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Abstract

ABSTRACT

This study has demonstrated that a highly reproducible model of experimental 

autoimmune uveoretinitis (EAU) can be achieved in the B10.RIII mice using a human 

interphotoreceptor retinoid binding protein peptide corresponding to amino acid rsidues 161-180. 

Using a histological grading system which graded both cellular and structural scores individually, 

the time course of disease in this model was examined and found to be predictable and consistent. 

Disease was acute in nature characterised by rapid onset of a massive inflammatory response 

which resulted in extensive damage to the rod outer segments and neuronal layers of the retina. 

Treatment with potent immunosuppressive agents, CD4 monoclonal resulted in the inhibition of 

disease and a reduction in disease incidence. In addition, treatment with p55-tumor necrosis factor 

receptor-Ig (p55-TNFR-Ig) fusion protein reduced structural damage to the retina despite a high 

level of cellular infiltration in the eye. This suggests that target organ damage in an acute model of 

EAU can be modulated. However, the value of the B10.RIII human IRBP161'180 induced model 

maybe of limited value in the study of immunosuppressive agents.

The albino Biozzi ABHdql mice are susceptible to experimental allergic encephalomyelitis 

(EAE), however their susceptibility to EAU induction was unknown. Initial, studies demonstrated 

that ABH mice were susceptible to EAU induction with native bovine interphotoreceptor retinoid 

binding protein (IRBP), but not S-Antigen (S-Ag). The uveitogenic domain of interphotoreceptor 

retinoid binding protein was then identified for this mouse strain using recombinant domains of 

human IRBP expressed from an Escherichia coli expression system. Following sensitisation with 

the individual domains of IRBP, ABH mice were found to be susceptible to disease induction with 

IRBP domain 2. The mice developed disease with high incidence and moderate disease scores. 

Examination of the disease course over a six week period indicated that disease was of a chronic 

progressive nature. However, in this model although an inflammatory insult had occurred in the 

eye the resulting level of retinal destruction less severe than that seen in the B10.RIII IRBP161’180 

induced model of EAU and an intact retina still remained at six weeks post-immunisation.

Using synthetic overlapping peptides corresponding IRBP domain 2, a uveitogenic and 

immunogenic epitope was identified. The uveitogenic epitope corresponded to human IRBP51U530 

and incidence disease with high incidence and mild disease scores. Further immunogenic epitopes 

residing in IRBP domain 2 were identified which may be involved in the amplification of disease 

in the ABH mice. IRBP511’530 also contains some characteristics which have been identified to be 

involved in the H-2Ag7 binding motif. However, further analysis of the amino acid residues is 

required to determine the important residues.

This study also examined EAU in (ABH X B10.RIII) FI mice and showed that these mice 

are susceptible to disease induction with retinal antigens which are positive in both B10.RIII and
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Abstract

ABH mice. Furthermore, (ABH X BiO.RIII) FI mice are susceptible to a novel antigen, 

corresponding to IRBP domain 3, which is not uveitogenic in either the ABH or BIO.RIII mice. 

The (ABH X BIO.RIII) FI mice may provide a useful system for studying the effects of BIO. 

background genes and bystander suppression studies.
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Chapter 1 Introduction

L I. UVEITIS.
Located between the retina and the sclera, is the uvea which is the main vascular coat of 

the eye. It consists of three continuous structures, the choroid, ciliary body and iris. Therefore any 

inflammation of the uveal tract affects the tissues it supplies or is contiguous with, particularly the 

retina and may result in visual impairment or in extreme cases blindness. Uveitis is a generic term 

originally used to describe immune mediated, inflammatory conditions of the uveal tract. 

However, uveitis is represented as a whole spectrum of intra-ocular inflammatory conditions, 

which are not solely confined to the uveal tract and in some cases the retina is involved (Dick, 

1998a). Therefore, currently uveitis is commonly used to describe any form of intra-ocular 

inflammation (Nussenblatt and Gery, 1996). Classification of uveitis is based on the anatomical 

location of the inflammation (anterior uveitis, intermediate uveitis, posterior uveitis, or pan uveitis) 

and aetiological (non-infective and infective causes) features which are presented in the clmic. 

Uveitis is often chronic in nature and affects 20/100,000 people in the UK per year (Forrester et 

al., 1990). Approximately 10% of people under the age of 65 who are registered blind are blind as 

a consequence of uveitis.

Systemic disorders such as anklylosing spondylitis, juvenile rheumatoid arthritis (JRA), 

multiple sclerosis (MS), Behqets disease and sarcoidosis are often associated with intra-ocular 

inflammation (Rothova et a l, 1996). In addition, ocular manifestations may be key diagnostic 

features in disorders such as Reiter’s syndrome, Behpet’s disease and Vogt-Koyanagi-Harada 

(VKH) syndrome. Although uveitis can occur in association with systemic disorders, it also occurs 

as an organ specific disease, as in the case of sympathetic ophthalmia (SO) and pars planitis, where 

the patient may not develop the manifestations of any systemic disease.
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Figure 1.1. A horizontal section through a human eye. Diagram is adapted from ‘The vertebrate 
Eye’ by R.A. Weale.

17



Chapter 1 Introduction

1.1.1. Anterior Uveitis.
Anterior uveitis may be acute recurrent or chronic and direct infective causes are rare.

Acute anterior uveitis (AAU) is usually a benign, unilateral disease, characterised by inflammatory 

cell infiltration of the anterior chamber (AC), iris and ciliary body and is a self limiting disorder 

that runs a clinical course of 4-12 weeks (Wakefield et al., 1986; Rothova et al, 1987). In non- 

infective, acute recurrent anterior uveitis (AAU), there is a strong association with major 

histocompatibility complex (MHC) class I antigens, in particular, the human leucocyte antigen 

(HLA) B27 haplotype (19-88% association) (Brewerton et al., 1973; Feltkamp, 1995). Other 

diseases such as ankylosing spondylitis and Reiter’s syndrome have a strong association, 90% and 

60% respectively, between the presence of HLA-B27 antigen and development of disease 

(Nicholls, 1975). Studies have demonstrated a close association between AAU and sero-negative 

arthropies, such as ankylosing spondylitis, Reiter’s syndrome and arthritic syndromes and the 

presence of HLA-B27 antigen (Saari et al., 1982; Wakefield et al., 1991).

Infective agents such as gram negative bacteria and viruses, have been commonly 

implicated in the pathogenesis of AAU and other HLA-B27 related diseases, although their role is 

as yet ill-defined. However, the link between AAU, ankylosing spondylitis and HLA-B27 antigen 

has given this view point more credence. Ankylosing spondylitis has been proposed to be 

associated with infection from Yersinia enterocolitica bacteria, through cross reactivity between 
epitopes on the foreign antigens and on joint-associated autoantigens which bind to HLA-B27 (de 

Castro, 1989). AAU has been associated with Klebsiella pneumoniae infection, which has also 

been associated with ankylosing spondylitis (Ebringer et al., 1979; Mattila et al., 1982; Larkin et 

al, 1988; Wakefield et al, 1990). One study has demonstrated an increase in the prevalence of 

antibodies to Yersinia in patients with AAU as compared to controls, although a difference was not 

detectable between HLA-B27 positive and HLA-B27 negative patients (Wakefield et al, 1990). 

Chlamydia trachomatis infection has also been implicated in the pathogenesis of AAU (Dhingra et 

al, 1982).

It has been suggested that HLA-B27 epitopes may cross-react with epitopes present in 

gram-negative bacteria. Using computer databases it has been shown that the HLA-B27 molecule 

shares many peptide sequences with proteins from a variety of gram-negative bacteria, whereas 

other MHC class I molecules do not show this same degree of homology (Scofield et al., 1993).

1.1.2. Posterior Uveitis.
Posterior uveitis has a variety of causes, some of which are clearly infective, eg.

Toxoplasma retinochoroiditis and Herpes simplex virus (HSV) retinitis, whilst others are 

apparently of a non-infectious nature such as SO. Most posterior uveitic conditions are of 

unknown aetiology and are referred to as idiopathic or endogenous uveitis. These forms of uveitis
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represent an heterogenous group of syndromes which include organ specific diseases such as SO, 

birdshot retinochoroidopathy and those associated with systemic disorders such as sarcoidosis, 

VKH syndrome and Behcet’s disease. Clinical-pathological features common to these syndromes 

are retinal vasculitis, choroidal-retinal infiltrates, vitreous cell infiltration and macular oedema. 

Posterior uveitis is usually of a chronic relapsing nature that can be difficult to manage clinically 

and unfortunately in more severe cases, permanent visual loss occurs.

Histopathological analysis has shown that posterior uveitis is characterised by 

inflammation in the choroid and retina, which is frequently associated with MHC class II antigen 

expression (Lightman and Chan, 1990). SO is characterised by focal chorioretinal granulomas, 

referred to as Dalen-Fuchs nodules. Similar findings are observed in VKH syndrome and diffuse 

choroiditis (Lightman and Chan, 1989). Retinal vasculitis may be characteristic of an ‘idiopathic’ 

disorder, or as part of a specific disease entity such as sarcoidosis, Behcet’s, or MS. Predominant 

choroidal inflammation is characteristic of some types of endogenous posterior uveitis, for 

example birdshot choroidoretinopathy, where there is an extensive subretinal focal infiltrate and 

patches of retinal pigment epithelium (RPE) atrophy.

The diagnosis of posterior uveitis is based on clinical features and whether there is an 

association with a systemic disorder. The use of laboratory tests in the diagnosis of uveitis, is at 

best limited and is mainly used in the diagnosis, or in the elimination of other diagnoses which 

may have been considered (Singh et al., 1998).

1.1.3. Causes o f Uveitis.
The causes of uveitis have been a matter of debate and views have changed dramatically

over the years. In the past, it was believed that the majority of patients with granulomatous uveitis 

were suffering from syphillis or tuberculosis and an aetiologic cause of the ocular inflammation 

could be assigned to all patients (Guyton and Woods, 1941). Infectious agents such as the parasite 

Toxoplasma gondii or viruses such as Herpes zoster and HSV, can in some cases be recognised as 

the causative agent. However, for many forms of posterior uveitis no infectious agent can be 

identified. It became clear that the concept of infectious agents as the main cause of uveitic 

conditions in man, was no longer a sufficient explanation and an ‘endogenous’ cause was 

considered for idiopathic cases.

It is widely accepted that a disturbance in the regulation of the immune system 

(autoimmunity) is responsible for the perpetuation of many types of human diseases. Under normal 

conditions the body regulates itself from eliciting immune responses to self-antigens in tissues. 

Although clonal deletion in the thymus limits the emergence of autoreactive T cells these are 

present in all individuals (Hirose et al., 1988). Under normal conditions these cells do not induce a 

pathogenic response due to many tolerogenic mechanisms which include peripheral deletion,
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anergy and suppressor activity, thus maintaining a state of self-tolerance. Autoimmunity (Al) 

occurs when the immune system recognises self-antigen and elicits an attack on the body’s own 

tissues.

Al is now believed to be involved in the pathogenesis of many idiopathic uveitic 

conditions seen in man. However, the actual initiating event in immunopathogenic process is not 

fully understood, but as with other immune mediated diseases, immune mechanisms and 

aetiological infectious agents are believed to be involved in these processes (Lightman, 1988). One 

suggestion is that infectious organisms have the ability to incorporate themselves into hosts cells in 

such a manner as to induce an immune response through a process referred to as molecular 

mimicry and an ‘altered self ‘ response is initiated. Alternatively, infectious agents may cause 

tissue damage and the release of normally sequestered antigenic material which may initiate an 
immune response (Theofilopoulos, 1995a). Other mechanisms by which self-tolerance can be 

broken include, idiotypic dysregulation leading to the activation of autoreactive T cells, failure of 

suppressor cell activity, polyclonal B cell activation and superantigenic activation of autoreative T 

cell subsets, enabling an Al response to manifest itself.

It was suggested that an immune response to retinal auto-antigens may be involved in 

‘endogenous’ uveitis. In 1910, Elschnig was the first to propose a role for Al to retinal antigens in 

the pathogenesis of SO. Subsequently, immune responses were demonstrated towards heterologous 

uveal extract in patients who had sustained injury to their uveal tract (Woods, 1921). Further 

evidence to support the role of Al in the pathogenesis of uveitis has arisen over the last 30 years 

with the advent of experimental animal models of uveitis, which mimic many features of clinical 

disease. Induction of these experimental models involves the immunisation of susceptible animal 

strains with retinal specific antigens, which results in clinical and histopathological characteristics 

similar to those seen in the human form of disease (Forrester et al., 1990). In addition, since all 

lymphocyte mediated immune responses, including Al, require the presentation of antigen in 

association with HLA antigens, it has become clear that certain forms of the disease are linked to 

patients of certain HLA allotypes. In animals models genetic predisposition to EAU plays an 

important role in the susceptibility of different strains to disease induction (Caspi et al., 1992a; 

1992b).

1.1.4. Immunological findings from uveitis patients.
There are several lines of evidence which support a dominant role for cell mediated

immune responses in the pathogenesis of posterior ocular inflammation (Lightman and Chan, 

1990; Lightman and Towler, 1992). This evidence has arisen from histological and 

immunohistochemical analysis of eyes from uveitic patients (usually end stage disease) and 

investigations into the cellular and antibody responses elicited during disease.
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1.1.5. Cellular Immunity,
Histological and immunohistochemical analysis of eyes from patients with SO, VKH

disease and birdshot retinochorioretinitis have shown that the predominant infiltrating cell type is 

the CD4+ T cell (Jackobiec et al., 1983; Kaplan et al, 1984; Chan et al., 1988b). 

Monocytes/macrophages have been reported to predominant in lesions such as Dalen Fuchs 

nodules in SO (Jackobiec et al., 1983; Chan et al, 1986c). Furthermore analysis of lymphocyte 

subpopulations in eyes with SO, have shown that CD4+ T subsets are the dominant infiltrating cell 

type in the early stages of disease (Muller-Hermelink et al., 1984), with increased numbers of 

CD8+ (suppressor/cytotoxic subsets) cells found in the resolving phase of the disease course, 

which have been thought to modulate the inflammatory response (Chan et al., 1985a). In addition, 

immunohistochemical studies have shown the expression of class II HLA-DR antigens on the RPE 

from patients who suffered from SO and chronic uveitis (Chan et al., 1986a). The expression of 

MHC class II antigens may be of functional importance, for the initiation and control 

(perpetuation) of disease, as they could present antigen to circulating T-lymphocytes. Furthermore, 

pockets of B lymphocytes have been identified in the choroid, from patients with VKH syndrome, 

which may well be responsible for the production of antibodies to antigens such as melanin and 

myelin which is commonly seen in this disorder (Chan et al, 1988b). A recent report has reviewed 

the types of infiltrating cells observed during uveitis and the involvement of ocular resident cells in 

the pathogenesis of uveitis (Chan and Li, 1998).

Pro-inflammatory cytokines have been implicated in the pathogenesis of experimental 

models of uveitis (see later). However little is known about their role in human intra-ocular 

inflammatory disorders. The presence of cytokines produced by T lymphocytes, for example 

interferon-gamma (IFN-y), interleukin -2 (IL-2), interleukin-1 (IL-1) and tumor necrosis factor 

alpha (TNF-a), have been shown in inflammatory sites of the eye (Hooks et al, 1988; Franks et 

al., 1992; Wakefield et al., 1994). The presence of these cytokines, in particular EFN-y, can initiate 

and upregulate MHC class II antigen expression, which would serve as a local amplification 

system in inflammatory eye disease. Interleukin-6 (IL-6) which is thought to be a pro- 

inflammatory cytokine, has been detected in aqueous humor (AH), (Murray et al., 1990) and 

vitreous of uveitis patients (de Boer et al, 1992; Wakefield et al., 1995). In addition, human RPE 

cells when cultured in vitro have been shown to produce IL-6, possibly suggesting that RPE cells 

are a source of IL-6 production in uveitis (Benson et al, 1992). Furthermore, macrophages have 

been detected in iris biopsies from chronic uveitic patients, which are believed to play a role in the 

pathogenesis of disease by secreting potent biologically active molecules which have multiple 

functions ie. TNF-a and defensins (Jakobiec et al, 1983; Chan et al., 1987; Wakefield et al., 

1994). The above evidence supports the current opinion that cytokines play a role in mediating
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ocular inflammation, whereby manipulation of cytokine networks may provide important 

therapeutic tools in the management of clinical disease (de Boer et al, 1992)

Further to the histological descriptions of T lymphocyte involvement in the above 

disorders, conventional in vitro T lymphocyte proliferation assays have documented T cell 

responsiveness to the retinal autoantigens, soluble antigen (S-Ag) and interphotoreceptor retinoid 

binding protein (IRBP) (Doekes et al,. 1987; Nussenblatt et al., 1980; de Smet et al 1990). Studies 

have also reported that lymphocytes isolated from uveitic patients proliferate to fragments of S-Ag 

and IRBP when added in culture (de Smet et al., 1990; Vrabec et al., 1990; Hirose et al., 1990; 

Rajasingh et al., 1996). However, these studies did not reveal a specific pattern of proliferation and 

were unable to delineate specific fragments or peptides involved in the pathogenesis of the 

underlying disease. It is possible due to genetic variation resulting from the outbred nature of 

humans that each individual uveitic patient may respond to their own unique repertoire of 

fragment(s).

Studies have demonstrated that blood mononuclear leucocyte’s (MNLs) isolated from 

healthy donors, as well as uveitis patients respond to S-Ag and ERBP in culture (Hirose et al, 

1988). A possible explanation for this is the natural occurrence of autoreactive T cells, whose 

activity is normally down regulated by suppressor mechanisms which may be circumvented in 

vitro.
A further interesting finding is that lymphocytes isolated from patients with infective 

ocular toxoplasmosis proliferate to crude retinal antigen (Wyler et al., 1980) and retinal S-Ag 

(Nussenblatt et al., 1989). This may be as a result of the release of S-Ag due to retinal damage 

produced by the toxoplasmosis infection and could subsequently be involved in recurrent ocular 

inflammation of an autoimmune aetiology (Nussenblatt and Gery, 1996)

Studies using limiting-dilution analysis of peripheral blood mononuclear (PBM) cells from 

patients with active forms of diffuse, posterior and anterior uveitis were found to have significant 

frequencies of lymphocytes in their blood. These lymphocytes were capable of secreting IL-2 in 

response to presentation of ocular autoantigen, which is a marker for T cell activation (Opremcak 

et al., 1991). Furthermore, it has been suggested that patients with active uveitis, may have higher 

levels of activated T cells in the circulation, demonstrated by the measurement of their IL-2 

receptor expression (Deschennes et al., 1988; Arocker-Mettinger et al, 1990; Feron et al., 1992; 

Dick et al, 1992).

Further evidence to support the role of T cells in the pathogenesis of uveitis arises from the 

effective clinical management of the disease with Cyclosporin A (CsA) (Nussenblatt et al, 1983a; 

1983b; 1985). IL-2 is an important cytokine that T cells require for activation and proliferation. 

CsA is very successful in the treatment of uveitis, as its mode of action prevents IL-2 production, 

thus inhibiting T lymphocyte activity (Nussenblatt and Palestine, 1986).

22



Chapter 1 Introduction

1.1.6. Antibody Responses.
It has been demonstrated that serum from uveitis patients contains elevated antibody titres

which cross react with bovine S-Ag (Gregerson et al, 1981; Dumonde et al, 1982). In contrast, 

more recent reports have been unable to detect a difference between serum antibody levels in 

uveitis patients and healthy subjects against retinal antigens (Doekes et al, 1987; Forrester et al, 

1989; Hoezkzema et al, 1990a). Reports have even demonstrated that antibodies from patients 

with retinal vasculitis have a lower affinity for S-Ag than healthy control serum (Kasp et al,

1992c), but the significance of these findings are not fully understood.

Immunohistochemical techniques have reported that serum from patients with VKH 

syndrome contains large amounts of antibodies that selectively bind to the outer portion of the 

retina (Chan et al 1985c), suggesting binding to retinal antigens. Other disorders such as Behcet’s 

syndrome exhibit similar patterns of staining, which suggest that retinal B cell Al plays a role in 

the pathogenesis of posterior uveitic diseases (Chan et al, 1985c). The significance of naturally 

occurring autoantibodies to ocular antigens in the serum of healthy patients is not fully understood. 

It is clear that the production of antibodies does not necessarily mean their participation in the 

disease process. It has also been proposed that these antibodies may possibly involved in the 

idiotypic-anti-idiotypic network involved in the regulation of both autoreactivity and immunity to 

foreign antigens.

The presence of autoantibodies against non-ocular antigens has been reported to play a 

role in the diagnosis of some diseases. In the case of juvenile rheumatoid arthritis an important 

diagnostic feature is the presence of anti-nuclear-antibodies (ANA). ANA have also been found in 

patients with sarcoidosis (Hundert et al, 1989) and uveitis patients have also demonstrated anti

thyroid antibodies (Nussenblatt and Gery, 1996). It has been suggested that the presence of 

autoantibodies to non-ocular antigens are of no help in the routine diagnosis of uveitis. However, 

in certain cases of uveitis, in particular those associated with juvenile chronic arthritis it may be 

important in the further understanding of immunopathogenic mechanisms underlying this disease 

(Murray, 1986).

Furthermore, due to the involvement of postulated immune responses to heat shock 

proteins in Al, antibodies to these proteins have been looked for in serum from uveitic patients. 

Significantly higher levels of anti-heat shock protein 70 present in serum from patients suffering 

from Behcet’s, sarcodosis and pars planitis has been demonstrated (Ramadan et al, 1996). 

Interestingly, patients who were likely to have a systemic disorder as with sarcoidosis had the 

greatest levels of antibody, in contrast, to those who had a purely ocular manifestation as with 

some patients with planitis.
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1.1.7. Immune Complexes.
The presence of circulating immune complexes has been reported for a number of uveitic 

diseases, including B eliefs disease (Levinsky and Lehner, 1978; Char et al, 1979; O’Connor, 

1983) and have been demonstrated in the eyes of uveitic patients (Demouchamps et al., 1977). It 

was initially thought that Type III hypersensitivity response involving immune complexes was 

responsible for the underlying cause of uveitis. However, this is no longer regarded as the cause of 

uveitis and it is regarded the presence of circulating immune complexes has no correlation with the 

clinical findings or the disease activity (Stanford et al, 1988). Furthermore, histopathological 

analysis of uveitic eyes reveals no evidence of immune complex mediated disease, such as 

fibrinoid necrosis. It has also been reported that the presence of immune complexes in the blood of 

patients with retinal vasculitis have a better long term visual prognosis than those without 

(Dummonde et al., 1982; Stanford et al., 1988). It may be that immune complexes have a 

protective role in the pathogenesis of uveitis, however this requires further investigation.

1.1.8. Immunogenetics o f Uveitis.
The role of the MHC, known as the HLA in humans, is important in the initiation and

perpetuation of immune responses and several HLA associations have been made with uveitic 

conditions (Nussenblatt and Gery, 1996). The most frequently observed HLA association is that of 
Class I HLA-B27 and recurrent unilateral uveitis in Caucasians. Whereby approximately half of 

these patients are HLA-B27 positive and have ankylosing spondylitis or some similar joint disease 

(Brewerton et al, 1973: Feltkamp and Ringrose, 1998: Power et al, 1998). However, analysis of 

other racial groups was unable to demonstrate such a strong correlation. It was demonstrated that 

African-Americans who developed ankylosing spondylitis expressed predominantly HLA-B7, 

rather than HLA-B27 (Khan et al., 1977). It is therefore assumed that HLA associations may be 

different for various ethnic groups and HLA distributions can in some cases differ dramatically 

from one ethnic group to another.

For some cases of uveitis, the determination of the HLA phenotype may have diagnostic 

value. As is the case with birdshot retinochoroidopathy, whereby 90% of patients are linked to the 

HLA-A29 antigen (Nussenblatt et al, 1982a: Priem and Oosterhuis, 1988). HLA-B51 is associated 

with Behcet’s disease (Ohno and Matsuda, 1986: Nishiura et al., 1996), while the class II HLA- 

DRw53 and HLA-DR4 have been associated with VKH syndrome amongst the Japanese (Davis et 

al., 1990). It therefore appears that in the case of uveitis, certain HLA phenotypes are found at 

higher frequencies and are thus deemed to confer an elevated relative risk.

1.2. THE OCULAR IMMUNE ENVIRONMENT.
Since the late nineteenth century, the eye has been considered to be an immunologically

privileged site, demonstrated by the reports that foreign tissue grafts placed in the AC of the eye,
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experienced prolonged, often indefinite survival without rejection, in contrast to rejection of grafts 

placed at other sites (Barker and Billingham, 1977; Streilein, 1994). It was first proposed that 

immune privilege was a consequence of ‘immune ignorance’, whereby immune privileged sites 

were sequestered away behind blood tissue barriers and had no lymphatic drainage, therefore 

antigen placed at these sites remained unseen by the immune system (Medawar, 1948). However, 

in the 1970’s it became clear that antigens from immune privileged sites could evoke active, 

antigen-specific systemic immune responses (Kaplan and Streilein, 1977; 1978). Immune privilege 

is believed to occur as a consequence of interactions between the immune system and specialised 

tissues, which provides local protection from elements of the immune system. In the case of the 

eye, this allows the integrity of the ocular microanatomy and vision to be maintained (Streilein,

1997).

The passive features of ocular immune privilege are represented at the blood-ocular 

barriers. These sites include the edge of the cornea, iris vessels, the epithelium of the ciliary body, 

RPE and retinal vessels, which serve to regulate the access of systemic immune effectors and 

molecules ie. T cells and antibodies (Streilein, 1997). In addition, the internal compartments of the 

eye, have no obvious lymphatic drainage pathways. However, antigenic material from the eye, 

escapes largely via the venous circulation and the intra-ocular fluids are drained via the trabecular 

meshwork into the canals of Schlemm.

1,2.1. Anterior chamber associated immune deviation (ACAID).
In the eye there seems to be several adaptive local mechanisms that can prevent or down

regulate unwanted inflammatory responses to foreign antigenic material. Medawar (1948) 

originally proposed that the eye lacks lymphatic drainage, which was at that time thought to be 

essential for sensitisation against antigens expressed on solid tissue grafts. Therefore, it was 

proposed that immune privilege existed because of ‘immune ignorance’, whereby antigenic 

material placed in the eye fails to escape and thus does not evoke an immune response.

However, some years later, studies on the implantation of allogeneic lymphocytes in the 

AC, detected alloantibodies in the sera of the recipients, demonstrating that antigens placed in the 

AC of the eye are able to escape and evoke immune responses. This was first described as 

lymphocyte-induced immune deviation (Kaplan and Streilein, 1977). This evidence suggested that 

immune privilege and the increased survivability of allogenic grafts, was not a passive process as 

originally proposed, but was an active process. This phenomenon involved the suppression of cell 

mediated, delayed type hypersensitivity response (DTH) responses to ocular antigens and 

complement fixation but maintained an intact humoral response.

Subsequent studies introducing tumor allografts into the AC of mouse eyes demonstrated 

unrestricted growth of intra-ocular tumors which was accompanied by antigen-specific suppression

25



Chapter 1 Introduction

of cell mediated AI. This phenomenon was described as anterior chamber-associated-immune 

deviation (ACAID) (Streilein et al, 1980; Niederkom et al, 1980). ACAID was found to require 

an intact spleen and AC bearing antigen for at least three days post AC injection, (Streilein and 

Niederkom, 1981) and the generation of a blood bome, cell associated signal that was detected in 

the form of F4/80+ macrophages (Wilbanks and Streilein, 1991).

Further evidence to support the role of F4/80+ mononuclear cells came from the systemic 

neutralisation of the macrophage antigen F4/80 using specific antibodies. This prevented ACAID 

in mice which had received an injection of bovine serum albumin (BSA) in their AC and 

developed a vigorous BSA-specific DTH (Wilbanks and Streilein, 1991). The iris and ciliary body 

of normal mice contains significant amounts of bone-marrow derived cells in the stroma, whereby 

the vast majority express F4/80 antigen on their surface. It was proposed that these F4/80+ cells 

which are present in the normal eye, capture and process intra-ocular antigen and then migrate to 

the spleen carrying an antigen-specific signal and induce T cells to down regulate selective DTH 

responses and complement fixation responses (Wilbanks et al, 1991; 1992). Recently, findings 

have suggested that an intact spleen and an antigen-bearing eye are indispensable in the 

maintenance of ACAID (Yao et al, 1997). In addition, studies have also suggested that the 

ACAID inducing signal, released from the eye is dependent on the nature of the antigen (Ferguson 

and Herndon, 1994).

Recent work has also proposed a role for the involvement of splenic B cells in the 

induction of ACAID. This involves the ACAID antigen presenting cell (APC) ie. F4/80+ 

macrophages, releasing antigenic peptides to B cells in the spleen, which then present the antigen 

in a tolerogenic manner, that leads to the generation of regulatory T cells and ACAID (D’Orazio 

and Niederkom, 1998).

ACAID can be induced in primates (Eichom et al, 1993), rats and mice (Mizino et al, 

1989: Hara et al., 1992). Reports have demonstrated that antigen-specific ACAID can be induced 

by injecting retinal antigens, such as IRBP, into the AC of the eye of rats or mice (Mizino et al, 

1989; Hara et al, 1992). Furthermore, mice that are susceptible to IRBP induced EAU, will not 

develop disease if IRBP is injected into the AC prior to systemic immunisation (Eichom et al, 

1993).

Investigations have also been conducted into the possible immunomodulatory effects of 

the most accessible region of the ocular immune microenvironment, the AH (Streilein and 

Cousins, 1990; Streilein, 1995b). It is believed that immunosuppressive agents found in the AH 

may be very important elements in the maintenance and induction of immune privilege. AH is a 

complex fluid that is secreted from the non-pigmented epithelium of the ciliary body and circulates 

round the AC. Initial studies using mixed lymphocyte reactions (MLR), showed that proliferation 

was largely, if not completely inhibited in the presence of AH (Kaiser et al, 1989). Further studies
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showed that TGF-(3 present in the AH, inhibited T cell activation and proliferation (Cousins et al, 

1991). Studies have demonstrated that ACAID properties can be conferred onto APC’s following 

incubation with AH or TGF-P (Wilbanks et al, 1992), thus providing more evidence for the role 

of TGF-P in the maintenance of ACAID. In addition, neuropeptides found in AH, such as 

substance P (SP) (Ferguson et al, 1995), alpha melanocyte stimulating homone (aMSH) (Taylor 

et al, 1992), calcitonin gene-related peptide (CGRP) (Wahlestedt et al, 1986) and vasoactive 

intestinal peptide (VIP) (Taylor et al 1994; Ferguson et al, 1995) have also demonstrated 

immunosuppressive activity. It has been recently shown that Fas (CD95) ligand is expressed on 

ocular tissue and is believed to be responsible for the apoptotic elimination of invading Fas- 

expressing lymphocytes (Griffith et al, 1995). The presence of retinal specific cells may also help 

in the maintenance of ACAID (see 1.2.2)

Although the presence of ACAID does not render the eye free from disease and 

inflammation, it does on the whole protect and maintain the delicate retinal architecture that is so 

vital for vision. Only in extreme circumstances is ACAID compromised, resulting in ocular 

disease manifestations. If the cellular and molecular basis of ACAID are further understood it may 

well be possible to prevent ocular Al and immunopathogenic disease by creating ACAID as a 

mode of immunomodulation and therapy (Streilein, 1996).

1.2.2. Antigen Presentation in the eye.
The presentation of antigen in association with MHC class II molecules to CD4+ T cells is

a pre-requisite to T cell activation. Antigen presentation is a function of APC such as 

macrophages, dendritic cells (DC) and B cells. Macrophages are generally recognised as a major 

APC, which endocytose, process and present antigens in association with MHC class II antigens. 

DC are bone-marrow derived cells that are found in lymph nodes, spleen and sites of entry into the 

body. These cells form an extensive network of connecting cells in the skin, trachea and intestinal 

tract, whereby they traffic between tissues and the lymphatic system. DC constitutively express 

high levels of MHC class II antigens (Forrester, 1992).

It was originally assumed that due to the ‘immune privilege’ status which the eye is 

believed to have, there was a lack of professional APCs expressing MHC class II antigens in the 

eye (Streilein et al, 1992; Wilbanks et al, 1992). However, it has become evident that a rich 

network of resident DC and macrophages, which constitutively express high levels of MHC class 

II antigens exist in the uveal tract of normal eyes, but are absent from the retina itself 

(McMenamin et al, 1992; 1994; Forrester et al, 1994; McMenamin, 1997). DC are believed to act 

as professional APC, capturing and sampling both blood borne and intra-ocular antigens. Studies 

have also demonstrated that large numbers of mast cells are present in the choroid, but are absent 

from the anterior uvea. Furthermore, small numbers of trafficking lymphocytes have also been
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reported to be present in the uveal tract of normal eyes (McMenamin, 1997). Studies have 

investigated the kinetics, localisation and immunohistological characteristics of MHC Class II 

positive cells in the uveal tract in normal and diseased eyes (McMenamin et al, 1994; 

McMenamin, 1997; Butler and McMenamin, 1996). Evidence from in vivo studies has 

demonstrated that DC isolated from the anterior and posterior segments of the uveal tract are 

functionally comparable to other DC such as Langerhans cells ie. cells can present retinal antigens 

to sensitised T lymphocytes (Choudhury et al, 1994; Steptoe et al, 1995). This suggests that these 

cells are likely to be the APCs involved in the initial sensitising and inductive phases of EAU.

