococorticoid-responsive
elements of genes, thereby influencing gene transcription. In the immune system
GeH acts primarily by mhibition of cytokine production and lymphocyte
activation.

Several studies have reported the inhibitory effect of GeH upon lymphocytes and
their response to mitogens (Dugherty, 1952). In addition it has been reported that
GcH have an inhibifory effect on RNA, DNA and protein synthesis in
lymphocytes (Makman et al ., 1968). The number of circalating lymphocytes is
reduced within 24h of GeH injection and more CD4+ T cells are affected than B
cells. Also cells of the monocyte-macrophage lineage, NK cell (Parillo and Fanci
1979) and neutrophil functions are affected. It has been observed that lung
inflammation is down regulated by dexamethasone therapy which affects the
release of inflammatory mediators and the influx of neutrophils into the airways
(Groneck er al., 1993). The activity of GeH on cytokine production has been

extensively studied. For example it has been found that GeH acts primarily by
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inhibition of cytokine production and T cell activation. GcH inhibits the
production of TL-1(see fig 1.3), IL-~6, I1.-2, [L-4, TNF-o, and INF-y (Kavelaars e/
al., 1995; Rakasz et of., 1993, Schlaghecke ¢ al, 1994). Taken together inhibition
of lymphocyte activation by Gcell may operate by the following mechanisms
(Mendelsohn et al., 1977): (1) they suppress recruiiment of cells from GO to G1
phase of the cell cycle. (2) the mhibit progression from G1 phase mto S phase (3)

they reduce the rate of DNA replication.
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Figure 1.3. Sites of action of glucocorticosteroids and cyclosporin A.(adapted

from Basic and Clinical Immnunclogy, Suites and Tere, 7thed 1991). ;
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Section 2: OBJECTIVE OF PRESENT RESEARCH.

i. Introduction

Tissue lymphocyte infiltration occurs m response to different pathological stimuli.

Cppia W i N T

Lymphocyte locomotion across vascular endothelium venules (HEV) into
inflamed sites plays a crucial part in inttiating and modifying the disease process.
Despite their importance, our knowledge of factors stimulating and controlling

lymphocyte locomotion and chemotaxis into rhenmatoid lesions is still unclear.

Although it would be advisable to examine synovial tissue from each patient with
RA to compare histological changes with those from previous specimens and
assay for lymphocyte subset and chemotactic factors production by these cells or
synovial cells, this is very difficult and impractical. Synovial fluid is a good
source; by exammation of its charactenstics (Chemoattractant activity, cell count,
chemotactic factors levels), one can gain a good appreciation and learn more about

the extent of inflammation and events occurring in the synovinm itself.
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1. AIM of research.

To study the role of chemotaxis in the accumulation of T lymphocytes in
rhcumatoid and other inflammatory joint diseases.

I. Examine the chemotactic activity of synovial fluids from RA in comparison to
OA and other inflammatory asthritides where the lymphocytes infiltrate is much
less. The Study involves the response of normal biood T cells to joint fluids.

I1. To tdentify and quantify T lymphocyte chemotactic factors in joint fluid and to
usc specific monoclonal antibodies to inbibit their activity.

Il To study the response of synovial tissue T cells to joint fluids and to cytokines
n comparison with cells from blood.

IV. To study the role of activation of T cells in the locomotor response to joint
fluid. Phenotyping of responsive cells for activation markers, e.g CD45RO.

V. Study of the inhibitory effects of anti~theumatic drugs on the locomotion of T

cells.
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PATIENTS, MATERIALS AND METHODS

2.1 Patients

The clinical categories of the patients used in this study are stnnmarised in table 1
and 2. Synovial fhud was obtained from joints of patients attending the
Rheumatology day ward at Gartnavel General Hospital and Glasgow Royal
Infirmary for aspiration and corticosteroid injection into their painful joints.. The
fluid was taken by rheumatologists from koee joints since synovial fluid is most
easily obtatned. Synovial fluid was transferred o transport medium and was in
the laboratory witlun about 1-2 hours. The fluid was aspirated using full ascptic
precautions and before any steroid was injected, Fifty one patients with a
confirmed clinical diagnosis of rheumnatoid arthritis or other arthritides wete
studied. The palients were classified mto two groups , RA and non RA. The RA
patients (= 35 median age 56; range 33-91 years) diagnosed according to the
American College of Rheumatology criteria (Amett, ef o/ 1988) werc classified
according to disease duration (see Table la, tb, 1c). 'The non RA group were
Osteoarthritis  (n=7 median age:76; range 59-78), ankylosing spondylitis (=5
median age: range 30-70) psoriatic arthritis (=3 age 48 and 70 years) intermittent
hydroarthrosis {n=1 age 32), polymyalgia rheumatica (n=1 age 48) and

pyrophosphate arthropathy (=1, age 77). The drug regimen in the RA group
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consisted of non-steroidal anti-inflammatory drugs (NSAIDs) such as
Ibuprofen, Voltarol, Indocid, and disease modifying anti-theumatic drugs
(DMARDs) such as methotrexate, azathioprine, sulphasalazine,or gold.
Corticosteroids such as prednisolone were also used. Cytotoxic drugs were
occasionally used. The non RA group were either treated with NSAIDs or not
treated. Only a few patients were treated with DMARDs. The Westergren
erythrocyte sedimentation rate (ESR) , and C-reactive protein (Beckman),
antinuclear antibodies (Immunofluorescence) and rheumatoid (Rosc-Waaler

or ELISA ) factor were routinely measured in all patients.
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Table 2.1A . Descriptive characteristics of the patients with RA

disease duration (1-10 years).

