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ABSTRACT
Rheumatoid arthritis (RA) is a chronic systemic autoimmune disease in which synoviocytes.
macrophages, and T lymphocytes participate in the disease process. CD4* T lymphocytes
extravasate and infiltrate the synovial tissue due to the upregulation of adhesion molecules on the
synovium, endothelium, and the T cells themselves. The milieu of the inflamed synovium, is
mitogenic for T cells due to the presence of antigen presenting cells and genotoxic due to the
presence of reactive nitrogen and oxygen species released by inflammatory cells. The X-linked

hypoxanthine guanine phosphoribosy! transferase (hprf) gene can be implemented as a marker for

estimating in vivo mutations in T lymphocytes. | used the hprt clonal assay to determine the in

vivo frequency of mutant T cells (FMC) from the peripheral blood, synovial fluid, and synovial tissue
of RA patients and controls.  The results demonstrate that there is an increased FMC in the
peripheral blood of RA patients compared to controls. There was also a significant elevation in the
corrected FMC (cFMC), which takes in to account the cloning efficiency of the T cells, in the
peripheral blood of RA patients compared to controls. There is an elevated FMC and cFMC in
synovial fluid of RA patients compared to the peripheral blood of controls. However. the FMC and
cFMC from the peripheral blood of unselected RA patients from the outpatient clinic is not
significantly different than from the synovial fluid of RA patients suggesting that the synovial fluid
does not contain the necessay mitogenic and mutagenic factors to induce T cell genetic damage.
The FMC and cFMC from RA and osteoarthritis (OA) synovium is approximately ten fold greater
than the FMC and cFMC from the peripheral blood of the same patients which suggests that the
mitogenic and genotoxic environment of the inflamed synovium is capable of inducing T cell

mutations. There was no significant difference in the cloning efficiency of T cells (CE), FMC, and




cFMC from the peripheral biood of RA patients with ‘active’ or ‘inactive’ disease. No comelation
between the cFMC from the peripheral blood of RA patients and clinical disease parameters and
patient medication was found.

The mutant T lymphocyte clones from the peripheral blood of RA patients displayed a
phenotype similar to the RA and OA synovial tissue T cell lines. The RA and OA synovial tissue T
cell lines and the RA peripheral blood mutant T cell clones bound to fibronectin with similar affinity
and this interaction was inhibited by anti-CD29 monoclonal antibody and soluble fibronectin
containing the CS-1 binding domain but not anti-IgG1, anti-CD7. or anti-a427 monoclonal
antibodies. The RA peripheral blood non-mutant and the control mutant and non-mutant clones did
not adhere to fibronectin. The RA peripheral blood mutant T cell clones and the RA synovial tissue
T cell lines also expressed similar levels of CD29. The RA peripheral blood non-mutant T cell
clones displayed a low level of CD29 expression compared to the mutant T cell clones. This data
suggests that the RA peripheral blood T cell clones and RA synovial tissue T cells lines have a
similar phenotype and the RA peripheral blood mutant clones may have acquired hprt mutations
while in the inflamed synovium.

There is an increase in the frequency of hprt mutant T lymphocytes from the peripheral
blood, synovial fluid, and synovial tissue of RA patients compared to controls. The RA peripheral
blood mutant T cell clones and RA synovial tissue T cell lines display a similar phenotype with
respect to CD29 expression and fibronectin adherence. Thus, the RA peripheral blood mutant T
cell clones may have passed through the inflamed environment of the subsequently re-entered the

circulation or have the Capacity to infiltrate the inflamed synovium.
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CHAPTER 1: INTRODUCTION

1. RHEUMATOID ARTHRITIS
1.1 Clinical Background

Rheumatoid arthritis (RA) is classified as an autoimmune disease. The mechanisms which
tngger the disease and the exact target of the immune response remain elusive. RA is
characterized by a chronic inflammation of the synovial joints. Histological examination of the
synovial tissue reveals the infiltration by blood derived mononuclear cells (MNC). predominately T
cells, macrophages, mast cells, and plasma cells. All of these cells demonstrate signs of
activation (Harris 1993: Firestein 1994). In time. rheumatoid disease usually results in the
progressive destruction of cartilage and bone. The damage is mediated mainly by cytokine
induction of destructive enzymes. chiefly matrix metalloproteinases (Zvaifler and Firestein 1994).
There is also prominent neovascularization of the hyperplastic synovium. and evidence for
systemic inflammation including the upregulation of acute phase proteins (Firestein 1994). In
particulary severe disease, the disease can spread to involve the blood vessels and other organs.
RA is associated with serious morbidity and even increased mortality (Pincus and Callahan 1986).
RA patients have an increased risk for the development of hematopoietic cancers of B cells and

myelocytes, including lymphoma, and multiple myeloma (Gridley et al. 1993: Laakso et al. 1986).




1.2 Epidemiology

RA has a world-wide distribution and involves all racial and ethnic groups. The prevalence
of RA is approximately 1% {Zvaifler 1989). Women are affected 2 to 3 times more often than men
in their third to fifth decade. The disease can occur at any age and generally increases in
incidence in the advancing years with the peak incidence in women appearing in the fourth decade.
The incidence of the disease is virtually the same in both sexes after the age of 60 (Wordsworth et

al. 1992).

1.3 Description of Normal Synovium Compared to the RA Synovium

Synovium is the connective tissue lining of the diarthrodial (synovial) joints, tendons. and
bursae which does not extend over the articular cartilage. The space enclosed by synovium
contains small amounts of fluid rich in hyaluronan. The synovium aliows deformable packing which
permits movement of the adjacent non-deformable tissue. The difference between synovium and
other soft connective tissue is that synovium is cavitated to allow movement to occur between
tissues rather than within tissue. The primary functions of the synovium are to maintain an intact
non-adherent tissue surface, to control the volume and composition of the synovial fluid, to
lubricate the cartilage, and to provide nutrients to the chondrocytes (Edwards 1994).

The synovial membrane of healthy diarthrodial joints consists of a layer of 1 to 3 celis. The
sublining is relatively acellular containing scattered blood vessels, fat cells, fibroblasts, and an
extracellular matrix. Two main types of synovial lining cells have been identified. Type A
synoviocytes have a phagocytic capacity with endocytic vacuoles, and are derived from a
monocytic lineage. Type B synoviocytes display secretory functions, have an active Golgi, and are

believed to be specialized mesenchymal cells of fibroblast origin (Edwards 1994: Zvaifler and

tv




Firestein 1994). Figure 1A depicts a normal healthy synovium. Within the inflamed RA joint, the
synovial fining increases to 5 to 10 layers, primarily by the accumulation of type A synoviocytes.
The synovium becomes hyperplastic and assumes features of a transformed aggressive locally
destructive granulation tissue. Under the influence of cytokines and growth factors, type B
synoviocytes change into proliferating invasive cells that express oncogenes, secrete
metalloproteinases, display features of a transformed phenotype and eventually invade the
cartilage and bone (Zvaifler and Firestein 1994). Simultaneously, T cells, macrophages, mast cells,
dendritic cells, and plasma cells accumulate in the sub-lining region and deep within the tissue
(Zvaifler and Firestein 1994: Firestein 1994). Figure 1B depicts the destructive environment of the
inflamed rheumatoid synovium.

Both joint inflammation and destruction are halimarks of RA. One of the cntical destructive
elements is the hyperplastic synovium, referred to as pannus. Some researchers refer to pannus
as the entire inflamed synovium, while others restrict the term to the vascularized connective tissue
at or near the bone-synovium border. Pannus is usually viewed as an extension of the
synoviocytes from the joint lining expanding under the influence of an immunologically mediated
process (Zvaifler and Firestein 1994). In 1994, Zvaifler and associates named cells from the
pannus, as pannocytes. Pannocytes are not typical fibroblast-synoviocytes: they are much more
homogeneous, have a rhomboid shape, with a hypochromic nucleus and a prominent nucleolus.
These cells were observed in a large erosion from a patient with long-standing disease. and the
authors concluded that they may be important in the induction and perpetuation of solid tissue
injury. However, the cells may have arisen or been transformed due to the aggressive mitogenic

and toxic environment of the RA synovium.




Figure 1
A) Depiction of a normal healthy synovium. The space enclosed by the synovium contains the
synovial fiuid. The synovial tissue consists of a layer of 1 to 3 cells. The synovium does not
extend over the articular cartilage. B) Diagram of a rheumatoid synovium. The synovial tissue
lining cells have increased in size and number. Mononuclear cells from the peripheral blood have
infiltrated the synovial fluid and tissue. Matrix metalloproteinases secreted by macrophages and
type A and B synoviocytes can degrade the extracellular matrix. Reactive nitrogen and oxygen
species secreted by type A synoviocytes, macophages. fibroblasts. and chondrocytes can cause
cellular damage. There is also increase expression of cytokines such as TNF-a. IL-1. and IEN-

gamma.
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In 1994 Zvaifler and Firestein postulated that the earliest changes in rheumatoid cartilage
occurs when cells of unknown origin arise from the perichondral synovial membrane at the joint
margin and dissect under the layer of type B synoviothes. Immediately below the layer of invading
cells, the cartilage matrix is depleted of proteoglycan and the chondrocytes have enlarged empty
lacuna. Soon, blood vessels proliferate and the pannus becomes a granulation tissue containing a
variety of cell types, including T cells, B cells, macrophages, and mast cells to sustain the disease
process (Zvailfler and Firestein 1994). In a similar view of pannus formation, Fassbender believed
that the initial invasion of cartilage matrix and subchondral bone occurs at the site of synovial
attachment and is mediated by clusters of homogeneous, immature, polyhedral cells with large
folded nuclei. Only after vascularization is the cartilage invaded by fibroblast-like synoviocytes and
macrophages. The transition to a permanent fibrous pannus occurs as the fibroblasts become
spindle-shaped and newly synthesized collagen is deposited (Fassbender 1 983). Both of these
hypotheses are based on the assumption that the initial synovial proliferation is a T-cell-
independent process; however, the subsequent and sustained inflammation resulting in tissue
damage is T cell mediated. What causes the change in the synoviocytes? Possible mechanisms
involve the expression of various oncogenes (Muller-Lander et al. 1995), a viral infection resulting
in the genetic alteration of synoviocytes (Zvaifier 1989), T lymphocyte stimulation and cytokine
secretion (Goronzy et al. 1995), or a spontaneously occurring abnormality in a stem cell from which

the synoviocytes arose (Kuzmich et al. 1995: Hirohata et al. 1996).




2. ETIOLOGY
2.1 Evidence For Genetic Association

Immunohistochemical studies demonstrated that T cells are a dominant component of the
infiltrating cells in rheumatoid synovium (Goronzy et al. 1995). In the 1978, Stastny noted that a
high frequency of RA patients shared HLA class Il molecules. Immune recognition and response
by T lymphocytes requires the formation of a trimolecular complex along with costimulation (Kuby
1994).  One school of thought postulates that disease-associated HLA class II molecules
selectively bind a particular self or foreign processed peptide. The recognition of the MHC antigen
peptide complex by CD4* T cells expressing a selected TCR initiates and sustains the synovial
inflammation (Todd et al. 1988: Gregersen et al. 1987).

Twin and other cohort genetic studies have demonstrated that a major genetic contribution
to disease predisposition resides in the HLA-DRB1 locus. More than 80% of Caucasian RA
patients express DR1 or DR4 subtypes which share an epitope mapping to amino acids 70 to 74 of
the DR = chain, in the polymorphic region that surrounds the peptide binding cleft (Gregersen et al.
1987). This is the most important evidence to support the concept that T cell recognition is
important at some stage in the pathogenesis of RA.

In the peptide selection model of RA, a single copy of the disease-associated HLA-DR
molecule would be a sufficient risk factor, but this is not the case. There is an increased number of
individuals with RA who have two disease-associated HLA-DRB1 alleles (Wordsworth and Pile
1992). in 1992, Nepom and Nepom suggested that the risk of developing clinical RA among
Caucasians is approximately 5 times higher in individuals expressing 2 disease-associated HLA-

DRB1*04 alleles than individuals with 1 allele (Nepom and Nepom 1992). These data show that




the simple model of a dominant susceptibility gene is not sufficient to explain the HLA-DR
association with RA.

The majority of patients express 2 different disease-associated alleles and truly
homozygous RA patients are rare. To examine the nature of the synergistic action of 2 disease-
associated alleles, Goronzy and Weyand compared patients with a double dose RA-associated
allele to patients with a single dose. Their results revealed that RA patients with a double dose
associated allele had more aggressive and destructive disease. Sixty one percent of patients with
a disease linked HLA-DRB1*04 aliele on both haplotypes required joint replacement surgery in the
first decade of disease compared to 25% of patients with a single dose allele. In addition. all of the
patients in the study that were homozygous for HLA-DRB1*04 developed major organ involvement
(Goronzy and Weyand 1993). These data imply that there is a comelation between HLA-DRB1
genotype and joint destruction as well as extra-articular manifestations in RA patients.

There is no convincing evidence that the onset of synovitis is a HLA-DRB1 dependent
phenomenon (Goronzy and Weyand 1995: Weyand et al. 1992). It has been hypothesized that the
biologic effect of the HLA genes is on the formation of the TCR repertoire. Therefore, the range of
T cell receptors that an individual has may determine the disease manifestations and disease

pattem after the initiating event.

2.2 T Lymphocyte Involvement

In spite of the increasing knowledge conceming the basic immunology of T lymphocyte
function, the role of T cells in RA remains elusive. T lymphocytes comprise 30 to 50% of the
synovial tissue cells (Firestein 1994). The T lymphocytes within the synovium are predominantly

TCRa2*, CD4+, CD45ROM, and CD2gh: however, a small percentage of activated TCRa3* CD8-




and TCR gamma delta cells are also found (Firestein 1994). There are two basic histologic
pattems of the T cell infiltrates in the RA synovium. Aggregates of the lymphocytes, which can
contain up to several hundred T cells, collect in the sublining areas. The size and number of
aggregates varies between patients. A second pattem is a diffuse T cell infiltration without obvious
organization. In this pattem, T cells are located below the lining and extend into the sublining
(Firestein 1994).

The majority of T cells are HLA-DR* CD45RO-, CD29" which suggests previous exposure
to antigen followed by a post-activational state (Firestein 1994). Within the synovium. plasma cells
secrete IgG and IgA, thus there is strong evidence for T cell activation because T cells are required
for class switching (Williams 1994).  Aithough the majority of synovial membrane T cells are
activated, only a minority are CD25* (Goronzy and Weyand 1995). CD25 is upregulated on T cells
upon antigenic stimulation, thus the low expression might imply that these cells were either
previously activated, have been activated by TCR-independent pathways such as ligation with a
costimulatory molecule CD28. or they are functionally anergic. In addition. analysis of CD25* T
cells might involve selection of a small subpopulation of T cells that are involved in the
pathogenesis of the disease. T cells within the synovium produce other cytokines, such as IL-4,
and IFN-gamma (Feldman et al. 1996), yet investigators have not fully analyzed the cytokine
receptor expression on synovial T cells. Although there is evidence of T cell activation, there is
little evidence for T cell proliferation (Lia et al. 1995).

Many investigators continue to support the concept that RA is a T-cell-mediated disease
(Goronzy and Weyand 1995: Gregersen et al. 1987). These researchers propose a model of an
antigen recognition event in the synovial tissue whereby an initial number of autoreactive T cells

recognize an arthritogenic processed antigen in context with MHC. Several techniques have been




used to probe for T cell clonality in the synovial fluid and tissue. Lymphocyte oligoclonality has
been found in some studies: however, the frequency of the clonally expanded T cell was not high.
The low frequency of clonal proliferation is consistent with a model of an antigen-specific response.
For example, Doherty and coworkers determined the frequency of influenza specific T cells in
different target tissues of virus-infected mice. They reported that although 50% of the focally
infiltrating cells secreted lymphokines, only 1% of the T cells were antigen-specific (Doherty ef al.
1992). Therefore, all of the T cells within synovium may not proliferate and differentiate in
response to a mitogenic stimulation within the synovium but have the ability to produce
inflammatory cytokines. Such cytokines may stimulate antigen presenting cells to secrete matrix
metalloproteinases as well as increase the expression of adhesion molecules on the vascular
endothelium. Many of the T cells in the joint may have been drawn in due to the inflammatory
process and a subset of these T lymphocytes may be antigen specific or autoreactive.