It has been suggested that aberrant expression of MHC class II antigens by organ resident 

cells may allow the presentation of antigen by non-professional APC to autoreactive T cells 

(Bottazzo et al., 1986). Indeed, RPE, MG and retinal endothelial cells (EC) do not normally 

express MHC class II antigens, are induced to do so in the presence of EFN-y, both in vitro and in 

vivo (Chan et al., 1986b; Liversidge et al., 1988; Ksuda et al., 1989; Hamel et al., 1990). 

Furthermore, expression of MHC class II antigens has been shown on human RPE cells, during the 

course of uveitis and retinitis pigmentosa (Detrick et al, 1985; Chan et al., 1986a). However, it 

has been suggested that aberrant expression of .MHC class II antigens on non-haematopoietic cells 

can induce a state of tolerance or generates an anergising signal to autoreactive T cells. This 

maybe due to the fact that T cell activation requires co-stimulatory molecules eg. CD28/B7 

receptor-ligand interactions, which non-haematopoietic APC lack (Chan and Li, 1998).

An obvious candidate for an APC in the retina is the RPE, due to its primary function of 

ROS phagocytosis (Forrester et al., 1995). Several studies using functional assays have tried to 

establish if RPE are capable of processing and presenting antigen in vitro. However, these studies 

have shown that IFN-y treated RPE can present antigen to sensistised T cells if they are treated 

with trypsin, resulting in low level of T cell proliferation (Liversidge and Forrester, 1990; Percopo 

et al., 1990). Furthermore, RPE cells have also been shown to constituively express intercellular 

adhesion molecule-1 (ICAM-1), whereas EC only express ICAM-1 after IFN-y treatment 

(Liversidge et al, 1990). This would enable RPE to interact via lymphocyte functional antigen-1 

(LFA-1) and ICAM-1 interactions with the T cells, which is essential for T cell activation by the 

APC (Dougherty et al., 1988). Antibodies to ICAM-1 have been shown to inhibit CD4+ cell 

adhesion to both monolayers of RPE and EC in vitro (Liversidge et al, 1990). It is considered 

unlikely that that RPE cells play a prominent role in the initiation of an immune response in the 

eye as they are relatively poor APC’s, however they may become involved during the course of 

disease (Forrester et al., 1995). Other retinal cells such as MG are found to have an inhibitory 

effect on T cell proliferation in vitro (Caspi et al, 1987). It has also been reported that injury to 

MG by the intra-ocular injection of a-aminoadipic acid (AAA) resulted in an increase in both the
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incidence and severity of experimental autoimmune uveoretinitis (EAU) in the rat model (Chan et 

al, 1991).

The anatomical location of DC and macrophages, either on the external or internal 

interface of the blood ocular barrier means that uveal tract DC are exposed to retinal antigens. It is 

envisaged that retinal antigens are phagocytosed in the normal processes of ROS renewal and 

fragments and peptides from these proteins are transported across the RPE whereby they come into 

contact with choroidal DC. The DC would then process the peptides and present them in 

association with their MHC molecules to autoreactive T cells which randomly circulate through 

the choroidal vasculature (Forrester, 1992; Forrester et al, 1995). However, in EAU in the Lewis 

rat the first sign of lymphocyte infiltration in the early stages ocurrs in the iris vessels (Butler and 

McMenamin, 1996) which are located at the anterior of the eye. A report has demonstrated the 

presence of S-Ag protein and its mRNA in the iris of uveitic patients, but not in controls, the 

significance of which is not fully understood, but may have a role in modulating the inflammatory 

response (Chan et al, 1992). Infiltration of the iris vessels is followed within hours by cellular 

infiltration in the ciliary body vessels and choroidal vessels. The retinal vessels and the RPE are 

last to be affected, despite the fact that the photoreceptor layer (putative autoantigens) is the target 

tissue (McMenamin et al, 1992;.

However, a recent study in Lewis rats, using the adoptive transfer system of EAU has 

shown that the initial cellular infiltration occurs in the anterior segment of the eye 48 hours post-S- 

Ag-specific T cell transfer. Furthermore, in this sytem the retinal vessels are the next target for 

cellular infiltration, with the choroidal vessels being the last to be affected (Prendergast et al,

1998). It is propsed that the AC has APC which allows presentation of S-Ag to the activated T 

cells (McMenamin et al, 1994; Steptoe et al, 1995; Butler et al, 1996). However, the delay in 

retinal infiltration maybe due to a lack of constitutive APC in the normal Lewis rat retina. 

However, recent reports have suggested the presence of APC-bearing MHC class II antigens in 

normal Lewis rat retinas (Forrester et al, 1994: Yang et al, 1996). Thus antigen presentation and 

the role of APC involved in the initiation of EAU requires further investigation.

A study has demonstrated that resident macrophages in the iris and choroid are not 

involved in either the early or late stages of EAU and that the majority of macrophages that 

infiltrate the eye are blood borne (Butler and McMenamin, 1996). Recently, it has further been 

shown that blood-borne macrophages are necessary for the effector stages of EAU in rats 

(Forrester et al, 1998).

1.2.3. Blood retinal barrier.
The retina as with the majority of the tissue in the central nervous system (CNS) is

separated from blood constituents by the presence of a selective cellular barrier. The blood brain
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barrier (BBB) extends throughout the CNS and is comprised of vascular endothelium which lacks 

both paracellular and intercellular pathways, which normally allow both polar cells and molecules 

to easily transvase (Greenwood, 1992). However, the BRB, in addition to the retinal vascular 

endothelium, has an additional barrier, the RPE which overlies the choroid.

The BRB has been shown to play an important role in the pathogenesis of EAU for two 

reasons. Firstly, disease induction requires the migration of activated T lymphocytes from the 

circulation into the retina. This involves adherence to the vascular endothelium through 

interactions between the receptors present on the lymphocyte and ligands expressed on the EC. 

This process is a crucial step in the induction of disease. Secondly, as disease progresses and 

develops there is a marked increase in the permeability of the BRB, allowing the extravasation of 

the cells from the retinal and choroidal vessels into the retina (Greenwood, 1992).

The breakdown of the BRB has been studied in the Lewis rat model of S-Ag induced 

EAU. Studies have demonstrated that following immunisation of Lewis rats with bovine S-Ag in 

complete Freund’s adjuvant (CFA), the first signs of disease appear 10-14 days post-immunisation 

(p.i.) (de Kozak et al., 1978; 1981b; Lightman and Greenwood, 1992). Investigations have 

reported that BRB breakdown commences 8-10 days p.i., which precedes or coincides with the 

early signs of lymphocyte infiltration (Greenwood, 1992; Lightman and Greenwood, 1992; 

McMenamin et al, 1993; Greenwood et al, 1994).

The retinal vessels undergo marked immunological and morphological changes after 

cellular extravasation. These changes are observed as ‘high endothelial venule-like‘ changes, 

whereby the cell protrudes into the vessel lumen and a considerable increase in intracellular 

organelles ie. rough endoplasmic reticulum (Dua et al., 1991). Furthermore, prior to or during 

ocular inflammation, the EC express increased levels of both adhesion and activation molecules, 

for example MHC class II antigens and ICAM-1 which allow interactions between the 

endothelium and activated lymphocytes. RPE cells undergo morphological changes associated 

with activation and transcellular migration of activated lymphocytes (McMenamin et al., 1992). 

These cells have also been shown to constitutively express ICAM-1, whereas EC express ICAM-1 

following incubation with IFN-y in vitro (Liversidge et al., 1990). This suggests a functional 

difference between RPE and EC, whereby RPE cells are capable of binding to activated T 

lymphocytes in a ‘resting’ eye. The functional and morphological changes observed during BRB 

breakdown are inducible by inflammatory cytokines. These include IFN-y, IL-1, TNF-a and 

vascular endothelial growth factor (VEGF) (Liversidge et al., 1988; 1990; Bamforth et al., 1994; 

1996; Luna et al., 1997:).
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1.3. RETINAL ANTIGENS.
Over the last three decades it has been established that tissue-specific antigens play an

important role in the pathogenesis of Al (Gery et al, 1986a). These antigens are characterised by 

considerable cross reactivity with the corresponding antigens from other species. Xenogenic 

organ-specific antigens are commonly used in the initiation of experimental autoimmune disease.

Historically, the first evidence to support a role for ocular antigens in the pathogenesis of 

auotimmunity was provided over 80 years ago. Uhlenhuth (1903) pioneered the whole concept of 

ocular Al, demonstrating autoantibody production to lens proteins. In 1910, Elschnig proposed Al 

to uveal antigens as the underlying cause in the pathogenesis of SO. This theory subsequently 

provoked a search for retinal antigens, which could possibly have the capacity to induce an 

experimental model of uveitis. A search which has lasted for over half a century and still 

continues.

Initially, attention was focused on the uveal tract as the source of antigens and of the many 

attempts to induce EAU in animals, only a few were successful. In 1949, with the aid of Freund’s 

adjuvant and Mycobacterium, Collins reported the first successful induction of EAU in guinea pigs 

by repeated injections of homologous uveal extract emulsion, a finding confirmed by several other 

groups (Aronson et al., 1963a; Wacker et al., 1964). However, it was difficult to define the 

pathogenesis of the model due to the prolonged and vigorous immunisation schedules used to 

successfully induce disease. Subsequent studies found that a single injection of retinal homologous 

preparations emulsified in CFA, were successful at inducing EAU within 2-3 weeks in guinea pigs, 

with heterologous retinal preparations also being effective (Wacker and Lipton, 1965; 1968a; 

1968b). This provided a more suitable model to characterise and identify retinal antigens involved 

in disease induction and cellular mechanisms involved in the disease process.

Attempts were directed at refining the retinal fraction in order to identify the nature, 

specificity and location of the uveitogenic retinal antigens. Serological analysis reported immune 

responses to two retinal specific antigens, Earlier studies, using serological techniques identified 

two fractions from homologous retina, designated ‘soluble’ (S) and ‘particulate’ (P) (Wacker and 

Lipton 1968a; 1968b; 1971; Wacker, 1972). The major component of the ‘S’ fraction was 

identified as a highly immunogenic protein, S-Ag, while the active portion of the ‘P’ fraction was 

identified as rhodopsin, which in that study showed no pathogenicity (Wacker and Kalsow, 1973; 

Wacker and Lipton, 1971; Marak et al., 1980). However, subsequent studies have shown 

rhodopsin to be immunopathogenic at higher doses (Marak et al, 1980; Meyers-Elliott et al., 

1983; Broekyhuyse et al., 1984;).

Immunoflourescence studies located S-Ag to the photoreceptor cells and the P-antigen, 

rhodopsin was localised in the rod outer segments (ROS) (Kalsow and Wacker, 1973; 1975). In 

addition to these protein molecules, other retinal specific antigens have been identified, which
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include IRBP, phosphoducin, transducin and cyclic guanine monophosphate phosphodiesterase 

(cGMP PDE) (Gery et al, 1986a). Studies have demonstrated that IRBP (Caspi et al., 1988), 

rhodopsin (Marak et al., 1980; Schalken et al, 1989), phosphoducin (Abe et al, 1997; Dua et al, 

1992b) and recoverin have been shown to be capable of inducing EAU. The high number of organ- 

specific proteins identified in the eye is not surprising given the unique specialisation of this organ 

and the complexity of the visual process.

1.3.1. Soluble Antigen (S-Ag).
S-Ag, as mentioned above, was the first retinal-specific antigen to be successfully purified

and characterised from guinea pig retina (Wacker, 1973,) and then later bovine retina (Wacker et 

al., 1977,). Wacker’s method of extraction involves precipitation of aqueous retina with 

ammonium sulphate, followed by two step chromatography on Sephadex G-150 and DEAE Bio 

Gel A columns. Other techniques for purification include adsorption on a Hydroxyapatite agarose 

column, chromatofocusing and affinity and high performance chromatography (Dorey et al, 1982; 

Borthwick and Forrester, 1983; Kasp et al, 1987).

S-Ag is a protein that is specifically localised in visual tissues and has been shown to be 

remarkably conserved between animal species. Immunohistochemical methods have demonstrated 

that S-Ag localises selectively in the photoreceptor cell layer and electron microscopy also 

revealed localisation on the ROS. (Kalsow and Wacker, 1973; 1975; Yajima et al., 1983). 

Immunoflouresence studies also located S-Ag in the pineal gland, an organ of known 

photoreception in lower vertebrates (Kalsow and Wacker, 1977).

S-Ag has been identified as a 48kDa protein, which is believed to have a pivotal role in the 

regulation of the visual process (Pfister et al, 1985). Rat and mouse S-Ag consists of a 403 amino 

acid (aa) protein, bovine 404 and 405 in human protein. Studies have shown that S-Ag competes 

with transducin for photoexcited and phosphorylated rhodopsin (Kuhn et al, 1984; Shinohara et 

al., 1988). The biophysical and biochemical properties, structure and function of S-Ag have been 

extensively reviewed (Gery et al., 1986a; Shinohara et al., 1988; 1991)

Analysis of the nucleotide sequences of mouse, rat, bovine and human S-Ag reveals a high 

degree of sequence homology. Likewise comparison of the aa sequence indicates a high degree of 

homology between rat, bovine, human and mouse S-Ag. (Wacker ef al. 1977; Shinohara et al., 

1987a; 1987b; 1992; Yamakief al, 1987; 1988). The protein is therefore considered to be a highly 

evolutionarily conserved molecule, consistent with its central role in the visual process. S-Ag has 

also been found in the photoreceptors of invertebrates such as starfish, scallops and Drosophila 

and antigenic cross reactivity has been reported between lower vertebrate and inverebrates. 

(Mirashahi et al, 1985; Lieb et al., 1991).
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1.3.2. Interphotoreceptor retinoid binding protein (IRBP).
IRBP is a glycolipoprotein of approximately 140kDa and has been identified as the major

soluble protein present in the IPM of vertebrates (Liou et al, 1982; Bunt-Milam and Saari, 1983; 

Pfeffer et al, 1983). IRBP has been reported to be synthesised and secreted from photoreceptor 

cells and pinealocytes (Fong et al., 1984; van Veen et al, 1986), indicated by the accumulation of 

mRNA for IRBP in these cells. IRBP has also been localised to the pineal gland of various 

vertebrates (Rodrigues et al, 1986). The protein is believed to be involved in the transport of 

retinoid derivatives between the neural retina and the RPE (Lai et al, 1982; Liou et al, 1982; 

Chader, 1989).

IRBP extraction involves removal of the interphotoreceptor matrix (IPM) from the retinal 

surface, which is then purified to homogeneity by concanavalin-A-Sepharose affinity 

chromatography, ion-exchange high performance liquid chromatography (HPLC) and size 

exclusion columns (Fong et al, 1984; Redmond et al, 1985). IRBP contains a high percentage of 

non-polar aa which accounts for its hydrophobic nature and has an estimated 7-8% carbohydrate 

content. Glycosylation sites have also been identified within the IRBP sequence and there is a high 

level of glycosylation in the molecule (Pepperberg et al, 1993) (for reviews on the molecular 

biology, protein chemistry and molecular biology of IRBP see Chader, 1989; Nickerson et al, 

1991; Liou et al., 1991)

The genomic, cDNA and aa sequences have been characterised and the sequenced for 

several vertebrate species including, bovine (Liou et al, 1986; Borst and Nickerson, 1988; 

Redmond et al, 1989), monkey (Redmond et al, 1985), human (Fong and Bridges, 1988; Si et al, 

1989; Liou et al, 1989) and mouse (partial) (Stanhope et al, 1992) have been determined. The 

primary structure of human IRBP is composed of 1262 aa, arranged into, four homologous repeats, 

consisting of approximately 300 aa per repeat. This repeated structure is believed to have arisen 

from multiple gene duplication, which occurred millions of years ago (Fong and Bridges, 1988; 

Borst et al, 1989). Analysis of the aa sequence has revealed 30-40% homology to exist between 

the repeat domains (Borst et al, 1989). IRBP also appears to be an evolutionarily conserved 

molecule, with 80-90% aa sequence homology between the species (Rodrgues et al, 1986). There 

also appears to be conservation of certain aa sequence clusters, possibly suggesting that these 

regions may be functionally important areas, which have been retained because of evolutionary 

constraints (Pepperberg et al, 1993). These sites have been proposed as regions which are 

involved in the binding of retinoids and fatty acids.

Recombinant protein domains of human IRBP (Lin et al, 1997), bovine IRBP, (Redmond 

and Nickerson, 1992) and C-terminal fragments of bovine ERBP (Redmond et al, 1989) have been 

cloned into Escherichia coli expression systems. Human IRBP has also been cloned and expressed 

in a baculovirus system (Lin et al, 1994). The recombinant proteins have been used to study the
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retinoid binding affinities of the individual repeats. They have also been shown to be uveitogenic 

in the Lewis rat (Redmond et al, 1989) and have been used in mouse EAU studies to determine 

the pathogenic domains and the regions of uveitogenic epitopes (Caspi et al, 1994b).

1.3.3. Other retinal antigens.
Rhodopsin is a glycoprotein of a molecular weight of approximately 40KDa and is an

intrinsic membrane glycoprotein embedded in the plasma membrane and disc membranes of the 

ROS (Dratz et al., 1983). It plays an important role in the visual process and its illuminated form is 

called opsin. Recoverin is a 23 KDa protein, that is a member of a family of calcium binding 

proteins, which localise to the retina and pineal gland (Milam et al., 1993). The exact function of 

this protein in the visual process is not fully understood. The protein has been cloned and 

expressed as recombinant myristoylated recoverin (Ray et al., 1992). Recoverin has been 

identified as the protein involved in the putative autoimmune response associated with cancer- 

associated retinopathy (CAR) (Thirkill et al., 1992). Phosphoducin is a 33 KDa retinal protein that 

is believed to play a role in the phototransduction of rods (Lee et al., 1990).

1.4. EXPERIMENTAL AUTOIMMUNE UVEORETINITIS (EAU).
The hypothesis that autoimmune mediated processes play a role in the pathogenesis of

human uveitic conditions is supported by two observations. Firstly, a large proportion of uveitic 

patients exhibit cellular responses to retinal-specific antigens ie. S-Ag and IRBP. Secondly, 

manipulation of the immune system of susceptible experimental animal strains by immunisation of 

retinal antigens emulsified in CFA, results in intra-ocular inflammatory manifestations which 

closely resemble those seen in the human condition (Forrester et al., 1990). These models are used 

to study both the immunopathogenic and genetic mechanisms involved in the human forms of 

endogenous uveitis. EAU is an organ-specific, MHC class II restricted, T cell mediated disease 

and serves as a model of posterior uveitic conditions (Caspi, 1989). This experimental model is 

very similar in the pathogenic mechanisms involved in experimental allergic encephalomyelitis 

(EAE), which is commonly used as an animal model of MS and comparisons between the two 

models are frequently made (Calder and Lightman, 1992).

EAU models have been developed in susceptible strains of both rodents and primates. 

Disease is induced in susceptible animals by s.c. immunisation with one of the retinal antigens eg. 

IRBP, S-Ag, emulsified in CFA (incomplete Freund’s adjuvant supplemented with 

Mycobacterium) injected at a site remote from the eye. No disease is observed in the absence of 

adjuvant (Wacker and Lipton, 1968a). Further studies have also shown that disease is enhanced 

with the administration at the time of immunisation, of killed Bordetella pertussis bacteria, or a 

purified preparation from these bacteria, called pertussis toxin (PTX) (de Kozak, et al., 1981b;
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Caspi et al., 1990a). These immunostimulatory agents activate lymphocytes in a non-specific 

manner and help in the amplification of the immune response.

Peripherally activated T lymphocytes, traffic to the eye, whereby they are able to cross the 

blood retinal barrier and are responsible for the histopathological lesions that occur. The clinical 

and histopathological manifestations observed in EAU may differ between species, but can 

predominantly characterised as posterior segment inflammation, which in the more severe cases 

develop into pan uveitis. In general the histopathology observed in EAU is commonly 

characterised by photoreceptor damage, vitritis, retinal detachment, retinitis, choroiditis, vasculitis, 

AC infiltration, iritis, granuloma formation and more rarely with the appearance of Dalen-Fuchs 

like nodules and subretinal neovascularisation (Caspi, 1989).

The pineal gland commonly referred to as the ‘third eye’ shares many of the organ-specific 

antigens with the retina and has photoreceptor function in lower vertebrates. However, the 

mammalian pineal gland is believed to have lost its photoreceptor function as it has evolved from a 

median eye to a secretory organ, but it has retained many of retinal specific antigens such as S-Ag 

and IRBP (Gery et al., 1986a). Inflammation develops in the pineal gland in animals following 

immunisation with retinal antigens and this condition is termed experimental autoimmune 

pinealitis (EAP) (Kalsow and Wacker, 1978; Broekhuyse et al., 1986; Gery et al., 1986b). Detailed 

descriptions of the pathology observed in the various models of EAU has been thoroughly 

reviewed (Faure, 1980; Gery et al., 1986a). The most extensively developed and studied models 

of EAU have been rodent models, which include the guinea pig, rat, rabbit and more recently the 

mouse (Caspi et al., 1988).

1.4.1. Guinea pig.
As described in 1.3 the first successful induction of ocular Al in an experimental animal 

using retinal preparations, was observed in the guinea pig (Collins, 1949; Aronson et al., 1963a; 

1963b; 1963c; Wacker and Lipton, 1965; 1968a; 1968b; 1971; for review see Faure, 1980). 

Studies demonstrated that both albino and pigmented guinea pigs develop similar clinical and 

histological manifestations (Aronson et al., 1963a). With the advent of isolation, extraction and 

purification of bovine retina, the soluble portion of the retina, S-Ag was identified and was shown 

to be effective at inducing EAU in the guinea pig (Wacker et al., 1977). Furthermore, guinea pigs 

are also susceptible to EAU induction with purified rhodopsin at doses between 0.5-10mg/animal 

and the inflammatory response seems confined to the posterior segment of the eye (Marak et al., 

1980). However, IRBP has been reported to be poorly uveitogenic in guinea pigs (Vistica et al.,

1987).

Histopathology characteristics in guinea pig EAU range from local ‘mild’ to panuveitis in 

the more ‘hyperacute’ inflammation (Rao et al., 1979; Faure, 1980). These histological changes
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include AC and ciliary body infiltration, vitritis and the development of chorioretinitis (Aronson et 

al, 1963c; Wacker et al, 1977). Studies using varying amounts (lpg-50fig) of S-Ag per animal 

showed that the inflammation was directly related to the immunising dose of S-Ag. (Rao et al, 

1979). Histopathology tends to be concentrated in the choroid, most probably due to the lack of 

retinal vessels, however with hyperacute forms ie. high doses of S-Ag retinal inflammation is seen 
(Rao et al, 1979).

Guinea pig EAU has also been shown to be of a chronic nature, whereby inflammation in 

the choroid and retina was found to persist for several months following a single immunisation 

with a uveitogenic preparation (Faure et al, 1977; de Kozak et al, 1978; Gery et al, 1986b). 

However, due to the avascular nature of the guinea pig retina, this animal model of EAU is of 

limited value.

1.4.2. Rabbits.
For many years, the rabbit was considered to be refractory to EAU induction, despite 

numerous attempts at disease induction. Initial studies, used homologous uveal extract for 

immunisation protocols and no positive results were obtained (Faure, 1980). However, studies 

using homologous and in some instances, heterologous retinal extract, induced EAU in rabbits. 

Immunisation of rabbits with homologous optic nerve elicited uveitis and encephalomyelitis, 

which occurred simultaneously in the same animal (Wacker and Lipton, 1968a). However, more 

recent studies have demonstrated that induction of EAU in rabbits is possible using S-Ag (Kalsow 

and Wacker, 1986; Rao et al, 1986) and IRBP (Eisenfeld et al, 1987).

1.4.3. Rat
The rat was considered to offer many advantages in the study of EAU, in particular it has a 

vascularised retina (absent in guinea pigs). Furthermore, a number of inbred strains of rats were 

available, allowing homogeneity in the experiments, which would be valuable in genetic and 

therapy studies (Faure, 1980). However, initial attempts to induce EAU in rats, revealed that the 

rat was less susceptible to EAU induction than the guinea pig and required larger doses of retinal 

antigens and adjuvant to induce disease (Faure, 1980).

EAU was initially induced in the Wistar rats using retinal tissue emulsified in CFA, which 

was administered as a footpad injection (Wacker and Kalsow, 1973). Further experiments 

quantified the immunisation parameters ie. xenogenic or allogenic antigen, dosages, adjuvant and 

the susceptibility of different strains. The Lewis rat was reported to be more susceptible to EAU 

induction, using guinea pig retina emulsified in CFA injected into the footpad and a dose of killed 

pertussis bacteria was administered as co-adjuvant. This protocol resulted in aggressive bilateral 

ocular inflammation which occurred 3 weeks post-immunisation (p.i.), with 100% incidence (de
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Kozak et al., 1978). Subsequent studies reported EAU induction by purified S-Ag in Lewis rats 

and Wistar rats (de Kozak et al., 1981b; Marak and Rao, 1982)

The Lewis rat has become an important model, as it provides a highly reproducible and 

consistent model of disease. EAU in the Lewis rat is of an acute nature with the onset of ocular 

inflammation between days 12-16 p.i. with bovine S-Ag and the active phase of 1-2 weeks (de 

Kozak et al, 1981b; Gery et al., 1986a; Faure 1980). Disease onset is usually of a panuveitic 

nature, characterised clinically by intense AC inflammation, with clinical fimdos examination 

revealing retinal vasculitis, oedema, vitritis, retinal detachment, retinal and choroidal 

haemorrhages. The clinical signs in the rat model are self limiting, with the inflammatory response 

diminishing in the subsequent two weeks following disease onset (Faure, 1980). With respect to 

the human condition, which often follows a relapsing/remitting course, the rat model differs from 

the human disease. However, by varying doses of S-Ag and using less susceptible strains of rats ie. 

PVG and the Lister black hooded rat a milder and more chronic disease course can be achieved (de 

Kozak et al, 198 lb; Marak and Rao, 1982), although these models are not widely utilized.

IRBP is also uveitogenic in the Lewis rat and other strains. Studies involving 

immunisation of varying doses (0.8-50jiig) of S-Ag and IRBP have shown differences in both 

disease severity and day of onset (Sasamoto et al, 1994; Fox et al., 1987a). Differences in the 

susceptibility to EAU induced by S-Ag, or IRBP among various rat strains has also been reported 

(Broekhuyse et al, 1986; Fox et al, 1987a). EAU induction in Lewis rats has also been successful 

using a recombinant S-Ag fusion protein (Roberts et al, 1992; Kasp et al., 1992a).

Rhodopsin has been reported to be uveitogenic in Lewis rats at high doses of 60- 

lOOmg/amnimal, however, it is not as potent as S-Ag or IRBP (Fox et al., 1987a; Schalken et al,

1988). Furthermore, rhodopsin is more pathogenic than the illuminated form, opsin (Schalken et 

al, 1988) and recoverin (Gery et al, 1994), have been reported to be highly pathogenic in rats.

The histopathological features seen in the rat model of EAU, demonstrate a high degree of 

conformity and are usually consistent with the clinical findings (de Kozak et al, 1981b). Initial 

histological signs are inflammatory cells in the retinal layers and the AC, serious retinal 

detachment, loss of photoreceptors and subretinal exudate containing macrophages and 

lymphocytes. AC and vitreal infiltration is seen, with choroidal involvement around 2-4 days after 

disease onset. The cellular infiltrate consists of both mononuclear and polymorphonuclear (PMN) 

cells, whose presence normally subsides after within 2-3 weeks post disease onset, leaving the 

photoreceptor layer atrophic (Gery et al, 1986a; de kozak et al, 1981b). The rat model of EAU 

does not offer a chronic relapsing model of disease, but is valuable in determining immune 

mechanisms involved in disease initiation and effector mechanisms.
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1.4.4. Primates.
The primate model is considered, for obvious reasons to be the closest model of EAU to 

exhibit similarities which are consistent with the human condition. The first reports of primate 

EAU was initially induced by an intensive immunisation protocol of an homogenate of monkey 

uvea, which resulted in vitritis, choroiditis and ciliary infiltration (Collins, 1953). Subsequent 

studies used a protocol consisting of a single injection of homologous monkey retina in CFA, 

which proved to be very effective at inducing EAU (von Sallmann et al., 1969; Wong et al, 1975). 

With the advent of the isolation and characterisation of retinal antigens, EAU was induced in 

primates by both S-Ag (Nussenblatt et al, 1981a), IRBP (Hirose et al., 1986; 1987) and with 

purified rhodopsin (Schalken et al., 1989)

The disease course in primates is usually characterised by chronicity, lasting for several 

months. Clinical signs usually consist of choroiretinitis, retinal vessel perivascultis, vitritis, 

localised retinal haemorrahaging and ROS loss (Nussenblatt et al., 1981a). The histopathologiclal 

lesions that develop in the eyes of monkeys immunised with IRBP, closely resemble those found 

in human conditions such as SO and VKH syndrome, where there is choroidal involvement 

(Hirose et al., 1986). In contrast, primates immunised with S-Ag develop histopathology similar to 

that observed in patients with birdshot retinochoroidopathy, which mainly involves the retina 

(Nussenblatt et al., 1982a). Rhodopsin induced EAU in primates is characterised by chorioretinitis 

and AC inflammation (Schalken et al, 1989).

1.4.5. Mice.
EAU has been reported in different strains of rats and guinea pigs, however, there is a 

more limited knowledge about the genetics of these species and a lack of congenic strains, has 

hindered the extensive analysis of the immunogenetics of EAU. It was considered important to 

develop alternative models of EAU that were genetically and immunologically well defined. The 

mouse offered a unique opportunity to meet this criteria, due to the numerous strains that have 

been characterised both genetically and immunologically and the availability of both congenic 

strains and specific monoclonal antibodies, made the mouse a very tempting animal to develop 

models of EAU. In the past, attempts had been made to induce EAU in mice but these were 

unsuccessful and the mouse was considered refractory to EAU induction. It was also considered 

that most strains of mouse which are susceptible to other Al disease have an hereditary retinal 

degeneration and it appeared that the mouse was therefore not an appropriate model to study EAU.

However, intensive immunisation protocols using a range of the mouse strains, S-Ag and 

IRBP, pretreatment with cyclophosphamide (CY) and the use of pertussis vaccine as an additional 

adjuvant, resulted in the development of EAU in several different strains of mice which did not 

display retinal degeneration (Caspi et al., 1988). This study revealed that only a minority of the
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mouse strains tested developed EAU ie. BIO.A, AKR mice. The disease was relatively confined to 

the posterior segment of the eye and was characterised by choroidal and retinal lesions, vascultis 

and granuloma formation. It was noted that histopathology in the murine model of EAU differed 

from that observed in the rat where the anterior segment is involved and also extensive loss of 

photoreceptors occurs (de Kozak et al., 1981b). All mice were able to exhibit, both a cellular and 

an antibody response to the immunising retinal antigen, even if they failed to induce EAU. IRBP 

was reported to be more potent than S-Ag at inducing EAU in strains of mice tested in that study, 

although some strains were susceptible to S-Ag induced EAU eg. AKR and SJL/J X AKR mice 

(Caspi et al., 1988).

A study has further quantified the immunisation parameters required for successful 

induction of EAU in the BIO. A mouse. This study examined the number of injections and amount 

of IRBP necessary, the requirement of PTX as additional adjuvant and whether pre-treatment with 

CY was required for disease induction. The conclusion was that disease incidence and severity 

were quantitatively dependent on the doses of antigen and PTX used in the immunisation protocol, 

whereby either an acute or chronic from of disease can be induced (Caspi et al., 1990a; 1990b). 

Without pre-treatment with CY a reduction in EAU induction was reported, however using PTX as 

co-adjuvant alleviated this requirement.

Using the varied immunisation protocols, a spectrum of disease in the BIO.A mouse has 

been documented, ranging from acute to chronic relapsing, which is directly related to the 

variables of the immunisation protocol (Caspi et al., 1990a). High doses of IRBP ie. lOOpg IRBP 

and 1 jig PTX were seen to induce an acute form of disease, which was characterised by rapid onset 

and short duration of the active period, resulting in extensive photoreceptor loss and was compared 

to that observed in the Lewis rat (de Kozak et al., 1981b). Low dose immunisation ie. 50pg IRBP 

and 0.5|ig PTX, was reported to induce a more chronic form of disease, which was characterised 

by a late onset (3 weeks) and prolonged duration of the active period, with only focal 

photoreceptor damage. This disease course went into remission at about weeks 5-6 p.i., whereby 

disease reportedly relapsed at week 10 p.i. (Caspi et al., 1990b).