Disease Age
Code daration (years)+Sex Overzll severity +Erogion Drugs
fyears)
W.C 1 67 (F) STV+lros (++) Teldene+SASP
M.G 8 57 () MOD+Exuy (++} Ibuprefen+SASP
G.H 6 76 (M) SEV+Eros{++) Oruvail
cw 9 6340 MOD+none Relifex+Meptide
RM 4 82 (F) SEV+Eros(+++) Voltarol+Gold
M.MA 9 66 (F) SEV+Eros(++) SASP+Feldene
M.MO 8 52 (F) MOD-+Eros{++)+nodules Ibuprofen+tPenicillamine
B.G 7 35 (M) MOD+none Voltarol+Gold
EM 9 59 {M} SBVY +Eros(++)+apemia thuprofentGold
R.E 9 50 (M) SEV+EBros(++) Indocid+penicitlamine
.M 7 44 (M) SEV +Eros(++) MethotrexatetPrednisoione
ML.EZ 4 70 (1) SEV-FEros{++) NA
H.Y [ 88 {1 V.seve Sulindactacupan
Penicillamine+Naproxen+
IK i 60 (F) Na Co-cadamol]
Indomethacint+lmuran+
18 9 39 M NA Co-cadamoi
LM 6 37 (1) NA Gold
2.1B: RA, Disease duration {11-20 vears )
Disease Age
Code duration ge Qverall severity +Erosion Drugs
(years)+Sex
(years)
LF 20 81 ¢F%) MOD+Eros (++) Voltarol+SASP
M.B 19 80 () STV+Eros(++) NA
4.8 17 53 (F) SEV+Eros(t+)+Raynaud'’s| SulindactSASP
< 20 56 (M) SEV+Eros(i+) Relifex+Penicillamine
R.L 16 51 (M) V.SEV+Ervs(++)+NFA Feldene+cyclophosphamide
8K 11 33 (Vi) MOD+none SASP+Naproxen
D.R 14 67 {F) NA lieldene
B.L 19 77 (F) NA NA
oM | 13 55 {F) MOD+Eros(+++) Voltarol
EP | 16 56 (F) SEV+Eros(++) AspitintGold
Gj i 18 At (¥) NA NA
MN | 13 60 (F) NA Co pmxamohM#hotrcxate-r
{ Analgesics
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2.1C : RA, Disease duration(>20 years).

Disease
Code duration ( Ag): 5 Ove:;}lrl ‘o Prugs
(years) years)+Sex [ severity+Erosion
]
AM 25 60 (1) MOD+ELxos (++} Indocid+SASP
WM 23 80 (F) SEV+Etos (+++) SASP ;
M.J 51 50 (F) SEV+Eros (++) Naproxen
G.wW 40 47 M) SEV+Ero (++) Indocid+Penicillamine
[ SEV+Lros (++)
D.M 23 59 (F} +Nodules Voltarol
J.A 3 53 (M) MILD+Fros (++} ! Indocik+SASP
M.S 40 74 (F) Mild+Eros (++} Indocid

Synovial fluid was collected from different paticnts with rbeumatoid arthritis
(n=35) 16 patients with disease duration of 1-10 years (Table 1a), 12 patients of
10-20 years (Table 1b) and 7 patients with >20 years disease duration (Table 1c)
were in this study. RA patients were treated with NSAIDs: Ibuprofen, indocid,
Voltarol, and Disease modifying antitheumatic drugs (DMARDs): gold, D-
penicillamine, salphasalazine (SASP), methotrexate, naproxen and aziothioprine;
or corticosteroids such as prednisolone or cytotoxic drugs such as
cyclophosphamide A, FEros=erosion , NA=information not available,
RA“Themnatoxd arthritis, Sev=severe, Mod=moderate, M=Male, F=Female,
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Table 2.2. Clinical description of the patients with non RA.

Provisional Disease Overall
Code diagnosis duration Age (years)tSex severity Drugs
H.Me QA 5 78 (T} Mild+Eros NA
D.8C QA 5 76 (M) Mod Voltarol
ASO OA 16 59 (F) Mod Voltarol
E.Mc OA 15 72 (F) Mikd Paracetamol
D.Ba QA 12 78 {M) Mild Paracetamol
Alla 0A 10 68 (M) MId Co-Cadamol
. NSAIDs+
E.Ch OA 10 66 {E) Mild Paracetsmol
D.SM AS 8 44 (M) V.5EV+Eros | Gold+Ibuprofen
.51 AS 5 30 (M) Mod Voltarol
W.G AS 30 70 (M) Mild Ibuprofent
Coproxamal
R.Me AS 15 NA NA NA
Salazopyrnt
C.Ca AS 2 54 (F) Seve+Eros Voltaralt
Paracetamol
MT PSA 7 48 (T) NA Paracetamol
Ww.S Psa 8 70 (M) Mild Ibuprofen
Lederfen+
B.T PSA 4 58 (M) Sevet+Eros Copraxamol
5.T IM.H.A 10 2 (H Mild, NA
B.T PMR 2 58 (M) Mild Prednisolone
G.M PARY 1 77 () NA Paracetameol

SF sample from patients with non RA (n=18). Osteoarthritis (OA, m=7). ankylosing
spondylitis (AS n=5), Psoriatic arthritis (PSA n=3), intermittent hydroarthritis (IMIHA,
n=1), Polymyalgia Rheumatica (PMR n=1) and pyrophosphate arthoropathy (PARP,
'n=1). Patients in this group were untreated or treated either with analgesics and NASIDs
or DMARDS.