Another approach to analyze the TCR repertaire in RA patients has compared the Vo and V2
segment usage in the peripheral blood, synovial fluid, and tissue T celis. This approach is based
on animal model studies, where the animal is immunized with an antigen that closely resembles a
self-antigen. The immune response generated is often restricted, selecting particular Va and V2
TCR gene segments (Houri and O’Sullivan 1995). Studies to determine the frequency of Va and
V3 usage in all 3 compartments have yielded conflicting results (Goronzy and Weyand 1995:
Jenkins et al. 1993: Krawinke! and Pluschke 1992: Khazali et al. 1995: Lunardi et al. 1992: Fischer
et al. 1996), and the studies essentially do not support the view that the synovial TCR repertoire of
RA patients is dominated by select T cells. Recently, ignatowicz and coworkers (1996)
determined that thymuses expressing a single MHC/peptide combination continued to permit large

numbers of thymocytes with different TCRs to mature. They described a transgene-encoded




protein in mice lacking endogenous class Ii and invariant chain. All the detectable class Il in these
mice carried the transgene encoded peptide and the CD4* T cells were efficiently positively
selected. The selected CD4* T cells reacted with the same class I protein, carrying an array of
other self-peptides with extraordinarily high frequency. The cells also reacted with foreign class ||
with high frequency (Ignatowicz et al. 1996). From these results one can speculate, that the T
lymphocytes infiltrating the inflamed joint may express various TCRs and still be able to interact
with the same processed antigen in context with MHC but with a different affinity, or that one
specific TCR can interact with a variety of processed peptides with varying affinity. The infiltrating
T cells with various TCRs may reflect an immune dysregulation in the thymus. Altematively, the T
cell may be secondary to the disease initiation and be responsible for sustaining the disease. The
T lymphocytes may react with a variety of self-antigens that were previously hidden prior to the
cartiiage and bone destruction by enzymes and oxygen radicals.

There is unequivocal evidence that T lymphocytes are present in RA synovium. The
genetics of the HLA-DRB1 association as well as the TCR studies in RA are consistent with the
model that multiple T cell specificities are involved in the progression of the disease. However, it

has not been conclusively determined if T lymphocytes contribute to the disease initiating event(s).

2.3 Infectious Etiology of RA

| have just recently discussed the roles that T lymphocytes and HLA genetics may play in
the pathogenesis of rheumatoid arthritis. Interestingly, RA has been proposed to be caused by an
infectious agent. Although there has never been substantial evidence to support this claim,
polyarthritis or monoarthritis can occur during many bacterial and viral infections (Wordsworth and

Pile 1994).
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2.3i Bacterium:

Despite 50 years of extensive study, there is a lack of evidence implicating a bacterial
pathogen as the cause of RA. Mycoplasma has been thought to be the cause of RA because it
can induce experimental arthritis in rabbits (Cole 1977). Reports have appeared that Mycoplasma
was isolated from the synovial fluid and membrane in humans, only for a short time after the
inception of the inflammatory synovitis and then subsequently becomes undetectable (Harris 1993).
It has been observed that RA patients have large amounts of Clostridium perfringenes in their
feces; however, Clostridium outgrowth has also been documented in other chronic inflammatory
rheumatic diseases and in individuals without disease (Zvaifler 1989). Attempts to isolate bacterial
cell wall components in the biopsies of RA synovium also have proved to be futile (Pritchard et al.
1980). Adjuvant induced arthritis in rats uses Freund’s complete adjuvant containing antigenic
components of Mycobacterium tuberculosis. Reactivity against mycobacterial antigens has been
demonstrated by T cells from RA patients, although this reactivity could be due to the lysis of cells
and upregulation of heat shock protein on the cell surface (Holoshitz et al. 1986). The RA patient
may produce antibodies to Mycobacterium tuberculosis heat shock proteins which may cross-react
with the heat shock proteins expressed on self cells. It is unlikely that Mycobacterium tuberculosis
is responsible for RA, but cross reaction between environmental antigens and self-proteins is an

interesting hypothesis.
2.3ii Viruses:
There is an interesting hypothetical link between the RA-associated HLA-DR4 and DR1

molecules and Epstein Barr Virus (EBV). The EBV glycoprotein gp110 resembles HLA-DR4 and
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DR1 molecules, thus patients with an EBV infection could develop antibodies that can cross-react
with the RA susceptibility cassette on HLA-DR4 and DR1. Investigators have demonstrated EBV
genome in RA synovial tissue; however, EBV genome has also been found in nomals (Roudier et
al. 1988).

Hepatitis B infection is complicated by arthritis in 10 to 30% of the cases (Duffy et al.
1976). but only once has the subsequent development of classic RA been reported (Momis and
Stevens 1978). When injected, rubella virus can localize in cartilage and inflammatory polyarthritis
has been noted after natural infection or immunization. Rubella can elicit a broad spectrum of
articular responses, but there is insufficient evidence that it can induce RA (Grahame et al. 1983).
The human B19 strain of parvovirus causes a common exanthematous disease in children and was
the most frequently identified etiologib agent in patients with early synovitis (White et al. 1984).

However human B19 parvovirus association with classical RA is yet to be verified (Simpson 1984).

2.3iii Superantigens

Exogenous stimuli such as vaccination, infection, or superantigens can lead to changes in the
TCR repertoire over time. Superantigens are proteins produced by microorganisms which
specifically bind to the CDR4 region of the V& element of the TCR and the MHC 3 chain leading to
an expansion of T cells which share the same TCR, thus skewing the repertoire. It has been
proposed that superantigens initiate a hyperresponsive state to self-antigens and may be
responsible for the loss of T cell tolerance resulting in the synovial infiltration. The superantigen
hypothesis has not gained acceptance because investigators have shown that repeated stimuiation
of T cells with superantigens leads to their death and thus would not be able to survive within the

synovium (Goronzy and Weyand 1995: Choi ef al. 1989). A skewing of the TCR repertoire, which



would be expected if a superantigen is present, has also not been conclusively demonstrated

(Goronzy et al. 1995: Jenkins et al. 1993: Krawinkel and Pluschke 1992).

3. CELLULAR AND BIOCHEMICAL ASPECTS OF RHEUMATOID ARTHRITIS
3.1 Adhesion Molecules Involved in the Inflamed Synovium

The presence of infiltrating leukocytes is a fundamental feature of RA. Circulating
leukocytes adhere to post-capillary high endothelial venules (HEV) in the synovium. After the
leukocytes have infiltrated the tissue, they produce an array of cytokines including, IL-2, TNFa,
IL-1, IFN-gamma, GM-CSF, and IL-6, which perpetuate the inflammatory cycle (Liao and Haynes

1995: Feldman et al. 1996).

3.1i Selectins

The selectin family of adhesion molecules are involved in the initial shear resistance
adhesion of teukocytes to endothelial cells to recruit leukocytes fo sites of inflammation. Selectins
are highly glycosylated molecules which contain a short Cytoplasmic region, a single membrane
spanning domain, and an extracellular portion. The extracellular domain is characterized by a
lectin-like domain, epidermal growth factor-like domain, and a variable number of complement
regulatory domains. Selectins bind through Ca2* dependent recognition of carbohydrate moieties
(Amaout 1993: Liao and Haynes 1995).

L-selectin (CD62L) is expressed on leukocytes and is involved in the initial stages of

leukocyte attachment to HEV. CD62L interacts with its ligand Glycam-1 on endothelial cells.
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Binding leads to leukocyte rofling, CD62L shedding, and upregulation of other adhesion molecules
to consolidate attachment (Oppenheimer-Marks and Lipsky 1994: Varani et al. 1994).

E-selectin (CD62E) is upregulated on endothelial cells following TNFx, IL-1, or IFN-gamma
stimulation (Abbot et al. 1992). The peak expression of CD62E occurs within 4 hours and usually
disappears from the cell surface after 24 hours, despite the continual presence of stimulus (Amaout
1993). The ligand for CD62E is a carbohydrate moiety, sialyl Lewis X. CD62E is involved in
leukocyte binding to endothelium and is upregulated in the synovial microvasculature (Abbot et al.
1992: Koch et al. 1991).

P-selectin (CD62P) is normally stored in the o granules of platelets and Weibel-Palade
bodies of endothelial cells. CD62P binds to P-selectin glycoprotein ligand. Stimulation of
endothelial cells with proinflammatory agents such as thrombin, histamine, or oxygen radicals
results in a transient expression of CD62P on the surface of the cells (Liao and Haynes 1995:
Varani et al. 1994). P-selectin only binds activated T cells. T lymphocytes isolated from RA
synovial fluid bind well to P-selectin. Studies evaluating leukocyte binding to frozen sections have
demonstrated the CD62P-dependent adhesion of monocytes is 3 to 20 fold greater on RA
synovium than on skin. In this assay, the specific binding of monocytes to RA synovial tissue
venules could be blocked by 90% with anti-CD62P, 20 to 50% by anti-CD62E, and 30 to 40% by

anti-CD62L MAD (Damle et al. 1992).

3.1ii CD44
CD44 is a lymphocyte-homing receptor mediating specific adhesion of lymphocytes to
mucosal HEV and hyaluronate (Goldstein et al. 1989: Aruffo ef al. 1990). CD44 is found on T cells,

B cells, monocytes, macrophages, endothelial cells, and fibroblasts (Liao and Haynes 1995).
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CD44 ligation of T cells results in homotypic adhesion of T cells, IL-2 production, and T cell
costimulation (Haynes et al. 1991a: Haynes et al. 1991b). CD44 ligation of monocytes results in
IL-1 release, and monocyte-T cell aggregation (Haynes et al. 1991a). T lymphocytes derived from
the synovial fluid have demonstrated an upregulated expression of CD44 (Kelleher et al. 1995).
3.1iii Integrins

The integrins are heterodimeric surface membrane receptors mediating divalent cation
dependent cell-cell and cell-matrix interactions. Each integrin is composed of an o chain non-
covalently associated with a 3 subunit. This association is required for cell surface expression.
Each o subunit consists of a short C-terminal Cytoplasmic domain, a membrane spanning region,
and a large extracellular region consisting of 7 tandem repeats (Amaout 1993). The & subunit is
smaller than the x (except for 34). The 2 chain is composed of a large N-terminal extracellular
region containing in its C-terminal half a characteristic cysteine rich motif repeated 4 times. The 2
subunit spans the membrane once, and has a short Cytoplasmic tail (Amaout 1993).

The integrins can be divided into several sub-families based on the nature of their
associated 3 subunit. The largest family contains the 31 integrin (CD29) and the 31 integrin is
highly expressed on RA synovial fluid and tissue T lymphocytes (Rodriguez et al. 1992: Elices et
al. 1994). 31 integrin can associate with 10 different o chains. The o423 lintegrin mediates
transendothelial migration through contact with vascular cell adhesion molecule-1 (VCAM-1) which
is expressed on endothelial cells and on the synovium (Chan et al. 1992: Johnston et al. 1996:
Morales-Ducret et al. 1992). VCAM-1 is upregulated by cytokine stimulation: IL-1, TNF-«, and IFN-

gamma, all of which are released by inflammatory cells in the synovium (Elices et al. 1990).
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Several integrins can mediate binding to a single ligand; for example, o481, a4p7 and,
o322 can bind to fibronectin (Elices et al. 1990: Hemler 1990). Fibronectin is a dimer with a
molecular weight of 550 KDa whose 2 chains are linked by 2 disulphide bonds near the COOH
terminus. Fibronectin is a multifunctional protein capable of homotypic and heterotypic interactions
with collagens, heparin, and cell surface receptors (Damell et al. 1990). The diversity of fibronectin
is generated by alternative splicing of a primary fibronectin RNA transcript. The fibronectin gene
contains 3 separate exons that are subject to altemnative splicing, termed EllIA, ENNB, and HICS.
The presence of additional acceptor and donor splice signals within the IIICS region allows
generation of increased diversity in fibronectin by virtue of multiple IICS polypeptide variants
(Elices et al. 1994). Despite the apparent redundancy of the integrins, binding of different receptors
to the same ligand is usually mediated by 1 or more distinct sites on the ligand. For example, the
integrin a5 2 binds to the RGD (arginine-glycine-aspartic acid) fibronectin domain (Pytela et al.
1985), and a3 1 binds to the CS-1 domain containing a 25 amino acid sequence (Humphries et al.
1986: Wayner et al. 1989). This characteristic probably permits different signals to be transmitted
by the same matrix component through more than one integrin receptor. In 1994, Elices and
associates reported that CS-1 fibronectin fragment is selectively expressed on RA but not normal
synovium. In contrast to the extraceliular matrix forms of fibronectin, CS-1 expression was
upregulated on the RA synovial vasculature and intimal fining. CS-1 on the RA synovium
specifically localizes to the lumenai surface of endothelial cells and is capable of mediating
intravascular attachment of T cells that express a functional o431 integrin (Elices et al. 1994).

Signaling through the integrin receptor o4R1 is implicated in costimulation of T

lymphocytes (Maguire et al. 1995). Actin-binding proteins that co-localize with integrins in focal
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adhesion include o-actinin, talin, vinculin, and tensin. These structural proteins are believed to play
important roles in stabilizing cell adhesion and regulating cell shape, morphology, and mobility.
They may also serve as a framework for the association of signaling proteins that regulate signal
transduction pathways leading to integrin-induced changes in behavior (Clark and Brugge 1995).

The 437 integrin is found on leukocytes that home to the Peyer's Patches and intestinal
epithelium (Shyjan et al. 1996) as well as on RA synovial tissue T cells (Lazarovits and Karsh
1993). The o437 protein interacts with mucosal addressin adhesion molecule (MAdCAM-1)
expressed on the intestinal epithelium (Shyjan et al. 1996: Erle et &l. 1994), fibronectin expressed
in the extracellular matrix (Chan et al. 1992), and VCAM-1 expressed on endothelial cells (Chiu et
al. 1995).

The 32 integrins generally mediate homotypic and heterotypic cell-cell interactions. The
32 chain (CD18) is expressed on leukocytes and is found in association with 3 different 2 chains
(CDM1a, b, ¢) (Amaout 1990).  Lymphocytes Functional Associated Antigen-1, LFA-1,
(CD11a/CD18) binds to ICAM-1, 2. and 3 and helps to mediate endothelial migration of leukocytes
in synovium (Oppenheimer-Marks et al. 1990). Synovial tissue T cells express an increased level
of LFA-1 compared to peripheral blood T lymphocytes (Takahashi et al. 1992).

It appears that many adhesion molecules on vascular endothelium are upregulated in the
RA synovium. This upregulation may be due to an intrinsic change in the endothelium or
secondary to the release of cytokines such as IL-1, TNF-o, and IFN-gamma by synoviocytes and
the infiltrating MNC (Liao and Haynes 1995: Feldman et al. 1986). The MNC infiltrating the

synovium also appear to have unregulated various adhesion molecules.
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3.2 REACTIVE NITROGEN AND OXYGEN SPECIES AND THEIR INVOLVEMENT IN RA

RA is characterized by actively inflamed joints. Macrophages, lymphocytes, and mast
cells are located in the synovial tissue. Polymorphonuclear cells (PMN) are found in the synovial
fluid, and deposits of fibrin and PMN infiltration are located on the synovial membrane (Zvaifler
1989). The activated leukocytes would be expected to release toxic oxygen metabolites and there
is a great deal of evidence suggesting that reactive nitrogen and oxygen species (RNS and ROS)
may play a role in the inflamed synovium (Kaur and Halliwell 1994: Sakurai et al. 1995).

Recently, nitric oxide (NO) a reactive nitrogen and oxygen species has been identified as 3
potent and pleotropic mediator. The function of NO as an intracellular messenger is enhanced by
its low molecular weight, high diffusibility, and lipid solubility while its cellular effects are due to its
reactivity as a free radical (Stuehr and Griffith 1992). NO is synthesized by a constitutive Ca2*
calmodulin-dependent NO synthase {(cNOS) within macrophages. endothelial cells, neurons,
adrenal cells, and other cells. NO is also generated in macrophages, PMN, lymphocytes. and
hepatocytes by an inducible nitric oxide synthase (INOS). iINOS is not Ca?* caimodulin-dependent,
is induced by cytokines, and is inhibited by glucocorticoids. Its expression results in the sustained
release of NO in amounts that far exceed those produced by the constitutive pathway (Stuehr and
Griffith 1992).

Recently, there has been a great deal of evidence to suggest that reactive nitrogen an
oxygen species play a role in the pathogenesis of RA. Lunec and Blake (1985) found that greater
than 90% of synovial fluid and serum of the RA patients tested had evidence of free radical
oxidation products. Several investigators have also reported that the serum antioxidant level, such
as vitamins E and A, reduced in RA patients (Halliwell et af. 1988: Heiovaara et al. 1994). Farrell

and coworkers were able to measure the concentration of nitrite, a breakdown product of NO, in the
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serum and synovial filuid of RA and OA (osteoarthritic) patients, and controls. The concentrations
of serum nitrite from the RA and OA patients were significantly greater than controls. As well.
synovial fluid nitrite levels were significantly elevated in RA compared to OA patients (Farrell ef al.
1992). Recently, Sakurai and associates have shown that iNOS was predominantly expressed in
CD14- synoviocytes, endotheliai cells, chondrocytes and to a lesser extent macrophages and
synovial fibroblasts (Sakurai et al 1995). The cartilage from OA patients was reported to
spontaneously release micromolar concentrations of NO and this production was influenced by the
presence of inflammatory cytokines (Amin et al. 1995). Stimulated macrophages can produce IL-1,
which can act to stimulate PMN, synoviocytes, and chondrocytes to produce NO and
metalioproteinases (Farrell et al. 1995 Rosen et al. 1995: Krane 1989).