The pathology of this chronic disease course has been examined histologically and 

immunohistochemically. This study showed histopathological lesions in the uvea and retina, which 

were characteristically focal, retinal vasculitis, formation of granulomas, mild vitritis, choroiditis, 

retinal folding, focal serious detachment and focal loss of photoreceptors. Immunohistochemical 

analysis showed the predominant infiltrating cell to be macrophages in the retina and the 

granulomas. Furthermore, infiltrating cell types in the vitreous were of T lymphocytes of the CD4+ 

subset, with CD8+ T cells observed occasionally. Increased expression of MHC class I and II 

antigens, was detected at sites of inflammation and in regions of granuloma formation (Chanef al,

1990). The clinical progression of this chronic model of EAU in the B10.A has been documented
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and has been used in the study of oral tolerance (Thurau et al., 1997a). An observation made by 

Caspi et al (1988) suggested that the genetic background of the mice could play a role in the 

susceptibility of certain strains to develop EAU.

7.5. UVEITOGENIC EPITOPES ISOLA TED FROM RETINAL ANTIGENS.
It is interesting that in the human condition, some patients exhibit a cellular response to S-Ag and

IRBP and their corresponding fragments (Nussenblatt et al, 1980; de Smet et al., 1990). However, 

it is still unclear whether the cellular responses are part of an initial process that is involved in the 

pathogenesis of disease, or is secondary due to the release of the antigens from damaged tissue. 

Therefore, it is not surprising that extensive research has been undertaken to identify the peptide 

determinants of retinal antigens, which are uveitogenic in experimental animal models and those 

that are recognised by T lymphocytes isolated from uveitis patients.

7.5.7. S-Ag uveitogenic epitopes.
Numerous experiments have been carried out to identify the antigenic regions of the

bovine S-Ag molecule involving cyanogen bromide (CNBi*) cleavage fragments (Gregerson and 

Putterman, 1984; Gregerson et al., 1987), chymotryptic digest fragments (Kamada et al., 1985) 

and monoclonal antibodies (mAb) against the native molecule (Donoso et al., 1986). Kamada et al 

(1985) first reported EAU induction in Lewis rats following immunisation with a chymotryptic 

fragment of S-Ag, demonstrating that whole protein was not necessary for EAU induction. 

Subsequent studies identified CNBr fragments which were capable of EAU induction (Gregerson 

et al., 1986; 1987). CNBr cleavage fragment CB123 was capable of inducing EAU and a T cell 

line raised against this fragment was able to successfully induce disease by adoptive transfer 

(Gregerson et al., 1987).

Using the information obtained from cDNA sequence analysis, a series of peptides of 20 

aa in length corresponding to bovine S-Ag, were synthesised and their ability to induce disease 

was analysed. The peptides which were uveitogenic in the Lewis rat model have been identified as 

peptides N (aa 281-302) and M (aa 303-320) (Donoso et al., 1987; Singh et al., 1988a). These two 

peptides were capable of consistently inducing EAU and cellular proliferation. Peptide M was 

also found to be uveoitogenic in guinea pigs (Singh et al., 1988b) and primates (Hirose et al.,

1989).

Analysis of human S-Ag aa sequence, again using synthetic peptides spanning the whole 

of the sequence, identified uveitogenic epitopes which correspond to bovine M and N peptides 

(Donoso et al., 1988b). Sequence homology exists between the corresponding peptides, M and N 

from S-Ag isolated from bovine, human, mouse and rat protein (Shinohara et al., 1991). Peptide M 

was consistent at inducing EAU in Lewis rats at doses between 5-50pg. In order to define the 

actual uveitogenic epitopes, small peptides were synthesised and studies indicated that disease
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could be induced by a 12 aa peptide (DTNLASSTIIKE) which corresponded to the amino terminal 

of the peptide. Peptide N is adjacent to peptide M sequence and although it induced consistent 

disease, much larger doses were required. In addition, two minor pathogenic sites 3 and K, at 

positions 221-240 and 241-260, respectively, were identified but induced disease inconsistently 

(Donoso et al., 1987; 1988b; Singh et al, 1988a). None of the peptides had the pathogenicity of 

the whole S-Ag and were considered to be non-dominant epitopes (Donoso et al., 1988b).

However, more recently an additional epitope corresponding to aa sequences 343-362, 

referred to as peptide G, has been shown to have immunodominant characteristics and is 

pathogenic in Lewis rats in microgram amounts (Gregerson et al., 1990; Merryman et al., 1991). 

Later studies have mapped the immunogenic and immunopathogenic determinants of human S-Ag 

in the Lewis rat, again using overlapping synthetic peptides (de Smet et al., 1993). Peptides 

corresponding to aa sequences 180-200, 340-360 and 350-370, were pathogenic (de Smet et al, 

1993). This study also demonstrated that ten peptide sequences were capable of inducing visible 

inflammation in the eye and a total of 23 peptides induced an in vitro proliferative response 

following immunisation in animals. Overall, the evidence demonstrates that there are several 

uveitopathogenic determinants within the S-Ag, which could also be true in the case of uveitis 

patients.

1,5.2. IRBP uveitogenic epitopes.
Similar approaches used to define the pathogenic epitopes of S-Ag, were employed to

delineate the antigenic determinants residing in IRBP. Initial studies, using Lewis rats and CNBr 

cleavage fragments of bovine IRBP revealed uveitogenicity to reside in fragments CB-58 and CB- 

71 which were localised to the C-terminal region and CB-47, which is localised to the N-terminal 

of IRBP (Redmond et al, 1988). A subsequent study examined the immunopathogenicity of nine 

synthetic peptides corresponding to the amino acid sequences of CB-58 and CB-71. This study 

identified two peptides, 1158-1180 (R4) and 1154-1180 (R9) that were capable of inducing both 

EAU and EAP in Lewis rats (Sanui et al, 1988; 1989), however, these peptides are non- 

immunodominant (Lipham et al, 1990). Additional peptides corresponding to amino acid 

positions; 1091-1115 (R23) (Kotake et al, 1991b) and 1169-1191 (R14) (Sanui et al, 1989) have 

been identified. Peptides 1158-1180 and 1169-1191, were also successful at inducing EAU in 

primates (Sanui et al, 1990).

Peptide 1169-1191 is highly uveitogenic and immunogenic and pathogenic in Lewis rats at 

doses as low as O.Olnmol/rat and furthermore is an immunodominant epitope for this strain (Sanui 

et al, 1989; Lipham et al., 1990). Subsequent studies using peptide analogues have examined the 

pivotal residues responsible for the immunodominance of this peptide. The shortest active 

immunogenic and uveitogenic peptide was a nonapeptide corresponding to residues 1182-1190
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(Kotake et al, 1991a). Interestingly, a report has shown that the decapeptide 1182-1191 contains 

two completely different antigenic sites, 1184-1191 and 1181-1191 (Kotake et al., 1992). The 

smaller site 1184-1191 was reported, only to be immunologically detectable when the tryptophan 

at position 1182 is removed and is not recognised by lymphocytes that have been sensitised against 

whole IRBP. This site has been described as non-immunodominant or ’cryptic’ (Gammon et al, 

1987; Berzofsky, 1988). The cryptic nature of this site is thought to be due to the way in which the 

IRBP molecule is processed by APC (Berzofsky, 1988; Lipham et al, 1991).

Sequences corresponding to position 1179-1191 from the other three repeat domains of 

IRBP were tested for their uveitogenicity and immunogenicity. Two of the repeats of 1179-1191, 

peptides 271-283 and 880-892, were found to be both uveitogenic and immunogenic in Lewis rats, 

however higher doses were required (Kotake et al., 1990). Interestingly, the amino acid 1177-1191 

is reported to be both uveitogenic and immunogenic in the Lewis rat, but in addition this peptide 

can also induce disease and an immunogenic response when tested in other strains of rats which 

carry different RT1 MHC Class II haplotypes eg. WKAH, LEJ (Sasamoto et al, 1994). This 

suggests that this peptide can bind to a number of different rat MHC Class II haplotypes.

Investigations to identify uveitogenic sites present in human IRBP were performed using 

120 overlapping peptides corresponding to the entire 1262 aa sequence of the protein in Lewis rats 

(Donoso et al., 1988a; 1989). Five of the peptides tested were found to be uveitogenic in Lewis 

rats. In particular, the peptide corresponding to aa sequence human IRBP 521-540, was capable at 

inducing EAU and pinealitis in Lewis rats at doses as low as 0.1 jig/per rat. Shorter peptides of the 

sequence human IRBP 521-540 were tested for their ability to induce EAU and peptide human 

IRBP 527-534 comprising of aa sequence induced a severe EAU in Lewis rats (Donoso et al., 

1989; Merryman et al., 1990).

Studies in mice using recombinant proteins expressing domains of bovine IRBP have 

identified domain 1 as being uveitogenic in the B10.RIII strain (Caspi et al., 1994b). A subsequent 

study using overlapping peptides corresponding to human IRBP identified a major uveitogenic site 

in the B10.RIII mouse corresponding to human IRBP aa position 161-180 (Silver et al., 1995). 

This peptide was reported to be highly uveitogenic at a dose of 50pg resulting in aggressive 

disease and photoreceptor loss, however, disease scores and incidence were reduced at lower doses 

eg. 10jug dose. The aa residues residing in human IRBP at position 165-180 were essential for 

EAU induction and are highly pathogenic, although higher doses (100 to 200pg) were required. A 

subsequent study has reported that bovine and mouse homologues of the human sequence 161-180, 

despite some aa differences, are pathogenic in B10.RIII mice, with a hierarchy of uveitogenicity as 

follows: human>murine>bovine (S ilver^al, 1998)

Another approach used to identify IRBP uveitogenic determinants in B10.A mice was 

performed using six synthetic peptides that corresponded to the H-2Ak binding motif, which had
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been previously described by Itoh et al. (1994). All six peptides were reported to be immunogenic, 

however, only one peptide referred to as K2, corresponding to bovine IRBP sequence 201-216 

induced EAU in mice carrying the H-2Ak haplotype (Namba et al., 1998).

1.5.3. Other uveitogenic epitopes.
With the increase in the discovery and isolation of additional retinal antigens ie. rhodopsin

and phosducin, which are capable of inducing EAU, it is not surprising that several studies have 

been directed towards identifying the uveitogenic epitopes residing in these proteins. Studies using 

synthetic peptides corresponding to the entire aa sequence of rhodopsin, have identified a major 

immunodominant epitope corresponding to aa positions 331-342 and minor epitopes which 

correspond to aa positions 96-114 and 174-202 in the Lewis rat (Adamus et al., 1992). Likewise, 

synthetic peptides were used to identify uveitopathogenic sites in the phosphoducin molecule. The 

aa corresponding to positions 65-96 were uveitogenic in the Lewis rat, with the core sequence 

involving residues 79-83. Studies involving aa substitutions have demonstrated the pivotal aa 

residues required for uveitopathogenicity (Abe et al., 1997). It is likely that further uveitogenic 

sites will be identified for these retinal proteins and other retinal antigens.

1.5.4. Molecular Mimicry and EA U.
Discrimination between self and non-self antigens is a critical component of the immune

system. However, it seems relatively easy for this discrimination of self and non-self to fail. 

Several viral proteins share epitopes with host cell proteins. The phenomenon whereby the host 

responds to exogenous antigens, which cross react with self, either by sharing a linear or 

conformational epitope common to the foreign antigen and hosts structure is referred to as 

molecular mimicry. It is postulated that molecular mimicry may provide a mechanism for the 

induction of an autoimmune disease, however, its role in the initiation of posterior uveitis remains 

unclear (Oldstone, 1987). There have been correlations made between recent viral or bacterial 

infections and the initiation of an autoimmune disease, but these are only circumstantial (Singh et 

al., 1998).

Several reports have demonstrated possible molecular mimicry between retinal antigens 

and proteins from micro-organisms. Sequence homology has been reported between peptide M 

from S-Ag and hepatitis B virus, AKV murine leukaemia virus, Baboon virus, yeast histone H3 

protein and E. coli protein (Singh et al. 1989a; 1989b; 1990; 1992b). Furthermore, immunisation 

of Lewis rats with several of the microbial and viral peptides led to the development of EAU and 

stimulated T lymphocytes which cross reacted with peptide M (Singh et al, 1989a; 1989b; 1989c;

1990). In addition, lymph nodes isolated from rats immunised with histone H3 protein or peptide 

M and stimulated in vitro were able to induce EAU when injected intraperitonealy (i.p.) into naive 

syngeneic recipients (Singh et al., 1989c).
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More recently, it has been shown that two peptides, one from S-Ag and one from a 

polymorphic region of HLA-B27, which confers susceptibility to disease, share homology of 5 out 

of 14 aa and surprisingly they are immunologically cross-reactive. Furthermore, immunisation of 

animals with the HLA-B27 peptide induced EAU and lymphocytes from these animals showed a 

strong cross-reactivity with the pathogenic peptide from S-Ag (Wildner and Thurau, 1994). The 

HLA derived peptide was capable of inducing tolerance when orally administered, to S-Ag and 
IRBP in Lewis rats (Wildner et al., 1996). Cross reactivity to the peptide was seen at the level of 

TCR a(3 effector cells and at the level of TCR y5 suppressor cells (Wildner and Thurau, 1997; 

Wildner et al., 1996). This evidence suggests a direct immunological link between HLA class I 

antigens and organ specific autoantigen, whereby the MHC class I antigen itself is presented as a 

peptide, which is cross reactive with the respective peptide from the ocular antigen.

The above findings suggest the possibility that viral and bacterial agents may share 

antigenic determinants with ocular proteins, such as S-Ag and IRBP. In addition, the recent 

findings which demonstrate cross reactivity between peptides on class I antigens and S-Ag protein, 

has opened up a whole new area which needs to be explored. Furthermore, the association between 

proposed uveitic conditions and Al, for example birdshot choroidopathy are often associated with 

MHC class I antigen expression, the reasons behind which are not fully understood. With this 

present evidence a possible explanation may be in sight, with the association between HLA Class I 

antigens and organ specific autoantigens. It appears that molecular mimicry may be an important 

contributing factor involved in the pathogenesis of uveitis through mechanisms of cross-reactive 

Al (Wacker, 1991).

In addition, studies using acid-elution techniques of endogenous peptides from purified 

HLA-A29 which has a strong association with the development of birdshot retinopathy, have 

identified a peptide-binding motif for this allele. This study identified two peptide sequences 

derived form the carboxyl-terminal of human S-Ag which bound efficiently to the HLA-A29 

molecule (Boisgerault et al, 1996). Thus suggesting that the determination of HLA peptide 

binding motifs maybe a useful tool in the identification and prediction of disease inducing 

autoantigen(s) and their peptides.

1.6.1MMMUNOPA THOGENIC MECHANISMS IN EA U.

1.6.1. Tlymphocytes in EAU.
Probably the most important feature of the pathogenesis of EAU is the predominant role of

T lymphocytes. This was initially demonstrated using athymic nude rats. These studies showed 

that heterozygous nude Lewis rats (mu/+) and wild type rats developed EAU, whereas the athymic 

nude rats (homozygous mu/mu) failed to show any clinical or histological signs of EAU (Salinas-
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Carmona et al, 1982). These results indicate that T cells and theit effector mechanisms are an 

essential requirement for the induction of EAU. Furthermore, spontaneous development of EAU in 

nude mice has been shown following reconstitution with rat embryonic thymus (Ichikawa et al,
1991).

The predominance of T cell involvement in the pathogenesis of EAU is supported by 

experimental studies and clinical treatment of uveitis using CsA (Nussenblatt et al, 1983a; 1983b; 

1985). CsA is a fungal metabolite, which posses unique immunological activities, such as the 

selective suppression of T-lymphocyte function ie. inhibition of IL-2 synthesis, thereby inhibiting 

the immune cellular responses mediated by T lymphocytes (Nussenblatt et al, 1986). Reports 

using CsA in the treatment of EAU in S-Ag induced EAU in rats have shown a marked inhibition 

in the development of EAU and a suppression of cellular immune response, (Mochizuki et al, 

1983b; 1985b; Nussenblatt et al, 1981b; 1982a; Nussenblatt and Scher, 1983; Martin et al, 1995). 

Furthermore, clinical treatment of uveitis patients with CsA has shown a downregulation in the 

disease severity, unfortunately renal toxicity is a side effect of this therapy.

Direct evidence for the involvement of T cells in EAU has arisen from adoptive transfer 

studies. Adoptive transfer can be achieved with sensitised T lymphocytes, removed from a donor 

animal that has been immunised with retinal antigens, which are then injected into syngenic 

reciprients, either intravitreally or systemically (Aronson and McMaster, 1971; Mochizuki et al, 

1985a; McAllister et al, 1987). Disease is usually seen around 4-5 days post-transfer and 

immunohistochemical analysis has examined the cellular dynamics that occur (Chan et al, 1988a).

The ability to transfer disease is due to the CD4+ T lymphocytes which have been 

stimulated to a retinal antigen or fragment. Conversely, the CD8+ T lymphocyte subset are 

incapable of transferring disease (Mochizuki et al, 1985a). Immunohistochemical studies have 

further supported a dominant role for T lymphocytes in the pathogenesis of EAU, in particular 

during the early stages of disease (Chan et al. 1985b; 1990). Interestingly, during the later stages 

of Lewis rat S-Ag induced EAU, there is a reported increase in the relative number of CD8+ cells, 

possibly suggesting that they have a role in the down regulation of EAU (Chan et al, 1985b). 

However, depletion of the CD8+ lymphocyte population does not seem to affect the course of 

disease, demonstrating further that these cells do not play a critical role in either the induction, or 

the immunoregulation of EAU (Calder et al., 1993).

Functional T cell lines of the CD4+ phenotype have been raised to uveitogenic antigens 

and their corresponding peptide fragments and are capable of successful adoptive transfer of EAU 

(Rozenszjan et al, 1986; Caspi et al., 1986; Hu et al., 1989; 1990; Rizzo et al., 1996). The 

establishment of specific homogenous T cell lines has been of value in determining the nature of 

the lymphocytes that are responsible for EAU induction • and perpetuation. Furthermore, the 

advantage of using specific cell lines directed towards a peptide or fragment, is that less cells are
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required to transfer disease (McAllister et al, 1987). The cells are CD4+ T-lymphocytes and 

produce a cytokine profile that is characteristic of a Thl response eg. high IFN-y and IL-2, low IL- 

4 (Rizzo et al, 1996).

1.6.2. Antibodies in EAU.
The role of antibodies in the pathogenesis of EAU is undetermined, however, there are

several lines of evidence that indicate a role for antibodies in the induction of EAU. Following 

immunisation with a retinal antigen, a high titre of circulating antibodies has been detected (Gery 

et al, 1986a). A study reported that an injection of hyperimmune serum to ROS, either 

systemically or into the eye, results in moderate EAU in guinea pigs (de Kozak et al., 1976), whilst 

earlier attempts were unsuccessful (Quinby and Wacker, 1967). Furthermore, histopathological 

findings reveal that the infiltrate in the eye consists of predominantly of PMN cells, in particular 

neutrophils, which are typical of an Arthus-like response. Treatment with cobra venom factor 

inhibited neutrophil infiltration, which suggested a role for an immune-complex mediated (Type 

III hypersensitivity) response in EAU (Marak et al., 1979). A possible role for circulating immune 

complexes in the regulation and pathogenesis of EAU has been postulated (Kasp et al., 1992b). 

The involvement of IgE antibodies (Type I hypersensitivity) in the early stages of EAU induction 

has been suggested, by facilitating mast cell degranulation prior to disease onset (de Kozak et al, 

1981a). This would induce the release of inflammatory mediators, such as histamine, that would 

aid in the recruitment of lymphocytes to the site of inflammation (Gordon et al, 1990).

It would seem from the above evidence, that there is a role for antibodies in EAU 

induction (de Kozak, 1997). However, EAU can be successfully transferred to naive recipients by 

adoptive transfer of sensitised T lymphocytes, without the requirement of serum antibodies to 

retinal antigens (Mochizuki et al., 1985a; Caspi et al., 1986), suggesting that EAU is 

predominantly a T cell mediated disease, which is not dependent on antibody production. The 

significance of antibodies in EAU is still not clear, but some have suggested they may have a 

suppressive/protective role in the disease course, however, this is not well defined (de Kozak,

1997).

1.6.3. Cytokines.
T cells facilitate their effect by releasing soluble mediators known as cytokines, which 

exert effects on other cell types. Cytokines are small proteins (10-45 KDa), which have pleiotropic 

network activities and are important mediators involved in the communication of cells throughout 

the body (Rosenbaum, 1993; Kijlstra, 1997). It has been believed for several years that T 

helper/inducer subset of T lymphocytes can be divided into two subsets of effector cells depending 

on their functional capabilities and the cytokine profile they release. Upon stimulation of the 

undifferentiated, ThO CD4+ T cell, there is the capacity to develop, depending on the APC, antigen
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concentration, number of exposures and the cytokine environment, into either Thl or Th2 subsets 

(Constant and Bottomly, 1997). More recently, a Th3 subset has been reported, that secretes TGF- 

P and are thought to be a unique subset of regulatory cells (Weiner, 1997).

The Thl subset secretes cytokines which are usually associated with an inflammatory 

response, such as IFN-y and TNF, which initiate cell mediated immune responses, characteristic of 

DTH response. The Th2 subset cytokine profile secretes cytokines such as IL-4 and IL-5 (in mice 

only), which help B cells to proliferate and differentiate and are associated with humoral type 

responses facilitating antibody production (Constant and Bottomly, 1997). Th3 cells have been 

implicated in the mechanisms involved in oral tolerance (Fukaura et al., 1996; Weiner, 1997). IL- 

12 released from APC is thought to direct ThO cells to Thl (Hsieh et al., 1993) and IL-4 is 

believed to direct the precursor ThO cells to Th2 (Le Gros et al, 1990) and Th3 cells (Inobe et al.,

1998). A regulatory mechanism is believed to exists between the two subsets, whereby when the 

Thl response is high, the Th2 response is low and vice versa.

The pro-inflammatory cytokines which have been shown to play a role in the pathogenesis 

of intra-ocular inflammation are as follows: IFN-y, TNF-a, IL-1, IL-2, IL-6, IL-8, IL-12 and 

granulocyte/macrophage colony stimulating factor (GM-CSF) (Hoekzema et al., 1990b; de Vos et 

al., 1992). Intra-ocular administration of IL-1 (Rosenbaum et al., 1987; Ferrick et al., 1991; 

Bamforth et al., 1994), TNF (Kulkami and Srinivasan, 1988), IL-6 (Hoekzema et al., 1990b; 1991; 

1992), IFN-y (Hamel et al., 1990; Lee and Pepose, 1990) GM-CSF and IL-8 (Ferrick et al., 1990:

1991) have been shown to induce ocular inflammation, with IL-1 producing the most serious 

disease.

Studies examining the role of cytokines in EAU pathogenesis have included transgenic 

animals expressing a certain cytokine gene, for example IFN-y (Geiger et al, 1994; Egwuagu et 

al., 1999). Cytokine deficient animals referred to as ‘knockouts’ that have been engineered to lack 

a particular cytokine gene have been used to try and delineate the role of a cytokine in the 

induction and perpetuation of EAU. The use of mAb against cytokines, receptor fusion proteins 

and recombinant cytokines have also given insights into the role of cytokines in EAU pathogenesis 

(Caspi et al, 1994a; Dick et al, 1996)..

As described earlier (1.2.2), IFN-y has been shown to induce the up regulation of MHC 

class II antigen expression on ocular tissue (Percopo et al, 1990; Hamel et al., 1990). Studies 

using the Lewis rat model of EAU have reported IFN-y to be produced locally in the eye during 

disease and its expression was found to correlate to the severity of disease, suggesting it has an 

important role in the pathogenesis of EAU (Charteris and Lightman, 1992; 1993; 1994). 

Furthermore, studies using transgenic mice expressing an IFN-y gene under the control of a 

rhodopsin gene promoter (Geiger et al, 1994) and aA-crystallin promoter (Egwuagu et al, 1994)
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developed intra-ocular inflammation and photoreceptor loss, further supporting a role for IFN-y. A 

recent study has shown that constitutive expression of IFN-y production in the eyes of transgenic 

rats, markedly accelerates and exacerbates EAU, thus demonstrating a role for IFN-y in EAU 

pathogenesis (Egwuagu et al., 1999).

However, in contrast, systemic administration of a mAb to IFN-y resulted in the 

development of a more severe form of disease than control animals and increased DTH responses 

were reported, the upregulation of MHC class II antigen expression in ocular tissue was not 

affected. Conversely administration of recombinant EFN-y ameliorated EAU and DTH responses 

were decreased (Caspi et al, 1994a). This suggests that endogenously produced IFN-y at the 

systemic level has a protective role against EAU induction. Furthermore, systemic administration 

of this mAb to IFN-y in mice which are normally resistant to EAU induction eg. DBA-1 (H-2q), 

resulted in the development of disease, suggesting that IFN-y related mechanisms may be involved 

in conferring resistance in some mouse genotypes (Caspi et al., 1994a). Similarly, earlier studies 

using the EAE model, have shown that mice which are normally resistant to EAE induction 

develop disease when treated systemically with mAb to IFN-y (Billiauer al., 1988). These findings 

suggest a possible protective role of EFN-y at the systemic level. In order to overcome the 

uncertainty of local production of IFN-y in the eye during previous studies with systemic 

antibodies, a more recent approach has overcome this limitation by using homozygous (-/-) IFNy 

knockout mice. Investigations have shown, that IFN-y deficient mice were fully susceptible to 

EAU induction to a level normally associated with wild type mice and develop enhanced 

immunological responses to the uveitogenic antigen (Jones et al., 1997). In agreement with this 

study, IFN-y deficient mice have also been shown to be susceptible to EAE induction (Ferber et 

al., 1996). It would appear from these studies that IFN-y is not required for either the initiation of 

disease, or the for the effector stages of disease. In contrast, a requirement for EFN-y has been 

shown to be necessary in the pathogenesis of other organ-specific Al diseases, including Al 

gastritis and Al myasthenia gravis (Barrett et al., 1996; Balasa et al., 1997). The paradoxical 

effects of IFN-y in the pathogenesis of EAU in rats and mice, both at the systemic and local level 

requires further elucidation.

TNF-a is a pro-inflammatory cytokine, its activities include activation of T cells and 

induction of intercellular adhesion molecules. TNF-a has been implicated in the induction of EAU 

and administration of recombinant TNF-a has been reported to enhance the immune responses in 

mice to IRBP (Nakamura et al., 1994). Treatment of B10.A mice with an anti-TNF polyclonal 

antibody in the afferent stages (antigen priming) of disease (days 0-7) ameliorates EAU, whereas 

treatment in the efferent stage (effector stage of disease) (days 8-14) had little effect. This evidence
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suggests that TNF-a has a pivotal role in the antigen priming stage of the disease process (Sartani 

et al., 1996). Furthermore, administration of a p55 (CD120a) TNF-a receptor-Ig fusion protein 

(p55-TNFR-Ig) to Lewis rats on days 8 and 10 p.i., reduced clinical signs and structural damage to 

the ROS was significantly reduced, despite a level of cellular infiltration comparable to control 

animals (Dick et al., 1996). Administration of TNF mAb and receptor fusion proteins during the 

course of EAE have also produced similar findings (Baker et al., 1994; Komer et al, 1995). 

Furthermore, a more recent report has examined the mechanism by which TNF-a suppression 

occurs during therapy with the TNFR-Ig fusion protein. This study has reported that TNF-a 

blockade by the fusion protein causes a suppression of the effector CD4+ Thl response in EAU 

and IL-4 secreting cells were not shown to be involved in protection against tissue damage (Dick 

et al., 1998b). A recent report has shown that treatment with EFN-a/p reduced inflammation and 

delayed clinical onset in the IRBP-induced model of EAU in Lewis rats. It was suggested that this 

effect is, in part due to a reduction in TNF-a production (Okada et al., 1998). These findings 

provide evidence for a role of TNF-a in the pathogenesis of EAU, however its precise role 

requires further investigation.

IL-12 is thought to be important in the development of cell mediated immunity and EAU 

as it is a major cytokine that drives the differentiation of T cells towards a Thl pathway 

(Trembleau et al., 1995; Adorini et al., 1996). EAU can be prevented by treatment with mAb to 

IL-12 (Yokoi et al, 1997) and disease fails to develop in IL-12 deficient mice. (Jones et al, 1997), 

thus demonstrating a pivotal for IL-12 in the disease process. Similar findings have been reported 

for other experimental models of Al eg. EAE (Leonard et al., 1995; McIntyre et al, 1996). 

Surprisingly, administration of IL-12 to mice that had been immunised for EAU, fail to develop 

EAU and an increase in IFN-y levels and apoptotic cell number in the lymph nodes was also 

reported. Furthermore, treatment with IL-12 during the first week p.i., but not the second, was 

successful at attenuating the development of disease (Tarrant et al, 1998). A subsequent study has 

suggested that the protective effect of IL-12 requires the presence of IFN-y and nitric oxide, which 

affect apoptotic deletion of antigenic T cells during the antigen priming stage (Tarrant et al,

1999). It appears that the presence of large amounts of IL-12 at certain points of the disease 

process can down regulate the disease, rather than exacerbate it.

Immunostaining has detected the presence of TGF-J3 in the normal uveal tract (Pasquale et 

al, 1993). In the context of ACAID it has been shown to have an immunosuppressive action, 

whereby it inhibits in vitro lymphocyte proliferation (Kaiser et al, 1989; Cousins et al., 1991; 

Wilbanks et al., 1992). However, TGF-P can have both immunosuppressive and pro-inflammatory 

properties (Wahl, 1994). Earlier work suggested that TGF-P maybe an important inflammatory 

mediator (Wahl et al, 1989). For example, when it is injected into inflamed joints during arthritis,
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TGF-(3 was reported to exacerbate the disease (Allen et al, 1990). In contrast, EAE studies have 

demonstrated that TGF-p exerts a protective effect, whereby disease incidence and severity of 

EAE are decreased (Racke et al, 1991; Santambrogio et al, 1993). It may be that rather than 

acting as positive mediator of inflammation, it may serve as an important immunosuppressive 

agent that has a protective role in maintaining immune privilege of the normal eye. It has also been 

suggested that TGF-P may have an active role in tissue repair in EAU and experimental melanin 

induced uveitis (EMIU) (Li et al, 1994). However, it cannot be ruled out that under inflammatory 

conditions in the eye, TGF-P may become a mediator of inflammation. Due to the reported 

paradoxical bifunctionality of TGF-P, as with many cytokines the role of TGF-P requires 

‘interpretation in context’, especially in the case of the eye.

Increased expression of EFN-y, IL-4, IL-2 and lymphotoxin has been shown in eyes from 

Lewis rats affected with EAU (Charteris and Lightman, 1993; 1994). IL-2 is known to be 

produced by activated T-lymphocytes and induces proliferation, therefore it plays an important 

role in the initiation of disease (Smith, 1988). IL-1 is a potent cytokine that exhibits pleiotropic 

effects. A study has reported that IL-ip transgenic mice develop chronic ocular inflammation and 

neovascularisation (Wawrousek etal, 1994).

Neuropeptides have been shown to be present in the normal eye eg. VIP and are thought to 

have immunosuppressive activities (Taylor et al, 1992; 1994). More recently, a group of chemical 

mediators called chemokines have been identified (Baggiolini et al, 1994). IL-8 is a chemokine 

and is primarily a potent chemotactic factor for PMNs and to a lesser extent, other granulocytes 

and lymphocytes (Colditz et al, 1989). The effects of IL-8 intra-ocularly have not been well 

characterised, but intra-vitreal injection of IL-8 produces a mild infiltration of PMNs and increases 

vascular permeability (Ferrick et al, 1991). The role of IL-8 and other chemokines in the 

pathogenesis of EAU requires further elucidation.

1.6.4. Adhesion Molecules.
One of the fundamental requirements of EAU pathogenesis is the recruitment and

migration of inflammmatory cells into the eye. Cell adhesion molecules (CAM) are glycoproteins 

which are critical for the transendothelial migration of leukocytes into sites of inflammation. 

Upregulation of CAM expression on the vascular endothelium and surrounding areas allows 

inflammatory cells to home to sites of inflammation (Luscinskaef al, 1989). Both mononuclear 

and PMN cells are recruited from the circulation and invade the eye during the pathogenesis 

process in both EAU and human uveitis and a number of CAM have been shown to be implicated 

in this process (Whitcup, 1995).

ICAM-1 (CD54) and LFA-1 (CD 11 a/CD 18) are two of the CAMs which are integral to 

the process of leucocyte migration into sites of inflammation. ICAM-1 is a member of the

50



Chapter 1 Introduction

immunoglobulin (Ig) supergene family and binds to CAMs which belong to the p2-integrin family 

of CAMs, LFA-1 (CD 11 a/CD 18) and Mac-1 (CDllb/CD18) (Staunton et al, 1988). LFA-1 is 

expressed on leucocytes and more recently it has been shown to bind to ICAM-2 and ICAM-3. 

Blocking of all three ICAMs is required to completely block LFA-1 T cell responses (de 

Fourgerolles et al, 1994).

Expression of adhesion molecules has been examined and LFA-1, VLA-4 and Mac-1, 

have been detected on infiltrating lymphoid cells in the eye and their counter ligands ICAM-1, 

ICAM-2, VCAM-1 and ELAM-1 have been noted on EC in eyes which are developing EAU 

(Whitcup, 1994). Studies using the IRBP-induced model of EAU in BIO.A mice have 

demonstrated that the first expression of ICAM-1 on the vascular endothelium of the retina and 

ciliary body occurs seven days p.i., preceding the first signs of detectable inflammation, by a few 

days. However, the presence of infiltrating leukocytes expressing LFA-1 was not detectable until 

day 9 p.i. and histological signs were not apparent until 11 days p.i. (Whitcup et al, 1993). 