NA=information not available, M=Male. F=Female, SEV=Severe.
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2.2 Materials

2.2.1 Preparation of M¢dia

Hanks’batanced salt solution (HBSS), and calcium and magnesium free salt solution
{ICN Flow Ttd., High Wycombe, UJ.K) were obtained as 10x strength solutions.
These were diluted to 1x strength with distilled water and were buffered to pH 7.4
with (3~[N-morpholino] propanc sulphonic acid (MOPS: Sigma Chemical Co, Ltd.,
Poole, UK) or HEPES (Gibco BRL, Lifc Techuologics L td., Paisley, U.K) . Ilepes
(N-2-[hydoxyethyl] piperazine-N-[2-ethane sulpbonic acid) was used at 20mM. The
pH of HBSS was adjusted to 7.4 using 2M NaoH or HCL (BDH), if necessary.

RPMI 1640 (Gibco BRL, Life Technologies Ltd., Paisley) was obtained as a 1x
strength solution with sodium bicatbonate. This was supplemented with 10mM

HEPES buffer ,2mM L-glutamine, 100u/m! peniciliin, and 100pg/mi streptomyein

2.2.2. Foetal calf serum (FCS)

FCS (Flow , Rickmansworth, Herts, England) was heat inactivated at 56 *C for 30
minutes and then diluted in HBSS. For routine use FCS was diluted either in HBSS
as 25% (v/v) or 5-10% in RPMI. A 25% FCS was used to culture the cells for long

periods ( 24, 48, hrs).
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2.2,3. Human serum albumin (HSA)

HSA (Behringwerke, Matburg, FRG) was used at 10 mg/ml in HBSS (HBSS/HSA).

2.2.4. N-formyi-1 ~methionyl-L-leucyl-L.-phenylalanine (FMLP, Sigma)  was

prepared as a stock solution of 107 M in dimethyl sulphoxide (DMSQ , Grade .,

Sigma) and stored at -20°C.

2..2.5. Preparation of buffers

2.2.5, A1 MOPS

One molar MOPS [ 3-(N-morpholino) propanesulphonic acid] pH 7.4, was used as
standard buffer in most media preparations. MOPS (Sigma ) was prepared by
dissolving 20.93g in 90ml of distillcd water . Final volume was adjusted to 100 ml
by adding sterile distilled water. Then the pH was adjusted to 7.4 by adding an
appropriate amount of sodivm chloride (BDH) and stored at 4°C. This buffer was

routinely used as 10mM.

2.2.5.A2, Phosphate Buifered Saline

PBS (pH7.4) was prepared at 25x strength in one litre of distilled water by
dissolving 200 g of NaCL (BDH ); 5g of KCL BDH) ; 5g 0f KH,PO, (BDH) and

28.75g of NAHPO, (BDH) . For routine use it was diluted to 1x strength in
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distilicd water.

2.2.5.A3. Tris-butfered saline (YBS, pH_7.6)

It was prepaved as stock 0.5 M Tris-HCL in water and was diluted 1/10 m saline.
This buffer was used throughout as diuent for APAAP substrate, diluting of

antibodies and for washing slides between incubation steps.

2.2.5A4. I1L-15 ELISA coating buffer

1.59g of NaCo3 (BDH), 2.9g of NaHCQ3 (BDH), wete dissolved in, one hire of
distilled water and pH was adjusted to pH 9.6, or 2.9 g of 0.1M Sodium bicarbonate
was dissolved in 250 ml of distilled water and the pH was adjusted to pH 8.2. The

coating buffer can be stored for 2 weeks at 4 °C.

2.2.5A5,. Substrate buffer for I1.-15 ELISA

MgCl. 2.6 HO (0.10g, BDH), and 0.20g of sodium azide (NaN3, BDH) were
dissolved in 800ml of water and then 97l of diethanolamine was added and the pH

was adjusted to p1 9.8.

2.2.5.A6, Washing buffer for 11-15 ELISA (PBS/Tween )

Tween 20 (0.5ml; Sigma) was mixed with 1 litre of PBS and stored at 4°C for 2

weeks.

100




Saline
This was prepared by dissolving NaCl (8.5g/; BDH) in distilled water and the
solution was sterilised at 121°C for 15 min or it can be prepared as 25X without

sterilisation.

2.2.6, Preparation of fixative.,

To ensure the best preservation of structural detail of lymphocytes, different fixatives

were used in thas study as follows:

2.2.6A1. Glutaraldehyde

Grade If glutaraldehyde (25% aqueous solution, Sigma,Poole, Dorset) was used as a
2.5% solution . A 2.5% stock was prepared from 10 mi of 25% aqueous solution in
90mt saline and stored at 4 °C . It was used as the routine fixative in polarisation and
collagen gel assays. Glutaraldehyde was not suilable for fluotescence studies because
it gives strong backgroumd fluorescence (Nicholas, ef al., 1992), Therefore, for these

studies, paraformaldehydc was uscd.

2.2.6A2. Paratormaidebyde

Paraformaldehyde (BDH;) was prepared at 1% (w/v) Dby dissolving
paraformaldehyde powder in PBS at 60-70 °C for 45-60 min. A stock solution was

stored at 4 °C. This fixative allows both a reasonable  preservation of cell
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morphology and antigen detection (Nicholas, K., 1992).

2.2.6.A3. Methanol /acetone (BDH),

This was prepared by adding one volume of methanol to one volumne of acetone and
stored at room temperature.

Preparation of sodium_azide (NaNs)

Stock sodinm azide (BDH) was prepared at  10% (w/v) i distied water and was

used at 0.1%.

2.2.7 Preparation of substrates

2.2.7.A1 APAAP subsirate

Levamisole (1lmg/mi , Sigma) , 5.5 ml of water and 4 mg/ml fast red (sigma) were
mixed with 0.5mi of naphthol AS-MX phosphate (0.25% alkaline solution; sigma).

The whole solution was fltered using Whatman {ilter paper (Kent;, UK).

2.2.7 A2, JL-15 ELISA_ substrate

This was prepared by dissolving one tablet of para-nitrophenyl in 5ml of substrate
buffer.