NO production is upregulated in OA and RA synovium and may serve as a pathogenic
mediator of connective tissue destruction in arthritis. Thus, in states of chronic inflammation, NO
and its break-down products, could cause severe genetic damage to the summounding cells which
could be a mechanism for genetic damage in the rheumatoid synovium. The genetic damage of

infiltrating lymphocytes may be then used as a marker of RNS and ROS within the inflamed joint.

4. AN INCREASE IN THE FREQUENCY OF MUTANT T CELLS IN THE PERIPHERAL BLOOD
OF PATIENTS WITH AUTOIMMUNE DISEASES

Hypoxanthine guanine phosphoribosy! transferase (hprt) encodes an enzyme involved in

the purine salvage pathway. The hprt T cells lack a functional HPRT protein, thus can convert

non-toxic 6-thioguanine (6-TG) to a toxic nucleotide. Cells that lack the HPRT function are able to

grow in the presence of 6-TG, while non-mutant cells do not survive (Albertini et al. 1982 Albertini
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et al 1985). The hemizygous nature of the hprt locus permits the recovery of mutations primarily
affecting the function of the single gene (Fuscoe et al. 1992b). Therefore, by comparing the growth
of T cells in the presence and absence of 6-TG it is possible to estimate the in vivo frequency of
mutant T cells.

An elevation in the frequency of hort mutant T lymphocytes has been reported in the
peripheral blood of patients with Multiple Sclerosis (MS) (Allegretta et al. 1990: Lodge et al. 1994:
Sriram 1994) and Systemic Lupus Erythematosus (SLE) (Dawisha et al. 1993 Gmelig-Meyling et
al. 1992: Theocharis et al. 1995). In MS patients, the increased frequency of hprt mutant T cells
correlated with patients who had chronic progressive disease and severe disease. Interestingly,
the mutant T cell clones from MS patients were more frequently reactive to myelin basic protein, a
protein implicated in the pathogenesis of the disease, than non- mutant clones or control clones.
DNA blot analysis revealed that the mutant T cell were not derived from a single cell but expressed
different TCR (Allegretta et al. 1990). There also was a comelation between frequency of mutant T
cells derived from the peripheral blood of SLE patients and cummulative active disease and
disease duration (Dawisha et al. 1993). Further investigations utilizing a PCR stategy
demonstrated that the increase in the frequency of hprt mutant T cells was not due to clonal
expansion (Theocharis et al. 1995). These studies hypothesized that mutation occurs preferentially
in dividing T cells, presumably as a result of emors of replication, temporally insufficient DNA repair,
or fixation of mutation. However, no definitive experiments were completed to verify if indeed the T
lymphocytes from either MS or SLE patients displayed enhanced proliferative capacity, errors in

DNA repair enzymes, or emors in the replication machinery.
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3. STATEMENT OF HYPOTHESIS

T lymphocytes represent a dominant proportion of the MNC infiltrating the rheumatoid
synovium and are important in the pathogenesis of RA. Most of these T cells are CD4-, CD2gni,
CD45R0-, and HLA-DR-, indicating a memory cell phenotype. Many T cells enter and remain
within the synovium for an undefined time period and subsequently may re-enter the peripheral
circulation.  Evidence suggests that a subset of T lymphocytes within the inflamed rheumatoid
synovium may be autoreactive or antigen-specific.

An elevation in the frequency of hypoxanthine guanine phosphoribosyl transferase (hprt)
mutant T cells has been reported in the peripheral blood of MS (Allegretta et al. 1990: Lodge et al.
1994: Sriram 1994) and SLE (Dawisha et al. 1993: Gmelig-Meyling et al. 1992: Theocharis et .
1995). patients. This increase in mutation frequency has been attributed to a postulated increase

in errors in replication or insufficient DNA repair associated with a disease-related enhancement of

T cell proliferation. Since T lymphocytes also appear to be important in RA. | examined the hprt

mutant frequency in the peripheral blood, as well as the synovial fluid, and synovial tissue of these
patients. There is little evidence for T cell proliferation within the synovial tissue but activation
markers are expressed on synovial tissue T lymphocytes (Lia et al. 1995). There is insufficient
evidence that proliferation alone is associated with genetic mutation, nevertheless, proliferating T
cells may have an increased probability of mutation depending on the environment. Thus, |
hypothesized that proliferation alone is insufficient to induce an elevated mutation frequency in T
lymphocytes from RA patients. The rheumatoid synovium is a mitogenic and mutagenic factors
environment, and both of these factors are required for the induction of certain types of mutations.

Mitogenic factors for T cells identified in the joint include antigen presenting cells such as




macrophages and dendritic cells, and various cytokines including IL4, IFN-gamma, and IL-2:
although, the latter cytokine is found at low levels in the synovium (Goronzy et al. 1995: Panayi et
al. 1992). Potentially genotoxic and cytotoxic RNS and ROS have been found in rheumatoid
synovium. These lines of evidence support the notion that the inflamed joint of RA patients
contains the necessary mitogenic and mutagenic factors that could cause T cell mutations.

Therefore, | have utilized a strategy to isolate a rare subset of T lymphocytes that may
have potentially been mitogenically stimulated and genetically damaged. Using the hprt clonal
assay that has been previously described. | have analyzed a population of mutant T lymphocytes
from RA patients. The hemizygous nature of the hprt locus pemmits the recovery of mutations
primarily affecting the function of the single gene (Fuscoe et al. 1992b). By comparing the growth
of T cells in the presence and absence of 6-TG it is possible to estimate the in vivo frequency of
mutant T cells ( Albertini et af 1982: Albertini 1985).

With the insight that the inflamed synovium is a potentially mitogenic and mutagenic
environment, | hypothesize that there will be an elevated frequency of hprt mutant T cells within the
peripheral blood, synovial fluid, and synovial tissue of RA patients compared to controls. The RA
peripheral blood mutant T lymphocytes may have acquired this mutation in the inflamed synovium
and then re-entered the peripheral circulation, and thus may display a similar phenotype as the RA

synovial tissue derived T lymphocytes.




6. SPECIFIC OBJECTIVES

1. To determine the frequency of hprt mutant T lymphocytes in the peripheral blood, synovial fluid,

and synovial tissue of RA patients and controls.

2. To verify that the increase in the frequency of mutant T cells in the peripheral blood of RA

patients is not due to the in vitro culture conditions.

3. To comelate the comected frequency of mutant T lymphocytes from the various compartments of

the RA patients with clinical disease activity. disease parameters. and current disease treatment.

4. To clone the mutant and non-mutant T celis from RA patients and controls. and to characterize

the cell surface markers: CD3, CD4, and CD8, using flow cytometry.

3. To define the functional significance of the mutant and non-mutant peripheral bload T cell clones

through a fibronectin adhesion assay and flow cytometric analysis.




CHAPTER 2: MATERIALS AND METHODS

1. DESCRIPTION OF PATIENTS AND HEALTHY CONTROLS

The patient group consisted of 90 RA and 10 OA patients. The patients were followed at
the Ottawa General Hospital Rheumatic Disease Unit. Patients fulfilled the diagnostic criteria of
the American College of Rheumatology for the classification of RA of at least 6 months duration
(Amett et al. 1988) or a clinical diagnosis of OA of the knee or hip. A peripheral blood sample was
obtained from 80 unselected RA patients from the outpatient clinic. A synovial tissue and
peripheral biood sample was obtained from 8 RA and 8 OA patients following joint replacement
surgery. Synovial fluid was obtained from 2 RA patients. The 20 controls were from available
hospital and university personnel. The protocol for obtaining peripheral blood. synovial fluid, and

synovial tissue samples from patients and controls was approved by the institutional review board.

2. MEASURES OF CLINICAL DISEASE PARAMETERS

The clinical evaluation of each RA patient included the patient’s age in years, duration of
RA in years, duration of moming stiffness in minutes, the patient's assessment of pain on a 100
mm anchored horizontal visual analogue scale, the patient's assessment of disease activity on a
100 mm anchored horizontal visual analogue scale, present medication, presence of rheumatoid
nodules, presence of joint erosions on X-rays, the number of tender joints, and smoking status.
Evidence has arisen that smoking and increasing age can increase the frequency of mutant T cells
in the peripheral biood (Jones et al. 1993: Jones et al. 1995) The clinical faboratory tests included
the presence of theumatoid factor (RF) using fatex fixation, erythrocyte sedimentation rate (ESR)

using the Westergren method, and the level of C-reactive protein (CRP). The ESR and CRP levels




are used to determine systemic inflammation. ‘Active’ RA was defined by the presence of 3 of the
following criteria: >9 tender joints, >6 swollen joints, >45 minutes of moming stiffness, and ESR
>28 mm/hour. The ESR for a healthy individual is approximately 20 mm/hour. This is the definition

of ‘active’ RA patients for inclusion in clinical trials (Felson et al. 1993).

3. CLONING OF T LYMPHOCYTES

3.1 Assay For hprt T Lymphocytes

T lymphocytes were cultured to establish the frequency of hprt™ mutant T cells (Albertini et

al. 1982: Albertini 1985). Peripheral blood MNC were isolated from a 20 mi heparinized venous
blood sample from RA patients and controls by gradient centrifugation over Ficoll-Hypaque
(Pharmacia Biotech Inc., Piscataway, NJ). A standard limiting dilution protocol was used to
determine the T lymphocyte cloning efficiency by seeding 1, 5. and 10 MNC/well. MNC were
piated in a 96-well round bottom plate (Diamed Laboratories) containing 200 -2 of RPMI-1640 pH
7.3 (Canadian Life Technologies, Burlington Ont.) supplemented with 10% Fetal Bovine Serum
(Canadian Life Technologies), 20% Hybridoma Serum Free Medium (Canadian Life Technologies),
30 IU/ml of IL-2 (Sigma Chemicals Ltd. St.-Louis MOQ.) (Figure 15), and 2 mM L-glutamine
(Canadian Life Technologies). This medium is referred to as complete medium. Figure 15 in the
appendix describes an IL-2 titration used to determine the appropriate concentration of IL-2 to be
used. The plated MNC were stimulated with 1.0 ug/m! of phytohemaggiutinin (PHA) (Sigma
Chemicals Ltd.). PHA is a commonly lectin commonly implemented to stimulate T fymphocytes.
This lectin is able to bind to the TCR and costimulatory molecules to provide to appropriate signal

for T cell activation and proliferation. Figure 16 in the appendix describe a titration to determine the




necessary amount of PHA to use. The T cells were also stimulated with 1.0 x 104 TK6 hprt”
feeder celis/well (from D. Wilkinson), inactivated with 80 Gy "7Cs Gamma Cell-40. at the University
of Ottawa. The dose rate was approximately 1.1 Gy/minute. TK8 cells are 3 lymphaoblastic cell line
and as feeder cells provide the necessary cognate interactions to insure adequate T cell growth.

The TK6 cells had a deletion in the hprt gene, thus these T cell mutations could be examined later
without the contamination of the TK6 cells. The hprt™ mutant T lymphocytes were isoiated by
plating 2.0 x 104 MNC/well in complete medium containing PHA. iradiated TK6 feeder cells. and 1
x 104 M 6-TG (2-amino-6-mercaptopurine from Sigma Chemicals Ltd.). Cultures were maintained

ina 5% COz / 95% O, 37°C incubator for 21 days.

3.2 Synovial Fluid
Synovial fluid was obtained from 2 RA patients in a sterile syringe. The fluid was diluted 5

times in PBS and the MNC were isolated by gradient centrifugation over Ficoll-Hypaque. The

collected cells were plated and a hprt clonal assay was performed as previously described.

3.3 Synovial Tissue
Synovial tissue was obtained from 8 RA and 7 OA patients undergoing joint replacement
surgery. The tissue was finely minced with sterile scissors and immediately submerged in a Petr

dish [150 x 75 mm2 or 10 x 20 mm2 (Fisher, Nepean Ont.) depending on sample size]. containing

complete medium. The tissue was maintained in 2 379C. 5% CO; incubator. On day 2. MNC

were isolated by gradient centrifugation over Ficoll-Hypaque and plated in a 10 x 20 mm2 Petri dish




with CM. On day 4, the tissue was digested with 1 2g/ml of collagenase type 1l (Sigma Chemicals
Ltd.) while shaking in a sterile tube for 90 minutes and the MNC were collected. washed. and
plated in CM. Collagenase is an enzyme that will help degrade the extracellular matrix and permit
to release of synovial tissue T lymphocytes. Every 2 days, the cells were harvested from the tissue
sample and plated in complete medium. On day 10. the collected cells were pooled. and cell

viability was determined using trypan blue dye exclusion. When approximately 6 x 106 MNC had

been isolated, the hprt~ clonal assay was performed. as described above. A peripheral blood

sample was obtained from the surgical patients 2 to 10 days after receiving the synovial tissue.
The hprt clonal assay was then complete using T cells from the peripheral biood and synovial
tissue in parallel. This permitted us to compare the cloning efficiency and the frequency of mutant
T cells in the peripheral blood and synovial tissue of the same patient.

Synovial tissue T cell lines were established from the synovium of RA and OA patients.
The synovium was placed in a Petri dish containing complete medium. Every 2 days the T cells
were isolated from the tissue and this subset of T cells were stimulated with fresh complete
medium supplemented with PHA. When T cells could no longer be isolated. the collected cells
were pooled and the cells were frozen in liquid nitrogen. Prior to using the cell lines for flow
Cytometric analysis or adhesion assay the synovial tissue T cell lines were thawed and stimulated
with complete medium containing PHA. The synovial tissue T cells remained in CM for 14 to 21

days fo allow maximal integrin expression.

(8}
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3.4 Determining the Cloning Efficiency and the Frequency of Mutant T Lymphocytes

The growth of T lymphocyte clones was scored visually on day 21 of the assay using an
inverted microscope. Cloning efficiency (CE) was calculated using the assumption of a Poisson
distribution of clonable cells in limiting dilution studies (Eichmann et al. 1980: Albertini et al. 1982),
from the following equation:

CE = -In (fraction of negative wells )  x 100%
# of MNC/well

The CE in non-selection and selection medium was determined. The CE in the selection medium
(containing 6-TG) is referred to as the frequency of mutant T cells (FMC).  The corrected
Frequency of Mutant T cells (cF MC) was calculated as (Albertini et al. 1982):

cFMC = CE in selection medium containing 6-TG (FMC)
CE in non-selection medium

Thus, the FMC represents the ‘raw’ data and the cFMC represents a comparison of the CE in

selection versus non-selection medium.

3.5 Radiolabelling Method To Validate Visual Scoring of T Cell Clones

To ensure the validity of visual scoring, T cell clones were also assessed for their
proliferative capacity by a radiolabelling method. Following the visual scoring. T cell clones were
labeled with 1 1Ci of [methyl-3H]-thymidine (Amersham Life Sciences Inc.) for 16 to 18 hours.
Cells were harvested on glass fiber filters (Packard: A Canberra Company, Meriden CT.) using the
Packard Filtermate 196 matrix harvester. The filters were cut out and placed into scintillation vials
containing 1 mi 0.1% NaOH solution ovemnight. The following day, 8 ml of scintillation cocktail
(BDH, Darmstadt Germany) was added and after 2 hours, the vials were counted using a

scintillation counter.




To determine the appropriate concentration of PHA or IL-2 to stimulate the T cells a
[methyl-3H]-thymidine incorporation assay was also used. Cells were plated with various
concentrations of either protein. The cells were harvested on glass fiber filters and the results were

read using a 3 counter.

3.6 The Frequency of Mutant T Cells in the Absence or Presence of Catalase

Mononuclear cells may secrete genotoxic species including Ha0,. H,0, can penetrate the
cell membrane and interact with transition metals bound to DNA to produce OH-, which in tum can
fragment the DNA. Catalase converts 2 H,O, into 2 H20 and Oz, thus preventing DNA damage.

The assay for hprt lymphocytes was completed with 3 RA patients and 3 controls. Catalase (10

2g/mi) (Sigma Chemicals Ltd.) was added to 4 of the 8 selection plates containing 6-TG. The
clones were permitted to grow for 21 days in @ 5% COg, 37¢C incubator. The FMC and cFMC

were calculated for the cells plated in the presence or absence of catalase.

3.7 Expansion of T lymphocyte Clones
Following a 21 day incubation, mutant and non-mutant T lymphocyte clones from patients

and controls were split and replated into fresh 96-well round-bottom plates containing 100 - - of
CM supplemented with 1.0 ug/mi of PHA, and 1.0 x 104 irradiated TK6 hprt feeder cells/well. The

mutant clones were maintained in 1 x 104 M 6-TG. After a further 21 day incubation, the clones
were split into 4 wells and restimulated once again. When a clone filled all 4 wells, the cells were
transferred to a 24 well flat bottom plate. Approximately 1 ml of complete medium was added

every 7 days to the growing clone and every 14 to 21 days the clones were stimulated with 1.0




ug/mi of PHA and 1.0 x 104 imadiated TK6 hprt feeder cells. When the cell number reached 1 x

108, the clone was frozen or used for further studies.