Reports have demonstrated that mAb to ICAM-1 and LFA-1 inhibit lymphocyte proliferation in 

vivo, whereby clinical and histological signs were significantly reduced. Evidence arising from the 

studies with mAb has suggested that adhesion ipolecules are involved in both the induction/antigen 

sensitisation and the effector (lymphocyte migration into the eye) stages of disease pathogenesis 

(Whitcup et al, 1993). It therefore appears that adhesion molecules play an important role in the 

pathogenesis of EAU and other CAMs for example VLA-4 and VCAM-1 are also important in the 

process of leucocyte trafficking and may play a role in the later stages of disease (Whitcup, 1995).

1 .7IMMUNOMOD ULA TION OF EA U.
The immunopathogenic mechanisms learnt from animal studies of EAU have not only

allowed a better understanding of immune and genetic mechanisms involved in the disease 

process, but have also enabled immunotherapies to be tested. Therapies can be directed at the 

different elements of the immune response and at the level of the eliciting antigen.

1,7.1. Immunosuppressive and Anti-inflammatory Drugs.
Initial attempts at immunomodulation involved the use of immunosuppressive agents. Due

to the predominant involvement of T cells in the pathogenesis of both EAU and uveitis, CsA was 

considered due to its selective action on T cells. Studies using S-Ag induced EAU in rats showed 

CsA to be a successful therapeutic agent (Nussenblatt et al, 1981b; 1982b; Mochizuki et al, 

1983b; 1985b). Human trials using CsA have also proved successful in the treatment of posterior 

and intermediate uveitis (Nussenblatt et al, 1985; de Smet and Nussenblatt, 1993). However, a 

major problem with prolonged use of CsA treatment is that of renal toxicity in patients (Palestine 

et al, 1986). Synthetic analogues of Cs, referred to as CsG and CsD, have been shown to be 

effective at attenuating EAU and inhibiting T lymphocyte proliferation in the rat model.
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Unfortunately very large amounts of these analogues are required to achieve a similar result as 

with Cs, a problem which may override any relative reduction in renal toxicity these analogues 

may give (Nussenblatt et ah, 1986). EAU has also been shown to be inhibited by other drugs such 

as FK-506 (Kawashima et ah, 1988; 1990: Kawashima and Mochizuki, 1990; Mochizuki et ah, 

1990; Fujino et ah, 1991), rapamycin (Roberge et ah, 1993a; 1993b) and suramin (Tarrant et ah,

1995). Fk 506 has similar action to CsA and has been used in uveitis clinical trials and has proved 

to be very successful as a therapeutic agent (Mochizuki et ah, 1993). Furthermore, one of the 

effects of FK 506, has been shown to involve the down-regulation of ICAM-1 expression in vitro 

(Liversidge et ah, 1991).

EAU is also inhibited by anti-inflammatory agents such as corticosteroids and 

antioxidants, or by cytotoxic drugs such as CY (Mochizuki et ah, 1985b; Suzuki et ah, 1989a). 

Corticoidsteroids are potent inhibitors of inflammatory cytokine production, however adverse side 

effects are frequently associated with this treatment such as glaucoma and cataract, which 

unfortunately limit their long term usage (Suttorp-Schulten and Rothova, 1996). Other agents that 

are effective at inhibiting EAU expression include mycophenylate mofetil and leflunomide 

(Robertson and Lang, 1994; Chanaud et ah, 1995). Most of these agents are currently being 

considered for ocular inflammation clinical trials, either alone or in conjunction with other drugs.

1.7.2. Monoclonal Antibodies directed towards Cellular Components and cytokines.
EAU can be inhibited with the treatment of mAb directed towards cellular components

and cytokines involved in the immunopathogenesis of the disease process. Using mAb’s directed 

towards CD4+ T lymphocytes inhibits S-Ag induced EAU in rats (Atalla et ah, 1990). 

Furthermore, preliminary clinical trials using a chimeric mAb to CD4+ reported some success in 

the treatment of a patient with endogenous uveitis, whereby the frequency of relapses was sharply 

reduced after therapy (Thurau et ah, 1994). Administration of mAb directed towards MHC class II 

antigen to rats immunised with S-Ag resulted in a prolonged time p.i. until disease onset, but did 

not inhibit the disease itself (Wetzig et ah, 1988; Rao et ah, 1989). In addition, antibodies directed 

towards the TCR have shown to be successful at inhibiting EAU (Montes et ah, 1992). Specific 

antibodies directed towards cellular components involved in T lymphocyte adhesion and migration 

into tissues have been shown to have an inhibitory effect on EAU. Antibodies directed towards 

ICAM-1 and LFA-1, have significantly reduced EAU in both rat and mice models of EAU 

(Whitcup et ah, 1993; Uchio et ah, 1994; Whitcup, 1995).

Recently, mAb directed towards the IL-2 receptor have been successful in the treatment of 

EAU in a primate model (Guex-Crosier et ah, 1996). Another approach took advantage of the fact 

that during EAU, activated T lymphocytes bear large numbers of high affinity IL-2 receptor on 

their surface. A construct of IL-2 and Pseudomonas exotoxin named IL-2 PE40 was made,
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whereby the exotoxin portion of this molecule is highly toxic to cells that ingest it. Studies have 

reported that IL-2 PE40 is extremely successful at inhibiting S-Ag induced EAU (Roberge et al, 

1989). Neutralisation of other cytokines which have been implicated in the pathogenesis of EAU 

eg. IL-12 (Yokoi et al., 1997). TNF-a is considered to be a target for immunotherapy and this has 

been achieved by using mAb and soluble p55-TNFR-Ig fusion protein (Sartani et al, 1996; Dicke/ 

al, 1996).

1.7.3. Thl/Th2 cytokine balance.
Another possible mode of therapeutic intervention that has been suggested involves the

skewing of a Thl response towards a Th2 response. Due to the proposed cross-regulatory 

mechanisms that are involved in the in vivo relationship between the two subsets (Sher et al,
1992), it is conceivable that enhancement of a Th2 response would suppress the pathogenic 

process. A Th2 response directed against the same antigen would theoretically result in the 

production of anti-inflammatory cytokines IL-4, IL-10 and IL-13 and reduce the DTH response. 

IL-4 can direct differentiating T cells towards the Th2 arm of the immune response and this was 

the rationale behind several studies examining the pathogenesis and immunotherapy of 

autoimmune disease (Adorini and Sinigaglia, 1997). Administration of recombinant IL-4, to 

animals suffering from EAE, resulted in the amelioration of disease and the induction of myelin 

specific Th2 cells, reduction in demyelination and inhibited the production of inflammatory 

cytokines (Racke et al, 1994). However, in contrast treatment of Lewis rats with IL-4 

paradoxically resulted in the exacerbation of EAU (Ramanathan et al., 1996). IL-12 is thought to 

drive a response towards Thl and treatment with anti-IL-12 antibodies resulted in the inhibition of 

EAU (Yokoi et al, 1997).

IL-10 is believed to be an anti-inflammatory cytokine which suppresses IFN-y production, 

inhibiting a Thl response and promoting a Th2 response (de Vries, 1995). Several reports using 

various models of cell-mediated Al eg. EAE and diabetes in NOD mice, have shown that treatment 

with IL-10 has beneficial effects on the course of disease (Rott et al, 1994; Penniline et al, 1994). 

In contrast, other reports have shown harmful effects of IL-10 treatment (Balasa et al, 1996; 

Cannella et al, 1996). More recently studies have reported that IL-10 has a protective role in EAU, 

whereby IL-10 alone was not sufficient to suppress a Thl response, and concomittant 

administration of IL-4 was necessary to skew the cellular response towards a non-pathogenic Th-2 

response (Rizzo et al, 1998). This evidence possibly suggests a role for endogenous IL-10 in the 

natural control of EAU and administration of IL-10 may have future therapeutic potential in the 

treatment of inflammation and eye disease.
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1.7.4. Tolerance to retinal antigens and their fragments.
The selective unresponsiveness or tolerance to immunopathogenic retinal antigens has

been considered as a therapy for EAU and uveitis. Immunological tolerance is described as 

unresponsiveness of the immune system to a specific antigen and is maintained by clonal deletion 

of autoreactive CD4+ cell, or by the generation of suppressor T cells. Reports have demonstrated 

that tolerance can be induced in models of EAU by several different routes.

Intravenous administration of S-Ag-coupled splenocytes, protected animals from 

subsequent immunisations of antigen, by inducing a state of tolerance towards that particular 

antigen (Dua et al., 1992a). This mode of inducing tolerance is thought involve T cell anergy, due 

to the lack of co-stimulatory factors at the time of antigen recognition by the T cell (Jenkins and 

Schwartz, 1987).

Mucosal surfaces receive external stimuli from food and bacteria, at the gastrointestinal 

and respiratory tracts. The majority of antigens are non-pathogenic, however ‘ingestion’ of these 

antigens by either route leads to a state of immunological tolerance to the antigen (Mowat, 1987). 

Reports have demonstrated that oral administration of native retinal antigens and their 

corresponding peptides and recombinant E. coli expressing S-Ag, prior to immunisation, results in 

the prevention of subsequent EAU induction (Nussenblatt et al., 1990; Thurau et al., 1991; Vrabec 

et al., 1992; Singh et al., 1992a; 1996). A recent report has demonstrated that oral administration 

of antigen prior to disease induction is more effective than oral administration post-disease 

induction (Torseth and Gregerson, 1998). However, studies using the IRBP induced B10.A mouse 

model of chronic/relapsing EAU have shown that feeding of IRBP in the remission phase of 

disease prevents a subsequent relapse of EAU (Thurau et al., 1997a). Suggesting that oral 

tolerance can be potentially induced in a chronic-relapsing model of disease. This is of value in the 

human condition, where patients visit the clinic with established uveitis and the disease pattern 

frequently follows a chronic/relapsing course.

Splenectomised animals fail to develop oral tolerance, demonstrating that the spleen plays 

an important role in the induction of oral tolerance (Suh et al, 1993). Furthermore, it has been 

demonstrated that in EAU, oral tolerance operates by two distinctive mechanisms depending on 

the antigen feeding protocol employed. It has been postulated that low dose feeding of antigens 

results in tolerance via active suppressor mechanisms, whilst high dose feeding protocols results in 

T cell anergy and a state of unresponsiveness (Gregerson et al., 1993). Evidence does suggest that 

suppression is a more favoured mechanism of tolerance in EAU for a number of reasons. Firstly, 

oral administration of antigen induces suppressor T cells and splenic CD8+ cells protect the 

animals from subsequent induction of EAU. Adoptive transfer of the CD8+ cells into naive 

recipients confers protection from subsequent EAU induction. In addition, these cells also inhibit 

antigen-specific in vitro proliferation responses (Nussenblatt et al., 1990). Secondly,
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administration of anti-CD8 antibodies in vitro prevented the antigen specific suppression, thus 

demonstrating that CD8+ cells are responsible for the suppression. Conversely, a recent report has 

suggested that CD8+ cells are not required for the induction of low dose tolerance (Vistica et al.,

1996).

Nasal tolerance has also been shown to be effective at preventing subsequent induction of 

EAU (Dick et al, 1993: 1994a). Studies have demonstrated that nasal administration of retinal 

extract (RE) prior to immunisation with RE suppressed both disease severity and incidence of both 

clinical and histopathological signs of EAU in Lewis rats (Dick et al, 1993; 1994a). Treatment 

with S-Ag was only reported to protect against subsequent challenge with S-Ag and not against the 

other antigens present in the RE. In contrast, nasal administration of RE protects against 

subsequent challenge with S-Ag (Dick et al, 1993). It has also been suggested that the nasal route 

of tolerance would require smaller amounts of antigen in order to induce tolerance, as compared 

with the oral route of administration. Nasal tolerance has also been demonstrated for other 

experimental autoimmune diseases such as myasthenia gravis, EAE and EAN (Shi et al, 1998).

Tolerance to retinal antigens has also been reported via intra-testicular routes, referred to 

as orchidic tolerance. The testes, like the eye is considered to be ‘immune privileged’ (Streilein, 

1995a). Intra-testicular injection of S-Ag prior to immunisation induces a systemic tolerance and is 

capable of protecting Lewis rats from S-Ag induced EAU (Peng et al, 1992; Li et al, 1997). 

Orchidic tolerance is antigen-specific and can be transferred to naive recipients with splenic 

lymphocytes from tolerised animals (Ren et al, 1994). Furthermore, systemic tolerance is not 

prevented if an orchidectomy is performed within hours after treatment, neither is it by severing or 

removal of the lymphatic vessels in the testis (Ren et al, 1995). It is postulated that upon intra- 

testicular injection of antigen an orchidic tolerance signal is generated that migrates to the spleen 

whereby regulatory lymphocytes with immunosuppressive properties are produced (Li and Ren et 

al, 1997). The signal involved in orchidic tolerance is not fully understood, however, it is possible 

that a variety of immunosuppressive factors including TGF-|3 and Fas/Fas ligand may be involved 

in the generation of the tolerance inducing site (Li and Ren et al, 1997).

The protective effect of oral tolerance has been associated with TGF-P, IL-4 and IL-10 

which are thought to be involved in down regulating pathogenic Thl effector cells (Khoury et al, 

1992; Miller et al, 1992b; Racke et al, 1994; Chen et al, 1994; 1995; Caspi et al, 1996b; Rizzo 

et al, 1994; 1999). In EAE, a low dose feeding regime induced tolerance and was accompanied by 

a rise in TGF-P secretion from Th3 cells and was enhanced by oral administration of IL-4 (Inobe et 

al, 1998). Using IL-4 and IL-10 knockout mouse models, it has been demonstrated that both these 

cytokines play an important role in the induction of low dose tolerance in EAU. Knockout mice 

were successfully tolerised towards antigen when high dose feeding regimes were employed, but 

were not protected by low dose feeding protocols (Caspi et al, 1996b). It has also been
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demonstrated that three times feeding of antigen does not confer protection from subsequent EAU 

induction, whereas five times does. However, administration of IL-2 concurrently with feeding can 

convert the three times feeding protocol into a protective regime (Rizzo et al, 1994). Reports have 

also demonstrated that Peyer’s patches of the gut are involved in the induction of oral tolerance 

whereby they mediate active suppression by producing TGF-p secreting cells (Santos et al, 1994).

As mentioned earlier it is likely that in human disease different retinal epitopes will be 

involved in the pathogenesis of disease in different patients. Therefore the use of oral tolerance 

would be effective if one of the following is known. Firstly, the eliciting antigen is known for each 

patient, so that particular antigen can be administered. Secondly, that the feeding of an antigen 

present in the target tissue that is exposed during the inflammatory process, is able to generate 

suppressor cells that are capable of producing anti-inflammatory cytokines which act locally and 

downregulate the inflammatory response (Rizzo and Caspi, 1995). This phenomenon is referred to 

as bystander tolerance and is of importance in disease processes where the eliciting antigen is 

unknown. Studies have shown that Lewis rats fed OVA and then challenged separately with MBP 

and OVA were protected from EAE induction. Protection was also adoptively transferred by CD8+ 

cells from OVA fed animals into animals injected with both MBP and OVA (Miller et al, 1991). 

In the S JL model of EAE Al can be directed towards proteolipid protein (PLP) and following oral 

administration of myelin basic protein (MBP), EAE in these mice could be suppressed, thus 

demonstrating bystander tolerance (Miller et al, 1992a). In contrast, several reports have been 

unable to demonstrate bystander tolerance in models of EAU, suggesting that it does not occur in 

the eye (Gregerson et al, 1993: Wildner and Thurau, 1995). However, a more recent report has 

shown that combined nasal administration of IRBP and S-Ag to Lewis rats protects from 

subsequent challenge with RE. In this model, tolerance was antigen-specific and it was suggested 

that a bystander tolerance response is generated which may suppresses any response to other 

retinal antigens present in the RE (Laliotou et al, 1997). This study demonstrated that tolerance in 

this model was retinal antigen specific, as administration of MBP failed to protect Lewis rats from 

subsequent challenge with RE.

However, whilst many questions regarding bystander tolerance and its effectiveness in 

models of EAU remain unanswered, clinical trials have been undertaken to determine the 

usefulness of oral tolerance in the treatment of posterior uveitis. An initial pilot clinical trial was 

undertaken involving two uveitis patients with endogenous uveitis who were dependent on 

immunosuppression. Feeding retinal S-Ag to these patients resulted in favourable therapeutic 

responses, whereby immunosuppressive treatment was completely discontinued or decreased. 

(Nussenblatt et al, 1996). More recently, the National Eye Institute in Bethseda, USA, has 

completed a phase I/II randomised masked clinical trial on uveitis patients who were dependent on 

immunosuppressive drugs for endogenous forms of uveitis. Oral feeding of S-Ag alone, a mixture
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of retinal antigens and placebo was tested. In this trial, patients receiving the S-Ag responded 

better, than patients who received a mixture of retinal antigens or placebo. Patients receiving S-Ag 

only, did not require immunosuppressive drugs and no toxic effects of this treatment were 

observed (Nussenblatt et al, 1997). Furthermore, a clinical trial involving oral administration of a 

HLA peptide which could induce tolerance to S-Ag and IRBP induced EAU in rats, has been used 

in clinical oral tolerance studies (Wildner and Thurau, 1994; Thurau et al., 1997b). The first 

patients who were orally tolerised with this peptide were able to discontinue the use of steroids 

because of reduced intra-ocular inflammation and no side effects were observed (Thurau et al., 

1997b). Oral tolerance to peptides derived from the patients own HLA which cross react with 

specific auto antigens may also prove to be a potent therapeutic approach. In addition, oral 

tolerance clinical trials involving MS and rheumatoid arthritis, have also produced encouraging 

results (Weiner et al., 1993; Trentham et al, 1993).

1.8. SUSCEPTIBILTY TO EAU.
Studies have reported an association between genetic background and the ability to

develop an autoimmune disease, in experimental situations. As described earlier in man there is a 

strong association with certain HLA types to develop ocular inflammatory disorders, for example 

HLA-A29 predisposes to birdshot retinopathy. It has also been suggested that non-MHC genes 

also play a role in determining the propensity of animal strains to develop EAU. However, an 

extensive study of human genetics is not possible due to the complexity of the genetics and also 

the outbred nature of the human species. Due to the availability of genetically defined inbred 

strains of both rats and in particular mice, an insight into the genetic factors responsible for disease 

susceptibility has been allowed.

1.8.1. MHC associated genetic factors.
The MHC is responsible for presenting antigen to circulating T lymphocytes. The MHC

region in mice is termed H-2 and in rats it is RT1.

In the rat model of EAU it is understood that different inbred strains markedly differ in 

their susceptibility to develop EAU (Fox et al, 1987a; Suzuki et al, 1989a; Li and Fujino et al,

1992). The relationship between genetic makeup and susceptibility to develop EAU in rats of 

various inbred strains has been investigated. Studies have shown that rats of the RT11 haplotype, 

Lewis and CAR strains, are high responders to S-Ag induced EAU, whilst in contrast other 

haplotypes such as Brown Norway (BN) and AVN, are low responders (Gery et al, 1986a). In 

addition, intermediate responses were exhibited from the hybrid strain, LBNF (Lewis X BN), 

whilst no responses were documented for RCS and LeR rats (Gery et al, 1985). Interestingly, a 

correlation was noted between the susceptibility of rat strains to develop EAU and other Al disease 

such as EAE (Fox et al, 1987a). However, it was demonstrated that although genetic factors play
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an important role in determining susceptibility to EAU, other factors are also involved (Hirose et 

al, 1991; Yoshikawa et al., 1995). For example, this has been illustrated with the observation that 

Fischer 344 (F344) rats, who have low susceptibility to EAU induction with either S-Ag or IRBP 

derived peptide R16, interestingly share the same MHC class II subregion RT1B1 with Lewis and 

CAR strains, which are highly susceptible to EAU induction (Fox et al., 1987a; Caspi et al., 

1996a). It is therefore considered that the Lewis and CAR rat strains have a ‘permisssive’ 

background, whilst the F344 background is ‘non-permissive’. Thus demonstrating other influences 

are involved in determining susceptibility besides the genetic factors.

Furthermore, the relationship between genetic make up and strains of mouse susceptibility 

to develop EAU has been well documented by Caspi and associates (Caspi et al., 1988; 1992a; 

1992b). These studies reported that providing a ‘permissive’ eg. a BIO genetic background is 

present, mice of the MHC haplotypes H-2 r’ H-2k and H-2b, develop EAU following immunisation 

with IRBP, whilst mice of other haplotypes are generally EAU resistant (Caspi et al, 1992b). 

Genetic backgrounds such as LP or AKR (H-2k) are ‘non-permissive’, despite the fact that these 

mice express a susceptible H-2Ak haplotype, there is little of no expression of EAU (Caspi et al., 

1992a; 1992b). Within the haplotypes which are susceptible to EAU induction there is a reported 

hierarchy of susceptibility, as follows; H-2r>H-2k>H-2b. Studies using intra-H-2 recombinant 

strains have reported the MHC control factor for EAU induction to be dependent on the MHC 

class II genes of the A subregion, whilst the expression of the Ek sub region was not required and 

was in fact reported to have an ameliorating effect on disease. (Caspi et al., 1992b). Studies using 

mouse strains with the same H-2 on different backgrounds, have reported that the final expression 

of disease in susceptible haplotypes is largely dependent on the expression of background, non- 

MHC genes (Caspi et al, 1992b).

1.8.2. Control o f EAU by non-MHC influences.
As a result of the genetic analysis of EAU susceptibility, it is understood that although

MHC factors play an important role in the determining EAU expression, other genes outside of the 

MHC locus play a crucial role in the final expression of disease. This is also the case for other 

animal models of Al, for example, experimental autoimmune oophoritis in mice, whereby 

susceptibility to disease induction is conveyed by non-MHC genes (Nair et al, 1996). Studies 

using strains of mice and rats which share the same EAU susceptible MHC background, but 

different genetic backgrounds have been used to determine the effect of non-MHC genes on the 

expression of EAU (Caspi et al., 1992a; 1992b). From the evidence arising for EAU studies, it 

appears that there is a balance of background non-MHC genes (‘non-permissive’), which control 

cytokine production and effect, mast cell number and hormonal levels, all of which have been 

suggested to play a part in conveying susceptibility to EAU.
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As described earlier (1.6.3) the role of EFN-y in the pathogenesis is not fully understood 

and its role in determining genetic susceptibility is equally perplexing. Treatment of a normally 

resistant strain of mouse eg. DBA-1 (H-2q), with antibodies to IFN-y renders them susceptible to 

EAU induction (Caspi et al, 1994a). Furthermore, studies using IFN-y knockout mice mice (-/-) 

have shown that a normally EAE resistant strain, the BALB/c mouse, can be converted to a 

susceptible phenotype which develops disease comparable to susceptible strains (Krakowski and 

Owens, 1996). It appears from this evidence that IFN-y can in some cases, be responsible for a 

resistant phenotype.

However, the cytokine response profile has been reported to be important in determining 

genetic susceptibility to EAU. Studies have reported that highly susceptible strains of animals eg. 

Lewis rat and BIO. A mice, produce an elevated Thl cytokine phenotype, with high levels of IFN-y 

and low IL-4 and IL-10 levels being a characteristic feature (Caspi et al, 1996a; Sun et al, 1997). 

Interestingly, Lewis and F344 rats share the same MHC II and would consequently recognise the 

same epitopes in a uveitogenic molecule. However, F344 rats are resistant to EAU induction, 

unlike the Lewis and have been reported to have a low Thl and Th2 response. Evidence therefore 

suggests that a dominant Thl response is preferentially required for genetic susceptibility. 

However, genetic resistance to EAU is not necessarily dependent on a Th2 response pattern and 

other regulatory mechanisms may be effective in conferring resistance (Caspi et al, 1996a; Sun et 

al, 1997). It is quite perplexing that presence of IFN-y can confer a EAU resistant phenotype, but 

in susceptible animals which develop EAU, a large amount of IFN-y is reported from uveitogenic 

cell lines and immunohistochemical analysis of eyes (Rizzo et al, 1996).

A further observation is that TNF production from resident retinal cells, MG and RPE may 

play a role in determining susceptibility to EAU. Cells isolated from highly susceptible strains eg. 

Lewis rats, produce considerable amounts of TNF when stimulated in vitro with IFN-y and 

lipopolysaccharide (LPS), whereas cells from poorly susceptible strains such as BN and Long- 

Evans (LE), produce low to undetectable amounts of TNF in culture (de Kozak et al, 1994). 

Furthermore, administration of recombinant TNF at the time of immunisation, is reported to 

induce EAU in a normally EAU resistant strain of mouse ie. B10.D2, (Nakamura et al, 1994). 

Evidence suggests that in vivo production of TNF plays a role in determining susceptibility to 

EAU induction, possibly by enhancing the initiation and the perpetuation of the local immune 

response.

Corticotropin releasing hormone (CRH) has been identified at the sites of inflammation in 

eyes of rodents with EAU and its expression has been reported to correlate with the progression 

and intensity of disease (Mastorakos et al, 1995). Furthermore, CRH and its mRNA are present in 

inflammatory lesions in other Al disease such as rheumatoid arthritis and Hashimoto thyroiditis in
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humans (Crofford et al, 1992; Scopa et al, 1994). Furthermore, a documented difference between 

the Lewis and the F344 backgrounds is that the Lewis but not the F344, has a defective 

hypothalmic-pituitary-adrenal (HPA) axis. This may possibly suggest that the Lewis rats are 

unable to upregulate the serum level of corticosterone in response to the physical trauma of 

immunisation (Sternberg et al, 1989). Therefore, a possible balance of hormonal levels could be 

involved in determining susceptibility to EAU and other Al diseases.

Mast cells are involved in the DTH response by releasing vasoactive mediators eg. 

histamine, which increase the permeability of the blood vessel endothelium and allow the 

migration of inflammatory cells into the target tissue. Reports have suggested that susceptibility to 

develop EAE is associated with H-2 and histamine sensitisation genes (Lincthicum and Freilinger, 

1982). In EAU, several lines of evidence demonstrate a possible association between mast cells 

and EAU susceptibility. Studies have reported a correlation between the susceptibility of a number 

of rat inbred strains eg. Lewis, BN and FI hybrids (Lewis x BN), to EAU induction and the 

number of mast cells in the iris and ciliary body (Li et al, 1992). Whilst others have reported a 

correlation between the number of mast cells in the choroid and the susceptibility of different 

inbred rat strains eg. LeR and their ability to develop EAU (Mochizuki et al, 1984). In the case of 

mice, W/Wv and Sl/SLd mutant strains which are deficient in tissue mast cells due to a bone 

marrow defect, but genetically similar to the wild type, have a reduced susceptibility to EAU 

induction compared to the wild type (Bahmanyar et al, 1991). It is therefore postulated that the 

vasoactive mediators released from mast cells are important in EAU susceptibility and a reduced 

number in some strains of rats and mice could well be responsible for their resistance to disease 

(de Kozak et al, 1983). However, this correlation is a tentative association, although it is further 

supported by the attenuation of EAU with the mast cell inhibitors, disodium cromoglycate and 

ketotifen (de Kozak et al, 1983).

Using PTX as co-adjuvant, concurrent with immunisation in EAU resistant animal strains, 

has resulted in breaking resistance and subsequent development of disease (Mochizuki et al, 1984; 

Fox et al, 1987a; Suzuki et al, 1989a; 1989b; Hirose et al, 1991; Caspi et a l, 1996a). Similar 

findings have been recorded in studies with EAE (Linthicum and Frelinger, 1982; Lincthicum et 

al, 1982). LeR rats have low numbers of choroidal mast cells and are normally resistant to EAU 

but treatment with PTX results in susceptibility to disease (Mochizuki et al, 1984). It has been 

postulated that PTX is able to sensitise the vascular endothelium to histamine, as documented in 

the EAE model (Linthium et al, 1982). It may be the case that the enhancing effect of PTX on the 

development of EAU in normally resistant strains of animals, is attributable to its histamine- 

sensitising effect. This is thought to create an increase in vascular permeability, which would 

enhance lymphocyte migration into the tissues. It is possible that this could be responsible for the 

obliteration of certain genetic differences that exist between EAU susceptible and EAU resistant
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strains (Ho et al, 1979; Hirose et al, 1991). However, others have observed that PTX does not 

enhance lymphocyte trafficking and conversely has been shown to actually inhibit lymphocyte 

trafficking in vitro by inhibiting EC (Greenwood et al, personal communication). In addition, 

PTX has a reported a mitogenic effect on T-lymphocytes (Fish et al, 1984) and in vivo PTX 

treatment is seen to increase the T-helper lymphocyte population (Sewell et al, 1984). The action 

of PTX may result in a large increase in antigen non-specific T-lymphocytes, which could aid in 

the amplification of the antigen-specific driven response by increasing the local concentration of 

cytokines in the environment.

Studies have shown that the thymus is critical for the development and maintenance of 

self-tolerance (Ramsdell and Fowlkes, 1990; Jameson et al, 1995; Miller and Basten, 1996). The 

thymus is involved with negative and positive selection of thymocytes (naive T cells), whereby 

self antigen is presented on the surface of thymic APC. Thymocytes which have a TCR that binds 

too strongly to self antigen are eliminated by programmed cell death and those which have low 

affinity/avidity for self antigen, are retained and allowed to develop into mature T cells (Miller and 

Basten, 1996). However, despite the tolerogenic mechanisms in the thymus and the periphery, 

autoreactive T cells do exist in normal individuals (Shanmugam et al, 1995). It is believed that Al 

to certain tissues such as the testis or brain, may be due to recognition of sequestered antigens not 

normally exposed to the immune system (Niederkom, 1990). A recent report has suggested that 

thymic expression of retinal antigens, S-Ag and IRBP can confer resistance to EAU induction 

(Egwuagu et al, 1997; Charukamnoetkanok et al., 1998). Furthermore, studies on NOD mice and 

in EAE, have shown that introduction of the autoantigen (involved in the induction of disease) into 

the thymus ie. MBP, is able to induce a state of tolerance and a loss of susceptibility to tissue 

specific Al diseases (Khoury et al, 1993; Charlton et al, 1994). Similarly, intra-thymic injection 

of S-Ag into naive rats reduced EAU incidence when subsequently immunised with S-Ag. 

Proliferative responses to S-Ag were also reduced, but these rats were susceptible to EAU 

induction when adoptively transferred with S-Ag primed lymph node cells (Koevary and Caspi, 

1997). Evidence suggests that resistance to Al disease induction, could, in part, be regulated by the 

expression of the relevant tissue specific antigen in the thymus, which would initiate a state of 

central tolerance. In addition, evidence also suggests that the commonly accepted view that ocular- 

specific antigens are sequestered from the immune system should be re-evaluated.

Susceptibility to Al disease also depends on the production of the appropriate TCR which 

is responsible for the recognition of the MHC class II molecule and peptide. The TCR has a 

complex structure, which is made up of several chains, which are polymorphic. One suggestion is 

that a specific sub family of the beta chain of the TCR, is preferentially expressed on autoreactive 

lymphocytes. It has been suggested that Al diseases are mediated by autoreactive a [3 T cells, 

which are responsible for the attack on the target tissue. Several reports have suggested that T cells
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involved in the induction of other experimental models such as EAE and diabetes in NOD mice 

express a restricted TCR V(3 repertoire (Ben-Nun et al., 1991; Nakano et al., 1991; Shizuru et al., 

1991). Studies of TCR VP gene expression of T cell lines and clones specific for immunodominant 

epitopes of IRBP and S-Ag have proposed a possible relationship between the pathogenicity of the 

T lymphocyte and the usage of Vj38 family genes. Reports have suggested that T cells expressing 

VP8.2 and Va2 gene products are involved in S-Ag induced disease, whilst VP8.3 cells are 

involved in IRBP induced EAU in rats (Merryman et al., 1991; Egwuagu et al., 1991; 1992; 

Gregerson et al., 1991). Analysis of T cells which accumulate in the eyes of rats following 

immunisation with IRBP, express both VP8.3 and VP8.2 gene products, with Vp8.3+ cells initially 

detected in the retina and Vp8.2+ cells appearing 24 hours later as the dominant VP8 clonotype 

(Egwuagu et al., 1993). More recent studies using the IRBP induced model of EAU in B10.A 

mice, have also reported uveotigenic T cell lines which express TCR VP6 or Vp8.2 (Rizzo et al., 

1996). Furthermore, y5 TCR T cells have been suspected to be involved in Al (Liversidge et al, 

1993). A recent study has demonstrated Vy2 mRNA transcripts in pathogenic T cell lines and in 

the retinae of Lewis rats with EAU (Egwuagu et al., 1996). However, another report has 

demonstrated that antigen specific y5 TCR T cells induced by oral tolerance are capable of 

suppressing EAU (Wildner et al., 1996). It appears, that there is a bias towards the usage of VP8 

cells in the pathogenesis of EAU and the particular VP8 subfamily expression is dependent on the 

antigen that is responsible for disease. The role of y5 TCR T cells in the pathogenesis of EAU 

remains to be determined, however it has been suggested that they could be involved in either the 

induction and exacerbation of disease, or in the assistance of damaged cells (Egwuaga et al., 

1996).