Preparation of Mounting Media

This was prepared by diluting 4 volumes of glycerol (Hycor. Biomedical. INC. CA)

in gne volumes of PBS 7.4,
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2.2.8. Preparation of primary phenotypic antibodies

All primary antibodies used in APAAP and FACS (see below) were monoclonal and
of murine origin and unconjugated. Anti CD3 (Reinhers and Schlossman, 1979) was
from Orthoklein (Rahway, NJ, USA )} or the Scottish antibody production unit,
(Carluke, U.K.) Anti-CD4 (Reinherz ef af., 1979), ani-CD8 (Remherz e/ «f.,1980)
and Anti-CiD22, (Dorken ¢ al., 1986 ) and antiCD56 (Griffin ef of 1983, Ilercend et
al 1985 ) were from SAPU (Carluke, U.K). Anti CD 14 (Dimitriu-Bona et al,,_1983)
was from Dako Ltd (fligh Wycombe, UK). Anti-CD45RA (2H4; Morimoto e/ of
1985a) was from Coulter Electronic (Luton, U.K.) and was used at a final dilution of

1/10. Anti-CD45RO (UCHL1; Smith ef o/, 1986) was a gift from Prof. P.C.J.

Beverley, { ICRF, London, U.K) and was used as final dijution of 1/2.
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Preparation of negative control antibudies.

Unconjugated mouse Ig(G; (Dako) or FITC~conjugated mouse IgG; anti-human

tissue and serum protein (Coulter) were used.

2.2.9. Preparation of cytokines and cytokine specific antibodies,

1 Cytokines

Recombinant human (th) [L-2 was provided as a pift to Dr D.I Stott of this
department by Glaxo, Geneva, Switzerland, ‘This material gave a single band at MW
1500 on reducing sodium dodecyl sulphate-polyacrylamide gel elcctrophoresis (SD-
PAGE) indicating >99% purity (Wilkinson and Newman 1994), It was used at
100ng/ml. Recombinant human (rhu} 1L-8 was from British Biotechnology (Oxford,
U.K) and was wsed at 100ng/ml (Wilkinson and Newman 1988; Wilkinson and
Watson 1990). Recombinant human MIP-1a (LD78) was a gift from Dr. G.J.
Graham (CRC Beatson Institute, Glasgow, UK.) and originated from R&D
(Minneapolis, MN). Recombinant human MCP-1 was from PeproTech EC LTD
(London, 1/.K) and was used at 1ng/ml (Wilkinson P.C. unpublished observations).
Purified recombinant human (rh) IL~15 derived from a simian kidney epithehal cell
line was provided by Immunex Corp., Seattle, WA and was used at 100ng/ml
{(Wilkinson and Liew 1995). This material gave a smgle band at 14-15 kd on SD-
PAGE and induced proliferation of PHA-activated human T-cells at concenirations

between 0.1 and 10ng/mk (Grabstein, e/ af 1994 ).
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i) Cytokines specific antibodies

Anti-IL-2 (Tsudo et al 1989) was from R&D and was used at 1/500. Rabbit anti-
human anti-11.-8 (all.-8), onginalty documented by Strieter et @/ 1989 was provided
by Dr. S. Kellie (Yamanouchi Research Oxford, U.K) and was used at 1/500. This
antibody was shown earlier not to react with cytokines of the B-thromboglobulin
gene family (Huber ez al., 1991). Anti-human MIP-1 or anti-LD78 was a gift from

Dr. G.J. Graham (CRC Beatson Institute, Glasgow, UXK.) and was used at 1/500,
Monoclonal mouse anti-human [L-15 (Mouse IgG1) was provided by Immunex Corp
(Seattle, WA) and also was used as 1/500. Goat anti-human MCP-1 was provided by

R&D and was used at 1/50.

2,2.10. Preparation of drugs

Aspirin; Indomethacin; Tbuprofen, Cyclophosphamide { Kovarsky 1983), D-
penicillamine, Gold (Karlsson-Pair, ef al., 1986., Vini, et al.,, 1994), 8-aminoquinoline
(Mihaly et al, 1985)  dexamethasone (Groneck ef al 1993), prednisone and
prednisolone were from Sigma. Cyclosporin A (Borel,, 1972., Yocum ef a/ 1990,
'Willdﬁson and Higgins 1987) was a gift from Dr A'W. Thomson University of
Aberdeen and ongmally rom Sandoz (Basel Switzerland). Rapamycin was also a
gift from Dr A, W. Thomson. 'The drugs were dissolved in ethanol as stock
solutions at 50-100mg, per ml . Cyclosporin A and rapamycin were dissolved in
ethanol and DMSO respectively as stock solutions at 10 and 3 mg per ml.
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2,2.11. Preparation of collagen.

The preparation of collagen gels was originally described by Elsdale and Bard (1972)
and modificd by Hatson and Wilkinson (1988). Tails from more than five adult
rats were collected and fixed in 70% cthanol for Smin and stored at -20 or =70 °C .
Then the tails were thawed and the skin was removed. The longitudinal bundles of
tendons were stripped and collected in 200 mi acetic acid (BDH) diluted to 3% (v/v)
in water , and incubated for 24-48 hours to allow collagen to dissolve. After the
incubation the tropocollagen was allowed to settle down 1o solution (Gross et al .,
1954) . Then the whole solution was filtered through 100um Nitex guaze (R. Cadish
and Sons London UK) and centrifuged at 800 xg for 30 min to deposit any debris.