4. FLOW CYTOMETRY

The fluorochromes to be detected by the argon laser of the flow cytometer must be excited
at approximately 488 nm. The excited fluorochrome then emits its energy at a specific wavelength.
A total of 2.5 x 105 T cells from control and RA patient peripheral blood mutant and non-mutant T
cell clones were collected 14 to 21 days following PHA stimulation and the cell viability and number
verified using trypan blue dye exclusion. The cells were washed twice in phosphate buffered saline
(PBS) containing 0.1% NaN3 and then the cells were incubated with 10 pl of gamma-globulin
(Canadian Red Cross) for 10 minutes. Gamma-globulin was added to block non-specific binding:
dying TK6 cells bind non-specifically and the TK6 have Fc receptors which may also bind the
primary antibody. The cells were then incubated with 10 ul of BSA-Cy5 (Amersham Life Sciences)
for 10 minutes on ice. BSA-Cy5 blocks carvoxymethylindocyanine suinimide ester 5 (Cy5)
receptors potentially present on the cell surface. To verify that the clones were indeed T
lymphocyte clones, the cells were stained with anti-CD3 TRl (Sigma Chemicals Inc.), anti-CD4
phycoerythrin (PE) (Coulter Electronics, Hialeah Florida), and anti-CD8 fluorescein isothiocyanate
(FITC) (Coulter) monoclonal antibodies (MAD) on ice for 20 minutes to avoid capping. The
appropriate isotype controls for each MAb were included. The TRI compound is PE conjugated to
CyS5. Thus, the fluorochrome can be excited by the argon laser because it contains PE. The

energy is then transferred to the Cy5 molecule and emits energy at approximately 600 nm in the
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FL-4 quadrant. The stained cells were callected and washed in PBS with 0.1% NaN3 and 1% BSA
(wash buffer).

To verify the integrin expression of the T cell clones, 2.5 x 105 T cells from a clone were
incubated with 10 p! of gamma-globulin for 10 minutes and then incubated with 10 pi of BSA-Cy5
(Amersham Life Sciences) for 10 minutes on ice. The cells were stained with anti-CD3 TRI
(Sigma) and anti-CD29 PE (Coulter) MAD for 20 minutes. The cells were washed in the wash
buffer. Stained cells were analyzed with an argon laser Epics XL-MCL Coulter Flow Cytometer
(Coulter Electronics, Hialeah Florida) using Epics XL flow cytometry analysié software version 1.5.
For all of the experiments, 10, 000 events were counted and the lymphocytes gated on viable cells
based on forward and side scatter. Forward scatter is utilized to gate on the cell size and side

scatter is used to gate on the cell granularity.

5. CELL ADHESION
5.1 Fibronectin Binding Assay

A colourimetric adhesion assay was used to quantify the number of cells adhering to
fibronectin (Schulz et al. 1994: St. John et al. 1994). Wells of a 96-well flat-bottom microtitre ELISA
plate (NUNC) were coated with either 120 KDa human plasma fibronectin, containing the RGD

domain and the CS-1 sequence (20 =:g/ml) (Canadian Life Technologies) or bovine serum albumin

(BSA) (20 ng/ml) (Sigma Chemicals Ltd.) in 100 ul of an adhesion buffer ovemight at 49C.
Adhesion buffer consisted of 150 mM NaCl, 1 mM CaCl, 1 mM MgClz, and 10 mM Hepes (pH 7.2).

Wells of a separate positive control plate were coated with 100 ul of 0.01% polyL-lysine (Sigma
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Chemicals Ltd.) for 1 hour at 49C. The welis coated with BSA were used as a negative control and

the wells coated with polyL-lysine were used as a positive control for binding.

Binding of the peripheral blood hprt mutant and non-mutant T cell clones from the same

patient or control was compared to RA and OA synovial tissue T cell ines. Cells were collected 14
to 21 days following PHA stimulation and washed twice in the adhesion buffer. Following PHA
stimulation. CD29 expression was minimal after 3 days and maintained maximal expression from 1
to 3 weeks (Hemler 1990: Rodriguez et al. 1992). The cell number and viability were determined
by trypan biue dye exclusion. Approximately 1 x 105 cells were plated per well. Figure 17 in the
appendix demonstrates synovial tissue T cell lines binding to wells coated with fibronectin in
comparison to poly L-lysine. At the cell concentration of 1 x 105 cellsiwell, the synovial tissue T
cells bound equally well to the fibronectin and poly L-lysine coated welis. The T cell clones from

RA patients and controls and the RA synovial tissue T cell lines were incubated in adhesion buffer
supplemented with 1 mM Mg2* for 30 minutes. The T cells were incubated at 379C, 5% COoq, in
0.5 ml polypropylene tubes either alone or with various MAD including anti-IgG: (Coulter), anti-
437 donated by Dr. A Lazarovits), anti-CD7 (donated by Dr. A Lazarovits), and anti-CD29
(Sigma Chemicals Ltd.), for 1 hour. The anti-igG1 MAb was implemented as a negative control
because all the antibodies used were of this isotype. Approximately 1 x 105 cells (Appendix Figure
17) were added to each of the wells and allowed to bind at 379C, 5% CO2 for 1.5 hours. T cells

that were incubated with the various MAb were plated in the wells coated with fibronectin. Cells

that were incubated without antibody were plated in wells coated with either fibronectin, BSA, or

polyL-lysine.




Adherent cells were quantified as follows. Plates with wells coated with fibronectin or BSA
were gently immersed in 2.5 litres of 0.85% NaCl to remove loosely adherent cells. The plates
were submerged at an angle to ensure that the wells did not fill with air bubbles. The plates were
inverted, raised, and allowed to foat on the surface facing downward. The saline solution was
stired by a 30 mm stir bar at 300 rpm for 5 minutes. Prior to removing the plate from the saline
solution, the plate was tumed right side up and removed with the wells filled with saline solution.
Adherent cells were fixed by transferring each plate to a container with 2.5 litres of 100% methanol
(BDH). The plate was submerged slowly at an angle and rotated several times to allow the saline
to mix with the methanol. After 5 minutes, the plate was removed from the container with the
methanol in the wells to fix the adherent cells and maintained at room temperature for 1 hour. A
control plate containing polyL-lysine coated wells was centrifuged at 2000 rpm for 5 minutes and
fixed as described above. This will insure the maximal number of adherent cells. Excess methanol
was gently removed from the wells by inverting the plates, and adherent cells were stained with
100 =i of 0.1% amido black dye (Naphtho! Blue Black dye from Sigma Chemicals Ltd.) for 1 hour.
Excess stain was removed by washing the plate in a polypropylene container with 2.5 L of cold
distilled water. Once again, the plate was submerged in the water on an angle to avoid trapping air
bubbles and then the plate was tumed gently in the water for 4 minutes. Water was removed from
the wells by inverting the plates gently and 100 ! of 10% sodium dodecyl sulfate was added to
each well. Plates were kept overnight at room temperature to lyse cells and allow the dye to
solubilize. The lysate was collected and centrifuged at 13,000 x g to remove cellular debris. The
supematant was collected and the colour intensity determined at a wavelength of 570 nm using an
ELISA plate reader (Bio-Rad Model 3550 Microplate Reader, Richmond CA). The background

values were established using wells that had been stained with the amido black dye but had not
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received any cells. For comparison, the solution was also read by a spectrophotometer at 570 nm.

Percentage adhesion was determined using the formula indicated below.

% adhesion = OD 70, for cells adherent to experimental plate  x 100

OD 570qm for cells adherent to polyL-lysine

5.2 Specificity of Fibronectin Adherence

A fibronectin adhesion assay was implemented as previously described. The RA
penpheral blood mutant T cell clones and RA synovial tissue T cell lines were incubated with
various concentrations (0 to 50 ug/ml) of either a 40 KDa soluble fibronectin fragment containing
the CS-1 (25 amino acid binding sequence) (Canadian Life Technologies) or with hen egg
lysozyme (HEL) (Sigma Chemicals Ltd.). as a non-specific protein, prior to the exposure of the cells
to the fibronectin coated wells. T cells were also incubated in wells coated with BSA as the

negative control for binding and polyL-lysine as the positive control for binding.

6. STATISTICAL ANALYSIS

The (BMDP) statistical program was used. Comparison between the study groups was
performed by the 2-tailed non-parametric non-paired Mann-Whitney test. Comparisons between
peripheral blood and synovial tissue samples were analyzed by the 2-tailed non-parametric paired
Wilcoxon test. A one way ANOVA was performed to ensure statistical significance using Levene's

test. Correlation of measures of RA clinical disease activity and frequency of mutant T cells was
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analyzed using the Spearman’s rank analysis. P values less that 0.05 were considered to be

statistically significant.




CHAPTER 3: RESULTS

1. PATIENT CHARACTERISTICS

The patient group consisted of 90 RA and 7 OA patients that were followed at the Ottawa
General Hospital Rheumatic Disease Unit. Twenty hospital and university personnel were utilized
as healthy sex-matched controls for the duration of the study. Table 1 describes the characteristics
of the RA patients. OA patients, and controls used in the study. A peripheral blood sample was
taken from 80 different unselected RA patients at the outpatient clinic. The average age of the
patients was 57.1 +/- 12.7 years, which is not significantly different (p>0.05) than the average age
of the controls, 32.1 +/- 17.2 years: although, the mean age of the controls is less than the RA
patients. A synovial tissue sample was received from 8 different RA patients and 7 different OA
patients. After 2 to 10 days following surgery, a peripheral blood sample was drawn from each
patient. The mean age of the RA patients who underwent surgery was 55.2 +/- 14.4 years, which
is also not significantly greater (p>0.05) than the mean age of controls. However. the mean age of
the OA patients, 73.75 +/- 5.85 years, was significantly greater (p<0.05) than the RA patients and
controls: 55.2 +/- 14.4 and 32.1 +/- 17.2 years, respectively. Older healthy age matched controls
were not available. A synovial fluid sample was obtained from 2 RA patients with the mean age of
25.0 +/- 7.1 years. A peripheral blood sample was not taken from patients from whom a synovial

fluid sample had been obtained.
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Table 1
The characteristics of the RA patients, OA patients. and controls used in the study

! Control RA RA RA 0A
Peripheral Peripheral Synovial Synovial Synovial
Blood Blood | Fluid Tissue Tissue
Number 20 80 2 10 8
Sex 14 female 55 female 1 female 9 female 3 female
6 male 25 male 1 male 1 male 5 male
Mean Age 2 32.1+/-17.2 S7.1+-127 2504+/-71 55.2+/-144 73.8+/-59
Mean Not 120+-115 Not 13.5+/-144 Not
Duration @ Applicable Available Available

2 Mean (years) +/- SD




2. THE FREQUENCY OF MUTANT T CELLS FROM THE PERIPHERAL BLOOD OF RA
PATIENTS AND CONTROLS

1. Proliferation Assay
The visual method for scoring T cell clones was validated using a [*H}-thymidine
incorporation assay (Figure 2). An hprt clonal assay was completed on 5 RA patients and the

scored wells were incubated in the presence of [H)-thymidine to verify visual scoring. Imadiated
TK6 hprt feeder cells were used as a negative control and represent the background levels of

counts. Wells that had been visually scored as negative for both the selection (containing 5-TG)
and non-selection plates had significantly fower counts compared to wells that had been visually
scored as positive (p<0.008). The wells that had been identified to contain 2 growing clone from
either the non-selection or selection media did not have significantly different counts (p>0.05).
Also. the wells in the selection or non-selection media that were identified to contain a non-growing
clone did not have significantly different counts (p>0.05). Thus. the proliferating cells are likeiy to

be a true clone. These results support the reliability of the visual scorng.

2. The Cloning Efficiency of Peripheral Blood T Cells from RA Patients and Controls

The T lymphocytes were scored visually under an inverted microscope. The CE ofthe T
cells was determined using the assumption of a Poisson distribution of clonable cells in limiting
dilution (Figure 3A). The CE of T lymphocytes from the peripheral blood of RA patients was not
significantly less (p>0.05) compared to the CE of control peripheral biood T cells: 25.7 +/- 12.4%

and 37.1 +/- 19.9%. respectively.




Figure 2
Proliferation assay the of hprt mutant and wild type T cell clones from RA patients. A [3H]-

thymidine incorporation assay was used to verify the visual scoring of the mutant and non-mutant T
cell clones. The background levels (BKG) represent the tritium uptake by TK6 hprt feeder cells
after irradiation at 80 Gy and a 21-day incubation. Non-selection refers to clones that were derived
from plating 1 MNC/well and selection refers to clones that were derived from plating 2 x 10°
MNCAwell in the presence of 6-TG. Plus (+) indicates wells that were scored as positive,
containing a growing clone, and minus (-) indicates wells that were scored as negative that did not
have a viable clone. Data represent n=5 (+/-SD). The wells that had been visually scored as
positive had significantly greater counts than the wells that had been visually scored as negative for
both the non-selection and selection conditions.

* Represents statistical significance when comparing positive versus negative wells.
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3. The Frequency of Mutant T Lymphacytes in the Peripheral Blood of RA Patients and Controls

The frequency of mutant T lymphocytes FMC) represents the CE of T cells in the presence
of 6-TG. The cFMC is the CE of T cells in selection medium containing 6-TG, compared to the CE
of T cells in the non-selection medium. The FMC and the cFMC, per 108 cells, from the peripheral
blood of controls ranged from 0 to 1.04 and 0 to 1.78 respectively, while the FMC and cFMC from
RA patients ranged from 0.17 to 6.29 and 0.89 to 18.36. respectively. The FMC and cFMC are
described in terms of 106 cells. | have described both the FMC and cFMC because the FMC
accounts for the ‘raw’ data, that is the number of mutant T cells per plate, and the cFMC takes into
account the cloning efficiency of the T cells from the patient. If the CE of a particular patients T
cells are very low then this will elevate the cFMC. The mean FMC in the peripheral blood of RA
patients was significantly greater (p<0.0001) than from controls: 1.55 +/- 1.14 compared to 0.39 +/-
0.23 (Figure 3B). The mean cFMC, was also significantly greater (p<0.0005) in RA patients
compared to controls: 6.26 +/- 3.98 and 1.07 +/-0.71, respectively (Figure 3C). The results clearly
demonstrate that the FMC and cFMC were significantly greater in peripheral blood of RA patients
compared to controls.

Several RA patients and controls were analyzed more than once throughout the duration of
the study (Tables 2 and 3). There was a minimum period of two months between peripheral blood
samples taken from the same subject. The mean cFMC from individual samples did not vary
significantly throughout the duration of the study for both controls and RA patients. This data
demonstrates that the mean cFMC in the peripheral blood of RA patients is consistently greater

compared to controls.




Figure 3

A} The CE of T lymphocytes from the nerinheral hinod

tat ‘ o

of RA patients and controls.  The mean CE

{+/- SD) of T cells from the peripheral blood of 80 RA patients (striped bar) was not significantly

(D
3

greater {p>0.05) than 20 controls (solid bar). R) Th

~y o L

quency of mutant T cells from the nerinheral
blood of RA patients and controls. The mean FMC (+/- SD) from the peripheral blood of 80 RA
patients (striped bar) was significantly greater {n<0.0001) than 20 contn
corrected frequency of mutant T cells from the perinheral blood of RA patients and controls. The
mean cFMC (+/- SD), which takes into account the CE of the T celis for each perinheral blood
sample, in 80 RA patients (strined bar) was significantly greater (p<0.0005) compared to 20

controls (solid bar).

* Represents statistical significance.
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Table 2

The corrected frequency of mutant T cells in the peripheral blood of RA patients at various time
intervals with a minimum of two months between samples

cFMC3:

cFMC1 2 cFMC2: cFMC4 - { CcFMC5=

Patient 01 3.06 +-1.21 3.28+/-4.19 7.00+/-4.41 l

Patient 02 6.45 +/- 5.47 3.28+/-4.18 !

Patient 03 428 +/-1.73 6.18 +/- 1.93

Patient 04 4.34 +/-1.48 6.73+/-1.27 418 +/-147 ’

Patient 05 8.40 +/- 3.16 3.49 +/- 4.02 |

Patient 06 6.44 +/-3.22 9.34 +/- 3.46 5.25+/-3.36 9.87 +/-4.20 7.19 +/-4.27
Patient 07 317 +/-2.28 414 +/-1.60 |

Patient 08 5.81+/-5.54 5.52 +/-4.99

Patient 09 213+/-1.79 6.86 +/- 4.57

Patient 10 5.81 +/-5.54 3.86 +/- 1.92

Patient 11 4.69 +/- 2.00 5.72+/-525

Patient 12 4.05 +/- 3.50 578+/-474

Patient 13 4.63+/-2.24 8.88 +/- 3.49

2Mean cFMC (per 106 cells) +/- SD.

42




Table 3
The corrected frequency of mutant T cells from the peripheral blood of controls at various time
intervals with a minimum of two months between samples

i cFMC1: cFMC2: | cFMC3: i cFMCA4: cFMC5 :
| i
Control 01 1.74+4-133 | 1.40 +/-0.81 ;
|
Control02 | 0.86+/-111 | 0.84+/-1.68 187+-208 | 131+/-215 0.98 +- 0.90
i

Control 03 0.35 +/- 0.61 1.67 +/-1.19 234 +-2.37

|
~+
!
!