1.9. AIMS OF PROJECT.
The initial aim of this project involved establishing a chronic/relapsing or

chronic/progressive murine model of EAU which could be used for immunodulation studies. 

However, the reported murine models of EAU require bovine retinal antigens, namely IRBP to 

induce disease. Due to the Bovine spongiform encephalopathy (BSE) problem in the UK., bovine 

tissue became increasingly difficult to obtain. The project then moved from using bovine antigens 

and focused on the use of uveitogenic peptides and recombinant proteins which could be used in 

the induction of EAU in mice.
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2.1. CHEMICALS.
All chemicals unless otherwise stated, were purchased from Sigma, Poole, UK.

2.2. ANIMALS.
Male and female mice of 6-8 weeks of age were used in all experiments. Strains of mice 

used were; B10.RIII (H-2r: K r, A r, E r, D *), Biozzi ABH (H-2dql: Kd, Ag7, E', Dq), and (B10.RIII X 

ABH) F 1 cross (H-2r/dql: Kd, Kr, A87, Ar, Ar/d, Ar/g7, Eg7, Er, Dq, D1). B10.RIII mice were originally 

purchased from Harlan Olac U.K, and those and all other mice were from stock bred at the 

Institute of Ophthalmology. Stock mice were fed RM1 and breeders RM3 (Special diet Services, 

Witham, Essex, UK). Animals were fed and watered ad libitum and were maintained under 

conditions of the Home Office 1986 Scientific Procedures Act.

2.3. INDUCTION OF EAU.

2.3.1. Antigens.
Human IRBP161'180 peptide (SGIPYIISYLHPGNTILHVD) was supplied by Professor N. 

Groome, (Oxford Brookes University, Oxford. U.K) as described previously (Amor et al., 

1993:1994).

The recombinant Human IRBP protein domains used were produced and supplied by Dr 

J.M. Nickerson (Figure 2.1) (Emory University, Atlanta, Georgia, U.S.A). Recombinant histidine- 

tagged proteins were produced from E.coli containing constructs for human IRBP protein domains 

1 (EcRl=IRBP 1-305), domain 2 (EcR2=IRBP 306-616), domain 3 (EcR3=IRBP 617-916), and 

domain 4 (EcR4=IRBP 917-1227) (Lin et al., 1997). The recombinant proteins were supplied and 

used at a purity value of between 80-98 %. Figure 2.1.b. shows the pruity and the molecular 

weights (MW) of the recombinant proteins on a 10% SDS-PAGE gel, whereby MW of the proteins 

fall into a range of 46-50 KDa.

Overlapping peptides corresponding to Human IRBP domain 2 overlapping amino acid 

sequence (Table 2.1), were supplied by Dr L.A. Donoso, (Will’s Eye Hospital, Philadelphia, 

USA). In brief, these peptides were synthesised by conventional solid phase techniques using t- 

butyloxycarbonyl derivatives of the amino acids (Donoso etal., 1988a).

The bovine IRBP (Fong et al., 1984) was a kind gift from Dr. J. Liversidge, (Aberdeen, 

U.K). Bovine S-antigen (Wacker et al., 1977) was provided by Dr V. Calder (UCL, London, UK).

2.3.2. Induction o f EAU.
The protocols for EAU induction differ between experiments ie. number of

immunisations, requirement of pertussis toxin (PTX), amount of antigen used. However, in all
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cases the antigens were emulsified in incomplete Freund’s adjuvant which was supplemented with 

mycobacteria.

1. Complete Freund’s adjuvant (CFA) was prepared by mixing 16mg of killed Mycobacterium 

tuberculosis H37Ra (4mg/ml) (Difco laboratories, East Molesey, Surrey, U.K), and 2mg of 

Mycobacterium butyricum (0.5mg/ml) (Difco Laboratories, East Molesey, Surrey, U.K) in 4ml 

of incomplete Freund’s adjuvant (IFA) (Difco Laboatories, East Molesey, Surrey, UK.) in 

order to produce a stock solution (ratio 8:1). 1ml of this stock was then added to 11.5ml of IF A 

to form complete Freund’s adjuvant (CFA) which was used in the inoculation emulsion.

2. Antigen was added to phosphate buffered saline (PBS) to give the required concentrations.

3. A volume of CFA from the stock solution see (1) was added to an equal volume of PBS (1:1 

ratio) containing the required antigen concentration in a 20ml syringe (Marathon Lab Supplies, 

London, UK) syringe ie. to inject 40 mice with 25pg of lyophilised peptide a concentration of 

lmg peptide would be reconstituted in 6ml of PBS, and 6ml CFA would be added.

4. This solution was then sonicated (Bransonic sonicator, Lab Impex, UK) at room temperature 

for a total of 10 min. An emulsion was then formed by repeatedly drawing up the mixture 

through a 1ml syringe, and consistency tested by dropping a small amount of the mixture into 

a beaker containing ice cold water. If the correct consistency has been achieved the mixture 

will hold together on the surface of the water, but if not the mixture disperses on the surface of 

the water. The emulsion was then drawn into 1ml syringes and 16mm 25 g needles (Marathon 

Lab Supplies, London, UK) attached.

Mice were subcutaneously (s.c.) injected with a total of 0.3ml of the emulsion, which was 

administered in a split dose, whereby 0.15 ml was injected into each flank. The day of primary (1°) 

immunisation was considered to be day 0 and in some EAU induction protocols, a secondary (2°) 

post-immunisation (p.i.) injection was administered one week later, which is termed as day 7. 

Concurrent with inoculation, mice received PTX dissolved in PBS/2pg/ml PTX intraperitoneally 

(i.p.) as co-adjuvant.. The concentration of PTX administered varied depending on the number of 

injections given: mice receiving 1° and 2° injections were administered a total of 800ng, whereby 

mice received 0.4ml in total of PBS/2pg/ml PTX, split between the two immunisations. Whilst a 

mice on a 1° immunisation protocol only received 400ng PTX, whereby mice 0.2ml in total of 

PBS/2jig/ml PTX was administered i.p.. In some EAU induction protocols no PTX was given.
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EcRl
MVPSSDPGPT
ASVLTAGVQS
GYLRVDSVPG
NTILHVDTIY
RAIWGERTG
QALEKALAIL

KLFQPSLVXiD 
SLNDPRLVIS 
QEVLSMMGEF 
NRPSNTTTEI 
GGALDLRKLR 
TLHHHHHH

MAKVLLDNYC
YEPSTPEPPP
LVAHVWGNIM
WTLPQVLGER
IGESDFFFTV

FPENLLGMQE
QVPALTSLSE
GTSALVLDLR
YGADKDVWL
PVSRSLGPLG

AIQQAIKSHE
EELLAWLQRG
HCTGGQVSGI
TSSQTRGVAE
GGSQTWEGSG

ILSISDPQ TL
LRHEVLEGNV
PYIISYLHPG
DIAHILKQMR
VLPCVGTPAE

EcR2
MVPSSDPLVT
EDLVTKLNAG
VDSVFQVSVL
SSAVPLLLSY
ATAAEEFAFL
WLGGGWPDA

AASVLEFRSA
LQAASEDPRL
PGNVGYLRFD
FQGPEAGPVH
MQSLGWATLV

LPGWHCLQE
LVRAIGPTET
SFADASVLGV
LFTTYDRRTN
GEITAGNIiLH

VLKDYYTLVD
PSWPAPDAAA
LAPYVLRQVW
ITQEHFSHME
TRTVPLLDTP

RVPTLLQHLA
EDSPGVAPEL
EPLQDTEHLI
LPGPRYSTQR
EGSLALTVPV

SMDFSTWSE
PEDEAIRQAL
MDLRHNPGGP
GVYLLTSHRT
LTFIDNHGEA

EcR3
MVPSSDPQSL 
TADLQEVSGD 
RFDAMAELET 
QHLYSVFDRA 
VIGE PTAGGA

GALVEGTGHL
HRLLVFHSPG
VKAVGPQLVR
TSKVTEVWTL
LSVGIYQVGS

LEAHYARPEV
ELW EEAPPP
LVWQQLVDTA
PQVAGQRYGS
SPLYASMPTQ

VGQTSALLRA 
PPAVPSPEEL 
ALVIDLRYNP 
HKDLYILMSH 
MAMSATTGKA

KLAQGAYRTA 
TYLIEALFKT 
GSYSTAIPLL 
TSGSAAEAFA 
WDLAGVE PDI

VDLESLASQL
EVLPGQLGYL
CSYFFEAEPR
HTMQDLQRAT
TVPMSEALSI

EcR4
MVPSSDPAKV PTVLQTAGKL VADNYASAEL GAKMATKLSG LQSRY SRVTS EVALAEILGA 
DLQMLSGDPH LKAAHIPENA KDRIPGIVPM QIPSPEVFEE LIKFSFHTNV LEDNIGYLRF
DMFGDGELLT QVSRLLVEHI WKKIMHTDAM IIDMRFNIGG P T SSIP IL C S YFFDEGPPVL
LDKIY SRPDD SVSEUWTHAQ WGERY GSKK SMVILTSSVT AGTAEEFTYI MKRLGRALVI
GEVTSGGCQP PQTYHVDDTN LYLTIPTARS VGASDGSSWE GVGVTPHVW PAEEALARAK
EMLQHNQLRV KRSPGLQDHLHHHHHH

Figure 2.1.a. Amino acid (aa) sequences o f the individual recombinant protein domains o f human 

interphotoreceptor retinoid binding protein (IRBP) producedfrom an E. coli expression system. 

Each of the recombinant protein domains were produced as described by Lin et al., 1997, and were 

supplied by Dr J.M. Nickerson. The letters in bold represent amino acids coding for the IRBP 

domain. The C-terminal histidine tag is used for purification purposes. The single letter 

abbreviation code for the amino acids used, is as follows: A, alanine; C, cysteine; D, aspartic acid; 

E, glutamic acid; F, phenylalanine; G, glycine; H, histidine; I, isoleucine; K, lysine; L, leucine; M, 

methionine; N, asparagine; P, proline; Q, glutamine; R, arginine; S, serine; T, threonine; V, valine; 

W, tryptophan; and Y, tyrosine.
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MW(KDa) EcRl EcR2 EcR3 EcR4

220 
97 
66

46 
30

21 

14

Figure 2.l.b. SDS-PAGE gel showing the individual human IRBP recombinant damains.

Samples (2pg) of EcRl, EcR2, EcR3, and EcR4 were size fractionated by electrophoresis on a 

10% polyacrylamide Tris-HCL/SDS gel for 60 min at 100mA. Following electrophoresis, the gel 

was stained in Coomassie staining solution (50% methanol (v/v), 10% acetic acid (v/v), 0.25% 

Coomassie blue R-250 (w/v)) for 60 mins with agitation. The gel was then washed several times in 

destaining solution (10% methanol (v:v), 5% acetic acid (v:v)) over 14 hrs. The gel was then dried 

onto Whatman # 1 paper at 80°C in vacuo. The individual recombinant domains of human IRBP 

shown in this gel appear to fall in the MW range of 46-50 KDa. From this gel it also appears that 

these particular batches of proteins have a high level o f purity, except EcR4 whereby additional 

bands appear to be present on the gel.

V
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PEPTIDE AMINO ACID 
SEQUENCE

SEQUENCE POSITION 
IN HUMAN IRBP

PAEQALEKALAILTLRSALP 291-310
AILTLRSALPGWHCLQEVL 301-320
GWHCLQEVLKDYYTLVDRV 311-330
KDYYTLVDRVPTLLQHLASM 321-340
PTLLQHLASMDFSTWSEED 331-350
DFSTWSEEDLVTKLNAGLQ 341-360
LVTKLNAGLQAASEDPRLLV 351-370
AASEDPRLLVRAIGPTETPS 361-380
RAIGPTETPSWPAPDAAAED 371-390
WPAPDAAAEDSPGVAPELPE 381-400
SPGVAPELPEDEAIRQALVD 391-410
DEAIRQALVDSVFQVSVLPG 401-420
SVFQVSVLPGNVGYLRFDSF 411-430
ADASVLGVLAPYVLRQVRE P 431-450
PYVLRQVREPLQDTEHLIMD 441-460
LQDTEHLIMDLRHNPGGPSS 451-470
LRHNPGGPSSAVPLLLSYFQ 461-480
GPEAGPVHLFTTYDRRTNIT 481-500
TTYDRRTNITQEHFSHMELP 491-510
QEHFSHMELPGPRYSTQRGV 501-520
GPRYSTQRGVYLLTSHRTAT 511-530
YLLTSHRTATAAEE FAFLMQ 521-540
SLGWATLVGEITAGNLLHTR 541-560
ITAGNLLHTRTVPLLDTPEG 551-570
TVPLLDTPEGSLALTVPVLT 561-580
SLALTYPVLTFIDNHGEAWL 571-590
G G G W  P D AIVL AE E AL DKAQ 591-610
LAEEALDKAQEVLEFHQSLG 601-620
EVLEFHQSLGALVEGTGHLL 611-630

Table 2.1. Amino acid (aa) sequence o f overlapping synthetic peptides which correspond 

to the entire sequence o f human IRBP domain 2 (aa sequence 291-630).

All peptides were supplied by Dr L.A. Donoso. The single letter abbreviation code for 

the aa used is as described in Table 2.1.
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2.4. HISTOLOGICAL TECHNIQUES.

2.4.1.Karnovsky’s fixative.
Kamovsky’s fixative was used as a primary fixative for tissue that was intended to be

processed for both paraffin wax histology and epoxy resin sectioning. This fixative was comprised 

of 3% (v/v) glutaraldehyde, 1% (w/v) paraformaldehyde in 0.1 M sodium cacodylate buffered to 

pH 7.4 using 0.1M hydrochloric acid.

Preparation of 1 litre Kamovsky’s fixative was as follows:

1. Preparation of 100ml of 10% fresh, aqueous paraformaldehyde. lOg of paraformaldehyde

(TAAB Laboratories, Reading, Berkshire, U.K) was added to 100ml of distilled water, and 

constantly stirred and heated to 60-70 °C for approximately 20 minutes in a fume hood. After 

which the milky solution becomes opalescent and 2-5 drops of 1M sodium hydroxide are 

added to completely clarify the solution. Solution was then filtered through Watman filter 

paper and cooled.

2. 0.2M sodium cacodylate (pH 8.3) (E.M.L. Laboratories, Oxford, U.K) was made by dissolving 

21.4g in 500ml of distilled water, and was adjusted to pH 8.3.

3. 100ml of 10% paraformaldehyde (1) (TAAJB, Berkshire, UK) was added to 350 ml of sodium

cacodylate (2), and 120 ml of 25% glutaraldehyde-Agar R1010 (AGAR Scientific Ltd, 

Stansted, Essex, U.K.). The pH is adjusted to pH 7.4 using 0.1M HCL. Distilled water was 

added to make up the volume to 1 litre.

2.4.2. Formalin
10% phosphate buffered formalin (Merck, Lutterworth, Leicester, UK) was used as a 

secondary fixative for eyes that were destined for paraffin wax histology. Normally, eyes were 

initially fixed in Kamovsky’s fixative overnight, and were then transferred to 10% formalin until 

processing for paraffin wax histology.

2.4.3. Epoxy resin processing and sectioning.
Brains were removed from mice and placed into Kamovsky’s fixative. After overnight

fixation the pineal body was dissected out and placed into 7ml glass vials and washed with o.lM 

cacodylate buffer (pH 7.2) (3 x 10 min) followed by post-fixation in 1% osmium tetroxide 

(Johnson Matthey, Royston, Hertfordshire, UK) for one hour. The tissue was allowed to turn 

gently on a rotator throughout this and following processing steps. Tissue was then washed in 

distilled water (3x10  min), and then dehydrated in increasing concentrations of ethanol (50, 70, 

90%) for 10 min each, and finally dehydrated in 3 changes of 100% ethanol for 10 min each. This 

was followed by immersion in 100% propylene oxide (2 x 15 min) and then a 50/50 mixture of 

propylene oxide and araldite embedding resin (AGAR, Stansted, Essex, UK) for 3 hours. The
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tissue was then immersed in 100% araldite resin and was left to rotate overnight. The pineal bodies 

were then orientated in fresh resin in labelled plastic mould and placed at 60°C for 24 hours to 

polymerise.

Semi-thin sections were cut using a glass knife on an Ultracut E microtome (Leica, 

Buckinghamshire, UK). The sections were cut at 0.75pm and transferred from the trough 

containing filtered distilled water to a drop of water on a clean microscope slide (RA. Lamb, 

Eastbourne, UK) with a needle. Slide was then placed on the hotplate and allowed to dry for at 

least 5 min before flood staining with 1% toluidine blue/1% aqueous borax solution for 15-20s (or 

until vapour is seen). The slides were then washed in distilled water and allowed to thoroughly dry 

on the hotplate before mounting in DPX (dibutyl-phthalate-xylene) (Merck, Leceister, UK) and a 

coverslip (RA. Lamb, Eastbourne, UK). Slides were then ready for light microscopy examination.

2.4.4. Paraffin wax sectioning.
Enucleated eyes were fixed for 2-4 hours in Kamovsky’s fixative and then transferred to

10% formalin (Merck, Leceister, UK) until processing. Whole eyes were processed for paraffin 

wax histology on a Leica TP 1020 processing machine (Leica, Buckinghamshire, UK). Eyes were 

placed in biopsy cassettes and labelled ready for processing.

Initial processing of tissue involved dehydration whereby tissue was passed through a 

series of increasing concentrations of methylated spirits (70, 85, 90%) for one hour each. Tissue 

was then further dehydrated in 100% alcohol for a total period of 5 hours. Specimens were then 

transferred to xylene (Merck, Leceister, UK) for a period of 3 hours. This is then followed by the 

tissue being immersed in paraffin wax (Merck, Leceister, UK) for a total period of 4 hours to allow 

wax to fully penetrate the tissue. Eyes were then transferred to hot molten wax in an embedding 

station (RA, Lamb, Eastbourne, UK) whereby eyes were embedded in wax at the desired 

orientation.

Sections were cut using stainless steel blades (RA. Lamb, Eastbourne, UK) at a thickness 

of 4jj.m on a microtome (Leica, Buckinghamshire, UK.). Ribbons of section were floated on a hot 

bath (57°C) of distilled water for 2 min and then transferred to a clean slide and were allowed to 

dry on a hot plate for at least 20 min.

Prior to staining the sections, they were de-waxed and then re-hydrated. Sections were de

waxed using xylene (10 min in 3 x xylene), and were then past through descending concentrations 

of industrial methylated spirits (2-5 min per 100, 90, 80, and 70%). Slides were then washed in 

water and then were stained with Mayer’s haematoxylin and eosin (Shandon Life Sciences, 

Runcom, Cheshire, UK). Sections were stained with heamatoxylin for 2-5 min, and then washed in 

water until sections were blue. Sections were differentiated by exposure to acid alcohol, so that 

only nuclei stained blue (determined microscopically). This was followed by eosin staining for 1-2
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min. Sections were then rinsed in water and differentiated in 70% alcohol until connective tissue 

and cytoplasmic staining was exhibiting shades of red and pink (determined microscopically). 

Sections were then re-hydrated through a series of increasing industrial methylated spirit 

concentrations (5-10 min 70, 80, 90, 100%), after which sections were passed through xylene, 

process is referred to as ‘clearing’. Slides were then mounted with DPX and a coverslip, and were 

examined by light microscopy.

2.5. HISTOPATHOLOGY SCORING SY ST E M  FOR M OUSE EXPERIM ENTAL  
A UTOIMMUNE U VEORETINITIS (EA U).

Eye sections taken from at least five different levels of the eye and were scored in a

masked fashion by light microscopy. The histopathology scoring system used was adapted and 

customised from an EAU grading system previously described (Dick et al., 1994b). This grading 

system scores on two parameters: cellular infiltration in a range of 0-6, and structural 

damage/morphological changes range 0-5. Common histopathology characteristics were anterior 

chamber infiltration, infiltration of ciliary body and iris, vitritis, vasculitis, choroiditis, retinal 

folding and infiltration, retinal detachment, destruction of photoreceptor cell layers, 

neovascularisation, and granuloma formation .

Histopathological signs were quantitatively assessed depending on the severity of disease, 

which was characterised by the number of cells present, presence and degree of vasculitis, vitritis, 

granuloma formation, etc (see Table 2.2 for scoring system). For example, for cellular infiltration 

of the anterior chamber, there is a possible score value of 4 which is determined by how many 

inflammatory cells are present; for vasculitis there is a potential score of 5 depending on the 

percentage of retinal vessels involved. Likewise structural damage is assessed in a similar manner 

for the different parameters. Total scores for the cellular and structural parameters are then used to 

determine the overall disease grade/animal by the score ranges as shown in bold in Table 2.2. For 

example an overall cellular score of 25 would fit into the range 21-30, which gives a disease grade 

of 4. In the case of structural damage a score of 8 is in the 7-10 range and would give a grade of 3.

In all cases described in this thesis, to obtain overall histopathology scores, 3-5 

sections/eye/mouse from different levels were assessed and an average grade per/mouse is 

obtained. Grades for both cellular infiltration and structural damage were then pooled and a group 

mean and SEM were then calculate. For all cases described in this thesis, histopathology was 

scored in a blinded, masked fashion, whereby upon sacrificing an animal a number was given and 

a record of its treatment, antigen dose etc, was noted. It was not until all the scoring was completed 

that the actual identity of the treatment, antigen dose etc. was revealed.
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CELLULAR INFILTRATION
ANTERIOR SEGMENT POSTERIOR SEGMENT
IRIS INFILTRATING CELLS 1 ROS CELL INFILTRATE 1

MILD THICKENING 2 PARTIAL LOSS 2
MODERATE THICKENING 3 MODERATE LOSS 3
GROSS THICKENING 4 SUBTOTAL LOSS 4

TOTAL LOSS 5
ANTERIOR CHAMBER CELLS <10 1
INFILTRATING CELLS CELLS 10-30 2 NEURONAL LAYERS CELL INFILTRATE 1

CELLS 30-100 3 FOCAL LOSS 2
CELLS >100 4 MODERATE LOSS 3

SUBTOTAL LOSS 4
CORNEA INFILTRATING CELLS 1 TOTAL LOSS 5

CORNEAL THICKENING 2
POSTERIOR SEGMENT RETINAL FOLDING 1
CILIARY BODY CELL INFILTRATE <5 CELLS ■ I MORPHOLOGY FOCAL DETACH 2

MILD THICKENING 2 SUB-DETACH 3
MODERATE THICKENING 3 TOTAL DETACH 4
GROSS THICKENING 4 RETINAL 1-3 1

NEO VASCULARIS ATION >3 2
VITREOUS CELLS <25 1
INFILTRATING CELLS CELLS 25-50 2 TOTAL

CELLS 50-100 3 INFILTRATE 41
CELLS >100 4 STRUCTURAL 16

VASCULITIS (m ural or <10%VESSELS INVOLVED 1 INFILTRATE GRADE
extravascular) 10-25% 2 1 <10

25-50% 3 2 10-15
50-75% 4 3 16-20
>75% 5 4 21-30

5 31-35
CELLS IN OR AROUND WALL 1 6 <35

STRUCTURAL CHANGES

ROS AND NEURONAL 
LAYER INFILTRATE

RETINAL
(Dalen Fuch’s nodules.)

CHOROID

CHOROIDAL
GRANULOMAS

MILD PERIV ASC CUFFING -2
MODERATE CUFFING 3
GROSS CUFFING 4

INFILTRATING CELLS <25 1
MILD INFILTRATE 25-50 2
MODERATE INFILTRATE 50-100 3
GROSS INFILTRATE >100 4

GRANULOMAS 1 1
GRANULOMAS 2-5 2
GRANULOMAS >5 3

CELL INFILTRATE <20 CELLS 1
MILD THICKENING 2
MODERATE THICKENING 3
GROSS ITHICKENING 4

GRANULOMAS 1 1
GRANULOMAS 2-5 2
GRANULOMAS >5 3

STRUCTURAL GRADE
<2
2-6
7-10

11-13
>13

Table 2.2. Histopathology grading system for mouse experimental autoimmune 

uveoretinitis(EAU).

ROS: Rod outer segments, Detach: detachment. SUB: subtotal. Perivasc: perivascular. Grading 

system is adapted from Dick et al, (1994b). Histopathology is graded on two parameters: cellular 

infiltration and structural damage.
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2.6. CD4 MONOCLONAL ANTIBODIES FOR IN VIVO TREA TMENT.
Hybridomas secreting mouse-reactive (IgG2b) CD8a-depleting (YTS 169.4) CD4-

depleting (YTS 191.9) antibodies (Cobbold et al., 1984), and rat (IgG2a) CD4 non

depleting/blocking (YTS 177.9) antibodies (Qin et al., 1987) were used to produce the antibodies.

2.6.1. Production o f monoclonal antibodies.
Production of the monoclonal antibodies has been described elsewhere (O’Neill et al.,

1993). In brief, hybridomas were prepared from the fusion of DA splenocytes with LOU derived 

Ag3 1.2.3 myeloma cell line, which were cultured in 50cm3 flasks in RPMI-1640 medium 

supplemented with 10% foetal calf serum (FCS), 5mM L-glutamine, 5mM sodium pyruvate, and 

100 U/ml penicillin/streptomycin, until confluent. Ascites fluid was induced by a 1ml i.p injection 

of these cells into (DA x LOU) FI rats which had been primed by an i.p. injection of 1ml pristane 

one week previously. After 9-10 days the abdomens were distended with ascites fluid. Animals 

were killed by halothane anaesthesia and ascitic fluid (20-30ml/rat) harvested from the peritoneal 

cavity using a Pasteur pipette. This was then centrifuged at 500g to remove cells, leaving the fluid.

Ascitic fluid was purified prior to use using High trap protein G columns (5ml) 

(Amersham Pharmacia, Buckinghamshire, UK.). Briefly, the column was initially washed with 

start buffer consisting of 20mM sodium phosphate pH 7.0, this aids the antibody binding to the 

column. The ascites was circulated through the 5ml column using a peristaltic pump (Amersham 

Pharmacia, Buckinghamshire, UK.). Antibody was eluted with 0.1M glycine/HCL. and neutralised 

with 1M Tris-HCL. Solution containing the antibody was then dialysed overnight in PBS pH 7.4 at 

4°C. Antibody was then concentrated by centrifugation at 3,000g for 30mins in 10,000 MW 

centricon tubes (Millipore, Watford, Hertfordshire, UK.). The final antibody concentration was 

assessed using a spectrometer, reading at an absorbance of 280nm (Amersham Pharmacia, 

Buckinghamshire, UK). 1 ml aliquots at a concentration of 2.5mg/ml of antibody were stored at -  

20°C until use.

2.6.2. Dosage o f CD4 specific monoclonal antibodies for in vivo treatment
Mice were injected i.p. with 250pg of mAb in a total volume of 0.1ml, on days 9 and 11 

p.i. Dose used in this study was as described previously (O’Neill et al., 1993).

2.7. SOLUBLEp55-TUMOR NECROSIS FACTOR RECEPTOR-Ig FUSION 
PROTEIN (p55-TNFR- Ig) USED FOR IN  VIVO TREA TMENT STUDIES.

The p55 TNFR-Ig fusion protein (Baker et al., 1994) used in this experiment is a dimer of

the extracellular domain of human p55 TNFR fused to a partial J sequence and all three constant 

domains of IgGl supplied Centrocor, USA. Groups of mice were injected i.p. with lOOjig (Baker
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et al., 1994) of the p55 TNFR-Ig fusion protein in a total of 0.1ml PBS, in either the afferent (days 

0-7p.i.), or efferent (days 8-13 p.i.) stages of disease.

2.8. ROLIPRAM IN VIVO STUDIES.
Rolipram (RBI, Signal Inovators, Sigma, UK) is a selective cAMP dependent 

phosphodiesterase (type IV) inhibitor. ((4-[3-(cyclopentyloxy)-4-methoxyphenyl]-2- 

pyrrolidinone)) was used at varying doses l-50mg/kg, and was dissolved in PBS containing lOOgL 

cremophor EL (Sigma), as described previously (Sommer et al., 1995). This mixture was also 

sonicated for a period of 30 min in order to solubilize the rolipram. Varying concentrations of 

rolipram were administered to the mice i.p in a total of 0.1ml (see Chapter three, 3.2).

2.9. IN  VITRO CELLULAR STUDIES.

2.9.1. T-Lymphocyte medium.
For all studies involving T cell proliferation assays complete medium was used.

Consisting of 500ml RPMI-1640 Dutch Modification (Gibco, Paisley, Scotland, UK), 

supplemented with 10% FCS (Gibco, Paisley, UK), 2mM L-glutamine, ImM sodium pyruvate, 

ImM non essential amino acids, 10pg/ml gentamycin and 1 x 10'5 M 2-mercaptoethanol (2-ME).

2.9.2. Lymphocyte proliferation studies.
Spleens were removed at various time points p.i. (days 10. 14, 21 p.i.) and were pooled 

within each group. These were mashed through thin wire (200g) mesh using a 5ml plastic syringe 

plunger into 5ml of RPMI containing 0.83% NH4CI in order to lyse the erythrocytes (37°C for 5 

mins). Lysed erythrocyte debris settled to the bottom of the 20ml universal and the supernatant 

contained the cells. This was removed and centrifuged at 400g for 10 min at 4°C. The resulting 

pellet was washed twice. Cells were counted using a Neabeur cell counter (Scientific Lab Supplies, 

Nottingham, UK.) and 0.4% tryphan blue (Sigma, Poole, UK.). Viable splenocytes were seeded in 

triplicate in 96 well round-bottomed plates (Coming Costar, High Wycombe, Buckinghamshire, 

UK), at a concentration of 4 x 105 cells/well in a total of 200p. 1 of complete medium, (as described

2.9.1). Antigens and mitogens eg. Concanavalin A (Con A), were added in a total volume of 

IOjj. 1/well.

Cultures were incubated for 72 hours at 37°C, in a humidified atmoshere containing 5% 

C 02, with lpCi [3H]-thymidine (Amersham International, Amersham, Buckinghamshire, UK) 

added in a total volume of 25pi for the last 18h of culture. Cells were harvested using a Minimash 

2000 Manual Cell Harvester (Dynatech, Billinghurst, UK), and [3H]-thymidine uptake was 

assessed by (3-scintillation counting (Canberra Packard, Pangboume, Berkshire, UK.). 13- 

stimulation for each triplicate is expressed as mean counts per minute (cpm) ± SEM.

74



Chapter 2 Methods & Materials

2.9.3. Flow Cytometry.
Spleens were removed and single cell suspensions of spelnocytes were prepared as

described in 2.9.2. Following the lysis of erythrocytes these cells were stained by double direct 

immunofluorescence using anti-mouse CD4 tricolour and anti-mouse CD8 FITC (Caltag, 

California, USA) conjugated antibodies at 1:100 in 5% normal mouse serum (NMS) in PBS, for 30 

min at 4°C. Cells were then fixed in 1% formaldehyde and were stored at 4°C until analysed. Then 

10,000 cells were then analysed by a flow cytometer (Becton Dickinson, Oxford, UK) using 

FAC Scan Cell Quest software.

2.10. ENZYME LINKED IMMUNOSORBENT ASSA Y (ELISA).
ELISA was used to quantitate the serum antibody responses elicited by the mice post

injection with various antigens emulsified in CFA. Blood was collected from the chest cavity of 

mice and allowed to clot overnight and serum collected. Serum samples collected from various 

time points p.i. and IRBP specific antibody levels were assessed. ELISA 96 well plates (Nunc 

Maxisorb, Gibco, Paisley, UK) were coated with 2jig/ml bovine IRBP, or one of the human IRBP 

recombinant protein domains, or human IRBP161'180 peptide in 0.1M Na2HP04 (pH 9.0). The plate 

was sealed and incubated overnight at 4°C and washed 3 times with wash buffer (0.05% Tween-20 

in PBS). Non-specific binding was blocked by incubation with 100jil/well blocking buffer (10% 

FCS in PBS) for 30 minutes at room temperature. The plate was then washed 3 times with wash 

buffer and test samples were diluted in blocking buffer/tween. lOOpl of sample was added to each 

well, plates were then incubated overnight at 4°C and then washed 6 times with wash buffer.