The collagen was mixed with 10-20% w/v sodium chloride and left to precipitate
overnight. The precipitate was removed into a sterile flask and centrifuged for 30
min at 600g and then the precipitated collagen was coliected and redisolved mn 3%
acetic acid overmight and centrifuged 2x for 15 min at 800g . The collagen solution
was dialysed against distilled water, and adjusted to pH 4.0 with HCL The optical
density of the solution was estimated according to Schor, 1980; and Haston and
Wilkinson 1988a by comparing the optical density value at 230nm {using matched
cuvettes m a Pye Unicam spectrophotorpeter , SP 1800} to a ficezc-dried sample of

known concentration.
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2.3 Cells: preparation and culture.

2.3.1 Peripheral blood mononuciear cells (PMNC).

Separation principle

Peripheral blood mononuclear cells were separated from red cells and
granulocytes on the basis of their differing densities on a dense osmotically
balanced solution, Ficoll-Hypaque (Boyum 1968}, Following centrifugation, cells

separate as in Fig 2.1.

Separation method

Human blood was collected from normal individuals by Venepunclore,
anticoagulated with heparin (CP pharmaceuticals Ltd, Wrexham U.K) at 2 units
per ml blood in sterile plastic universal tubes . Five ml of whole blood were
carefully layercd onto 2,5ml lymphocyte separation medium (Lymphoprep ™
Nycomed pharma Oslo, Norway) Tubes were spun at 400g, for 30 minutes at
room temperature. Using a fine plastic sterile pipette (Steritin Ltd Staffordshire
UK) the mononuclear cells were carcfully separated from the mterface between
the platelets, plasma and the separation wedium (Fig 2.1) into 10-12 ml tubes.
The cells were then washed 2x in HBSS (ie centrifuged for 10 minutes each

wash at 1100rpm) and resuspended in 10 ml of HBSS-HSA. For purification of
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FIGURE: 2.1 Principle of Mononuclear cells separation.

Plasma and platelets

Whole heparinized bloode—
(el

Mononuclear cells

Separation medium
ey

Separation medivm -
(2.5ml)

granulocytestred cells

Before separation After separation

As shown in the diagram after centrifugation, mononuclear cells can be carcfully
separated from the layer belween the separation medium and plasma. This

method gave about 10-20x106 cells/20 ml of whole blood.
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lymphocytes, cells were mixed with 25% FCS+sodivm bicarbonate and seeded
into 24-well plates (ICN Flow) at 0.5-1x10° per ml. Then cells were cultured at
37 °C +5% CO, for 24 hours to allow adherence to the plastic plate. Non-
adherent cells were gently removed 1o 10-12ml tubes and washed 2x in HBSS-
HSA. This method gave about 15-20x10% cells/20ml of whole blood. 95% of the
cells were viable by trypan blue stain or morphology using phase contrast
microscopy. The non-adherent cells (>90% T lymphocytes) were routinely used
for locomotion studies. Monocytes were not removed from the cell preparation ,
because GO tymphocoytes (resting cells) are poorly motile and the locomotor
capacity is acquired as the cclls coter Gl T cells requires contact with
appropriate accessory cells during G1 to increase their locomotion activity in the

culture (Wilkinson and Higgins 1987 and, Wilkinson and Newman 1992),

2.3.1B. Peripheral blood polymorphonuclear cells .

AS mentioned above 5 volumes of buman heparanized blood was layered directly
over 2,5 volumes of lymphocyte separation medium . After 30 min
centrifugation at 1100/ rpm, plasma, platelets, mononuclear celis and the rest of
separation medium were removed. Two ml of dextran 110 (Mwt 110,000 Fison
Ltd., Loughborough) was added to the pellet of heparinized blood (contains red
cells and polymorph) then mixed with 6ml HBSS and incubated for 45-60

minutes at room tempetature. The neutrophil-rich supermatant was collected and
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washed 3x in HBSS to remove red cclls and debris . One ml of distilled water
was added for 30 seconds to lyse the remaining red cells. Then the pellet was
resuspended in 1IBSS and washed 1x . The polymorphonuclear cells were
counted. This method gave about 2-3x10° cells/ml of blood (>95% were round
neutrophils as stained by I.eishman and examined under light microscopy at
x40). The cells were used at 0.25-0.5x10%ml for locomotion studies within a

short time after separation.

2.3.1C _Symovial tissue cells

Rhenmatoxd synovial membranes were collected in RPMI 1640 medium from

patients with rtheumatoid arthritis receiving surgical treatment. Using forceps,
scissors, scalpel and Disposable micro-touch latex medical gloves, fat, fibrous
material and blood clots were carefully removed. Then the synovial membrancs
were dissected and finely minced with scissors in RPMI 1640 medium  with
heparin, 10% FCS, and 10ug/ml Penicillin-Streptomycin 10 mi/ml (Abrabamsen
et al 1975) . The minced tissue was mixed with 20 volmnes of RPMI 1640

containing Smg/ml collagenase (Worthington Biochemical Corporation, New
Jersey, U.S.A). After constant stirring in a small flask for 90 minutes at 37°C, the
cell suspensions were filtered through sterile nylon sieves and washed 3 times.
The mononuclear cells were purified by separation medium for 30 min and were

sceded on petri dishes at an approximate cell concentration of 0.3-1x10° cells/ml.
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After incubation for 1-3hr at 37°C, in 5% CO,, non adherent cells were removed
by gently washing the plate three times with RPMI 1640 and were collected for

use in locomotion studies.