Control 04 0.93 +- 1.07 321 +-411

|
Control05 | 057 +-084 | 064+-074 | 236+ 185 |
|
!

Control 06 0.70 +/- 1.03 1.42 +/-0.84

Control 07 0 1.38 +/-1.06 1.58 +/-1.27

|
I
i
]
[
|
]
|
]
T
|

2Mean cFMC (per 108 cells) +/- SD.
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4. The Frequency of Mutant T Lymphacytes in the Presence or Absence of Catalase

When cells are cultured in the presence of 6-TG, it takes several hours for the chemical to
enter the cell with a functional hprt gene. be converted into a toxic nucleotide, and kill the cell
(Albertini 1982: Damell et al. 1390). Theoretically. among the isolated MNC. macrophages could
release RNS and ROS, such as H,0,, which may cause an in vitro increase in FMC. H0» causes

DNA damage because it reacts with transition metals bound to DNA 1o produce hydroxy radical

(OH-) which immediately fragments the DNA molecule. To assess this possibility, the hprt clonal

assay was performed on T cells isolated from the peripheral blood of RA patients and controls in
the presence and absence of catalase. The enzyme catalase, converts 2 H,O; into 2 H,0 and O,
(Halliwell et al. 1988). The CE of T cells from the peripheral blood of these specific 3 RA patients
was not significantly different (p>0.05) than 3 controls: 25.0 +/- 7.07 % and 26.5 +/- 14.75 %.
(Figure 4A). The FMC did not vary significantly in the absence or presence of catalase (p>0.05)
from the peripheral blood of RA patients: 2.61 +/- 0.31 and 3.02 +/- 0.52 (in 106 cells) respectively.
The FMC from the peripheral blood of controls also did not vary significantly in the absence or
presence of catalase (p>0.05): 0.49 +/- 0.04 and 0.54 +/- 0.33 (in 108 cells), respectively (Figure
4B). The FMC from the peripheral blood of RA patients was significantly greater (p<0.05) than
controls in the absence or presence of catalase which is consistent with the data from the larger
patient group. The cFMC also did not vary significantly (p>0.05) in the absence and presence of
catalase in RA patients: 4.75 +/- 0.56 and 5.60 +/- 1.67, or in controls: 0.96 +/- 0.35 and 0.92 +/-
0.18. in 108 cells, respectively (Figure 4C). The cFMC was significantly greater (p<0.05) in the

peripheral blood of RA patients compared to controls in both the absence and the presence of




Figure 4

A) The CE of T lymphocytes from the peripheral blood of RA patients and controls for the catalase
assay. The data describes the CE of RA patients and controls prior to the addition of catalase and
these RA patients and controls are not identical to the previously described sample. The mean CE
(+/- SD) of peripheral blood T cells from 3 RA patients (striped bar) was not significantly different
(p>0.05) compared to 3 controls (solid bar). B) The frequency of mutant T cells from the peripheral
blood of RA patients and controls in the absence and presence of catalase. The mean FMC (+/-
SD) in the peripheral blood of 3 RA patients (striped bar) was not significantly different (p>0.05) in
the absence compared to the presence of catalase. The mean FMC (+/- SD) in the peripheral
blood of 3 controls (solid bar) was not significantly different (p>0.05) in the absence compared to
the presence of catalase. The mean FMC from the peripheral blood of RA patients was
significantly greater than 3 controls. C) The comected frequency of mutant T cells in the peripheral
blood of RA patients and controls in the absence and presence of catalase. The mean cFMC (+/-
SD) in the peripheral biood of 3 RA patients (striped bar) was not significantly different (p>0.05) in
the absence versus the presence of catalase. The mean cFMC from the peripheral blood of 3
controls was not significantly different in the absence versus the presence of catalase. The mean
cFMC from the peripheral blood of RA patients was significantly greater compared to the cFMC
from control peripheral blood.

* Represents statistical significance versus controls.
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catalase. These results suggest that the mutant T cells are not an in vitro phenomenon caused by

H207 in either RA patients or controls.

3. In Vitro Genotoxic Effect
Genotoxic species secreted by macrophages other than H0, such as ONQO- and Oy
may aiso cause genetic damage (Halliwell et al. 1988). To verify if these or other species caused

an elevated frequency of mutant T cells, a peripheral blood sample was obtained from 3 healthy

controls. The isolated MNC were either immediately piated in selection medium and a hprt clonal

assay performed or the cells remained in complete medium for 2 days and then were plated in
selection medium containing 6-TG. This 48-hour period may be sufficient time for the T cells to
incur genetic damage and to be stimulated to proliferate by antigen presenting cells for the
induction of mutation in vitro. The CE of T lymphocytes of either of the 2 subsets did not differ
significantly (p>0.05) (Figure 5A). The FMC was not significantly different (p>0.05) in the T cells
plated with 6-TG on day O compared to day 2: 0.46 +/- 0.19 and 0.45 +i- 0.12 (per 108 cells),
respectively (Figure 5B). The cFMC was also not significantly different (p>0.05) in the T
lymphocytes plated in 6-TG immediately or after a 2-day incubation: 1.44 +/- 0.33 and 1.41 +/-

0.34, in 106 cells, respectively (Figure 5C).



Figure 5
A) The CE of T cells from the peripheral blood of controls plated on day 0 and day 2. The mean
CE (+/- SD) of T cells from 3 controls plated in selection medium on day 0 (solid bar) was not
significantly different (p>0.05) than the CE of T cells from the same 3 controls plated in selection
medium on day 2 (striped bar). B) The frequency of mutant T cells from the peripheral blood of
controls plated in sefection medium on day O or 2. The mean FMC (+/- SD) from the peripheral
blood of 3 controls plated in selection medium on day 0 (solid bar) was not significantly different
(p>0.05) compared to the mean FMC from 3 controls plated on day 2 (striped bars). C) The
corrected frequency of mutant T cells from the peripheral blood of controls plated on day 0 and 2.
The mean cFMC (+/- SD) from the peripheral blood of 3 controls plated in selection medium on
day 0 (solid bars) was not significantly greater (p>0.05) than the mean cFMC from the same 3

controls plated in selection medium on day 2 (striped bars).
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3. CLINICAL DISEASE
3.1 Disease Activity

Several RA patients were divided into 2 Categories based on their RA disease activity.
Twenty patients were evaluated, 5 with ‘active’ and 15 with inactive’ RA. There was no significant
difference (p>0.05) in the CE of the T cells isolated from the active or inactive subset: 33.62 +/-
1410 % and 40.80 +- 14.2 %, respectively (Figure 6A). There was no significant difference
(p>0.05) in the FMC from the RA patients with ‘inactive’ versus ‘active’ disease: 1.63 +/- 1.03 and
1.49 +/- 1.40, in 106 cells, respectively. There was not a significant difference (p>0.05) in the
cFMC in the RA patients with ‘active’ disease compared to ‘inactive’ disease: 3.31 +/- 2.74 and
5.51 +/- 3.43 (per 108 cells), respectively (Figure 6 B and C). Therefore, the frequency of mutant T

cells does not appear to correlate with current clinical disease activity.

3.2 Clinical Disease Parameters

The peripheral blood sample was drawn from the RA patients following a clinical
evaluation. The patient was assessed for age, the duration of disease, the patient’s assessment of
pain, the patient's assessment of disease activity, joint count, and the length of moming stiffness.
The clinical laboratory analysis provided levels of C-reactive protein and erythrocyte sedimentation
rate. Using Spearman’s rank analysis, none of the clinical disease parameters correlated with the

cFMC in RA patients (Figure 7).




Figure 6
A) The CE of T lymphocytes from the peripheral blood of RA patients with ‘active’ or ‘inactive’
disease. The mean CE (+/- SD) of T cells from the peripheral blood of 5 RA patients with ‘active’
disease (solid bar) did not differ significantly (p>0.05) compared to 15 RA patients with ‘inactive’
disease (striped bar). B) The frequency of mutant T cells from the peripheral blood of RA patients
with ‘active’ and ‘inactive’ disease. The mean FMC (+/- SD) from the peripheral biood of 5 RA
patients with ‘active’ disease (solid bar) was not significantly greater (p>0.05) compared to 15
patients with ‘inactive’ disease (striped bar). C) The corrected frequency of mutant T cells from the
peripheral blood of RA patient with ‘active’ and ‘inactive’ disease. The mean cFMC (+/- SD) from
the peripheral blood of 5 RA patients with ‘active’ disease (solid bar) was not significantly different

(p>0.05) compared to 15 patients with ‘inactive’ disease (striped bar).
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Figure 7
The cormelation between the cFMC from the peripheral biood of RA patients and clinical disease
parameters. Correlation coefficients, obtained from Spearman’s analysis, and the number of
patients analyzed for a particular criterion are shown in the upper right of each segment. None of

these clinical disease parameters correlated with the cFMC in the peripheral blood of RA patients.
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Many of the RA patients were also examined for the presence of erosions, rheumatoid
nodules, rheumnatoid factor (RF), and their cigarette smoking habits. The presence of the various
clinical disease parameters and the CE of T cells from the RA patients did not comrelate (Table 4).
The presence of erosions, presence of RF, and smoking habits did not affect the cFMC
significantly (p>0.05) (Table 5). There was a trend to increased cFMC with the presence of
erosions. although it is not statistically significant. The presence of nodules correlated with a
significant decline in the cFMC. Unfortunately, not all of the patients were analyzed for all four
disease parameters leading to small sample sizes and statistical evaluations with low power.

Further investigations need to be done prior to drawing a definitive conclusion.

3.3 Patient Medication

Patient medication at the time of the hprt clonal assay was also analyzed as a possible

vanable. Certain medications such as azathioprine, have the potential to induce genetic mutations
(Connell ef al. 1994). There was no significant difference (p>0.05) in the CE of T cells from the
peripheral blood of RA patients that were being treated with RA disease-modifying medication
compared to patients not cumently taking this particular kind of medication (Table 6). There were
also no significant associations found between the ¢cFMC and various disease treatments (Table 7).
Patients who were treated with gold did demonstrate an apparent decline, which was not
statistically significant, in the cFMC compared to patients not currently taking the medication.
Some patients were not currently taking any disease-modifying medication, yet the ¢cFMC from

these patients were still significantly elevated compared to controls.




Table 4
The relationship between the CE of T cells from the peripheral blood of RA patients and clinical

disease parameters
Erosions | Nodules RF Smoking
Habits
+-2 + . + - + + -
Number of 52 16 27 21 53 18 9 ' 19
Patients
CE:= 25.07 23.96 26.22 28.42 23.78 2583 44.07 29.39
14.46 11.09 15.74 12.16 12.46 12.96 10.35 14.36
pc 0.25 0.30 0.29 0.23 [

2 Plus (+) indicates the patients with that disease parameter at the time of the hprt assay and

minus (-) indicates the patients without that disease parameter at the time of the assay.

®Mean (%) +/- SD.

¢ ANOVA (Levene's test)

wn

tv



The relationship between the comected frequency mutant T cells from the peripheral blood of RA
patients and clinical disease parameters

Table 5

Erosions Nodules RF Smoking
| Habits
42 + - + + - + -
Number of 52 16 27 21 53 18 9 19
patients
cFMC: 6.85 4.57 472 6.57 6.27 5.79 5.21 5.32
427 276 | 238 445 377 | 351 317 317
pc 0.089 0.006 0.89 0.34

2 Plus (+) indicates the patients that exhibit that particular disease parameter and minus (-)

indicates the patients without that disease parameter.

® Mean cFMC (per 106 cells) +- SD.

c ANOVA (Levene's test)




Table 6
The relationship between the CE of T cells from the peripheral blood of RA patients with patient

current medication
Medication R Number of | CE: p:
Patients
Sulphasalazine + 3 26.79 +/- 18.86 0.50
- 75 25.03+-13.13
Gold + 14 29.25+-14.23 0.58
- 3 64 24.19 +/- 12.94
i
Azathioprine + ; 5 26.09+-11.70 0.48
72 25.04 +/-13.49
Hydroxychioroquine + * 34 22.69 +/- 10.92 1 0.13
- 44 26.97 +/- 14.61 *|l
Methotrexate + 23 24.89 +/- 12.97 0.89
56 2518 +/-13.44
Folate + 7 19.69 +/- 7.60 0.29
- 72 25.60 +/- 13.44
Corticosteroids + 23 18.13 +/- 1043 0.40
55 27.86 +/- 13.17

2 Plus (+) indicates the patients currently taking that particular medication and minus (-) indicates
the patients not taking that medication at the time of the hprt assay.
®Mean (%) +- SD.

¢ANOVA (Levene's test)




Table 7

The relationship between the corrected frequency of mutant T cells from the peripheral blood of RA
patients and patient current medication

Medication ( #-2 Number of |  cFMC: p:
Patients
Sulphasalazine + 3 5.97 +/- 1.98 0.96
- 75 | 6.06+-367
Gold + 14 3.75+/- 2.56 0.07
- 64 6.57 +/- 3.64
Azathioprine + 5 9.50 +/- 3.20 0.54
- 72 5.83 +/- 3.56
Hydroxychloroquine + K.} 6.21 +/- 3.90 0.56
- 44 5.95 +/- 343
Methotrexate + 23 6.18 +/-4.12 0.53
56 5.94 +/-3.43
Folate + 7 6.74 +/- 4.66 0.31
72 5.94 +/- 3.53
Corticosteroids + 23 7.28 +/- 3.54 0.95
- 55 5.52 +/- 3.58

2 Plus (+) indicates the patients currently taking that particular medication at the time of the hprt

assay and minus (-) indicates the patients not taking that medication at the time of the assay.

®Mean cFMC (per 106 cells) +- SD.

¢ ANOVA (Levene’s test)

(91}
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4. THE FREQUENCY OF MUTANT T LYMPHOCYTES FROM THE RA SYNOVIAL FLUID
4.1 The Cloning Efficiency of Synovial Fiuid T Lymphocytes

Equal proportions of CD4* and CD8* T lymphocytes are located in the synovial fluid of RA

patients (Fox et al. 1982). An hprt clonal assay was performed on the T cells isolated from the

synovial fluid of 2 RA patients. The mean CE of T lymphocytes from RA (n=2) synovial fluid T cells
was not significantly different (p>0.05) compared to the CE of T cells from controt (n=20) peripheral
blood: 19.65 +/- 8.98 % and 37.1 +/- 19.9 %, respectively. (Figure 8A). A peripheral blood sample
was not received from the patients providing the synovial fluid. The mean CE of T cells from the
peripheral blood of unselected RA patients from the outpatient clinic versus the CE of RA synovial

fiuid T cells was not significantly different (p>0.05).

4.2 The Freguency of Mutant T cells from the Synovial Fluid of RA Patients

The mean FMC, per 106 cells, from RA synovial fluid was significantly greater (p<0.03)
compared to control peripheral blood: 0.87 +/- 0.64 and 0.39 +/- 0.23, respectively (Figure 8B).
The mean cFMC from RA synovial fluid was also significantly greater (p<0.02) than the mean
cFMC from control peripheral blood: 4.14 +/- 1.32 and 1.07 +/- 0.71 (per 108 cells), respectively
(Figure 8C).

The mean FMC (per 106 cells) from RA peripheral blood and synovial fluid was not
significantly different (p>0.18): 1.55 +/- 1.14 and 0.87 +/- 0.63, respectively . The mean cFMC

from RA synovial fluid T cells was also not significantly different (p>0.05) compared to unselected




Figure 8

A) The CE of T lymphocytes from the synovial fluid of RA patients and the peripheral blood of
controls. The CE (+/- SD) of T cells from the synovial fluid of 2 RA patients (hatched bar) did not
differ significantly (p>0.05) compared to the CE of T cells from the peripheral blood of 20 controls
(solid bar). B) The frequency of mutant T cells from the synovial fluid of RA patients and the
peripheral blood of controls. The mean FMC (+/- SD) from the synovial fluid of 2 RA patients
(hatched bar) was significantly greater (p<0.03) compared to the mean FMC from the peripheral
blood of 20 controls (solid bar). C) The cormrected frequency of mutant T cells from the synovial
fluid of RA patients and the peripheral blood of controls. The mean cFMC (+/- SD) from the
synovial fluid of 2 RA patients (hatched bar) was significantly greater (p<0.02) compared to the
peripheral blood of 20 controls (solid bar).

* Represents statistical significance.
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RA peripheral blood: 4.14 +/- 1.32 and 6.26 +/- 3.98 in 106 cells, respectively. Therefore, the FMC
and cFMC in the synovial fluid is significantly elevated compared to control peripheral blood but not
significantly different compared to the peripheral blood of unselected RA patients from the
outpatient clinic. Although a peripheral blood sample was not obtained from the patients from
whom | received a synovial fluid sample, these patients who would be expected to have similar
disease activity as those RA patients from the outpatient clinic that donated a peripheral blood

sample (Dr. R. Goldstein personal communication).