At this point various detection antibodies conjugated to horseradish peroxidase (HRP), or 

alkaline phosphatase (AP) were used. The detection antibodies used at the concentrations shown in 

Table 2.3., and were made up in blocking buffer/tween, of which a total of lOOpl, was added to 

each well. Plates were sealed, incubated at room temperature for 1 hour and then washed 6-8 times 

with wash buffer.

lOpl of 30% H20 2 was added to the 11ml of substrate buffer ABTS ((2,2’ Azino-bis-(3- 

ethybenzthiazoline-6-sulfonic acid) (Sigma, Poole, UK.) in 0.1 M anhydrous citric acid in double 

distilled water (pH 4.35)), whereby a volume of lOOpl was dispensed into each well, for the HRP 

conjugated antibodies. For the AP conjugated antibodies, the chromogen is p-Nitrophenyl 

phospahte (pNPP). In these studies Sigma Fast pNPP tablets were used, whereby one pNPP tablet 

and one Tris buffer tablet are placed into distilled water and vortexed until tablets completely 

dissolved. 200pl of substrate was added to each well

For both HRP and AP conjugated antibodies, once chromogen is added to wells, the plates 

are incubated in the dark for 10-60 min at room temperature. The optical density (OD) in both 

instances was read at 405nm.
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In all ELISA experiments the rabbit polyclonal anti sera to bovine IRBP was used to test 

whether the detection antigen ie. Bovine IRBP, peptide, or one of the recombinant human IRBP 

domains was coated on the plate. For detection of this antibody, anti-rabbit IgG HRP conjugated 

was used (see Table 2.3). This was performed each time as a control.
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Detection Antibody Source Conjugated Dilution Substrate

Anti-rabbit IgG Dako, Cambridge, 

UK.

HRP 1:2000 ABTS

Mouse non-specific IgG Dako, Cambridge, 

UK.

HRP 1:2000 ABTS

Mouse isotype specific IgGl Southern Biologicals, 

UK.

AP 1:2000 pNPP

Mouse isotype specific IgG2a Southern Biologicals, 

UK.
AP 1:2000 pNPP

Table 2.3. Detection antibodies used in the studies analysing the level and isotype o f serum 

antibody responses elicited in mice.

ABTS: 2,2’ Azino-bis-(3-ethybenzthiazoline-6-sulfonic acid, HRP: horseradish peroxidase, AP: 

alkaline phosphatase, pNPP: p-Nitrophenyl phosphate.
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2.11. STA TISTICAL ANALYSIS.
Results are presented as mean values ± SEM. Differences between values were tested for

significance by a two tailed Students t-test using Sigma Stat software following tests for normality 

and equality of variance, or a non-parametric Mann Whitney test using Minitab software. A 

probability level of P<0.05 was considered as being significantly different.
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CHAPTER THREE 

RESULTS & DISCUSSION
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3.1 ESTABLISHMENT OF A RELIABLE 

& REPRODUCIBLE MOUSE MODEL OF

EAU.
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3.1.1. Introduction.

The aim of this project was to establish a model of mouse EAU which would be of value 

in the study of immunotherapeutic agents. In order for an experimental model of uveitis to be used 

in the study of human disease, firstly it must mimic aspects of the clinical and histopathological 

signs seen in the human condition and secondly, in an ideal situation the disease would run a 

similar course to the human eg. chronic/relapsing. Over the last decade studies have been directed 

towards using the IRBP induced mouse model of IRBP, for several reasons. Firstly, the mouse has 

been well characterised both immunologically and genetically, and many reagents eg. mAh, and 

tools, including transgenic and ‘gene knockout’ mice are available to aid in the dissection of the 
pathogenic processes involved in EAU. Secondly, from earlier studies it appears that the mouse 

offers a more chronic model of EAU, as compared to the hyperacute nature of the disease observed 

in the S-Ag induced Lewis rat model of EAU (de Kozak et al, 1981b; Caspi et al, 1990a; 1990b). 

In addition, a chronic relapsing model of EAU has been described in the BIO.A mice using a low 

dose of 50pg bovine IRBP (Chan et al, 1990; Caspi et al., 1990a). This model of disease would be 

useful in the study of immunotherapeutic agents, as it would resemble the more chronic/relapsing 

disease pattern observed in human posterior uveitic diseases.

The reported chronic/relapsing BIO.A model of EAU would have been of value for the 

study of potential immunotherapies. However, as described earlier, induction of EAU involves the 

extraction and purification of native bovine retinal antigens eg. IRBP and S-Ag from fresh bovine 

retinas. At the onset of this project in 1995 the BSE crisis had hit the U.K. (Gammie. 1994; 

Patterson and Dealler, 1995; Almond et al., 1995; Diringer, 1995; Carr, 1996), which resulted in 

difficulty obtaining and processing bovine eyes, due to the potential risk of contamination from 

pathogenic agents carried in the material. It was therefore considered that attempts should be made 

to move away from using native bovine antigens. The use of recombinant proteins and synthetic 

peptides was considered to be of value, and a much more desirable option.

Fortunately, the literature revealed that attempts by a group at the National Institute of 

Health (NIH), Bethseda, USA, had been directed at identifying IRBP uveitogenic 

domains/epitopes in mice. The initial study involved the use of recombinant proteins expressing 

domains of bovine IRBP, which were successful at identifying the first repeat of bovine IRBP as 

the uveitogenic domain in mice expressing the H-2r haplotype (Caspi et al., 1994b). In a 

subsequent study using synthetic overlapping peptides spanning the entire human IRBP aa 

sequence, the identification of the peptide corresponding to human IRBP aa residues 161-180 

(IRBP161180) was found to be uveitogenic in congenic mice (H-21) C57BL/10.RIII (B10.RIII) mice 

(Silver et al., 1995). This human IRBP161' 180 peptide induced EAU with both high disease 

incidence and disease scores (based on a combination of both infiltrates and structural damage
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Caspi et al., 1988), and was reported to be a major pathogenic epitope for this strain. However, the 

chronicity of the disease pattern induced by this peptide was not reported.

Initial attempts to establish a model of disease in this present study involved the use of this 

human IRBP161'180 peptide. Peptide dose responses were performed and the chronicity of disease 

induced by this peptide was examined and the value of this model in immunotherapy studies was 

also evaluated.

3.1.2. Determination o f a suitable immunisation protocol using the Human IRBP161'180 
peptide in B10.RIII mice.

It has been previously reported that high disease scores and incidence can be achieved

using a dose of 50jig peptide and l.Ojig PTX injected on day 0. In addition, as little as lOjig of 

IRBP161'180 peptide, with the requirement of PTX, was uveitogenic, however both disease scores 

and incidence were low (Silver et al., 1995). In this present study various dose regimes were 

attempted, in order to establish the requirement of PTX and the doses of peptide required to induce 

high disease incidence and consistent disease scores, and are summarised in Table 3.1. All 

protocols involved s.c injection(s) of peptide emulsified in CFA containing mycobacterium, and 

some protocols include the use of PTX as co-adjuvant.

It is clear that B10.RIII mice are susceptible to disease induction even at low doses of 

peptide with and without the requirement of PTX. At doses of 5jig and lOfig peptide without PTX, 

variable disease scores and a low disease incidence was observed, resulting in an inconsistent 

disease pattern (Table 3.1). Even with primary (1°) and secondary (2°) immunisations of these low 

peptide doses and 800ng PTX as co-adjuvant, disease scores were not consistent, and incidence 

was not 100%. This resulted in variable levels of histopathology between the EAU affected mice, 

showing considerable levels of cellular infiltrate, with mild to moderate structural damage, and 

occasionally in the more severe cases the retina was destroyed.

B10.RIII mice developed disease with high incidence and consistent disease scores when 

immunised with a l°and 2° injection of 25fig peptide in adjuvant, and 800ng PTX. (Table 3.1.). A 

single injection of 25fig peptide in adjuvant, without PTX resulted in consistently high disease 

scores and 100% incidence and achieved a reliable disease-inducing protocol. Statistical analysis 

of both day 14 p.i. cellular and structural scores failed to show any significant (p>0.05) difference 

between any of the immunisation protocols involving a single or double immunisation of 25 pg of 

peptide, and with or without PTX (Table 3.1).

It would therefore appear that at low doses of peptide eg. 5fig and lOfig human ERBP161180 

peptide per animal, and with either single or double immunisations of peptide, there is a 

requirement for concurrent administration of PTX as co-adjuvant, in order to achieve a higher 

level of disease scores and incidence. In addition, using such low peptide doses a number of
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animals fail to develop disease, which would mean that larger groups of animals would be required 

to reliably observe any experimental differences between control and treatment groups. However, 

increasing the doses to 25 pg or more of human IRBP l6l' ,8° peptide, a highly reproducible high 

incidence of disease was achieved. A single dose of 25pg peptide was sufficient to achieve high 

disease scores and incidence, without the use of PTX as co-adjuvant. Thus it appears that higher 

doses of peptide are able to override the requirement of PTX, and the effect of biological variance. 

In all instances when using this immunisation protocol, the disease induced was bilateral and 

panuveitic, whereby both anterior and posterior segments of the eye were involved in the 

inflammatory response. However, a disadvantage of this immunisation protocol was that the 

resulting histopathology was severe, indicated by a high level of cellular infiltration and structural 

damage, which in most cases resulted in retinal atrophy.
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3.1.3. Time course study of EAU in B10.RIII mice induced by human IRBP161'180 
peptide.

Having established that a single injection of 25pg peptide in CFA without the requirement 

of PTX, reliably induced EAU in the B10.RIII mice, the time course of disease was examined (Fig

3.1). Figures 3.3.a and 3.3.b show a normal anterior segment and retina of a B10.RIII eye, note the 

organised neuronal layers and ROS. Figures 3.2.c-i are representative of the histopathological 

findings observed at the various disease time points examined in this study.

Following disease induction with human IRBP161'180 disease onset occurred at day 9 p.i., 

and was characterised by mild thickening of the ciliary body and iris (Figure 3.1). Day 10 p.i. 

revealed AC infiltration (cells 10-30), moderate thickening of the iris and ciliary body, mild retinal 

vessel vasculitis (10-25% involved), vitritis (cells 25-50), and choroidal infiltrate around the ciliary 

body area (Figure 3.2.c). Mild cellular infiltration of the retinal layers was evident in some animals 

at this time point. From day 11 p.i. onwards there was a massive increase in both cellular and 

structural scores involving both anterior and posterior segments, resulting in a panophthalmic 

response. Gross cellular infiltration of both segments was evident, consisting of both mononuclear 

and PMN cells (Figures 3.2e, f  & g).

Histopathological examination of the AC between days 11-13 p.i revealed evidence of 

gross thickening of iris and a gross increase in AC cellular infiltration (cells >100) (Figures 3.2.g). 

Corneal thickening was also evident at this time point. Histopathological examination of the 

posterior segment at days 11-13 p.i. revealed gross infiltration of the ciliary body (Figure 3.2.g). 

Extensive retinal serous detachment, with cellular infiltration was a characteristic feature of this 

time point, resulting in retinal layer folding and disruption (Figures 3.2. d. e & f). Retinal 

granulomas were also frequently observed (granulomas 2-5). Gross cellular infiltration (cells > 

100) of the ROS and neuronal layers was also characteristic of this time point (Figures 3.3.d, e, f  & 

g) Vasculitis affected a high percentage (>75%) of retinal vessels, with gross cuffing and 

breakdown of vessel walls, which resulted in vitritis (cells >100 cells) (Figures 3.2.d, e, f  & g). 

Choroiditis was gross and extensive, whereby most of the choroid was involved (Figures 3.2.d & 

e), with the formation of choroidal granulomas, referred to as Dalen-Fuch’s nodule (granulomas 2- 

5). Retinal neovascularisation (1-3) was also observed around this time. In addition, frequently 

observed at this time point (but not included in the scoring system) was a cellular infiltrate in the 

sclera and surrounding connective tissue of the eye (Figure 3.2.i).

At day 14 p.i. the level of cellular infiltration in both the anterior and posterior segments 

began to subside (Figure 3.1). However, the most marked and important characteristic of this time 

point was the extensive destruction of the ROS and the neuronal layers. (Figure 3.2.h). There is 

still retinal layer infiltration (cells 50-100), vitritis (cells 50-100) and moderate thickening of the 

choroid at this time point (Figure 3.2.h).
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At later time points, days 21, 28, 35, and 42, p.i. there was a marked decrease in the 

cellular infiltrate (Figure 3.1). The main characteristic of these time points was the total destruction 

of the ROS and neuronal layers, leaving little chance for relapse/remission episodes to occur 

(Figures 3.2.j & k). Few cell bodies from the outer and inner layers of the neuronal retina may still 

be present in some animals, but in the main retina thickness was severely reduced due to the 

massive retinal inflammatory response which had been inflicted on the eye (Figures 3.2.j & k). The 

retina at later time points was often reduced to a thin fibrous layer, with no ROS or neuronal layers 

left (Figure 3.2.k). The retina of these animals can be described as atrophic at these later time 

points in the disease course.

Analysis of brain tissue from EAU affected (day 14 p.i.) animals failed to show any 

evidence of cellular infiltration except in the pineal gland (Figure 3.2.1). Here again the infiltrate 

consisted of both mononuclear and PMN cells.

3.1.4. The Histopathology grading system used in this study.

Previous histopathology grading systems that have been used to quantitate the disease 

have been described (Caspi et al., 1988). The scoring system described by Caspi et al. to assess 

EAU in mice involves only one disease score, which encompasses both cellular infiltration and 

structuraldamage in the eye. However, the histopathology grading system used in this present 

study examines both the cellular infiltration and structural damage and has been previously 

described (Dick et al., 1994b). This system allows for a more detailed picture of the disease time 

course. For example, disease at day 10 p.i. (Figure 3.2.c) is characterised by mild infiltration of the 

iris and cilary body, vitritis (cells 25-50), and vasulitis (vessels affected 10-25%), and a mild ROS 

and neuronal layer infiltration. This results in a cellular score of between 1-2. The structural score 

at this time point is around 1, mainly due to the cellular infiltration in the retinal layers. In contrast, 

at day 11 onwards cellular and structural scores are approximately 4.5 and 4.25 respectively 

(Figures 3.1 and 3.2.d, e, f  & g). However, day 14 p.i the cellular infiltration in the eye begins to 

subside, so cellular scores decrease dramatically to around 1.0 by around day 21 p.i.. In contrast, 

the structural damage which occurs as a result of the cellular infiltration, is still present which 

means that the structural score at day 14 p.i onwards remains high, approximately 3.75, whilst 

cellular scores are reduced (Figures 3.1 and 3.2.h, j & k). Comparison of the time course disease 

scores (Figure 3.1) and the actual histopathology (Figures 3.1 and 3.2.c-k), both give a 

diagrammatic and a pictorial explanation of this grading system.
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Figure 3.1. Time course o f  EAU in B10.RIII mice.

B10.RIII mice were s.c. immunised with 25|ig of human IRBP161'180 peptide emulsified in CFA on 

day 0. Mice were then sacrificed at various time points over a 42 day period. Enucleated eyes were 

processed for paraffin wax histology and histopathology was scored as described in Table 2.2. 

Disease scores are expressed as mean ± SEM and each time point consists of 5-20 mice/group.
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Figure 3.2.a. Normal control B 10.RIII anterior segment.
Note the AC: anterior chamber, C: cornea, CB: ciliary body, and I:iris (H&E. Bar 1 ■ =50pm).

Figure 3.2.b. Normal control BIO.RIII retina.
Note the well defined retinal layers. C: choroid RPE: retinal pigment epithelium. ROS: rod outer 
segments, ONL: outer nucleated layer, INL: inner nucleated layer, IPL: inner plexiform layer, 
GCL: ganglion cell layer.V; vitreous (H&E. Bar = 50pm)
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Figure 3.2.c. Anterior segment inflammation in BIO.RIII mice at day 10 p.i. induced by human 
IRBP161-180 peptide.
Note AC infiltration (arrow a), vitritis (arrow b) mild thickening o f the ciliary body (arrow c), 
vasculitis (arrow d) and cellular infiltration of the choroid (arrow e). (H&E. Bar =50pm).

Figure 3.2.cL Posterior segment inflammation in BIO.RIII mice at day 11 p.i. induced by human 
IRBP161'180 peptide.
Note the gross choroiditis (arrow a), serous retinal detachment with infiltrating cells (asterisks), 
and retinal layer folding (arrow b). (H&E. Bar — — =50pm).
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Figure 3.2.e. Posterior segment inflammation in BIO.RIII mice at day 12 p.i. induced by human 
IRBP161,H0 peptide.
Note the gross cellular infiltration of the ROS and neuronal layers (arrow a), serous retinal 
detachment (asterisks), and gross choroiditis (arrow b). (H&E. Bar =50fim).

Figure 3.2.f Posterior segment inflammation in BIO.RIII mice at day 13 p.i. induced by human 
IRBP161 ,H0 peptide.
Note extensive retinal layer folding (arrow a), and retinal granuloma (arrow b).
(H&E. Bar < =100jim).
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Figure 3.2.g, Posterior segment inflammation in BIO.RIII mice at day 13 p.i. induced by human 
IRBPI6I,H0 peptide.
Note gross cellular infiltration of the AC (arrow a), gross infiltration of the ROS and neuronal 
layers (arrow b), and vasculitis and gross vessel cuffing (arrow c). (H&E. Bar ”  —  = 100pm).

Figure 3.2.h. Posterior segment inflammation in BIO.RIII mice at day 14 p.i. induced by human 
IRBP161 peptide.
Note the main histopathological feature of this time point is the extensive destruction o f both ROS 
and neuronal layers (asterisks). Cellular infiltration is still present, note vitritis (arrow a) and 
choroiditis (arrow b). (H&E. Bar ———  = 100pm).
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Figure 3.2.L Scleritis in BIO.RIII mice at day 14p.i. induced by human IRBP161180 peptide. 
Note the cellular infiltration of the sclera (arrows). (H&E. Bar — —  =50|im).

Figure 3.2.j. Posterior segment damage in BIO.RIII mice at day 21 p.i. induced by human IRBP161 
180 peptide.
Note the total loss of ROS and the majority of the neuronal layers, only a thin layer of cell bodies 
from the INL still present. Cellular infiltration has subsided. (H&E. Magnification X 100.
Bar = 100pm).
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k

Figure 3.2.k. Posterior segment damage in BIO.RIII mice at day 42 p.i. induced by human 
IRBPi6,-,H0 peptide.
Note that no retinal layers are remaining, only a fibrous layer (arrow) is present.
(H&E. Bar ■ ■ = 100 pm)

Figure 3.2.1. Pinealitis in the BIO.RIII mice at day 14 p.i. induced by human IRBP,6, IHt)peptide. 
Note the cellular infiltration of the pineal body (arrows). (Toluidine blue stain. Bar =50jim)
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3.1.5. Serum antibody response and isotype elicited by BIO.RIII mice.
It is well documented that a high serum antibody response to retinal antigens occurs

concurrently with EAU (de Kozak et al, 1981b). However, a role for antibodies in the 

pathogenesis of EAU is still not clear. Analysis of serum from B10.RIII mice immunised with 

IRBP161' 180 peptide revealed that animals mounted an IRBP-specific antibody response, which 

began at day 4 p.i., and peaked by the time maximal tissue damage had occurred within the eye 

(day 14 p.i) (Figure 3.3).

Studies were performed to determine if the IRBP-specific serum would detect the 

immunising IRBP161'180 peptide when used to coat ELISA plates. However, even when using a 

high plate coating concentration of lOpg/ml peptide, the response from the immune sera, although 

detectable, was lower when compared with bovine IRBP coated ELISA plates (2pg/ml) (Figure 

3.3).

It was also of interest to determine the isotype of the antibody produced by these mice, as 

reports have suggested that an IgG2a isotype IRBP-specific response is characteristic of an EAU 

susceptible phenotype (Sun et al., 1997). Isotyping analysis of the B10.RIII serum from day 14 p.i, 

surprisingly revealed that the anti-IRBP response was represented by a significant (p<0.05) IgGl 

IRBP-specific response, as compared to an IgG2a IRBP-specific response. (Figure 3.4).
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Figure 3.3. Time course o f anti-IRBP serum response elicited by B10.RIII mice.

B10.RIII mice were s.c. immunised with 25pg of human IRBP161'180peptide emulsified in CFA on 

day 0. Serum samples were then taken over a period of 42 days. ELISA was used to detect anti- 

IRBP responses in the serum. Plates were coated overnight with either bovine IRBP 2jig/ml or 

human IRBP161'180 peptide lOpg/ml. Serum samples were used at a dilution of 1:100 and were 

analysed in triplicate. Mouse HRP conjugated IgG isotype non-specific antibody was used at a 

concentration of 1:2000 (see Table 2.3). Plates were read at optical density (OD) 405nm. 

Absorbency is expressed as mean ± SEM. Each time point consists of 5-20 mice/group. Serum 

from all time points were analysed in the same assay.
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Figure 3.4. IgG isotype profile o f anti-IRBP serum from B10.RIII mice 

B10.RIII mice were s.c. immunised with 25pg of human IRBP161'180 peptide emulsified in 

CFA on day 0. Day 14 p.i. mice were sacrificed and serum was taken. ELISA was used to 

determine the IgG isotype of the serum. ELISA plates were coated overnight with 2jig/ml 

of bovine IRBP. Serum samples were used at a dilution of 1:100 and were analysed in 

triplicate. Mouse HRP conjugated IgG isotype non-specific antibody was used at 1:2000, 

and mouse IgGl and IgG2a AP conjugated were used at 1:2000 (see Table 2.3). All plates 

were read at optical density (OD) 405nm. Absorbency is expressed as mean ± SEM. 

*p<0.05 statistically different when compared to IgG control and IgGl isotype IRBP- 

specific responses. Each group consists of 5 mice. All serum samples were analysed in the 

same assay.
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3.1.6. In vivo treatment with CD4¥ and CD8+ specific monoclonal antibodies.
The human IRBP161'180 peptide-induced model in B10.RIII mice was examined for its

value in immunotherapy studies. It is clear (see 1.6.1) that EAU is a T cell mediated disease, 

involving the CD4+ helper/inducer lymphocytes. In support of this, following immunisation of 

BIO.RIII with IRBP161180 peptide, T cell proliferative responses were detectable in splenocytes 

following recall with both the IRBP161'180 peptide and native bovine IRBP protein (Table 3.2), 

indicating that this epitope can be naturally processed and presented. A previous report using mAb 

to CD4 demonstrated that, another CD4 mediated experimental disease, EAE could be inhibited by 

using doses of CD4-specific mAb which induce significant T cell depletion or CD4 antigen 

modulation (O’Neill et al., 1993).

In this present study B10.RIII were injected with 25pg human IRBP161180 peptide as 

described in 3.2 and on days 9 and 11 p.i groups of mice were given 250pg i.p. of either mouse 

reactive rat (IgG2b) CD4-depleting (YTS 191), or rat (IgG2a) CD4-non-depleting (YTS 177). In 

addition, the effect of mouse reactive rat (IgG2b) CD8a-depleting (YTS 169) antibody on EAU 

was also assessed in this study. Previous studies have shown that rat IgG2b CD4-depleting (YTS 

191) specific mAb rapidly results in the depletion of CD4+ cells from the peripheral blood and 

lymphoid tissue, which possibly occurs by complement-dependent lysis or antibody dependent 

cellular cytotoxicity (Cobbold et al, 1984; Qin et al, 1987; 1990; Rashid et al, 1992). Whereas 

the rat IgG2a CD4-non-depleting (YTS 177) specific mAb induces a limited reduction of in CD4+ 

cells and either blocks the CD4 receptor and/or modulates CD4 antigen expression (Burkhardt et 

al, 1989; Qin et al, 1990).

Furthermore, flow cytometry analysis has shown that in vivo treatment of a single injection 

of 250pg of either of these anti-CD4 antibodies reduces cell numbers, or CD4 antigen expression 

within 24hr of administration, whereby cell numbers or the CD4 antigen expression following 

CD4-non-depleting (YTS 177) mAb administration begin to recover by about 3 weeks post

treatment (O’Neill et al, 1993). Similarly, flow cytometry analysis has shown that treatment with 

a single injection of 250pg CD8-depleting (YTS 169) results in a reduction in the CD8 cell 

numbers after 24 hrs of administration, which remains low even at 3 weeks post-treatment 

(O’Neill et al, 1993).

In this present study, the dose used was as previously described (O’Neill et al, 1993). The 

first i.p injection of 250pg mAb was performed on day 9 p.i., as this is the first day in which 

cellular infiltration begins in the eye (Figure 3.1), with a further injection of 250pg mAb on day 11 

p.i. to enhance the mAb mediated effects. Flow cytometry analysis was carried out on splenocytes 

isolated from animals killed at day 14 p.i and day 21 p.i. which had been treated with either CD4- 

depleting (YTS 191) or CD4-non-depleting/blocking (YTS 177) on days 9 and 11 p.i.. (Table
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3.2.b). From Table 3.2.b. it is clear that in all animals, either naive controls, EAU controls, or CD4 

mAb treated groups, no significant difference in the CD8 positive cell numbers was observed. 

However, it is clear that treatment with CD4-depleting (YTS 191) antibody results in a significant 

difference (p<0.05) in CD4 positive cell numbers as compared to controls and CD4-blocking (YTS 

177) treated CD4 cell numbers. No significant (p>0.05) difference in CD4 positive cells was seen 

in animals treated with CD4-blocking (YTS 177) antibody. No flow cytometry data is available for 

animals treated with CD8a-depleting (YTS 169) antibody.

From Table 3.2.a. it is clear that proliferative responses to antigen and Concanavalin A 

(Con A) were inhibited following treatment with CD4 mAb. Treatment with either depleting (YTS 

191) or blocking/non-depleting (YTS 177) CD4-specific mAb, significantly (p<0.05) reduced both 

cellular and structural scores when compared with control scores at day 14 and 21p.i. (Figure 3.5). 

This indicated that it is possible to modulate this acute form of disease even when administered 

late after EAU induction using a potent immunosuppressive agent. As expected treatment with 

CD8a-depleting (YTS 169) mAb failed to have any significant effect (p>0.05) on disease scores 

when compared to day 14 p.i. control EAU scores. However, both cellular and structural scores for 

CD8 mAb treatment were significantly higher than day 14 scores for CD4-depletion and CD4- 

blocking mAb treatment.

3.1.7. In vivo treatment with p5 5-tumor necrosis factor (TNF) receptor Ig-fusion protein 
(p55-TNFR-Ig).

As previously described in 1.6.3, TNF-a has been implicated in the pathogenesis of EAU. 

Neutralisation of TNF with a p55-TNF receptor (CD 120a) Ig-fusion protein (TNFR-Ig) in the RE- 

induced model of EAU in Lewis rats, resulted in delayed clinical onset, and reduced the ROS 

destruction, despite a level of cellular infiltration which was comparable to the control (Dick et al, 

1996). The p55-TNFR-Ig fusion protein has also been shown to effectively inhibit rat and mouse 

TNF activity in vitro (Komer et al, 1997).

In this present study, groups of mice were injected for EAU induction (as described 3.1.1) 

and lOOpg of TNFR-Ig-fusion protein was given daily i.p, in either the afferent stage of disease 

which involves days 0-7 p.i., or efferent stages including days 8-13 p.i.. This experimental design 

was adapted from a previous report which involved administration of anti-TNF in either the 

afferent or efferent stages of disease, which demonstrated that treatment of anti-TNF in the 

afferent stage reduced both disease incidence and scores (Sartini et al, 1996). The daily dose of 

100fig of TNFR-Ig/animal was determined from an earlier study using the same fusion protein in 

the treatment of EAE (Baker et al, 1994).

The aim of the experiment described in this thesis was two fold. Firstly, to determine if the 

administration of the TNFR-Ig fusion protein would reduce structural damage to the retina.
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Secondly, if administration of the fusion protein in either the afferent or efferent stages of disease 

produced any difference in disease scores. Administration of the p55-TNFR-Ig fusion protein 

during both the afferent (0-7 days p.i) and the efferent (8-13 days p.i.) stages of disease resulted in 

a significant reduction in the photoreceptor layer damage (p<0.05) as compared to control day 14 

structural scores (Figure 3.6). This decrease in structural damage occurred even though the cellular 

infiltration score for the treatment groups was comparable to the control day 14 cellular infiltration 
score (p>0.05).

The effect of the p55-TNFR-Ig fusion protein is illustrated clearly by the histopathology 

(Figures 3.7.a, b, c & d), whereby treatment in either the afferent or efferent stages of disease 

results in reduced destruction of the ROS and neuronal layers. Albeit, there is focal damage, the 

structural scores for both afferent and efferent treatments with p5 5-TNFR-Ig were significantly 

(p<0.05) reduced as compared to the day 14 p.i. control structural scores (Figure 3.2.h) where there 

is extensive destruction of the ROS and the neuronal layers (Figure 3.2.h).

The histopathology also confirms the cellular infiltration which occurs in the eyes of the 

treated mice. Histopathology examination of both afferent and efferent treated mice revealed 

anterior segment inflammation characterised by AC infiltration (cells 30-100) and mild to 

moderate iris infiltration (Figures 3.7.a & c). The histopathology in the posterior segment was 

characterised by mild to moderate ciliary body infiltration, vasculitis (50-75% vessels affected) 

with moderate to gross cuffing, vitritis (cells 50-100), mild to moderate thickening of the choroid, 

ROS and neuronal layer cellular infiltration (cells 25-50) and retinal granuloma formation (figures 

3.7 b & d). Although the extent of retinal damage was reduced in the retinas of mice treated with 

p55-TNFR-Ig, retinal folding, focal retinal detachments and focal loss of both ROS and neuronal 

layers were histopathological features (Figures 3.7.b & d). However, in both afferent and efferent 

p5 5-TNFR-Ig treated mice the retinal architecture was, on the whole preserved.

Statistical analysis of the structural and cellular scores for afferent and efferent stages of 

disease revealed no significant difference (p>0.05) when compared with each other. In addition, 

Figure 3.8 indicates that the mice treated with the fusion protein developed a significant anti-p55- 

TNFR-Ig serum response. This antibody response elicited by the mice was possibly directed 

towards the human fractions of the fusion protein, and may well neutralise the full therapeutic 

capacity of the fusion protein.

3.1.8. In vivo treatment with phosphodiesterase IV  (PDE) inhibitor Rolipram.
Rolipram is a selective cyclic adenosine monophosphate (cAMP)-dependent

phosphodiesterase IV (PDE) inhibitor which has been shown to increase levels of cAMP in 

inflammatory cells. The increase of intracellular levels of cAMP has been reported to inhibit TNF 

production, which may have a potential value in the treatment of inflammatory diseases (Sinha et
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al, 1995; Kambayashi et al, 1995). As described in 1.6., TNF is thought to play a role in the 

pathogenesis of EAU (see 1.6.2), and other experimental Al diseases including EAE (Nakamura et 

al., 1994; Sartini et al, 1995). Furthermore, reports have demonstrated that treatment with 

rolipram can inhibit EAE and other models of inflammation (Somnere/ al., 1995; Sekut et al, 

1995; Genain et al., 1995). It was therefore of interest to determine if administration of rolipram to 

the B10.RIII mice resulted in reduced disease scores and incidence.

However, previous studies using this PDE inhibitor have shown that animals treated with 

rolipram can suffer from toxic side effects (Genain et al., 1995). Initial studies were undertaken to 

determine whether the B10.RIII mice developed toxic side effects when given rolipram. A series 

of dose studies were performed whereby groups of nai've B10.RIII mice were given varying 

amounts of rolipram (l-50mg/kg), dissolved in 10% cremophor in PBS (Somnere/ al, 1995), in a 

volume of 0.1ml as either a single or as daily i.p. injections. Unfortunately, mice in all instances 

developed side effects, which included hyperventilation, reduced activity, malaise and in cases 

involving doses of lOmg/ml and above a high mortality rate was observed. Due to the toxicity 

induced in the mice when given rolipram, the possible the effect of rolipram on EAU in B10.RIII 

human IRBP161180 model was not examined further. In contrast, ABH mice injected with 50mg/kg 

failed to show any evidence of mortality and this indicates a genetic susceptibility to the lethal 

effects of rolipram.
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Chapter 3 Results & Discussion

IBSM EAU CONTROL 
V7~7\ CD4-BLOCKER (YTS 177)
I 1 CD4-DEPLETING (YTS 191) 
P 7 7 2  CD8a- DEPLETING (YTS 169)

DAY 14 DAY 21

Figure 3.5. The effect o f in vivo CD4 and CD8 mAb treatment on disease scores and incidence in 

the human IRBP161'180 peptide induced model o f EAU in the B10.RIII mice.

Mice were s.c. immunised with 25pg of human IRBP161'180 peptide emulsified in CFA on day 0. 

Groups of mice were given i.p. injections of 250jig of one of the following mAb: CD4-non- 

depleting/blocking (YTS 177), CD4-depleting (YTS 191) or CD8a-depleting (YTS 169) on days 9 

and 11 p.i. Mice were sacrificed on days 14 and 21 p.i. and enucleated eyes were processed for 

paraffin wax histology. Histopathology was scored as described in Table 2.2. Disease scores are 

expressed as mean ± SEM. Statistical difference *p<0.05, and **p<0.01 when CD4 mAb disease 

scores are compared to EAU controls. No statistical difference (p>0.05) between day 14 p.i. 

control scores and treatment with CD8 mAb. #p<0.05 when CD8 scores are compared with day 14 

p.i. mAb CD4 disease.
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Figure 3.6. In vivo treatment with p55-tumor necrosis factor receptor-Ig (p55-TNFR-Ig) in the 

human IRBP 16I',8° peptide model o f EAU in B10.RIII mice.