2.3.1D_Synevial fluid cells

As mentioned above synovial fluids were collected from patients with rheumatoid
and non rheumatoid arthritis, Fluids were initially spun for 10 minutes at 400g to
deposit cells and debris . The supernatant fluid was removed aliquoted and
stored at =70 °C for focomotion studies. The cells in the pellet were washed 2x
and resuspended in 10ml HSA/HBSS. Total WBCs were counted using an
mmproved Neubauer haemocytometer (depth 0.lmm Weber England) and
cytocentrifuge slides were prepared using cleaned plastic cytofunnels in contact
with methanol-cleaned slides and filter cards (Southern Instraments, Swickely,
P.A., U.S.A). Trypan blue stain was used to check the cells’ viability. May -
Griinwald-Giemsa- or Lieshman stain were used for differential counts

Separation of neutrophil and mononuclcar cells was performed as for blood cells.
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2.3.2 Cells: Checking the viability

As it is 1mportant to know how many viable cells io work with ,various dyes
are used to stain live or dead cells. Trypan blue (see stain method) for example is
excluded by viable cells . Cells which stain bluc have become permeable and

are considered dead.

i. Trypan blue (Stain method)

A cell suspension (50 ut ) was mixed with 450pl of trypan biue solution (BDH )
1% v/v in PBS). Without delay the suspension was run into a haemocytometer.
One minute was altowed for cells to seftle. Within 3 ninutes the number of

stained versus unstained white cells were counted.
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2.3.3 Celis: Staining, differentiation and counting

As it is difficult to differentiate between umstained neutrophils and lymphocytes
under phase contrast microscopy or after separation of these cells from intlamed
materials soch as synowvial fhnd or synovial tissue, May -Griinwald’s-Gicmsa and

J eishman stains were used in this study.

i. May and Griinwald-Giemsa

After the cytospin preparation the slides were fixed in methylated spuit for 5 min
and stained in May-Grimwald’s stain (BDH) for 4 min. The slides were washed 2x
in and covered with distilied water for 4min, 2 volume of Giemsa stain (BDH) were
mixed with 3 vohune of water and filtercd using Whatman filter paper. Then the
slides were covered with Giemsa for 10 mins, washed 2x mounted and were read
under light microscopy. Using the x100 objective 100 cells were counted and then

the differential count was calculated.

ii. Leishman stain

Fixcd cytospin slides were covered with neat leishman stain for 2 min and then

covered with distilled water for 5Smin, and mounnted under a cover slip for counting,
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2.4 METHODS

2.4.1 Polarisation assavs

1, Backeround

The measurement of the change from spherical to polarised shape as the earliest
event of locomotion of leukocytes including neufrophils and monocytes was
reported by several groups (Smith et af. 1979; Keller ¢i ¢/. 1983; Shields and
Haston 1985; Cianociolo and Synderman 1981; Islam and Wilkinson 1988). In
1985 Haston and Shields reported a method to measure the polarising response
of neutrophils to various factors using an assay that measures the proportion of
polarised cells in a population in suspension aund suggested that this method could
be used both clintcally and experimentally to give rapid and less equivocal results
than those obtained by the Boyden filier fechmique (1962) . The shape change
assay was also used to measure the response of lymphocytes to a range of
stimulants in short-term assays and also to measure the change in numbers of
locomotor cells in long term cultures with and withoul aclivating agents
(Wilkinson 1986; Wilkinson and Higgins 1987a,b). In this study I used this assay
to investigate the polarising response of lymphocytes and neutrophils (from
normal human blood and from synovial fluid and synowvial tissue) fo synovial

fluid and to other chemotactic factors.
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ii. Assay principle

Unstimulated lymphocytes or neutrophils remain rounded, but within a few
minutes of adding  chemotactic agents (such as synovial fluid or other
chemotacic factors), cells changed to locomotor morphology (an elongation or
ruffling at one edge or polarized morphology with constriction ring and/or
uropod), which can easily scored and quantified to obtain an accurate dose
response curve (Haston and Shields, 1985). These motile cells are scored using a

40x objective aud phase contrast.

ili, Method of assay (shori-term effects)

In all polarisation experiments using either lymphocytes or neutrophils the
polarisation assay was performed as follows. 0.25-0.5 x10 6 cells/mi were added
to different dilutions of synovial fluid or different concentrations of cytokines
and incubated for 30 minutes at 37 °C . Cells were then fixed in an equal volume
of 2.5% glutaraldehyde for 10 min at room temperature and washed 2x n saline
at 2000rpm, 10 minute each wash. The supernatant was removed and the pellet
was resuspended in the remaining droplet of fluid. Then 10 1l of fluid was added
to the slide and 200-300 cells werc counted using phase contrast microscopy
(Olympus BH-2 microscope) at x40, As mentioned previously cells that werc
spherical were scored as immotile and cells that showed ruffiing at one edge or

polarized morphology were scored as motile (Fig 2.2 a ) . HIBSS-TISA alone was
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used as the negative control (i.e the percentage of cells polarized in response to
HBSS-HSA is subtracted from the wvalues obtained by SF or other
chemoattractants;, Fig 2.2 b). As FCS consistenfly stimulatcd locomotion in short

term assay, 25% FCS was used routinely as a positive control.

iv. Method of assay (long-term effects)

To measure locomotor morphology in cultured lymphocytes, the cells were
cultured with an appropriate amount of either synovial fluid or anti-CD3 for 24,
48 and 72 hours at 37 °C15% CQO,.. Cell were then fixed with an equal amount
of 2.5% glutaraldehyde. After washing a swmall number of fixed cells were
examined under phase-contrast microscopy (Nicon, Japan) x 40 and cells were

scored as mentioned above.
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FIG 2.2.(a) Phase-contrast photographs of lymphocytes direct from blood in
o e l -