5. THE FREQUENCY OF MUTANT T LYMPHOCYTES IN RA AND OA SYNOVIAL TISSUE
5.1 The Cloning Efficiency of T cells from the Synovial Tissue and Peripheral Blood of RA and OA
Patients

CD4+ CD45RO* T cells represent a dominant component of the MNC infiitrating the

synovium and play a critical role in the pathogenesis of the disease (Nakao et al. 1990: Lasky et al.
1988). To analyze the critical T cell subsets of the synovium, the hprt clonal assay was performed

on T cells from RA and OA synovial tissue and peripheral blood. OA is considered to be a non-
inflammatory disorder of the joints characterized by deterioration of articular cartilage and the
formation of new bone at the joint surfaces and margins (Brandt and Mankin 1993). An equal
number of lymphocytes were isolated from both RA and OA synovial tissue samples. The CE of T
lymphocytes from the synovium and peripheral blood of 8 RA patients, 12.59 +/- 5.19 % and 11.08
+/- 3.45 % respectively (Figure 9A), was significantly less (p<0.05) than the CE of T cells derived
from the peripheral blood of controls, 37.1 +-19.9 % (Figure 3). The CE of T cells from the

synovium and peripheral blood of 6 OA patients . 14.2 +/- 5.76 % and 12.5 +/- 8.15 % (Figure 9A),




Figure 9

A) The CE of T lymphocytes from the synovial tissue and peripheral blood of RA and OA patients.
There was not a significant difference (p>0.05) in the mean CE (+/- SD) of T cells from the
peripheral blood (striped bar) and synovial tissue (solid bar) RA patients. The CE of T cells from
OA synovial tissue (blank bar) and peripheral biood (hatched bar) was not significantly different
(p>0.05). B) The frequency of mutant T cells from the synovial tissue and peripheral blood of
surgical RA and OA patients. The mean FMC from the synovial tissue of RA patients (solid bar)
was significantly greater (p<0.05) compared to the peripheral blood (striped bar) of the same
patients. The mean FMC from the synovial tissue of OA (blank bar) was significantly greater
(p<0.05) versus the peripheral blood of the same patients (hatched bar). C) The comected
frequency of mutant T cells from the synovial tissue and peripheral blood of RA and OA patients.
The mean FMC from RA synovium (solid bar) was also significantly greater (p<0.05) than mean
cFMC from the peripheral blood of the same patients (striped bars). The mean cFMC from OA
synovium (blank bar) was significantly greater (p<0.05) compared to the mean cFMC from the
peripheral blood of the same patients (hatched bar).

* Represents statistical significance.

59




0 v
mm » G E g _&m * —
<0 4909 O O
C+- T+ OF Ok o
H X x|
|
u Sesssessgseeoe
S (s1199 501 un)
_ / S1I®Y 1 INV.LNW 40 ADNINDIYHS @ILIIHHOID
* -
|
| *
1 i [ 1 —
& | © @ w o |

<  AONIDIHIONINOTO% © ©~ © ¥ & & + o
m (S99 O} up) sj18D 1 INV.LNIN 40 ADNINOTHA




respectively, was significantly less (p<0.05) than controls. However, the CE of OA T cells can
not reasonably be compared to the CE of controls because the OA patients are significantly

older.

5.2 The Frequency of Mutant T Cells from the Synovial Tissue and Peripheral Blood of Surgical RA
and OA Patients

The mean FMC from 8 RA synovium was significantly greater (p<0.01) than from the
peripheral biood of the same patients: 5.54 +/- 1.34 and 0.66 +/- 0.45, per 108 cells, respectively
(Figure 9B). The mean cFMC was also significantly greater (p<0.007) in T lymphocytes derived
from RA synovium compared to peripheral blood: 58.80 +/- 38.22 and 4.56 +/- 3.53 (in 106 cells)
respectively (Figure 9C). Interestingly, the FMC and cFMC from the peripheral blood of surgical
RA patients is significantly less (p<0.01) than the FMC and cFMC from the peripheral blood of
unselected RA patients derived from the outpatient clinic.

The mean FMC from 6 OA synovium was significantly greater (p<0.006) than from the
peripheral blood: 3.58 +/- 2.03 and 0.51 +/- 0.32 (per 106 cells) respectively (Figure 9B). The mean
cFMC in 108 cells, is also significantly elevated (p<0.004) in OA synovium compared to peripheral
blood: 28.25 +/- 18.36 and 2.78 +/- 2.95, respectively (Figure 9C). Therefore, the FMC and the
CFMC in RA and OA synovium is significantly greater compared to peripheral biood of the same
patients.

The mean FMC and cFMC from the peripheral blood of RA compared to OA patients did

not differ significantly (p>0.05). The mean FMC from RA synovium was significantly greater
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(p<0.03) than OA synovium; however, the cFMC from RA versus OA synovium did not differ
significantly (p>0.10) (Figure 9B and C).

There was a positive correlation between the cFMC from RA synovium with cFMC from
peripheral blood of the same patient (Figure 10A). This graph also demonstrates that the cFMC
from the synovium is always consistently greater than from the peripheral blood. There was no
correlation between the cFMC from synovium and peripheral biood of OA patients (Figure 10B).
However, the cFMC from OA synovium was greater five out of six times than the cFMC from the

peripheral blood.

6. CELL ADHESION
6.1 Fibronectin Adhesion Assay

Variation in the cell surface expression of cell adhesion molecules may explain the
preferential retention of specific lymphocytes in rheumatoid synovium where they can function to
mediate synovitis. The expression of CD29 (81 integrin) is fundamental in the rheumatoid process.

mediating binding to the extracellular matrix components, most notably fibronectin (Hemler 1990).
If the peripheral blood hprt mutant T cell clones sustained their genetic damage in the genotoxic

synovial environment, then they may also display a phenotype similar to the synovial tissue T cell
lines. The fibronectin adhesion assay clearly demonstrates that the RA and OA synovial tissue T
cells specifically bind to fibronectin, following PHA stimulation.  This interaction is inhibited with
anti-CD29 MAb while anti-IgG,, anti-CD7, and anti-q4 87 MADb did not have a significant
effect on fibronectin binding (p>0.05). The synovial tissue T lymphocytes did not bind to the

BSA coated wells. The anti-a4 7 MAb was used because RA synovial tissue T cells have been
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Figure 10
A) A correlation between the corrected frequency of mutant T lymphocytes from the peripheral
blood with synovial tissue of RA patients. B) A comelation between the corrected frequency of
mutant T lymphaocytes from the peripheral blood with synoviali tissue of OA patients. The number of

patients examined and the Spearman’s rank order analysis are in the top right hand comer of the

graph.
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shown to express high levels of this integrin. The a431 and 4R 7 interact with the CS-1 domain
of fibronectin suggesting that the anti- o422 7MAD may inhibit the binding to fibronectin by the
synovial tissue T cell lines. However, the binding to fibronectin was not affected by anti-IgG:, anti-
a£37, or anti-CD7 MAD (Figure 11A).

Interestingly, the RA peripheral blood mutant T cell clones bound to fibronectin with similar
affinity as the synovial tissue T cells and this interaction was only blocked by anti-CD29 MAb
(Figure 11B). The peripheral blood T cell clones from RA patients and control were also stimulated
14 to 21 days prior to the adhesion assay. The addition of anti-IgGs. anti-CD7 or anti-a< 2~ MAb
did not have a significant (p>0.05) effect on the ability of the mutant T cell clones to adhere to
fibronectin. The RA peripheral blood non-mutant T cell clones, and the control mutant and non-

mutant T cell clones did not bind to the fibronectin or BSA-coated wells (Figure 11B).

6.2 Inhibition Assay

To verify the specificity of the RA mutant T cell clones’ ability to bind to fibronectin, an
inhibition assay was performed (Figure 12). The RA mutant T cell clones and RA synovial tissue T
cell lines bound to fibronectin and this binding was inhibited when the T cells were incubated with
increasing amounts of a soluble fibronectin fragment containing the CS-1 binding sequence. The
CS-1 25 amino acid sequence is the region of fibronectin that CD29 (31) specifically binds to.
Binding to fibronectin was not affected by the addition of HEL. a non-specific protein. Therefore,
the RA peripheral blood mutant T cell clones bound specifically to fibronectin and this interaction

occurred between the CD29 receptor and the CS-1 domain of fibronectin.
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Figure 11
A) Binding to fibronectin by RA and OA synovial tissue T cell fines and RA peripheral blood hprt-
mutant and non-mutant T cell clones in the absence and presence of various antibodies. FEight RA
peripheral blood mutant T cell clones (striped bars) bound to fibronectin with equal affinity
compared to the 6 RA (solid bars) and 6 OA (blank bars) synovial tissue T cell lines but the 8 non-
mutant clones (hatched bars) did not bind. Binding to fibronectin by the RA and OA synovial tissue
T cell lines and RA mutant T cell clones was significantly inhibited by anti-CD29 MAb (p<0.05)
while anti-igGs, anti-CD7, or anti-a237 MAb did not significantly inhibit fibronectin binding
(p>0.05). B) Binding to fibronectin by RA and control peripheral blood mutant and non-mutant T cell
clones in the presence of various antibodies. The 8 RA mutant T cell clones (striped bars) bound
to fibronectin. However, the 8 RA non-mutant (hatched bars) and the 6 control mutant (solid bars)
and 6 non-mutant T cell clones (blank bars) did not bind to the fibronectin or the BSA coated wells.
The addition of the various MAb did not have 3 significant effect on the RA non-mutant, and control

mutant and non-mutant T cell clone fibronectin adherence.
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Figure 12
Binding to fibronectin is mediated through CD?29 interactions with the CS-1 fibronectin fragment.
The 3 RA synovial tissue T cell lines (closed triangle) and the 3 RA peripheral biood mutant T cell
clones (closed circle) bound to fibronectin but in the presence of soluble fibronectin fragment
containing the CS-1 domain the binding significantly declined. 3 RA synovial tissue T cell lines
(closed square) and 3 RA peripheral biood mutant T cell clones (closed diamond) were incubated

with a non-specific protein HEL, and binding to fibronectin was not significantly affected.
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7. FLOW CYTOMETRIC ANALYSIS OF THE RA PERIPHERAL BLOOD T CELL
CLONES AND RA SYNOVIAL TISSUE T CELL LINES

7.1 Expression of T Cell Surface Markers

To verify the identity of the peripheral blood mutant and non-mutant T cell clones, these
clones were immunophenotyped (Figure 13). Three colour flow cytometric analysis was used to
determine the identity of the T cell ciones. Eight RA peripheral blood mutant and 8 non-mutant
clones containing 2 x 105 cells were analyzed. Mutant and non-mutant clones from the same
patient were analyzed at the same time. RA synovial tissue T cell lines were implemented as
positive controls.  All of the mutant T cell clones were CD3-; however, these clones varied in the
expression of CD4 and CD8. Some of the mutant clones appeared to be CD4- CD8- and others

expressed low levels of CD4. The non-mutant clones were CD3+ and either CD4- or CD8-.

7.2 Integrin Expression

An increased adhesion to fibronectin may be explained by conformational changes in the
integrins, an increased affinity of the integrin for fibronectin, or an increased level of integrin
expression. To elucidate if the synovial tissue T cells and the RA mutant T cell clones express
comparable levels of CD29, the expression of this integrin was investigated by flow cytometry
(Figure 14). Ten mutant and 10 non-mutant clones containing 2 x 105 cells were analyzed 14 to 21
days following PHA stimulation. The mutant and non-mutant T cell clones from the same patient
were analyzed at the same time. Hut 78 and RA synovial tissue T cell lines were used as positive
control for CD29 expression. The 2 colour flow Cytometric results indicate that the RA synovial
tissue T cell lines and the RA peripheral blood mutant T cell clones were CD3* and expressed

comparable levels of CD29. The RA peripheral blood non-mutant T cell clones also expressed
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CD29 but at a much lower level than the mutant clones or the T cell lines. These results
demonstrate that the fibronectin binding was mediated through CD29 and CD29 appears to be

upregulated on T cells from the RA synovium and the RA peripheral blood mutant T cell clones.
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Figure 13
Immunophenotype of 8 RA peripheral blood mutant and 8 RA peripheral blood non-mutant T cell
clones: expression of CD3, CD4, and CD8. The mutant and non-mutant T cell clones were from the
same RA patients and the clones were collected and stained at the same time. The mutant T cell
clones expressed CD3 and varying levels of either CD4 or CDS. A small portion of the mutant T
cell clones immunophenotyped were CD4- CD§-. A) RA peripheral blood mutant T cell clone
stained with CD3 TRI and CD4 PE MAD. B) RA peripheral blood mutant T cell clone stained with
CD3 TRIand CD8 FITC. C) RA peripheral blood non-mutant T cell clone stained with CD3 TR

and CD4 PE.

68




idL€ao

-ﬂ ' i ---‘- AL L h-.-‘“ A [} -a.;hn-t-.-!c-.)a-‘v A J-.r
[ ]
|
0
s B
E
)
L m
1
. . il 9

L €qo

ITYTUE XU U ITTTON S U (TN IR

Lo ey

TR —mh moo
P PITTEL. WY

NYPY . B YeY. I

<

V

0114842




Figure 14
CD29 expression on the RA synovial tissue T cell lines and RA peripheral blood mutant and non-
mutant T cell clones. The T cells were stained with CD3 TRI and CD29 PE MAb. The mutant and
non-mutant T celf clones were derived from the same patient and stained at the same time. A) The
RA synovial tissue T cell lines (n=6) and B) the RA peripheral blood mutant T cell clones (n=10)
express similar level of CD29 while the C) RA non-mutant T cell clones (n=10) usually expressed a

lower level of CD 29.
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CHAPTER 4: DISCUSSION

1. TLYMPHOCYTE INVOLVEMENT IN RA

The activation and proliferation of T lymphocytes plays an integral role in the pathogenesis of
RA. T cells represent the dominant component of MNC infiltrating the synovium (Firestein 1994).
The majority of these T cells are CD4+, and express CD45R0, CD29, and HLA-DR markers of
activation (Firestein 1994: Harris 1993). These cell surface markers suggest that this subset of T
cells are memory cells displaying features of post-activation. Although the maiority of T cells within
the inflamed RA synovial tissue are memory T cells there is very little evidence of T cell
proliferation (Lia et al. 1995). There is also not very substantial evidence of T cell apoptosis: T cells
upregulate bcl-2 and propidium iodine staining demonstrates viable non-dividing T cells (Panayi et
al. 1992). Although many T lymphocytes infiltrate the synovium, it has been hypothesized that only
a small subset of autoreactive and/or antigen-specific T cells are among the infiltrating cells. The

identification and analysis of these autoreative and/or antigen-specific T cells is particularly

challenging. Using the hprt clonal assay, | have been able to select a subset of T tymphocytes

that have more likely been stimulated and genetically damaged. The autoreactive and/or antigen-

specific T cell subset may fall into this category.

2. THE FREQUENCY OF MUTANT T LYMPHOCYTES FROM THE PERIPHERAL BLOOD OF

RA PATIENTS AND CONTROLS

The CE of controls in this study was similar to the CE of controls used in other hprt studies
(Albertini et al. 1982). Although the assay to determine the appropriate concentration of PHA to

stimulate T cell proliferation was not conclusive, the use of Tng/ml of PHA was able to stimulate
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the T cells such that the CE of RA peripheral biood T cells was parallel to reported data. There was
a decline. although not statistically significant. in the CE of T cells from the peripheral blood of RA
patients compared to controls. This is consistent with earlier reports comparing the CE of T
lymphocytes from the peripheral blood of patients with other autoimmune diseases such as MS
(Allegretta et al. 1990: Sriram 1994) and SLE (Gmelig-Meyling et al. 1992: Theocharis et al. 1995)
to healthy controls. The CE of T cells did not vary significantly in RA patients who were currently
taking RA disease-modifying medication compared to those who were not. This suggests that
disease treatment was not responsible for the slight non-significant decrease in CE. The CE of T
cells also did not appear to be associated with a variety of clinical parameters. The decrease in CE
of T ceils from RA patients and other autoimmune diseases may be related to the disease process
itself because T lymphocytes are chronically activated in all three of the autoimmune diseases
mentioned.

There was a significant increase in the FMC in the penpheral blood of RA patients
compared to controls. The cFMC, which takes into account the CE of the T cells from the
individual samples, was also significantly elevated in the peripheral blood of RA patients compared
to controls. The mean age of the RA patients examined were older than the mean age of controls,
an increase in age alone is insufficient to account for the profound increase in the cFMC found in
the peripheral blood of RA patients (Green et al. 1995: Jones et al. 1995). Green and coworkers
(1995) determined that the mutation rate of the hprt locus in T lymphocytes was 5 x 107 which can
not explain the increase in the frequency of mutant T cells observed in the peripheral blood of RA
patients. A similar increase in the frequency of mutant T cells has also been observed in the
peripheral blood of patients with other autoimmune diseases including MS (Allegretta et al. 1990:

Sriram 1994) and SLE (Gmelig-Meyling et al. 1992: Theocharis et al. 1995). These investigators




have hypothesized that the increase in the cFMC seen in the peripheral blood of MS and SLE
patients was due to the enhanced proliferation of disease-related T cells and insufficient DNA
repair mechanisms. However, in the RA synovium, T cell proliferation alone would appear to be
an insufficient stimulus for the development of this increase in frequency of mutant T cells. The
inflamed synovium does not contain very many proliferating T celis (Lai et al. 1995), thus |
postulate that the mitogenic and mutagenic milieu of the RA synovium is an environment capabie

of inducing genetic damage to the infiltrating fymphocytes.