B10.RIII mice were s.c. immunised with 25jig of human IRBP161' 180peptide emulsified in CFA on 

day 0. Groups of mice were then given i.p. injections of lOOjig of p55-TNFR-Ig daily in either the 

afferent (days 0-7 p.i.) or efferent (days 8-13 p.i.) stages of disease. Mice were sacrificed on day 

14p.i. and enucleated eyes were processed for paraffin wax histology. Histopathology was scored 

as described in Table 2.2. Disease scores are expressed as mean ± SEM. Statistical difference 

*p<0.05 when structural scores for the treatment are compared to day 14 control scores. Incidence 

is expressed as number of animals affected with EAU out of the total number in that particular 

group.
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Figure 3.7.a. Anterior segment inflammation in B10.RIII mice following afferent treatment with 
p55-TNFR-Igfusion protein.
Note cellular infiltration in the AC (arrow a), mild infiltration of the iris (arrow b) and ciliary body 
infiltration (arrow c). (H&E. Bar ..............   125pm).

Figure 3.7.b. Posterior segment inflammation in B10.RIII mice following afferent treatment with 
p55-TNFR-Igfusion protein.
Note cellular infiltration of the ROS and neuronal layers (arrow a), vasculitis with mild to 
moderate vessel cuffmg (arrow b), choroiditis (arrow c) and retinal folding (arrow d) and 
detachment (asterisks). Focal damage to the ROS and neuronal layers is observed, (arrow e)
(H&E. Bar 1 =125pm).
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Figure 3.7.c. Anterior segment inflammation in B10.RJI1 mice following efferent treatment with 
p55-TNFR-Ig fusion protein.
Note AC infiltration (arrow a), moderate infiltration of the iris (arrow b) and ciliary body (arrow 
c), and choroiditis (arrow d). (H&E. Bar — —  = 125pm).

Figure 3.7.d, Posterior segment inflammation in B10.R1II mice following treatment with p55- 
TNFR-Igfusion protein in the efferent stage o f disease.
Note the cellular infiltration in the ROS and neuronal layers (arrow a), vasculitis and moderate 
vessel cuffing (arrow b), vitritis (arrow c) and granuloma (arrow d). (H&E. Bar 1 ■■■■ 125pm).
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Figure 3.8. Serum antibody response elicited by B10.RIII mice to p55-TNFR-Ig fusion 

protein.

B10.RIII mice were immunised with human IRBP161'180 emulsified in CFA on day 0. 

Groups of mice were treated daily with lOOpg of p55-TNFR-Ig fusion protein i.p. in either 

the afferent (days 0-7) or efferent stage (days 8-13) of disease p.i. Mice were sacrificed on 

day 14 p.i. and serum was analysed for an anti-p55-TNFR-Ig response by ELISA. Plates 

were coated overnight with 2jig/ml p55-TNFR-Ig fusion protein. Serum samples were 

used at a dilution of 1:100 and were analysed in triplicate. Detection antibody was HRP 

conjugated swine anti-mouse Ig (see Table 2.3). Plates were read at optical density (OD) 

of 405nm. Absorbency is expressed as mean ± SEM. In each case n=8-9 mice. Statistical 

difference *p<0.05 between the antibody responses elicited by day 14 p.i. controls and 

treatment groups. All serum samples were analysed collectively, in the same assay.
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3.1.9. Discussion
This study has demonstrated that the human IRBP161' 180 induced model of EAU in 

B10.RIII mice, is highly reproducible and offers a reliable model of disease. This was 

characterised by high disease incidence and disease scores, which are not dependent on using PTX 

as a co-adjuvant. This model is characterised by rapid, acute, disease onset beginning at days 9-10 

p.i and maximal disease scores are reached by day 12p.i., after which disease begins to resolve 

itself ie. cellular infiltration dissipates, however, extensive structural damage has occurred to the 

retinal layers. This model has similarities with the acute form of S-Ag induced EAU in the Lewis 

rat, whereby there is a rapid acute onset, however the rat model differs in that the active phase of 

disease lasts for two weeks post onset (de Kozak et al, 1978; 1981b). In contrast, the active period 

in the B10.RIII peptide induced model last for about 3-4 days after which the disease resolves 

itself, leaving the structural damage. The peptide model in the B10.RIII mice appears to be of an 

hyperacute and highly necrotic nature, which does not, on the whole mimic human forms of 

posterior uveitic conditions.

Previous studies have demonstrated a role for PTX in the induction of EAU induction for 

both rat and mouse models (de Kozak et al_, 1981b; Caspi et al, 1990a; 1990b). Caspi and 

associates have examined the requirement of PTX in IRBP-induced EAU in the BIO.A mouse. 

These studies have revealed that the incidence and severity of disease in the BIO.A mouse were 

quantitatively dependent on the respective doses of PTX and IRBP (Caspi et al, 1990a). 

Furthermore, using varying amounts of IRBP and PTX, either an acute or chronic form of disease 

can be achieved in the BIO.A mouse (Caspi et al, 1990a; 1990b). In the various rat models of 

EAU eg. Lewis, PVG and Lister black hooded rats, using varying dosages of retinal antigens, 

different forms of disease can be induced, ranging from acute to a more moderate chronic form (de 

Kozak et al, 1978; 1981b; Marak and Rao, 1982; Fox et al, 1987a). However, in the experiments 

described in this present study, it appears that unlike the varying forms of disease induced in other 

rodent models of EAU, the human ERBP161'180 peptide model in B10.RIII mice does not follow this 

course. It appears that with the peptide model described here, there is a threshold level of peptide 

required, in this case a single injection of 25fig peptide is necessary in order to achieve consistent 

disease scores and incidence with and without the use of PTX (Table 3.1).

One advantage of this model of the peptide induced model of disease, is that the non

requirement of PTX as co-adjuvant for disease induction, renders this model economically viable 

as PTX is expensive. So the peptide model may be of benefit for EAU studies, as PTX is still 

required as co-adjuvant for EAU induction protocols even at doses of between 50-100pg IRBP in 

other strains of mice ie. B10.A. (Caspi et al, 1990a). In the case of the B10.RIII mice, the non

requirement of PTX to achieve disease is most probably due to the fact that these mice are a highly
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susceptible to EAU induction with both bovine IRBP and human IRBP161'180 (Silver at al., 1995). 

More importantly, is the fact that human IRBP161180 is reported to be a major pathogenic epitope in 

this strain (Silver et al., 1995). The actual way in which PTX enhances the disease is not fully 

understood, but as described in 1.8.2. it is thought to have an effect on the vascular endothelium, 

and it also has reported mitogenic activity which would possibly serve to amplify the immune 

response (Linthium et al., 1982; Sewell et al., 1984). However, it is also apparent from 

observations made during this study, that PTX induces leucocytosis, as spleens from PTX treated 

animals dramatically increase in size. This may serve to increase the frequency of potentially 

uveitogenic cells.

Previously the scoring system used to analyse human IRBP161'180' induced EAU in 

B10.RIII mice did not dissociate the effect of inflammatory cell infiltration from structural damage 

on the integrity of the eye (Caspi et al., 1988). With the scoring system used in this present study, 

it is possible to score the histopathology on two parameters: cellular infiltration and structural 

damage, which was first described by Dick et al., (1994b). It is clear that the leucocyte infiltration 

begins around day 9-10 p.i., and is maximal between days 11-13 p.i., which wanes thereafter, 

leaving eyes with minimal infiltration by day 21-28 p.i. However, as a consequence of this 

inflammatory insult there is marked structural damage to the retinal layers which peaks around day 

14p.i., but as the photoreceptors are lost, the structural score remains elevated. The capacity to 

dissociate cellular events from the structural damage as used here, presents a clearer picture of the 

EAU process and gives an avenue to dissociate effects leading to tissue destruction compared with 

effects on cellular infiltration.

Due to the destruction of the photoreceptors and the integrity of the eye, there seems to be 

little or no opportunity for relapse as the target tissue has been destroyed. Indeed, histopathological 

examination revealed no evidence of a relapse over a 6 week observation period. The model of 

disease described here is a hyper acute form of EAU which resembles that seen in Lewis rats 

injected with S-antigen (de Kozak et al., 1978; 1981b). Disease results in extensive photoreceptor 

and neuronal layer destruction, with no potential for relapse to occur. This is most probably due to 

the fact that B 10.RIII mice are a strain which are highly susceptible to EAU induction as compared 

with other BIO congenic mice of different H-2 haplotypes (Caspi et al., 1994b) and the potent 

uveitogenicity of human IRBP161'180 peptide (Silver et al., 1995). A more recent study has shown 

that there is a hierarchy of uveitogenicity between bovine, human and mouse homologues of this 

IRBP161' 180 where the human>mouse>bovine at inducing EAU (human: 

SGIPYIISYLHPGNTILHVD, mouse: SGIPYVISYLHPGNTVMHVD, bovine:

SGIPYVISYLHPGSTVSHVD) (Silver et al., 1998). Therefore it may be possible to reduce the 

severity of the retinal damage using different peptide sequences.
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The inflammation observed in the pineal gland at day 14 p.i. was not surprising as this 

organ is thought of as the ‘third eye’, which shares retinal specific antigens ie. S-Ag and IRBP. 

The presence of these retinal specific antigens has been demonstrated in the pineal gland of several 

higher vertebrate species (Kalsow and Wacker, 1978; Rodrigues et al, 1986). Previous studies 

have demonstrated the involvement of the pineal gland in experimental rats, guinea pigs, rabbits 

and primates with EAU, following immunisation with either S-Ag and IRBP, and more recently 

rats injected with recoverin develop a pinealitis (Mochizuki et al., 1983a; Kalsow and Wacker, 

1986; Gery et al., 1986b; 1994). Previous reports have also shown that pinealitis can occur in 

animals immunised with peptides (Donoso et al, 1989), demonstrating that peptides as well as 

whole retinal proteins are capable of inducing pinealitis. Thus suggesting specificity of disease to 

eye-related structures induced by IRBP.

The observation of cellular infiltration in the sclera and surrounding tissues of the eye is 

not a commonly reported histopathological feature of mouse EAU. In this present study substantial 

extra-ocular infiltration was evident after day 1 lp.i. onwards in the disease process, after which 

time, extensive destruction of the retina had ocurred. It is possible that as a consequence of the 

extensive damage that occurs to the integrity of the eye, IRBP leaks into the surrounding extra

ocular tissues where it can be presented locally to induce extra-ocular inflammation. However, in 

the case of the B10.RIII peptide model it may be that there is such a massive cellular infiltration in 

the eye that there is an over spill of cells into the sclera and extra-ocular tissue. This may be due to 

extensive BRB breakdown, which results in the panophthalmic response observed in this model. It 

would certainly be of interest to examine the BRB at the time points in which disease in this model 

begins and is at its highest between days 9-14 p.i. Furthermore, observations from the time course 

studies indicate that there is a very narrow window from initial cellular infiltration in the ciliary 

body and iris at days 9-10 p.i., and the massive cellular infiltration observed from day 11-13 p.i. 

The massive infiltration of inflammatory cells observed during these time points, is most probably 

due to a recruitment of antigen-non-specific cells (Caspi et al., 1993). Furthermore, the breakdown 

of the BRB would also result in the influx of a multitude of cell types in response to the release of 

inflammatory mediators, which would play crucial roles in the aggressive disease pathogenesis 

observed in this peptide model of EAU. It would be of further interest to characterise by 

immunohistochemistry and quantify the cell types, which are present in the eyes of diseased 

B10.RIII mice following immunisation with human IRBP161' 180. This would possibly help delineate 

the roles of certain cell types in the pathogenesis of this acute form of EAU.

The observation that the B10.RIII mice injected with human IRBP161'180 have an 

established antibody response to IRBP when active inflammation is evident and could possibly 

suggest that antibodies may have a role in the disease pathogenesis. However, previous reports 

using adoptive transfer of retinal-antigen specific lymphocytes have demonstrated that antibodies
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to uveitogenic antigens are not important in the pathogenesis of EAU (Caspi et al., 1986~ Rizzo et 
al., 1996). Interestingly, the level of antibody detection of anti-IRBP sera on human IRBP161"180 

coated ELISA plates was lower than that of bovine IRBP coated ELISA plates. This is probably 

reflective of the recognition pattern of antibodies. Whilst it is well established that T cells 

recognise short linear peptide sequences, antibodies are typically directed at conformations 

produced by the tertiary structure of protein. It may be that when the peptide is coated on the 

ELISA plate it is characteristic of a linear configuration, which would prevent the anti-sera binding 

to it in vitro. However, in vivo the peptide may fold into a tertiary structure which would allow the 

antibody response to be elicited.

Whilst antibodies are thought not to play a role in disease pathogenesis or susceptibility, 

the measurement of the Ig titres is often used to analyse the polarity of the immune response 

(Martin and Lew, 1998). Whereby a Thl response is characterised by high IFN-y production and is 

associated with an IgG2a antibody response, whilst IgGl is more indicative of a Th2 profile 

(Snapper and Paul, 1987; Caspi et al, 1997). Interestingly, the antibody response elicited by the 

B10.RIII mice following immunisation with human IRBP161"180 was predominantly of the IgGl 

isotype as compared to IgG2a, which are known to fix complement and induce tissue damage by 

type II hypersensitivity mechanisms. This finding is in contrast with an earlier report, which 

reported that EAU susceptible mouse strains, BIO.A (H-2k), C57BL/10 (H-2b) and BALB/k (H-2k) 

develop an antibody response following immunisation with bovine IRBP which favours a IgG2a 

response (Sun et al., 1997). These authors suggested that an IgG2a isotype response is 

characteristic of a Thl response and of an EAU susceptible phenotype. However, a more recent 

study has reported that C57BL/6 mice develop an IgGl antibody response when injected with 

bovine IRBP (Tarrant et al., 1999). This latter report is consistent with the results described in this 

present study.

Interestingly, a recent report has suggested that IgG2a is potentially not a good Thl 

marker in mice (Martin and Lew, 1998). This report advised that in mice strains with the Ighlb 

allele eg. NOD, C57BL/6 and C57BL/10 mice, the gene for IgG2a is deleted. However, these mice 

have been shown to express a novel IgG2c isotype (Jouvin-Marche et al., 1989). The B10.RIII 

mice used in this present study are of the Ighlb allotype. Consistent with this, the B10.RIII mice 

did not produce a predominant IgG2a antibody response, in contrast, these mice elicited a 

predominantly IgGl isotype response following immunisation with human IRBP161'180peptide. It 

may be the case, as mentioned above, that the B10.RIII mice produce the novel IgG2c isotype 

which was undectable by the anti-IgG2a sera used in this present study (see Table 2.3). Indeed, 

Martin and Lew (1998) pointed out that there was not sufficient cross reactivity between 

commercially available anti-IgG2a sera and IgG2c, so it is not possible to estimate levels of the 

IgG2a subclass in mice strains lacking the IgG2a gene. These authors went on further to warn that
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isotype measurements form mice lacking the IgG2a gene could be misleading. However; Sune/ al 

(1997) have demonstrated an IgG2a dominant isotype in C57BL/10 mice when immunised with 

IRBP, but as previously mentioned, these mice aielghlb which reportedly do not have the gene for 

IgG2a.

Nonetheless, from this present study it would appear that the production of an IgGl 

isotype response is favoured in the B10.RIII mice when immunised with human IRBP161'180 

peptide. However, the differences in isotype responses may reflect either differences in the animals 

genetic background, specificity of anti-IgG isotype specific sera, immunisation protocol or 

differences between immunisation with IRBP protein as compared with IRBP peptide. The reasons 

for the differences in the IgG isotype produced in this study, as compared to others, is as 

mentioned not clear. However, in light of recent reports the whole concept of using Ig isotypes as 

markers for Thl/Th2 type immune responses in EAU and other diseases should possibly be re- 

evalauted.

Historically, EAU induction in experimental animals, in particular rats and guinea pigs, 

has been induced via footpad injections of antigen emulsified in complete Freund’s adjuvant 

(Wacker and Lipton, 1965; Rao et al., 1979; de Kozak et al., 1981b; Kalsow and Wacker, 1986). 

However, this route of injection has been shown to induce severe inflammation and arthritis in 

rats, which can result in reduced mobility. This has led to many research institutions banning 

footpad injections as the route for injection and the s.c. injection into the flank route is favoured. A 

more recent report has examined both routes of injection and has reported that s.c. routes are as 

effective, and induce EAU comparable with the footpad route (Mozayeni et al., 1995). Moreover, 

successful induction of other experimental models of disease including EAE, involves s.c. flank 

injections of the appropriate antigen emulsified in adjuvant (Baker et al., 1990), further supporting 

the s.c. route of injection rather than the footpad. The s.c. route of injection is now favoured for 

EAU induction by some researchers (Silver et al., 1995), however, footpad injections are still 

commonly used in both mouse and rat models of EAU (Rao et al., 1989; de Smet et al., 1993; 

Namba et al., 1998; Egwuagu et al., 1999). In the peptide dose response studies discussed here, the 

s.c. route of injection appears to be more than sufficient for successful disease induction in this 

model of EAU. This route of immunisation was adopted, and consistently used for all further EAU 

studies performed in this thesis.

Furthermore, in previous reports involving mouse models of EAU, animals have been 

injected with a total of 200pl of complete Freund’s adjuvant containing 2.5mg/ml of M. 

tuberculosis H37Ra (Caspi et al, 1988; Silver et al., 1995). The injection protocols described here, 

used incomplete Freund’s adjuvant (IFA) supplemented with 60jig/ml of M.tuberculosis H37Ra, 

whereby 0.3ml was subcutaneously injected into the flank (0.15ml either side of animal), a 

protocol which had been previously described (Baker et al., 1990). The injection regime used in
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this present study indicates that is possible to induce a reliable model disease using lower amounts 

of M. tuberculosis H37Ra in the adjuvant.

Successful adoptive transfer studies of EAU indicate that CD4+ T cells play a crucial role 

in the pathogenesis of disease (Caspi et al, 1986; McAllister et al., 1987; Silver et al., 1995; Rizzo 

et al, 1996). Therefore it was not surprising that administration of mAb to CD4+ lymphocytes in 

this present study inhibited EAU, a further confirmation that T cells are involved in the 

pathogenesis of EAU. This has also been shown in both previous EAU (Atalla et al, 1990) and 

EAE studies (O’Neill et al, 1993). Furthermore, treatment with mAb to CD4 inhibited disease and 

T lymphocyte proliferative responses. The CD4 mAb treatment was able to modulated both the 

cellular and structural components of the disease, thus suggesting that the effects of potent 

immunosuppressive agents like CD4 can be monitored in this model. However, CD8 mAb had no 

effect on disease scores demonstrating that CD8 cells are not necessarily involved in EAU, a 

finding which is consistent with previous EAU reports (Mochizuki et al, 1985a; Calder et al., 

1993).

Studies using TNF receptor-Ig fusion proteins to modulate the effects of TNF, had 

essentially no effect on cellular infiltration but exhibited some mild impact on structural damage in 

the target organ. This finding is consistent with previous studies using the RE-induced model of 
EAU in the Lewis rat (Dick et al, 1996). There was no significant difference between afferent and 

efferent scores suggesting that the role of TNF cannot be assigned to either priming or effector 

stages of the disease. However, in contrast, a previous report in mouse EAU using a TNF-specific 

anti-serum, showed that neutralistion of TNF in the effector stages of disease had little or no effect 

on disease, whilst treatment in the afferent stage reduced disease incidence and scores, suggesting 

that TNF affects the antigen priming stage of disease (Sartini et al, 1995). However, a more recent 

study has examined the mechanism by which the TNFR-Ig fusion protein exhibits its effect, and 

have shown that it acts at the level of the effector cell stage (Dick et al, 1998b). In view of this 

finding, structural damage scores for mice treated in the efferent stage of disease in this present 

study should possibly have been lower than observed. Furthermore, aside from the proposed role 

of TNF in the upregulation of cytokines and adhesion molecules, TNF also upregulates inducible 

nitric oxide synthase (iNOS) (Eigler et al, 1997). It may be the case that neutralisation of TNF 

prevents a localised decrease in nitric oxide via inhibition of iNOS, which may result in reduced 

damage to the ROS and neuronal layers, however this would require further investigations. This 

present study was only a preliminary investigation, as availability of fusion protein was limited, 

however, the initial findings were encouraging. Further studies are required to fully elucidate the 

value of the fusion protein by examining the effect of higher doses, the effect if any of an human 

Ig control, and a qualitative analysis of the cell types which are still infiltrating the eyes would also 

be of interest. Nonetheless, this study has shown that the acute and destructive model of disease
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induced by the human IRBP161' 180 in the B10.RIII mice can be immunomodulated and-structural 

damage can be minimised. However, in this present study only day 14 p.i was examined, it may be 

that at later time points following treatment with p55-TNFR-Ig fusion protein, further structural 

damage may occur to the retinal layers. Further examination of the histopathology at later time 

points is required to fully elucidate whether the reduction in structural damage to the retina persists 

after day 14 p.i., or whether treatment with TNFR-Ig only delays the destruction process.

In conclusion, the rapid onset and acute nature of the human IRBP161'180 peptide-induced 

model of EAU in the B10.RIII mice may be of value in the studies involving the identification of 

factors responsible for cellular infiltration and photoreceptor damage. It appears that modulation of 

this model can be achieved by using potent immunosuppressive agents such as the CD4 mAb. The 

whole concept of using non-specific immunotherapies like anti-CD4 treatment or CsA is becoming 

less popular as these treatments leave the patient/animal immunosuppressed and open to infection 

and other diseases. However, the aggressive nature of the disease seen in the peptide model may 

mean that agents which have a more specific effect on the disease course ie. specific targeting of 

cytokines, may be unable to induce significantly detectable changes. Therefore, this system may be 

of more limited use for immunomodulation studies

114



Chapter 3 Results & Discussion

3.2. INDUCTION OF EAU IN BIOZZI 

ABH{dq,) MICE USING RECOMBINANT

PROTEINS.
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3.2.1. Introduction.
EAE is induced via identical protocols to EAU, except that CNS autoantigens, compared 

with eye proteins are used in the innoculum. However, in most EAE susceptible mouse strains, the 

disease course follows a relapsing/remitting progression which mimics the human MS condition. 

Many of the EAE susceptible strains of mice such as the SJL/J mouse develop retinal dystrophy 

which leads to photoreceptor loss within weeks of birth (Robinson et al., 1983), which precludes 

them from EAU studies. Albino ABH mice are highly susceptible to relapsing EAE and other Al 

diseases such as experimental (Al) neuritis (EAN) and experimental Al thyroiditis (EAT) (Baker 

et al., 1990; O’Neill et al, 1992; D. Baker, personal communication) and do not develop retinal 

dystrophy. The ABH model of EAE has been extensively used in disease modulation studies due 

to its chronic relapsing disease course (O’Neill et al., 1993; Baker et al., 1994; Croxford et al, 

1998).

Although much is known about the characteristics of EAE in the ABH mice their 

susceptibility to EAU induction has not been determined. So studies were undertaken to establish 

if ABH mice were susceptible to EAU induction and if so did disease follow a chronic relapsing 

profile.

3.2.2. Induction o f EAU in Biozzi ABH mice.
In order to establish whether the ABH mice were susceptible to EAU, groups of mice were

peripherally sensitised to two of the major retinal antigens, S-Ag and IRBP. In each case mice 

received a total of 200pg of retinal antigen emulsified in CFA and 800ng of PTX, which was 

administered as a split dose injection protocol given on day 0 and 7 (see Materials and methods). 

To test the potency IRBP used in this experiment B10.RIII mice were also injected. The potency of 

S-Ag for induction of EAU in Lewis rats was confirmed by Dr V. Calder (personal 

communication, UCL). Mice were sacrificed on day 21p.i and eyes were examined for 

histopathology.

From Table 3.3 it is clear that the ABH mice are not susceptible to EAU induction with S- 

Antigen. In contrast, disease was induced in ABH using whole bovine IRBP (Table 3.3.), which 

gave moderate disease scores and 100% incidence. Although all ABH mice developed EAU the 

severity of disease was less severe than that observed in the B10.RIII mice. This is confirmed 

statistically, whereby both cellular and structural scores for the ABH mice were significantly 

(p<0.05) less severe when compared to B10.RIII mice (Table 3.3.).

Typically the ABH mice exhibited mild disease in the anterior segment, which was 

characterised by AC infiltration (cells 10-30) and mild infiltration of the iris (Figure 3.9.c). 

Histopathological examination of the posterior segment showed mild thickening of the ciliary body 

(Figure 3.9.c), mild vasculitis (10-25% vessels involved) with mild to moderate cuffing, vitritis
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(cell <25), cell infiltration of the choroid (cells <20) and infiltration of the ROS and- neuronal 

layers (cells <25) (Figure 3.9.d). In some of the more severe cases mild retinal layer folding and 

focal detachment was observed (Figure 3.9.e). In all ABH mice the retinal architecture was 
preserved.

In contrast, B10.RIII mice developed severe histopathological changes characterised by 

extensive ROS and neuronal layer loss (Figure 3.9.f). The severity of disease observed in the 

B10.RIII mice immunised with IRBP, was similar to that which is induced in these mice following 

injection of 25fig human IRBP161'180peptide without the requirement of PTX (Table 3.1 & Figure

3.2.h).

RETINAL
ANTIGEN

DISEASE
INCIDENCE

GROUP TOTAL MEAN ± SEM 
CELLULAR STRUCTURAL

B10.RIII

Bovine IRBP 6/6 2.3 ± 0.3 3.7 ±0.2

ABH

Bovine IRBP 7/7 1.3 ±0.2 0.4 ± 0.3

Bovine S-Antigen 0/5 0.0 ± 0.0 0.0 ± 0.0

Table 3.3. EAU disease scores and incidence for ABH mice and B10.RIII following 

immunisation with bovine retinal antigens.

All mice were immunised s.c. with a total of 200jig of retinal antigens emulsified in CFA 

administered as a split dose protocol on days 0 and 7. Concurrent with immunisation a total 

of 800ng of PTX was administered i.p. Mice were sacrificed on 21 p.i. and enucleated eyes 

were processed for paraffin wax histology. Histopathology was graded as described in 

Table 2.2. Disease scores are expressed mean ± SEM, and disease incidence is the number 

of mice affected with EAU out of the total number of mice injected for that particular 

group.
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Figure 3.9.a. Normal control ABH anterior segment.
Note the AC: anterior chamber, C: cornea, CB: ciliary body, and I: iris. 
(H&E. Bar — " =50pm).

Figure 3.9.b. Normal control ABH retina.
Note the well defined retinal layers. C: choroid, RPE: retinal pigment epithelium, ROS: rod outer 
segments, ONL: outer nuclear layer, INL: inner nuclear layer: GCL: ganglion cell layer, V: 
vitreous. (H&E. Bar " 1 = 125pm).

118



Chapter 3 Results & D iscussion

Figure 3.9.c. Anterior segment inflammation in ABH mice at day 21 p.i. induced by bovine IRBP. 
Note the AC infiltration (arrow a), mild thickening o f both the iris (arrow b) and ciliary body 
(arrow c), and vitritis (arrow d). (H&E. Bar 1 =50pm).

Figure 3.9.d. Posterior segment inflammation in ABH mice at day 21p.i. induced by bovine IRBP. 
Note the vasculitis and mild to moderate vessel cuffing (arrow a), vitritis (arrow b), mild 
choroiditis (arrow c) and cellular infiltration of the ROS and neuronal layers (arrow d).
(H&E. Bar 1 =50jim).
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•i.. •* >

Figure 3.9.e. Posterior segment inflammation in ABH mice at day 21 p.i. induced by bovine IRBP. 
Note the retinal layer folding and focal detachment (arrows). (H&E. Bar —  = 100pm).

Figure 3.9.f Posterior segment inflammation in B10.RIII mice at day 21 p.i. induced by bovine 
IRBP.
Note the loss of ROS and neuronal layers (asterisks) and vitritis (arrow).
(H&E. Bar —  =50pm)

120



Chapter 3 Results & Discussion

3.2.3. In vivo determination o f the uveitogenic domain o f IRBP using recombinant 
proteins.

Having established that the ABH mice were susceptible to IRBP-induced EAU, the 

uveitogenic domain of IRBP was determined. Individual repeat domains of human IRBP have 

been previously cloned into an E.coli expression system (Lin et al, 1997). Groups of ABH mice 

were injected with a total of 200pg of each recombinant domain EcRl, EcR2, EcR3 and EcR4 

(Figure 2.1.a) emulsified in CFA, which was given in a split dose protocol on days 0 and 7, mice 

also received a total of 800ng PTX i.p. Histopathological examination at day 14 p.i. revealed that 

ABH mice were susceptible to EAU induction with human IRBP domain 2 EcR2. Disease was 

characterised by 100% incidence and moderate to high cellular and structural disease scores (Table 

3.4). In addition, 1/6 mice developed a mild vasculitis (Figure 3.11.1) when injected with human 

IRBP domain EcRl, it may be possible that a minor uveitogenic epitope resides in this domain.

3.2.4. A histopathology study of human IRBP domain 2 (EcR2) induced EAU in ABH 
mice.

The histopathological kinetics of EAU induced by human IRBP domain 2 (EcR2) in the 

ABH mice was examined over a 42 day period .to establish the type of disease course that occurs in 

these mice. Figure 3.10. compares the disease course of ABH mice injected with EcR2 and 

B10.RIII mice injected with human IRBP161180peptide. For all time points examined in this study, 

groups of ABH consist of between 4-12 mice and in all cases 100% incidence was observed. 

Figures 3.11.c-k are representative of the typical histopathological findings for the disease time 

points examined in this study.

It is clear that the ABH mice develop moderate to high cellular infiltration and structural 

scores at day 14 p.i. Histopathology of the anterior segment of the eye at this time point was 

characterised by moderate to gross infiltration of the AC (cells >100) and moderate to gross 

thickening of the iris (Figure 3.11.a). Examination of the posterior segment revealed ciliary body 

infiltration (Figure 3.11.a), vasculitis (50-75% vessels involved) with mild to moderate to gross 

vessel cuffing, vitritis (cells 25-50), moderate to gross thickening of the choroid (Figure 3.1 l.d) 

and mild ROS and neuronal layer infiltration (cells 25-50) (Figures 3.1 l.b, c & d). Retinal layer 

folding and focal detachment was also observed at this time point (Figure 3.1 l.d). Focal if any 

ROS loss was observed at this time point and retinal architecture was still preserved (Figures 

3.1 l.b, c & d). In contrast, the B10.RIII mice following immunisation with human ERBP16U180(as 

described in Chapter 3.1, Figures 3.2.d, e, f, g, & h) develop both high cellular and structural 

scores at day 14 p.i and have already at this time point incurred extensive ROS and neuronal layer 

loss.
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In the ABH mice, both disease scores and histopathology for day 21 p.i. were -similar to 

those observed at day 14 p.i. (Figures 3.10 and 3.1 l.e, f  & g). Anterior segment examination 

revealed AC infiltration (cells 10-30), and mild to moderate infiltration of the iris (Figure 3.1 l.e). 

Posterior segment inflammation was characterised by moderate to gross vessel cuffing and 

moderate ROS and retinal layer infiltration (Figure 3.11 .f). Retinal layer folding, focal detachment 

and granuloma formation were observed at day 21 p.i (Figure 3.11.g). In addition, focal loss of 

both ROS and neuronal layers was characteristic of this time point (Figure 3.11 .g). No extensive 

destruction of the ROS or the neuronal layers was observed at this time point, unlike that seen in 

the B10.RIII mice following immunisation with human IRBP161'180 at day 21 p.i. (Figure 3.2.j).

However, from day 21 p.i. onwards cellular and structural scores for the ABH mice fell, 

albeit disease was still present in the eyes (Figures 3.1 l.h, i, j & k). Cellular scores for the 

B10.RIII mice dramatically decreased after day 14p.i., whilst structural scores remained high. 

Histopathologically examination of ABH mouse eyes at day 28 and 42 p.i. was characterised by 

mild infiltration of the AC (cells <10) and mild infiltration of the iris (Figure 3.1 l.h & j). Posterior 

segment histopathology was characterised by ciliary body infiltrate (cells <10), mild vitritis (cells 

<25), vasculitis (vessels affected 10-25%) with mild vessel cuffing, infiltration of the ROS and 

neuronal layers (cells <25) and cells infiltration of the choroid (cells <20) (Figures 3.1 l.h, i, j & k). 

At both day 28 and 42 p.i. focal loss of both ROS and neuronal layers is observed (Figures 3.1 l.i 

& k). However, an important feature of day 28 and 42 p.i. disease time points is that although a 

high level of disease has occurred in the eye at earlier time points (days 14 and 21 p.i.) the ROS 

and retinal layers were largely preserved, although focal damage of the ROS and neuronal layers 

has occurred (Figures 3.1 l.i & k). Upon comparison of the ABH retina at day 42 p.i following 

immunisation with EcR2 with a normal retina (Figure 3.9.b) it is clear that damage has occurred to 

the retinal layers. Notably a decrease in the thickness of the neuronal cell body layer and the ROS 

layer, but the retinal architecture is maintained and a retina is still present. In contrast, disease at 

later time points in the B10.RIII disease course is characterised by an extensive loss of all retinal 

layers at these time points and the retina becomes atrophic (Figures 3.2.j & k).

However, despite the retinal architecture remaining in tact in the ABH mouse EcR2- 

induced model of EAU it was clear that a low level of destruction has occurred to the retinal layers 

(Figures 3.1 l.i & k). It was clear that there had been destruction to the ROS and neuronal layers, 

indicated by reduced thickness if the retinal layer. Despite the inflammatory insult that had 

occurred in the eyes as shown by day 14 and 21 p.i. disease scores and histopathology the retinal 

layers were considerably preserved at later time points (days 28 and 42 p.i) (Figures 3.11 .h, j & k).