HBSS-HSA showing most cells are immotile



FIG 2.2 (b). Phase-contrast photographs of lymphocytes after 30 min in
rheumatoid synovial fluid (at dilution 1: 4) showing that a proportion of cells
change to a typical , polarized locomotor shape
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2.4.2. Invasion of collagen gels

i. Background

Three dimensional coliagen gels have been shown to be a useful substratum for
the study of locomotion of Jeukocytes in vitro including neutrophils (Brown
1982; Islam 1985), monocytes (Brown 1984) and lymphocytes (Haston., et af
1982; Schor., ef af 1983; and Wilkinson 1985a). Several factors have been shown
to stimulate lymphocyte locomotion into collagen gels, including colchicine
(Wilkinson, 1986); phorbol esters (Wilkinson et a/ 1988) IL-8 (Wilkinson and
Newman), IL-2 (Newman and Wilkinson 1994), IL-15 (Wilkinson 1995) and
synovial fhuid from rheumatoid arthritis patients and other arthritides (Al-

Mughales et a/ . submitted for publication).

ii. Assay principle

The principle of the collagen gel assay is similar to that of the micropore filter
assay. The leukocytes (lymphocytes or neutrophils) are overlaid on the surface of
collagen gels. Then the cells are allowed to invade the 3-dimensional fibrous
matrix of the gels in response to a diffusing gradient of attractant incorporated
within the gel. After an appropriate time interval the gel can be fixed with
glutaraldehyde. The number of cells which invaded and which remained on the

upper surface of the collagen gel are counted (see below).
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iii. Method of assay

As mentioned above type 1 collagen was prepared from rat tail tendons by the
method of Clsdale and Bard, 1972; and stored in H;O at pH4. Stock collagen gels
were prepared by returning the gel to physiological pH and iomc strength as
described by Haston and Wilkinson, 1988, Before gelation, the collagen was
pipetted into 24-well dishes (0.5ml per well) and allowed to set. Before the gel
set, synovial flud at optimal dilution was added to the collagen to give a final
concentration of collagen of 1.75 mg/ml. After setting, cells (0.25-0.5x10° per
gel) were carefully layered onto the upper surface of the gels which were then
incubated for 4 hours or overnight at 37°C to allow the cells to invade. The tests
were then fixed with 2.5% glutaraldehyde. After washing, the number of cells
remaining on the upper surface of the gel aud the number of cells which had
invaded the gel was counted in 6 fields per gel. The percentage of invading cells
was calculated. For phenotyping, cells on the npper surface of the gel were gently
removed before fixation with glutaraldchyde into a 10 m! tube and washed 2x
with HBSS-HSA. The gel was then digested with collagenase (Shields and
Wilkinson 1984; Ratner e af, 1988) at 50ul/ml for 30min at 37°C (Lorne
Laboratories LTD, Reading, UK) to recover the cells which had invaded.
Collapenase was shown not to affect expression of relevant surface markers
(Newman and Wilkinson, 1990). Cells from both the invaded and the non

invaded  populations. were phenotyped for CIDASRA and CD45R0O by
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immunofluorcscence as described below.

2.4.3. Phenotyping of locomotor cells

2.4.3. Al. Madified alkaline phosphatase anti-alkaline phosphatase (APAAP)

i. Backeround

The potential value of alkaline phosphatase as an antibody label was established
in 1969 by Avrameas ef al.,, Ternynck and Avrameas 1976. Other experiments
were done by Druguet and Pepys in 1977 on heman lymphocyte membrane
immunoglubulin fabelling, In 1978 Mason and Sammons introduced a stmplified
method for this assay by adding alkaline phosphatase anti-alkaline phosphatase
in one step {rather than sequentially). APAADP assays have gained  wide
acceptance through the last decade, because of their clear appearance in term of
staining details, In contrast with immunofluorescnce the reaction can reviewed at
a later date, 6 months (personal observation) without loss of staining intensity .
Furthermore , it has been established that a huge number of C1) markers of cell
or viral antigens can be recognised by immunoperoxidase staining (Mason and
Tylor 1977). In 1992 this assay was modified (Newman and Wilikinson 1992) to
phenotype polarized and round lymphocytes by prefixing the cells with 2.5%

glutaraldehyde to retain locomotor morphology during staining. This modified
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assay was performed for detection of CD3, CD22, CD36, CD45RA and CD45
RO, but CD4, CD8, CDI14, CD19 and CD25 were not stained by modified

APAAP .

ii. Assay principle

As shown in Fig 2.3 the complex (APAAP) of alkaline phosphatase (AP) amnd
mouse anti-alkaling phosphatase is linked to the primary mouse anti-X antibody
by the use of a bridging rabbit anti-mouse immunoglobulin. Developing the
phosphatase label, with the subsirate Naphto AS-MX and fast red TR produces a
red precipitate at the site of the antigen X. Thus in cytospin preparations or
blood smears, lymphocyte differentiation antigens can be identified by the

presence of a red cellular staining deposit.

iti. Method of assay

After short term polarisation assays lymphocoytes were fixed with an equal
amount of 2.5% glutaraldehyde for 15 min at room temperature. Stock 0.05M
glycine (Sigma) was diluted to 1/10 in saline and an appropriate amounnt was
added and incubated with the fixed cells for 15 mun to quench free aldehyde
groups (Sullivan, ef @f., 1984; Haston, 1987) . Cells were then washed 2x in

saline and cytocentrifuge slides were prepared (see above). Then 50ul of the
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FIG 2.3. Principle of alkaline phosphatas anti-alkaline phosphatase

(APAAP).