3. THE FREQUENCY OF MUTANT T CELLS FROM THE SYNOVIAL FLUID OF RA PATIENTS
The CE of T lymphocytes from the synovial fiuid of RA patients was not significantly different
from the CE of peripheral biood T cells from controls and unselected RA patients. Aithough there
was a small sample size, the FMC and the cFMC from RA synovial fluid was significantly greater
than the FMC and ¢FMC from the peripheral blood of controls. The FMC and cFMC from RA
synovial fluid was not greater than from the peripheral blood of unselected RA patients from the
outpatient clinic, who wouid be expected to be comparable. The T cells in the synovial fiuid could
have sustained genetic damage in the fiuid due to the presence of RNS and ROS released by
granulocytes (Stuehr and Griffith 1992). Although antigen-presenting cells such as macrophages
are found within the synovial fluid, PMN predominate. Thus, the environment within the synovial
fiuid is likeiy not highly mitogenic and the cFMC observed in the synovial fiuid of RA patients is in
keeping with this. The synovial fluid T cells could have been damaged in the synovial tissue and

entered the synovial fiuid while recirculating.




4. THE FREQUENCY OF MUTANT T CELLS FROM THE SYNOVIAL TISSUE AND
PERIPHERAL BLOOD OF SURGICAL RA PATIENTS

Synovial tissue was obtained from RA and OA patients undergoing joint replacement
surgery. The CE of T cells from the peripheral biood and synovial tissue of RA patients compared
to OA patients was similar, but significantly lower than the CE of T lymphocytes from controls.
While the mean duration of RA disease was not different in the RA patients who did or did not
undergo surgery, the decrease in the CE of T cells from the surgical RA patients may reflect the
fact that these RA patients had a more aggressive, more severe, or more active disease for 3
longer period. The CE of T cells from the synovial tissue and peripheral blood of the OA patients
was significantly less than the CE of control peripheral biood T cells. However, the OA patients
were significantly older than the controls and age is associated with a decline in the CE of T cells in
the heaithy population (Jones et al. 1995). We were not able to study an age matched control
group of elderly persons. Therefore, due to the disparity between the OA patients and controls. a
conclusion can not be appropriately drawn.

The frequency of mutant T celis in RA and OA synovium was significantly greater compared
to the peripheral blood of the same patients. The cFMC was 10-fold greater in the synovium of RA
and OA patients compared to the peripheral blood. Within the RA synovium, T cells may be
stimuiated to proliferate by a variety of self or foreign processed-peptides presented by
macrophages and dendritic cells in combination with costimulatory cytokines (Kuby 1934). The T
cells can also be stimulated by TCR-independent pathways to release various cytokines and
growth factors (Kuby 1994). Within this mitogenic environment, the T cells may suffer genetic
damage due to the presence of genotoxic species released by macrophages, mast cells,

synoviocytes, fibroblasts, and endothelial cells. The mutagenic and mitogenic environment of the
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inflamed synovium may be one of the mechanisms which could explain the elevated cFMC in the
synovial tissue of RA patients.

The FMC and cFMC from the peripheral blood of RA compared to OA patients did not differ
significantly. The FMC from the RA synovium was significantly greater than from the OA synovium
but there was no significant difference in the cFMC. A definitive conclusion can not be formulated
because the mean age of the OA patients was significantly greater than the RA patients. The
frequency of mutant T cells is known to increase with age (Green et al. 1995: Jones et al. 1995).
suggesting that the elevated FMC and cFMC observed in OA patients may refiect in part the age of
the patients as well as the disease process.

OA is considered to be a degenerative non-inflammatory disease of joints (Brandt and Mankin
1993). Upon histological examination. in early OA there is less synovial proliferation compared to
RA. Nevertheless. iymphocytes can be seen dunng the late stages of the disease and an equai
number of T cells were isolated from the synovium of RA and OA patients. As in RA. the T
lymphocytes isolated from OA synovium were CD29- and could adhere to fibronectin. These
results imply that as osteoarthritis progresses. lymphocytes may infiltrate the synovium in a manner
similar to what is thought occur in RA. Although the diseases may be initiated by two distinct. as
yet undefined mechanisms, the damage sustained by the infiltrating synovial T lymphocytes may
be caused by the mitogenic and mutagenic environment in both of these diseases. Once present
in the RA or OA synovium, T lymphocytes may reside within the tissue for an undefined period and
subsequently re-enter the peripheral circulation. Thus. the mutant T cells in the penpheral blood
may represent the T cells that sustained damage in the synovium.

There was a positive correlation between the cFMC from RA synovium and peripheral biood

from the same patient. These results suggest the T cells may incur genetic damage within the




mitogenic and mutagenic environment of the RA synovium and then re-enter the peripheral
circulation. In the OA patients there was no correlation between the cEMC from synovium
compared to peripheral blood of the same patient. This result suggests that the T cells from OA
synovium may remain within the joint for a longer period, recircuiate less frequently, or that the
peripheral blood mutant T cells sustained genetic damage in a location other than the inflamed
synovium.

Interestingly, the RA and OA mutant and non-mutant cells from the synovium could not be
cloned in the long-term. The T lymphocytes grew to form a visible clone within 3 weeks and the
cells died within the next 3 to 4 weeks in all cases except 1 RA patient. The T lymphocytes may
have been overstimulated within the synovium due to the highly mitogenic environment and further
inappropriate in vitro stimulation resulted in apoptosis. Therefore, the in vitro culture conditions
may not have provided the necessary growth conditions to favour T cell growth. implying that with
the appropriate conditions, the cFMC from RA and OA synovium may be even greater. T
lymphocytes from the synovium appear to be chronically activated in vivo. thus stimulating the T
cells in vitro may prove to be very difficult. Modulating the in vitro culture conditions such as PHA
stimulation and cytokine addition may facilitate T celf growth. The activational state of T
lymphocytes may vary from patient to patient due to the nature of the disease and the chronic
stimulation of the T ceils may vary due to the severity of disease within that particular joint in a

specific patient.



5. THE INCREASE IN THE FREQUENCY OF MUTANT T CELLS IS NOT AN IN VITRO
PHENOMENON
When the MNC are plated under selection condition with 6-TG, it takes several hours for the

6-TG to enter the hprt* ceiis. be converted inio a toxic nucieotide, and kiii the cell (Albertini et al.

1982: Morley et al. 1983). Cells which contain a mutation in the hprt gene do not produce a
functional HPRT protein and are able to survive in the presence of the purine analog, 6-TG. During
this lag period, inflammatory cells such as macrophages and granulocytes are able to secrete a
variety of ROS and RNS including H20,. H,0; is a lipid soluble molecuie that is able to enter ceil
membranes. H20; can interact with transition metals within the cells including those associated

with DNA, and produce OH- which in tum can cleave the DNA molecule resulting in genetic

damage (Halliwell et al. 1988). This event theoretically could result in an in vifro increase in the
frequency of mutant T celis detected by this assay. Catalase was added to the cultures because
this enzyme catalzyes the breakdown of 2 H;0, into 2 H20 and O,. If the inflammatory cells were
releasing sufficient H,O; in culture to induce DNA damage, then the addition of catalase would

prevent DNA damage via H20, and result in a decline in the frequency of mutant T cells detected

by the hprt assay. There was no significant change in the FMC and the cFMC from the peripheral

blood of RA patients and controls in the absence or presence of catalase. The argument that the
elevated frequency of hprt mutant T celis is not an in vitro phenomenon, is further strengthened by
the fact that the FMC and the cFMC from the peripheral biood of healthy controls did not vary
significantly when the T lymphocytes were piated immediately in selection medium or remained in
culture for 2 days and then were plated in the presence of 6-TG. Therefore, the 2-day culture

duration may not provide sufficient time for T lymphocytes to suffer genetic damage from the




genotoxic species released by inflammatory cells and to be stimulated to proliferate due to the

presence of MNC.

6. CORRELATION OF CLINICAL DISEASE WITH FMC FROM THE PERIPHERAL BLOOD OF
RA PATIENTS
6.1 Disease Activity

RA patients were divided into 2 categories based on clinical disease parameters. | defined
‘active’ disease according to the clinical criteria for RA disease activity for the inclusion of patients
in clinical trials (Felson et al. 1993). The CE of T lymphocytes from the peripheral blood of RA
patients with ‘active’ or ‘inactive’ disease did not differ significantly. However. the CE of peripheral
blood T cells from patients with ‘active’ or ‘inactive’ disease was significantly greater than the CE of
T cells from the peripheral bicod and synovial tissue of RA and OA patients who underwent joint
surgery. These results suggest that the criteria for clinically active disease may not adequately
refiect the amount of damage sustained during the course of the disease. The frequency of mutant
T cells may reflect the total amount of ‘active’ disease in years and not current disease activity. |
was not abie to evaluate the total amount of ‘active’ disease or severity of ‘active’ disease for these

patients in a retrospective manner.

6.2 Clinical Disease Parameters

There was no correlation between any of the clinical disease parameters evaluated and the
cFMC from the peripheral blood of RA patients. The clinical disease parameters analyzed are
useful measures of current disease activity and thus may not reflect long term genetic damage.

Disease parameters which reflect the chronicity of disease include joint erosions. The presence of
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erosions and RF, as well as the patient's cigarette smoking habits did not comelate with the cFMC
from the peripheral blood. Although the result was not significant, there was a trend toward an
increase in the cFMC with the presence of erosions which suggests that the cFMC may reflect
disease chronicity. However, the patients with rheumatoid noduies had significantly lower cFMC
compared to patients who did not have nodules. Rheumatoid nodules and joint erosions usually
correiate with each other. Nodules tend to correiate with disease seventy however, noduies can
increase or decrease with the use of different medications. For example, methotrexate treatment
correlates with increased nodule formation (Amett et al. 1988: Felson et al. 1993). Thus, similar to
current disease activity, the presence of nodules at one particular time point may be deceiving.
The corrected frequency of mutant T celis may not be related to disease activity or severity, but
with the degree of inflammation within a particular joint over the entire course of disease.
Unfortunately, not ail the patients had compiete clinical data available. A definitive conciusion
conceming the data of disease severity and chronicity can not be made untit further patients are

studied.

6.3 Patient Medication
Alkylating agents have been shown to increase the frequency of mutant cells (Branda et al.

1991). Azathioprine, an RA disease-modifying drug. and 6-mercaptopurine, the active in vivo

metabolite of azathioprine, can also induce somatic mutations and potentially select for hprt

deficient cells (Albertini et al. 1990). Interestingly. azathioprine is a medication used to treat RA
and SLE patients that potentially can select hprt- T cells. There was no correlation with an increase

in the frequency of hprt mutant T ceils from the peripheral blood of SLE patients and azathioprine
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treatment (Gmelig-Meyling et al. 1992). To formally examine the possible contributions of the
Cytotoxic disease-modifying drugs the cFMC of subgroups of patients with or without a particular
therapy were assessed. There was no significant association found between the cFMC and the
various patient medications. These results suggest that the patient treatment did not cause the
elevated FMC seen in the RA patients compared to controls. The results are strengthened by the
fact that some patients who were not currently taking disease-modifying medication stili had an

increase in the cFMC in the peripheral blood compared to controls.

7. PHENOTYPE OF THE PERIPHERAL BLOOD RA AND CONTROL T CELL CLONES AND THE
RA AND OA SYNOVIAL TISSUE T CELL LINES

The phenotype of the RA peripheral blood mutant T celi ciones supports the concept that
these T cells may have infiltrated the inflamed synovium. The RA synovial tissue T cell lines were
predominantly CD4+ «2 T celis which is consistent with earlier reports (Cush and Lipsky 1988).
The RA and control peripheral blood T cell clones also demonstrated this pattem of expression:
however. this is most likely due to the cloning process itself. The T lvmphocytes derived from MS
and SLE patients using the hprt clonal assay were also CD4- suggesting that the cloning process
may select CD4+ T celis (Ailegretta et al. 1990: Gmelig-Meyling et al. 1992). RA synovial tissue T
lymphocytes exhibit a 2 to 3-fold increase in migratory capacity over normal and RA peripheral
blood lymphocytes (Hauzenberger et al. 1994). Circulating T cells gain entry into the synovium first
by binding to the vascular endothelium through LFA-1/ICAM-1 (Kavanaugh et al. 1994: Stewart et
al. 1996: Yokoto et al 1995) and x432/VCAM (Berfin et al. 1995: Johnston et al. 1996)
interactions and then by infiltrating the synovial membrane (Elices et al. 1994). Variation in the

surface expression of cell adhesion molecules may explain preferential retention of specific
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lymphocytes in rheumatoid synovium. Cytokines such as IL4 found in the synovium enhance
VCAM expression and thus enhance T cell infiltration (Shimada et al. 1994). in the synovial fluid
and tissue, T cells interact with fibronectin through a421, 0587, (Rodriguez et al. 1992: Elices et
al. 1994) and x4 3 7integrins (Chan et al. 1992).

The T lymphocytes derived from the synovial fluid and synovial tissue display an increased
expression of CD29 (31 integrin) (Rodriguez et al. 1992: Elices et al. 1994). The RA and OA
synovial tissue T cell lines and the RA peripheral blood mutant T cell clones bound to fibronectin
with a similar affinity and this interaction was inhibited by anti-CD29 MAb. Fibronectin adherence
by RA synovial tissue T cell lines and RA peripheral blood mutant T cell clones was also inhibited
when the cells were pre-incubated with soluble fibronectin containing the CS-1 sequence. The CS-
1 inhibition assay was implemented to demonstrate the specificity of CD29 to the CS-1 fibronectin
sequence.  Previous investigators demonstrated that the CS-1 fibronectin sequence was
exclusively restricted to inflamed RA endothelium and is a dominant fibronectin variant in the RA
synovium compared to healthy tissue (Elices et al. 1994). An increase in CD29 expression was
observed on the RA peripheral blood mutant T cell clones and the RA synovial tissue T cell lines.
in contrast, the RA peripheral blood non-mutant T cell clones, and the control non-mutant and
mutant T cell clones did not bind to fibronectin and expressed lower levels of CD29. Thus, the RA
mutant T cell clones displayed a unique phenotype compared to the other T celi clones from both
the RA patients and controls.

Arroyo and colleagues described enhanced expression of 15/7 epitope of 32 integrin on
synovial fluid T cells compared to peripherai blood T cells (Aroyo et al. 1995). This epitope was
upregulated by IFN-gamma IL-2, and TNF-a all of which are found in the synovium (Feldman et al.

1996). Therefore, not only do the RA mutant peripheral biood T cells and synovial tissue T celis
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express high levels of the 81 integrin but they also might display the 15/7 epitope, which correlates
with higher binding ability to fibronectin. However, | did not anaiyze this epitope expression.
These results suggest that the RA peripheral blood mutant T cells and the RA synovial tissue T
cells display a similar phenotype, thus i concluded that ine mutant T ceils may have acquired these
characteristics while in the milieu of the inflamed synovium or now have the potential to enter the
inflamed synovium to due to the expression of various adhesion molecules.

Binding to fibronectin by the RA and OA synovial tissue T cells fines and RA peripheral blood
mutant T cell ciones was not significantly affected by the addition of anti-x< 2~ MAb. This integrin
interacts with MAJCAM-1 and is found on lymphocytes that home to the Peyer's patches and
intestinal epitheiium (Ere et al. 1994: Shyjan et al. 1996). %43~ has also been found on RA
synovial tissue T cells with various levels of expression (Lazarovits and Karsh 1933). This integrin
can also interact with CS-1 domain of fibronectin (Chan et al. 1992) and VCAM-1 (Chiu et al. 1 995).
Using site-directed mutagenesis, Chiu and coworkers (1995) demonstrated that the amino acid
residue requirements for VCAM-1 binding to 5427 and 4= - are similar but not identical. Chan
and associates (1992) demonstrated that the B cell line, JY, expressed a high level of a4 & 7and
17 fold less of o4 3zintegrin. Afer 15 minutes of 12-o-tetradecanoylphorbol-13-acetate (TPA)
stimulation, which is a period too short to alter integrin expression, anti-31 MAb caused a 60 to
80% inhibition of JY ceil adherence to CS-1 peptides and a 40 KDa fibronectin fragment.. The
investigators transfected some JY cells with the 31 integrin, JY-31. On unstimulated JY-31 cells,
anti-31 MAD caused a 100% inhibition of cell adhesion. Therefore, if a437 is an adhesion
receptor for the CS-1 domain of fibronectin or a region in the 40 KDa fragment, it is substantially

less effective than o422, Thus, i hypothesize that a4 37 does interact with the CS-1 sequence
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of fibronectin but with a lower affinity than c231. The mean binding to fibronectin by the synovial
tissue T cell iines and peripheral biood mutant clones was not significantly inhibited by anti-a¢ 2 7
MAb; however, the results varied among patients and inhibition occurred in some individual RA
patient samples. RA and OA synovial tissue T cell lines have been examined for the expression of
a4 37 integrin and 30 to 100% of the cell lines expressed the integrin following PHA stimulation
(Dr. Karsh, personal communication). This variability in expression of o4 27 by synovial tissue T
cells following PHA stimulation may explain the variation in adhesion to fibronectin by synovial cell
lines and T celi clones. Therefore, the RA and OA synovial tissue T ceils and mutant T cell clones
may express various levels of the a4 37 integrin, or a4 37 may mediate binding depending on the
activation state of the cells. T lymphocytes that matured in the intra-epithelium of the gut also
express high levels of this integrin, so the variability may also reflect T cell origin (Chan et al. 1992)

Anti-igG1 and anti-CD7 MAb were used as negative controis in the fibronectin binding assay.
CD7 is a 40 KDa membrane glycoprotein expressed on T cells in association with CD3 and CD45.
CD7 ias been proposed o be invoived in an altemative activation pathway for T ceils (Carrera et
ai. 1588). Lazarovits and associates {1992) have described 2 subsets of T cells in RA synovium:
CO7-and CDT7:. Aii the ceiis, within the 2 defined subsets are CD4-, CD29%, and CD45RO*. The

presence of either anti-CD7 or anti-igG: had no significant effect on mean fibronectin binding.

anti-CO7 MAD did have a vaiiabie effect on fibronectin binding from individuai RA patient
samples, which suggests that this ligand may be involved in cell adhesion or cell signaling to
upregulate adhesion molecules. The variation in resuits may be explained through the differential

expression of CD7 on T cells from the RA synovium.