Red
precipitate

Naphtol-AS- APAAP complex (mouse
MX+Fast red \ / anti-alkajine phosphatase)

Bridge antibody (rabbit
>____._ antimouse Igs)
x{ % Primary antibody (mouse anti-X)
X

X=Cell surface antigen

Schematic illustration of monoclonal APAAP procedure. Note that in order to

enhance the intensity of labclling, the anti-mouse Ig and APAAP stages may be

repeated one or more times (adapted from Cordell er of 1984),

123




diluted uniabelled primary anfibodies were added to the slides and incubated for
20-30 minutes at room temperature in a moist chamber . Using a glass Pasteur
pipette, slides were briefly rinsed with TBS then washed in the same buffer for
20 min. The excess buffer around the cells was wiped off and then antt-mouse
immmunoglobulin (AMIg) was added and incubated at room temperature in a
moistchamber for 30 min. Slides were briefly rinsed as above and washed {or 20
min in the same buffer. APAAP complex was added and wcubated for 30 min 1n
a moist chamber. Shdes were briefly rinsed as above, washed for 20 min and
AMIg and APAAP complex steps were repeated 10 min incubation cach. This
idea behind repeating steps was to enhance staining intensity. Slides were
covered with alkaline phosphate substrate and incubated for 15 min at room
temperature and then rinsed with buffer and washed. Counterstain (0.5% w/v
aqueous methyl green, BDH) was added to the slides and incubated for 20 min |
then the slides were rinsed with distilled water. Slides were dried and mounted
with glycerol mountant and examined under the Olympus BH2 microscope at x40
magnification. The proportion of marker positive and marker negative polarised

and round cells (Fig 2.4, a, b, ¢) was scorced (500 cells were counted).
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FIG 2.4 Lymphocyte incubated with synovial fluid in a 30 min polarization
assay and fixed in glutaraldehyde to retain morphology, then phenotyped by
APAAP for:

a) CD45RO

S=spherical or round , P=polarized.
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b) CD45 RA

¢) Negative control (no surface marker).




2.4.3 A2 Immunofluorescence

i. Backeround

The development of flow cytometry systems capable of sensing electronic and
optical signals illuminated by laser or mercury arc lights has made possible
simultancous mulliparameter analysis of surfage characteristics, cell volume and
cell size (Park, and Lanier 1985). The essential goal of immunophenotyping
analysis of human lymphocytes is to identify and enumerate those populations
that may be associated with particular functional properties and which may be

altered 1 disease states.

il._ Assay principle

When surface antigen present on peripheral blood lymphocytes is bound by
specific mouse monoclonal antibody, the cells labelled with this antibody ate
detected with fluorescent dye directly conjugated to the monoclonal antibody or
itself bound to a secondary antibody. The most common fluorescent dyc for
identifying surface fymphocytes antigens is fluorescein which when excited,
etnits green light with a wavelength near 490mm. Rhodamine, which emits an
orange-red colour with a wavelength near 545nm has been recently replaced by
phycoerythrin dyes which cmit light when excited as the same wavelength as

fluorescein, thus allowing two colowr staining anatysis with a single light source.
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Characteristics such as light scatter and cell volume are used to identify selected
leukocytes populations by clectronic analysis and then the fluorescent
characteristics of each cell in the selected group are mecasured. The data are
displayed as frequency histograms for the sclected characteristics (for example

number of cells versus fluorescing ntensity) or as two dimensional dot plots.

iii. Method of assay

Phenotyping of cells recovered from collagen gels (for which cell shape was
irrelevant) was performed by flow cytometry. Appropriate primary unlabelled
antibodies were added to cell suspensions and incubated for 30 min on ice, then
washed in PBS+0.1% sodium azide (BDH). After washing, the secondary
antibody, fluorescein-conjugated F(ab’)2 rabbit anti-mouse immunoglobulin

(DAKO) at concentration of 1/100 was added. 'Then the cells were washed and
fixed in an cqual volume of 1% paraformaldehyde (BDH). Cell surface markers
were then analysed on a Becton Dickinson FACS using the lysisll prograin.

5,000-10,000 events were recorded.
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2.4.4. Enzyme Linked Immunesorbent Assay (ELISA),

i. Background

The use of enzyme-labelled antibodies in quantitative immunoassays was
suggested in 1968 ( Miles and Hales 1968) and described in 1971 (Engvall and
Perlmann 1971; Engvall and Johonson 1971). This was followed by rapid
development of many enzymc immunoassays for a wide diversity of antigens and
antibodies (Shurrs et af., 1977; Vollar et al., 1978) including assays related to
the present study such as detection of antibodies to IL-2, 11.-8, IL-15 and MIP-1a

in the synovial fluid. [L-15 was measurcd by multiple antibody sandwich

ELISA which was developed in our laboratory (see below) and I1.-2, IL-8 and

MIP-1 alpha were assayed by single antibedy sandwich ELISA using

commercially available kits from R&D (see below).

ii. Principle of multiple autibody sandwich ELISA

In the multiple antibody sandwich ELISA assay a plastic micrometer plate is
coated with purified first antibody and incubated with a test sample or antigen
overnight. If the synovial fluid contains IL-15, the IL-15 will form a complex
with alL-15 on the coated plate. After washing unreacted reagent from the plate,
the later is incubated with secondary antibody from different species then an
antibody-enzyme conjugate was added . The conjugate will react with the Ab-SF-

Ab complex. If the synovial fluid dose not contain 1L-15 the conjugate will not
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bind to the well plate surface and will be removed by washing, The presence of
the cnzyme on the plate surface is determined by incubating the washed plate in
an appropriate enzyme subsfrate which leads to the production of a yellow-
orange colour which is measured in a spectrophotometer adjusted to a wavelength

of 630 test/450 reference.

ifi. Mcthod of multiple antibody sandwich ELISA.

Individual wells of a 96 plastic (PVC) plate (Dynatech, Billingshurt, UK) wete
coated with 50-100 ul of a predetermined concentration of mouse anti-human
monoclonal antibody to IL-15 (M112, Immunex alL-15 , 5-10ug/ml) in coating
buffer (0.1M Sodium Bicarbonate pH 8.2). The plate coated with all.-15 was
incubated overmight at 4°C . Then the plate was washed 4x with PBS-Tween
(400ul/well) for 2 min each time. The prediluted synovial fluid in Hanks was
added to all anti