8. MUTATION FREQUENCY VERSUS MUTATION RATE

The frequency of mutant T celis is defined as the proportion of mutant cells in a population
and is readily estimated. The mutation rate (MR) is the rate at which mutational events occur. A T
celi, in which a mutation has occurred, may divide to give nse to several descendants, so that a
given FMC may reflect a considerably smaller number of mutational events (Green et al. 1995).
Although, Fuscoe and colieagues isolated mutant colonies from T ceil receptor gene rearrangement
patterns ana showed that most mutants tested were of independent origin rather than the ofispring
of a singie mutation {(Fuscoe ef al. 1552a). Furihermore, Allegretta and coworkers determined TCR
reairangement of the hprt mutant and non-mutant clones from MS patients using DNA dot biot
analysis revealed that there was not a clona! expansion of a singie hprt mutant T cell (Ailegretta et
al. 1990). These results suggest that the increase in the frequency of mutant T celis observed in
the peripheral biood. synovial fiuid, and synovial tissue of RA patient s not due to a clona!
expansion of a group of T cells.

Although the FMC is highly variable, when a large number of subjects was examined, it was

clear that the FMC follows a well defined pattem. By following Lea and Coulson’s methods (1949),
it is possible to obtain estimates of MR. There is evidence for early selection against hprt cells
and this would allow for the estimate of MR from a zero age intercept (McKeran et al. 1974). Gfeen
and associates (1995) determined that the mean cFMC of 80 healthy newboms was 0.93 x 10%.
Assuming 10" T lymphocytes to be present in the body and a 3 fold selection against hprt ceils,

they reached an estimate of MR of 0.25 x 10%. The investigators believed that this estimate
shouid be reduced to take into account the iikelihood that a proportion of mutants in newboms has

arisen via V(D)J rearrangement related events which are likely to be specific to this stage in
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development. To estimate the newbom cFMC, they took an estimate of a total potential T cell
number in newboms of 1 x10% and a 10 fold selection against hprt- cells, giving a MR of 0.9 x10-.
The investigators determined the FMC from people at various ages, and their results demonstrated
that the MR assumes that the average T cell undergoes 0.26 divisions per year. if the average T
cell undergoes 1 additional division per year then the estimate of MR will be 0 28 x 10€. The best
estimate shouid reconcile the values obtained by these methods, thus the MR at the hprt locus is 5
x 1077, The precision of this estimate would be improved if more information on the rate of tumover
of T celis were avaiiable.

The increase in the range of FMC with age reported by various investigators (Jones et al.
1995), can be accounted for by the bottle-neck effect, provided that the likelihood is high that a
number of hprt mutants will expand to form substantial clones during the lifetime of the typical
individual. The bottle-neck effect suggests that the mutant T ceil wiil survive and give rise to
orogeny, thus increasing the overall number of mutant T cells within that given population (Green et
al. 1995). However, even though an increase in FMC has been reported with age, factors such as
the environment and smoking status also play a role (Jones et al. 1995 and Jones et al. 1993).
Green and coworkers (1995) demonstrated that the FMC for healthy individuals between 30 and 50
years was 1.23 x 10%, which is very similar to the values obtained from controls in my hprt clonal
assay and from other investigators (Robinson et al. 1994). Aithough the controls for the hprt assay
are younger than the RA patients, the age of the patients alone can not account for the increase in
the frequency of mutant T cells (Robinson et al. 1994: Albertini 1985). Thus, the increase in FMC

seen in RA patients could be due to an expansion of hprt T cells which would result in a clonal




expansion of T cells in the peripheral blood, synovial fluid, and synovial tissue; however, there is

inconsistent evidence to suggest clonal expansion of T celis occurs in the RA synovium.

9. REACTIVE NITROGEN AND OXYGEN SPECIES

9.1 RA Synovium

The hprt clonal assay has selected T lymphocytes from the peripheral blood, synovial fluid.

and synovial tissue that have undergone mitogenic stimulation and genetic damage. inflammatory
cells infiltrate the synovium and in acutely activated joints, fibrin deposits and PMN are found
(Firestein 1994: Hamis 1993). The activated ieukocytes can secrete RNS and ROS which can
cause cellular and tissue damage (Bashir et al. 1993: Halliwell ef al. 1988). Recently, there has
been a great deal of evidence that reactive nitrogen and oxygen species may be involved in the
pathology of RA (Farrell ef al. 1992: Grabowski et al. 1996: Sakurai et al.1995).

Macrophages infiltrating the OA or RA synovium can be stimulated to release IL-1 which can
act on neutrophils (Rosen et al. 1995), synoviocytes (Strefanovic-Racic et al. 1992), and
chondrocytes (Pelletier et al. 1993) to secrete NO and metalloproteinases (such as collagenase)
which can genetically damage stimulated cells and degrade the extracellular matrix, respectively
(Murrell et al. 1995: Krane 1989). A recent report indicated that NO could cause chondrocytes to
undergo apoptosis (Blanco et al. 1995). Using a Streptococcal cell wall-induced arthritis, an animal
model of RA, high levels of nitrite were found in the synovial fluid of the animal and the authors
confirmed that the severity of disease declined when the animals were treated with NOS-inhibitor,
NG-monomethyl-L-arginine (NMMA) (McCartney-Francis et 4. 1993). These data suggest that NO

is present within the inflamed RA or OA synovium.




9.2 Nitric Oxide Can Cause DNA Damage

The fhprt gene is approximately 44 kilobases in length and is composed of 9 exons encoding
800 nucleotides (Patel et al. 1986). Fuscoe and associates (1994) demonstrated that the
hemizygous nature of the hprt locus permits the recovery of mutations primarily affecting the
function of the single gene. In 1994, Nelson and colleagues demonstrated that X-rays induce total
hprt gene deletion in 53% of the TK6 cells anaiyzed, compared to 16% spontaneous deletion. The
X-ray total gene deletions were found to be significantly larger than those arising spontaneously.
Only one spontaneous deletion encompassed any Xq26 marker other than hprt, while X-ray
induced deletion extended at least 0.4 Mb beyond the hprt. Therefore, cells can tolerate hprt
mutations and large scale gene deletion (Neison ef al. 1995).

Recently, there has been increasing evidence that NO and its by-products can cause DNA
strand breaks. in 1993, Fehsei and associates demonstrated that macrophages and the NO donor.
sodium nitroprusside, caused DNA strand breaks in islet cells, while the addition of NG-
monomethyi-L-arginine (NMMA) prevented macrophage induced DNA damage. This finding
provides evidence that NO produced by macrophages is capable of causing DNA strand breaks
and possibly gene deletion but it does not exclude the contribution of other mutagenic species.

NO may play a key role in the maintenance of the inflammatory process and perhaps
cause celluiar as well as tissue damage in the RA or OA synovium. The damage caused by NO
could reflect the elevated hprt mutation frequency observed in the RA and OA synovial tissue T

lymphocytes, although | have not directly addressed this issue.
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9.3 Can Sustained Levels of Genotoxic Species Result in Neoplasm?

Many cancers are characterized by aberrations in chromosome structure or number (Dameil
et al. 1990). There is epidemiological data that has defined a relationship between autoimmune
diseases and maiignancy. The risk of colorectal cancer is significantly elevated in patients with
Crohn’s disease and ulcerative colitis (Greenstein et af. 1981). RA patients have an increased risk
of hematopoietic cancers of B ceils and myelocytes, including lymphoma and multiple myeloma
(Gridley ef al. 1993: Laakso et al. 1986). The elevated frequency of mutant T cells, the reported
increase in serum and synovial fluid nitrite, the high ievel of expression of iINOS in inflammatory
cells within the RA synovium, and the evidence that NO causes DNA strand breaks suggests a

possible link between NO production. induction of genetic damage, and the development of
neoplasm. While | did not examine the frequency of hprt mutant B cells. one could predict that the

mutation frequency at this locus in B ceils from RA peripherai biood and synovial tissue would aiso
be elevated compared to controls. Therefore, the presence of mutant T cells within RA suggests a
mechanism for the induction of malignancy.

The hprt clonal assay may be useful for the isolation and identification of a subset of T
lymphocytes that are potentially relevant to the RA disease process. The hprt mutant T ceiis
isolated from the peripheral blood of RA patients may represent T lymphocytes that were
mitogenically stimulated and genetically damaged within the inflamed synovium and subsequentiy
re-entered the peripheral circulation. Autoreactive and/or antigen-specific T lymphocytes may be
among the mutant T ceiis subset; their further characterization may be useful in understanding the

pathogenesis of RA.
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10. SUMMARY AND CONCLUSION
1) I'have utilized a strategy to identify and anaiyze a subset of T lymphocytes in RA patients.

2) There is a increase in the frequency of mutant T lymphocytes in the peripheral blood of RA

patients compared to controis.

3) The increased frequency of mutant T cells from the peripheral blood of RA patients compared to
controls is not an in vitro phenomenon as demonstrated by the catalase assay and the duration

assay.

4) The increased frequency of mutant T cells from the peripheral blood of RA patients is not

associated with RA disease activity as measured in this study.

5) No clear cormelation was found between clinical disease parameters or current medication and

the frequency of mutant T lymphocytes found in the peripheral blood of RA patients.

6) The frequency of mutant T cells from the synovial fluid was significantly greater compared to the
peripheral blood of controls but not significantly greater compared to the peripheral biood of
unselected RA patients from the outpatient clinic. This result suggests that the RA synovial fluid

may not be a mitogenic and mutagenic environment.
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7) The frequency of mutant T cells from the synovial tissue is increased approximately ten-fold
compared to the peripheral bicod of the same surgical RA or OA patient suggesting that the
inflamed synovium may contain the necessary mitogenic and mutagenic factors to cause genetic
damage to T iymphocytes. The peripherai biood mutant T ceiis may have sustained genetic

damage in the inflamed synovium and then re-entered peripheral circulation.

8) The mutant T cell clones from the peripheral biood of RA patients and RA synovial tissue T celi
lines have a similar phenotype: the cells bind to fibronectin equally well and express similar levels
of CD29. The RA peripheral blood mutant T cell clones may have been genetically damaged in the
inflamed synovium and re-entered the peripheral circulation or have the capacity to infiltrate the

synovium.
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11. FUTURE DIRECTION
11.1 T Lymphocytes Important in the Pathogenesis of RA

There is a low frequency of autoreactive or antigen-specific T cells in the peripheral blood,
synovial fluid, and tissue of RA patients. These T celis may be among the mutant T celi
population. Therefore, the characterization of this subset of T cells may provide a clue as to the
role that T celis piay in disease initiation and progression.

Autoreactive T lymphocytes in the peripheral blood and synovial tissue of RA patients may
be among the mutant T cell popufation. Severe combined immunodeficieny (SCID) mice have
recently been implemented to study the pathogenesis of RA (Houri and O'Sullivan 1995). In 1995,
Mima and associates demonstrated the induction of synovial hyperplasia, which mimicked
histopathological changes observed in RA synovium at early stages of the disease, in SCID mice
transferred with MNCs from rheumatoid joints by intraarticular injections. However, this induction
did not occur with cells from all patients. In the affected mice, the TCR V3 gene usage appeared
to be skewed in the peripheral blood and synovial tissue. However. the predominance of T
lymphocytes in the MNC injected into SCID mice suggests that the induction of synovial
hyperplasia observed is T cell mediated. Thus, to verify the role of the mutant versus non-mutant T
cell clones from the peripheral blood, synovial fluid, and synovial tissue, these cells could be
injected into a SCID mouse. if the injected mutant T ceil clones induce synovial hyperplasia, then
this would strengthen my postulate that autoreactive T lymphocytes are part of the mutant T cell
population. One could then speculate that the method of isoiating the potentially autoreactive T

cells is accurate and that the disease is T cell mediated.
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11.2 Reactive Nitrogen and Oxygen Species and Their Involvement in the FMC in RA

Reactive nitrogen and oxygen species within the synovium may results in tissue, ceilular,
and genetic damage, and may contribute to the self-perpetuating nature of the rheumatoid process.
To determine the extent that H.O; could cause genetic damage T iymphocytes could be incubated
with various concentrations of H.O; in the absence and presence of catalase. The hprt clonal
assay could be implemented to determine the frequency of hprt mutant T cells under these various
culture conditions. However, other genotoxic species released from inflammatory cells such as NO
and ONOG- may damage the T cells (Wink ef al. 1991: Nguyen et al. 1992). Furthermore, T
lymphocytes could also be incubated with NO donors such as sodium nitroprusside in the absence
and presence of inducible nitric oxide synthase inhibitors to determine the genetic damage incurred
by T cells.

Synovial tissue samples obtained from RA patients could be used to determine the FMC,
and the tissue could be stained for infiltrating macrophages, mast ceiis. lymphocytes. plasma ceils.
and PMN. The FMC could be correlated to the level of infiitration and the dispersion of cells. The
infiitrating celis could be stained for iNOS expression and the results might expiain the increase
and variation in the FMC. It would be interesting to verify if the serum nitrite level is correlated with
synoviai tissue iNOS expression or with the FMC in the synoviai tissue or peripheral bicod of that
patient.

Synoviocytes within the RA joint become hyperplastic and assume features of a transformed
aggressively destructive tissue. The changes undergone by the synoviocytes shouid be anaiyzed
and graded. The scores could then be compared to the cellutar infiltration, the FMC, nitrite level,
and iNOS expression. Type A and B synoviocytes may have undergene genetic damage and the

hprt clonal assay could be modified to determine the mutation frequency of these cells.
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With our current knowledge, we can hypothesize that reactive nitrogen and oxygen species
caused fprt gene deletions in T cells from the synovial tissue. This postulate could be examined
by cloning hprt- mutant T cells from the peripheral blood and synovium of RA patients and controls
and analyzing the hprt mutation via polymerase chain reaction and fluorescence in situ

hybridization to define clonality and the molecular nature of the mutation. In parallel, one could
obtain hprt* T lymphocytes from the same patients and expose these celils to various NO-inducing
chemicals, such as sodium nitroprusside and S-nitrosoacetylpenicillamine, to compare the kinds of
mutations incurred within the synovium and via in vitro NO. By comparing the mutations occurring

in vivo with spontaneous and chemical induced genetic events in T cells, our understanding of the

mechanism of mutation in autoimmune disease wiil be strengthened.
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APPENDICES



Figure 15
IL-2 stimulation of T celis. IL-2 stimulation of 1 MNC/well in non-selection medium. MNC were
plated at at concentration of TMNC/well in non-selection medium for 21 days to permit clones to
form. A PH]-thymidine incorporation assay was completed and the results determined using a B
counter. The cells were incubated with various concentrations of IL-2 to determine what
concentration would maximally stimulate the T cell clones. 30 IU/mi of IL-2 initiated the peak

stimulation of the T cell clones.
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Figure 16
PHA stimulation of T cells. PHA stimulation of 2 x 10¢ MNC/well in selection medium containing 6-
thioguanine. Following a 21 day incubation period, a [*H]-thymidine incorporation assay was
performed to determine what concentration of PHA could maximally stimulate T cells in the
presence of 6-thioguanine. The results were read using a ? counter and 0.5 to 2 ag/ml of PHA

produced the maximal stimulus.
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Figure 17
Synovial tissue T cell adherence to fibronectin coated wells. Wells of a 96-well flat bottom piate
was coated with 10 ug/ml of fibronectin (striped bar) and 0.01% poly L-lysine (solid bar). The
synovial tissue T cell lines of various concentrations were incubated in the wells coated with
fibronectin and poly L-lysine to determine which concentration of T cells would bind equally well to
fibronectin and poly L-lysine coated wells. The absorbance is based on the readings obtained from

the spectrophotometer.
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