When comparing the time course of disease for EcR2 induced EAU in ABH mice and 

human IRBP161'180 peptide induced disease in the B10.RIII mice (Figure 3.10) it is obvious there 

are some marked differences. Firstly, B10.RIII cellular scores after day 14 p.i. decrease
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dramatically, whereby cellular infiltration at later time points ie days 35 and 42 p.i. is minimal and 

in some cases, absent (Figures 3.2. h, j & k ). However, the structural score remains high due to the 

extensive damage to the ROS and neuronal layers as a result of a massive inflammatory insult to 

the eye. In the case of the ABH mice cellular and structural scores run almost parallel to each 

other. This is clearly demonstrated in Figure 3.10 whereby both cellular and structural scores are 

closely related and both decrease after day 21 p.i. Structural scores in the case of the ABH mice do 

not remain high as seen in the B10.RIII mice, as damage incurred in the ABH mouse retina was 

much less than that in the B10.RIII retina. Secondly, unlike the B10.RIII mice whose cellular and 

structural scores appear to be at opposite ends of the scoring scale ie. cellular low and structural 

scores high at later time points, the cellular and structural scores for the ABH mice remain 

moderately high ie. cellular score 2-2.5 and structural 1-2 throughout the later stage of disease, 

between days 28-42 p.i. This demonstrates that EcR2 induced disease in the ABH mice does not 

resolve completely and is chronic in nature.

However, it appears from Figure 3.10 both cellular and structural scores for the ABH mice 

may begin to rise at time points around day 42 p.i possibly suggesting a disease relapse. 

Unfortunately, we have not yet examine later time points ie. days 49, 56, p.i. etc. so an answer to 

this is not currently available.
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Figure. 3.10. Comparison o f the time course ofEAU in B10.RIII and ABH mice.

B10.RIII mice were immunised s.c. with 25jig of human IRBP161' l80peptide emulsified in CFA 

on day 0. ABH mice were immunised s.c. with a total of 200|ig of recombinant human IRBP 

domain 2 (EcR2) emulsified in CFA and administered as a split dose between day 0 and 7. 

Concurrent with immunisation, ABH mice received a total of 800ng PTX i.p. Groups of mice 

were sacrificed at various time points p.i. over a 42 day period. Enucleated eyes were processed 

for paraffin wax histology and histopathology was scored as described in Table 2.2. Disease 

scores are expressed as mean ± SEM. Each time point consists of 4-20 mice/group.
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Figure 3.1 La. Anterior segment inflammation in ABH mice at day 14 p.i. induced by EcR2.
Note the gross infiltration of the AC (cells >100) (arrow a), moderate thickening of both the iris 
(arrow b) and ciliary body (arrow c) and vitritis (arrow d). (H&E. Bai ■ ■' =50pm).

d

i

Figure 3.1 l.b. Posterior segment inflammation in the ABH mice at day 14p.i. induced by EcR2.
Note the choroiditis (arrow a), vitritis (arrow b), vasculitis with moderate vessle cuffing (arrow c)
mild ROS and retinal layer infiltration (arrow d). (H&E. B a r  — = 100pm).
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Figure 3.1 I.e. Posterior segment inflammation in ABH mice at day 14p.i. induced by EcR2.
Note the retinal layer folding (arrow a), focal retinal serous detachment with infiltrating cells 
(asterisks), vasculitis (arrow b) and vitritis (arrow c). (H&E. Bar =50|am).

Figure 3.1 l.d. Posterior segment inflammation in ABH mice at day 14p.i. induced by EcR2 
Note the gross choroiditis (arrow a) and focal loss of ROS and neuronal layers (asterisks). 
(H&E. Bar ——11 =50pm).
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Figure 3.1 I.e. Anterior segment inflammation in ABH mice at day 21 p.i. induced by EcR2.
Note AC infiltration (cells 10-30) (arrow a), mild to moderate thickening of the iris (arrow b) and 
ciliary body (arrow c), and vitritis (arrow d). (H&E. Bar  -------=50|im)

Figure 3.1 l . f  Posterior segment inflammation in the ABH mice at day 21 p.i. induced by EcR2.
Note the gross vessel cuffmg (arrow a), vitritis (arrow b) and ROS and neuronal layer infiltration
(arrow c). (H&E. Bar “ “ “ “  = 50|im).
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Figure 3.1 l.g. Posterior segment inflammation in ABH mice at day 21 p.i. induced by EcR2 
Note the retinal layer folding and detachments (arrow a), retinal granuloma (arrow b), focal loss of 
ROS and neuronal layers (arrow c). (H&E. Bar =100jim).

Figure 3.1 l.h. Anterior segment inflammation in ABH mice at day 28p.i. induced by EcR2.
Note the AC infiltration (arrow a), cellular infiltration in the iris (arrow b) and ciliary body (arrow
c). (H&E. Bar — —■ '=50jim).
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Figure 3.1 l.L Posterior segment inflammation in ABH mice at day 2 8 p.i. induced by EcR2.
Note retinal layer disruption (arrow a), choroiditis (arrow b), mild vasculitis (arrow c) and vitritis 
(arrow d). (H&E. Bar 1 —■ =50|im).

Figure 3.1 l.j. Anterior segment inflammation in ABH mice at day 42p.i. induced by EcR2.
Note the AC infiltration (cells 10-30) (arrow a), mild to moderate cellular infiltration of the iris
(arrow b) and ciliary body (arrow c). (H&E. Bar ■ =50|im).
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Figure 3.1 l.k. Posterior segment inflammation in ABH mice at day 42 p.i. induced by EcR2.
Note the thickness of the retinal layers is notably reduced due to loss of ROS and neuronal layer 
cell bodies (arrows a). Infiltration of the ROS and neuronal layers (arrow b), and vitritis (arrow c). 
(H&E. Bar ——  =50pm).

Figure 3.1 l.L Posterior segment inflammation in the ABH mice at day 14p.i. induced by EcRl.
Note the mild vitritis (arrow a) and vasculitis (arrow b). (H&E. Bar =50pm).
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3.2.5. Serum analysis o f anti-IRBP response induced in the ABH following injection 
with EcR2.

Serum taken from the ABH mice sacrificed at various time point p.i. was analysed for 

anti-IRBP response by ELISA. Plates were coated with either 2pg/ml bovine IRBP, or 2jig/ml 

EcR2 protein. Figure 3.12.a. demonstrates clearly that the ABH mice elicit an anti-IRBP response 

following injection with EcR2, which remained consistently high between days 21 and 42 p.i. The 

specificity of the serum is greater for EcR2 coated plates than for bovine IRBP coated plates, 

which is probably due to an EcR2-specific antibody response elicited by the ABH mice. However, 

the serum was also highly cross reactive with whole bovine IRBP, which is most probably as a 

result of a high degree of sequence homology between the human and bovine IRBP and between 

the individual repeats of IRBP (see 1.3). The antibody response does not appear to decrease with 

time and this may reflect the possible chronic of disease in the ABH.

It was also of interest to determine the isotype of the anti-IRBP response elicited by the 

ABH mice. Serum was taken from ABH mice at day 14 p.i. following immunisation with EcR2 

and the isotype profile was analysed. From Figure 3.12.b. it is clear that the ABH mice elicit an 

anti-IRBP response which was represented by a signifcant (p<0.05) IRBP-specific IgGl, as 

compared to IgG2a IRBP-specific response.
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Figure 3.12.0. Serum antibody response elicited by ABH mice following immunisation with human 

IRBP domain 2 (EcR2).

ABH mice were s.c. immunised with a total of 200(ig of EcR2 emulsified in CFA administered as 

a split protocol on day 0 and 7. Concurrent with immunisation 800ng of PTX was given i.p. 

Groups of between 4-12 mice were sacrificed at various time-points p.i. over a period of 42 days 

and serum was tested for anti-IRBP and anti-EcR2 sera responses by ELISA. ELISA plates were 

coated overnight with either 2|ig/ml of bovine IRBP or 2pg/ml EcR2 protein. Serum samples were 

analysed in triplicate and HRP conjugated swine anti-mouse Ig was used as detection antibody at a 

concentration of 1:2000 (see Table 2.3). Plates were read at 405nm.and absorbency is expressed as 

mean ± SEM. Each time point is consists of 4-12 mice/group. Serum samples were analysed 

collectively in the same assay.
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Figure 3.12. b. IgG isotype profile o f anti-IRBP serum in ABH mice.

ABH mice were s.c. immunised with a total of 200p. g of EcR2 emulsified in CFA, administered as 

a split dose protocol on days 0 and 7 p.i. Concurrent with immunisation 800ng of PTX was given 

i.p. Mice were sacrificed on day 14 p.i. and serum was taken. ELISA was used to determine the 

IgG isotype of the serum. ELISA plates were coated overnight with 2jig/ml of bovine IRBP. 

Serum samples were used at a dilution of 1:100 and were analysed in triplicate. Mouse HRP 

conjugated IgG isotype non-specific antibody was used at 1:2000, and mouse IgGl and IgG2a AP 

conjugated were used at 1:2000 (see Table 2.3). All plates were read at optical density (OD) 

405nm. Absorbency is expressed as mean ± SEM. *p<0.05 statistically different when compared 

to IgG control and IgGl isotype IRBP-specific responses. Each group consists of 6 mice. No 

statistical difference (p>0.05) between the non-specific IgG response and the isotype-specific IgGl 

response. All serum samples were analysed collectively in the same assay.
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3.2.6, Discussion.
This study has identified a further strain of mouse which is susceptible to EAU induction 

with IRBP. Disease induction in the ABH with bovine IRBP and recombinant human IRBP 

domain 2 EcR2 is characterised by high incidence and consistent cellular and structural scores. 

Although a high level of cellular infiltration is observed in the eyes of ABH mice injected with 

EcR2, structural damage is minimal and retinal architecture is maintained. This is in contrast to 

that observed in the human IRBP161'180 peptide induced model of EAU in the B10.RIII mice. 

Whereby a massive inflammatory response in the eye results in extensive photoreceptor and 

neuronal layer loss and necrosis, leaving little or in some cases no retina (Figures 3.2.h, j & k). 

However, in the case of the ABH, despite a considerable inflammatory response (cellular score 3- 

4) in the eye between days 14 and 21 p.i., significantly more photoreceptors were remaining, 

therefore allowing for chronic progression of disease in this model. Unfortunately, it was not 

possible to determine if the ABH mice undergo an actual disease relapse, as may be indicated by 

the potential rise in disease scores around day 42 p.i. (Figure 3.10). The active period of disease in 

the ABH EcR2-induced model from this study appears to occur between days 14-21 p.i. after 

which the inflammation begins to subside, although still persists. However, in order to determine 

the day in which the initial histopathological signs of EAU begin in the eye, a time course study is 

required to examine time points between days 7-14 p.i. In contrast, the active period in the human 

IRBP161'180 peptide induced model in the B10.RIII mice is between days 10-14 p.i. after which the 

inflammatory response resolves, leaving extensive damage to the retinal layers.

A previous study has reported a chronic-relapsing model of EAU in the BIO.A mouse, 

induced by a single dose of 50pg bovine IRBP, whereas a dose of lOOpg results in an acute form 

of disease characterised by photoreceptor loss (Caspi et al., 1990a; 1990b). The chronic-relapsing 

model in the BIO.A mouse is reported to reach disease scores as graded by the histopathology 

system previously described (Caspi et at, 1988) of between 2-3, (potential maximum score in this 

system is 4) whereby a mild, non-destructive form of disease is reportedly achieved. Remission 

reportedly occurs between weeks 6-7 p.i., followed by a relapse in disease around 8-10 weeks p.i 

(Chan et at, 1990). However, the report by Chan et al (1990) also demonstrated that disease 

incidence is not consistently high in either the initial or in the reported relapse stage of the disease. 

This would appear to cast doubt on the reliability of this model and its usefulness in 

immunomodulation studies etc. However, a recent report has used this model to determine the 

effect of feeding antigen in the remission phase of disease and development of oral tolerance and 

prevention of relapse (Thurau et al., 1997a). In contrast, to the chronic model observed in the 

B10.A mouse, disease in the ABH EcR2 induced model is apparent at day 14 p.i. However, the
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BIO.A and ABH models are similar in one respect as extensive retinal damage is not observed in 

either, only focal damage occurs as a result of the inflammatory response.

The EcR2 induced model of EAU in the ABH mice described in this present study is a 

reliable model whereby 100% incidence is achieved and consistent disease scores are reached. A 

further examination of both histopathology and clinical course of disease at later time points needs 

to be undertaken to determine whether this model is of a chronic/relapsing nature. There is a 

possibility that the ABH mouse model of EAU may relapse as is the case with EAE (Baker et al., 

1990), or by an induced route whereby animals are given a further injection of antigen at a time 

point between day 21 and 35 p.i. (O’Neill et al., 1992). In addition, dose response studies 

involving the EcR2 protein and PTX need to be examined. The minimal dose required to achieve 

disease in these mice should be examined and whether they have a necessary requirement of PTX 

for EAU induction. It may be the case, as with the BIO.A. mice that the disease course in EcR2 

induced EAU in the ABH mice can be controlled by adjusting the intensity of the immunisation 

protocol ie. antigen dose and PTX, in order to achieve variable forms of disease, either acute or 

chronic (Caspi et al., 1990a; 1990b). However, even if the ABH model is seen to remain a chronic 

progressive model it is still of value for immunomodulation studies. Due to the non-destructive 

active period in the ABH mice between days 14-21 p.i, immunotherapies could be administered 

between these time points. This would obviously be more reminiscent of the human condition 

whereby disease is usually characterised by a chronic/progressive/relasping nature. This is in sharp 

contrast to the destructive S-Ag induced Lewis rat and IRBP161'180peptide induced B10.RIII mouse 

models of EAU (de Kozak et al., 1981b).

Although not yet examined, there is potential for a relapse episode in the ABH, due to the 

fact that the retina is not destroyed and the autoantigen, IRBP should still be present in the 

photoreceptor layer. This is in contrast to the peptide-induced model in the B10.RIII mice where at 

later time points the retina has been destroyed and autoantigen will no longer be present (Figures

3.2.j & k). The ABH model may prove useful for evaluating therapies for chronic disease. 

Furthermore, if the ABH model does prove to be a reliable chronic/relapsing model of EAU it will 

aid the research into establishing therapies to prevent relapse episodes, thus mimicking the human 

situation. In addition, as with the Lewis rat, multiple autoimmune diseases ie. thyroiditis, EAE, 

arthritis, neuritis (Dr. D. Baker, personal communication) can be induced in this strain of mouse 

which may allow a comparison between the importance of different cells/mediators between 

different disease processes.

Concurrent with EcR2 induced disease, the ABH mice developed an antibody response to 

the EcR2 as detected by ELISA. The anti-EcR2 serum response remains consistently high 

throughout the course of disease. An antibody response to the immunising antigen is very common 

and can occur with or without the actual expression of disease (Caspi et al., 1988; de Kozak,
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1997). However, it is unlikely that retinal antigen-specific antibodies play a major role in the 

pathogenesis of EAU as adoptive transfer of antigen-sensitised T cells can successfully induce 

disease without the presence of antibodies (Caspi et al., 1986; Rozenszjan et al., 1986; McAllister 

et al., 1987; Rizzo et al., 1996).

It is seen from this present study that ABH mice are capable of producing high titre 

antibody responses to immunising antigens. It has been previously reported that these mice may 

tend to make high IgG 1 and IgA serum responses to immunising antigens in comparison to IgG2 

antibodies (Sant’Anna et al, 1985; Baker et al., 1990). However, the precise Ighl haplotype of the 

ABH mouse has yet to be determind. In this present study, the observation that the IRBP-specific 

responses were not directed towards an IgG2a specific response, may suggest that the ABH mice 

could be Ighlb as found in the NOD and C57BL/10 mice. However, this would require further 

investigations, involving genetic and serological analysis to confirm this. Furthermore, as with the 

BIO.RIII mice (Chapter 3.1), ABH do not prodiuce an IgG2a anti-IRBP isotype profile which has 

been reported to be indicative of an EAU susceptible phenotype (Sun et al., 1997; Caspi et al., 

1997).

It has been reported that mice of haplotypes H-2r, H-2k and H-2b develop EAU (Caspi et 

al., 1992b; Silver et al., 1995). Furthermore, expression of the H-2E subregion is not required for 

susceptibility to EAU. Indeed, it has been suggested that H-2E molecule appears to have an 

ameliorating effect on disease (Caspi et al., 1992b). Consistent with this, the ABH mice do not 

express an E molecule and are susceptible to EAU. However, B10.RIII mice develop disease 

although they express an E molecule. The ABH mouse haplotype H-2dql is not similar to currently 

reported EAU susceptible haplotypes and thus represents a new haplotype, which can be 

associated with EAU (Caspi et al., 1992b; 1994b). However, EAU reports have also demonstrated 

the importance of non-H-2 background genes (see 1.8) in determining the susceptibility of animal 

strains to EAU induction. In the case of mouse, a BIO background appears to be favoured for EAU 

susceptibility and expression of disease (Caspi et al., 1992a; 1992b). However, ABH mice must 

have sufficient background genes of their own that are responsible for EAU susceptibility and aid 

in the final expression of disease.

In conclusion, this study has demonstrated another EAU susceptible mouse strain which is 

susceptible to IRBP-induced disease and does not display hereditary retinal dystrophy. 

Furthermore, disease in this strain is of a chronic-progressive nature, which may prove to be useful 

in the study of immunotherapies. ABH mice are a genetically and immunologically defined strain 

which may help in delineating genetic susceptibility factors associated with EAU expression. 

Lastly, this study has also demonstrated EAU in a strain of mouse which is not of a BIO 

background and does not carry one of the susceptible H-2 haplotypes previously reported to be 

necessary for EAU induction
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3.3. IDENTIFICATION OF THE 

UVEITOGENIC EPITOPES RESIDING 

IN HUMAN IRBP DOMAIN 2 FOR THE 

BIOZZI ABHv  MICE.
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3.3.1. Introduction.
Investigations over the last decade have focused on the identification of epitopes that are 

responsible for the immunogenicity (proliferative responses) and the uveitopathogenicity (disease 

inducing capabilities) of the major retinal antigens, S-Ag, IRBP and more recently rhodopsin and 

phoshoducin (see 1.5). As a result of these investigations epitopes have been identified which are 

uveitogenic and/or immunogenic in several EAU susceptible strains of animals (Donoso et al., 

1988a; 1988b; Singh et al., 1988a; Gregerson et al, 1990; Silver et al., 1995; Namba et al., 1998). 

Having established that the major uveitogen for ABH mice was located within IRBP domain 2, it 

was of interest to identify the actual uveitogenic epitope(s). Studies examining the 

encephalitogenic epitopes residing in EAE inducing proteins, proteolipid protein (PLP) and myelin 

oligodendrocyte glycoprotein (MOG) were found by the systemic assessment of the capacity of 

overlapping peptides to induce disease in vivo in the Biozzi ABH mice (Amor et al, 1993; 1994). 

These studies have suggested a possible MHC binding motif shared by these peptides (Amor et al., 

1996). Others have identified uveitogenic epitopes in H-2k mice according to the H-2Ak binding 

motif (Itoh et al., 1994; Namba et al, 1998)

In this present study the immunogenicity and the uveitopathogenicity of overlapping 

peptides corresponding to human IRBP domain 2 in the ABH mouse EAU model were examined. 

The peptides used (Table 2.2) in this investigation consisted of 20 aa and have been used in 

previous studies (Donoso et al, 1988a; 1989)

3.3.2. T-lymphocyte proliferative responses to the synthetic peptides.
Initially attempts were directed at determining the T lymphocyte proliferative responses to

the individual peptides of human IRBP domain 2, following immunisation with EcR2. ABH mice 

were immunised as previously described (Amor et al, 1996). Briefly, mice received a single 

injection on day 0 of lOOfig of EcR2 emulsified in 0.3ml of adjuvant containing 400fig of M  

tuberculosis H37Ra, no PTX was administered in this injection protocol. Mice were sacrificed on 

either day 10 (no of experiments = 2) or day 14 (no of experiments = 3) p.i. and spleens were 

removed. In vitro T lymphocyte proliferative responses to the 20 amino acid synthetic overlapping 

peptides (Table 2.1) corresponding to domain 2 was assessed (Figures 3.13.a, b & c). Normal mice 

failed to show significant proliferation (stimulation index (SI) <2) to EcR2.

Although, EcR2 induced a proliferative response (SI > 2) in all day 10 experiments 

(n=2/2) the majority of the peptides failed to induce any significant proliferation (Figures 3.13.a & 

b). Figure 3 . 1 3 . C  is representative of the proliferative responses of splenocytes harvested at day 

14p.i. Note that no peptide, including EcR2 induced any proliferation at day 14 p.i.. However, one 

peptide corresponding to human ERBP501'520 induced proliferation (SI > 2), in (2/2) experiments 

examining day 10 proliferation (Figures 3.13.a & b). Initially, this data was considered to be a
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possible indication of either a uveitogenic or immunogenic epitope in the ABH mice. "However, 

subsequent studies showed failed to show any data to support this.

3.3.3. In vivo studies using pooled groups o f the peptides corresponding to human IRBP 
domain 2 to determine the uveitogenic epitope.

The next logical approach to determining the uveitogenic/pathogenic epitope for the ABH

mice involved testing the individual peptides in vivo. The peptides were pooled into groups each 

containing between 5-6 individual peptides (Table 3.5.a). Groups of ABH mice containing 4-5 

mice were immunised s.c with a total of 200pg of each peptide emulsified in CFA (see materials 

and methods) administered as a split dose protocol on day 0 and 7. Mice also received 800ng of 

PTX i.p as co-adjuvant. Mice were sacrificed on day 14 p.i. and proliferative responses to the 

immunising peptides and histopathology was assessed for each group.

Histopathological examination (Table 3.5.a) of the eyes form the mice in each group 

clearly indicated that the region corresponding to amino acid sequence IRBP461'530 induced disease 

in the ABH mice. Disease in the ABH mice following immunisation with IRBP461'530 was 

characterised by 100% incidence and low cellular infiltration scores of 1.0. Histopathological 

findings in the anterior segment (Figure 3.14.a) were characterised by mild AC infiltration (cells 

<10), and infiltrating cells in the iris. Posterior segment inflammation consisted of celluar 

infiltration of the ciliary body, mild vitritis (cells 25-50), and vascultis (25-50% vessels involved) 

with mild vessel cuffing (Figures 3.14.a & b). Examination of all retinas indicated no structural 

damage to the ROS or neuronal layers. No other pool of peptides induced histopathological 

findings.

Figure 3.15 shows the proliferative responses induced by the peptides present in each 

group. It is clear that 3/5 peptide sequences in the region IRBP461"530 were able to induce 

proliferation in vitro (SI >2). These peptides corresponded to aa sequences: IRBP481"500, IRBP491" 

51 °, and IRBP511'530. Interestingly, peptide sequence IRBP501'520 failed to induce proliferation, which 

was inconsistent with the initial findings documented in 3.3.2.

Furthermore there also appeared to be other proliferative/immunogenic epitopes residing 

within human IRBP domain 2. This is demonstrated clearly shown in Figure 3.15, whereby in vitro 

proliferative responses (SI>2) were induced by other peptides from different regions of human 

IRBP domain 2. However, these peptide pools were found to be non-pathogenic when tested in 

vivo (Table 3.5.a). Notably, IRBP311"330 within the IRBP301"351 peptide pool, IRBP341"360 and 

IRBP351"370 within the IRBP341"400 peptide pool, IRBP571 "59° within the IRBP521"590 peptide pool and 
IRBp6"-630 within the peptide IRBP591"630 (Figure 3.15).
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Figure 3.13.a Day 10 proliferation o f ABH splenocytes to the overlapping peptides o f human 

IRBP domain 2 following immunisation with EcR2.

ABH mice were s.c immunised with 100pg of EcR2 emulsified in Freund’s adjuvant whereby each 

mouse received 400jig of M. tuberculosis H37Ra. No PTX was given. Mice were sacrificed on day 

14 p.i. and spleens from 4 individual mice were pooled and culture in 96 round bottomed well 

plates at a concentration of 4 x 1 OVwell in nutrient supplemented RPMI (see Chapter 2). Peptides 

(see Table 2.1) were added at a final concentration of 5pg/ml. Plates were cultured for a total of 

72hr with lpCi of [3H]-thymidine added for the last 18hrs o f culture. Cells were harvested and 

[3H]-thymidine incorporation was assessed (3-scintillation. Results are expressed as the mean cpm 

x 10'3 ± SEM of triplicate samples from (Figures 3.13.a, 3.13.b & 3.13.c) separate experiments.
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Figure 3.13.b. Day JO proliferation o f ABH splenocytes to the overlapping peptides o f  human 

IRBP domain 2 following immunisation with EcR2.

Legend as 3.13.a.
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Figure. 3 .1 3 .C . Day 14 proliferation o f ABH splenocytes to the overlapping peptides o f  human 

IRBP domain 2 following immunisation with EcR2.

Legend as Figure 3.13.a. in all respects except splenocytes were harvested on day 14 p.i., as 

opposed to day 10 p.i.
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PeDtides Disease Total EAU GrouD Mean ± SEM
Incidence Cellular Structural

A
291 -350 0/6 0.0 ± 0.0 0.0 ± 0.0
341 -400 0/6 0.0 ± 0.0 0.0 ± 0.0
391 -400 0/5 0.0 ± 0.0 0.0 ± 0.0
461 -  530 5/5* 1.0 ±0.0 0.0 ± 0.0
521 -590 0/6 0.0 ± 0.0 0.0 ± 0.0
591 -630 0/5 0.0 ± 0.0 0.0 ±0.0

B
461 -480 0/4 0.0 ± 0.0 0.0 ± 0.0
481 -500 0/5 0.0 ± 0.0 0.0 ±0.0
491-510 0/6 0.0 ± 0.0 0.0 ± 0.0
501 -520 0/4 0.0 ± 0.0 0.0 ±0.0
511-530 6/6* 1.3 ±0.2 0.2 ±0.2
521 -540 0/4 0.0 ± 0.0 0.0 ± 0.0
541 -560 0/5 0.0 ± 0.0 0.0 ±0.0

Table 3.5.a & b. Disease scores and incidence for ABH mice immunised with 

overlapping peptides corresponding to human IRBP domain 2.

ABH mice were immunised with (A) pools of 5-6 of the overlapping IRBP 

peptides (see Table 2.1) that spanned the whole of EcR2. or (B) individual 

peptides within the IRBP 461560 region. Mice were immunised s.c with 200|ig of 

each of the peptides emulsified in CFA, administered as a split dose protocol on 

days 0 and 7 p.i. Concurrent with immunisation mice received at total of 800ng of 

PTX i.p. Mice were sacrificed on day 14 p.i. and enucleated eyes were processed 

for paraffin wax histology. Histopathology was assessed as described in Table 2.2. 

and disease scores are expressed as mean ± SEM. Disease incidence is the number 

of mice affected with EAU out of the total number of mice immunised per group.
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Figure 3.14. a. Anterior segment inflammation in ABH mice induced by the peptide pool 
corresponding to human IRBP461'530.
Note cellular infiltration o f the iris (arrow a), CB infiltration (arrow b) and vitritis (arrow c). 
(H&E. Bar =50pm).

Figure 3.14.b. Posterior segment inflammation in ABH mice induced by the peptide pool 
corresponding to human IRBP461'530 .
Retinal inflammation consists of vasculitis with mild vessel cuffing (arrow a) and vitritis (arrow 
b). No ROS or neuronal layer damage was observed. (H&E. B ar--—  =50pm).
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Figure 3.15. Splencoyte proliferation from groups o f ABH mice injected with pools o f peptides 

corresponding to the whole o f human IRBP domain 2 (EcR2).

Synthetic peptides corresponding to the entire sequence of human IRBP domain 2 (Table 2.1) were 

pooled into groups as shown in Table 3.5.a. Groups of ABH mice were injected s.c. with the 

peptide pools. Mice received 200pg of each peptide within the group, emulsified in CFA, and 

administered as a split dose protocol between days 0 and 7, and a total of 800ng PTX i.p.. Spleens 

were removed on day 14 p.i. and were cultured in nutrient supplemented RPMI (see chapter 2). In 

96 round bottomed plates, at a concentration of 4 x 105 cells/well. Peptides and EcR2 were added 

at a final concentration of 5pg/ml. Cells were cultured for a total of 72hr, and for the last 18hr of 

culture 1 pCi of [3H]-thymidine was added. Cells were harvested and [3H]-thymidine incorporation 

was assessed by 6-scintillation assessment. [3H]-thymidine incorporation is expressed as mean 

cpm x 10'3 ± SEM of triplicate cultures.
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3.3.4. In vivo mapping o f the uveitogenic epitope in ABH mice to Human IRBP511'530.
Having determined the aa region in which a uveitopathogenic epitope resided, using the

peptides which resided in the human IRBP461'530 peptide pool, the uveitogenic peptide was mapped 

further by in vivo studies. The individual peptides residing within IRBP461'530 and two bordering 

peptides, IRBP521'540 and IRBP541"560, were s.c. injected into ABH mice individually (Table 3.5.b). 

Groups of ABH mice received a total of 200fig of peptide emulsified in CFA and given as a split 

dose protocol on days 0 and 7, 800ng of PTX was also administered i.p. Mice were sacrificed on 

day 14 p.i and histopathological findings and proliferative responses were examined.

Table 3.5.b demonstrates that IRBP511'530 induced EAU in ABH mice. This was 

characterised again by 100% incidence and low grade cellular infiltration and strcutural scores. 

Histopathology was similar to that observed previously (see 3.3.3) when ABH are immunised with 

region IRBP461'530 (Table 3.5.a). However, disease induced by the IRBP511"530 was significantly 

(p<0.05) less severe when compared to cellular and structural scores from ABH mice immunised 

with the whole of IRBP domain 2 (Table 3.5.a & Table 3.4). However, disease scores for mice 

immunised with IRBP511'530 were not statistically different (p>0.05) from ABH immunised with 

bovine IRBP (Table 3.5.a & Table 3.3).

Histopathological examination of the anterior segments from IRBP511'530 immunised mice 

revealed AC infiltration (cells <10) and mild cellular infiltration of the iris (Figure 3.16.a). 

Posterior inflammation was characterised by mild infiltration of the ciliary body, vasculitis (10- 

25% vessels affected) with mild cuffing of vessels, vitritis (25-50 cells), choroidal infiltrate (cells 

<20) and cellular infiltration of the ROS and neuronal layers (cells < 25) (Figures 3.16.a & b). In 

some cases mild retinal layer disruption and focal detachment was observed (Figure 3.16.b). 

However, in all mice disease was considered as being extremely mild and retinal architecture was 

maintained.

Analysis of T cell proliferation showed that IRBP511'530 induced proliferation of 

splenocytes isolated from ABH mice sensitised with IRBP511'530 Figure 3.17 (SI >2). In addition, 

peptides corresponding to IRBP481'500 and IRBP521'540 induced proliferation of splenocytes isolated 

from mice sensitised with IRBP481'500 and IRBP521'540 respectively (Figure 3.17). In particular, 

IRBP481'500 induced a strong proliferative response (SI >5). IRBP501'520, which partially overlapped 

IRBP511'530, failed again to induce any proliferation, thus demonstrating further the inconsistency 

of this peptide at inducing T cell recall responses. Interestingly, peptide IRBP521’540 which also 

overlaps IRBP5ll'530by 10 aa induced proliferation but not disease. However, IRBP511'530appears to 

be both a pathogenic and immunogenic epitope in ABH mice.
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aJ '

Figure 3.16.a. Anterior segment inflammation in ABH mice induced by human IRBP511 530 peptide. 
AC infiltration (cells <5) (arrow a), mild infiltration of iris (arrow b) and CB (arrow c), and vitritis 
(arrow d). (H&E. B a r    = 50jim).

Figure 3.16.b. Posterior segment inflammation in ABH mice induced by human IRBP5”'530 
peptide.
Note vasculitis (arrow a), ROS and neuronal layer infiltration (arrow b), choroiditis (arrow c), and 
mild retinal layer disruption and detachment (arrows d). (H&E. Bar —  =50fim).
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Figure 3.17. Splenocyte proliferation to the peptides corresponding to human IRBP481'560 following 

immunisation with the individual peptides.

Groups of mice 4-6 were immunised with of one of the peptides (see Table 2.1) present in the 

amino acid region of human IRBP481'560. Mice were s.c. immunised with a total of 200pg of one of 

the peptides emulsified in CFA, which was administered spilt dose protocol between days 0 and 7, 

800ng of PTX was also given i.p.. Spleens were removed on day 14 p.i. and were cultured in 

nutrient supplemented RPM1 medium (see Chapter 2) in round bottomed plates at a concentration 

of 4 x 105 cells/well. Peptides were added at final concentrations of 5pg/ml and 50pg/ml. Cells 

were cultured for a period of 72hr, and for the last 18hr of culture lpCi of [3H]-thymidine was 

added to each well. Cells were harvested and [4H]-thymidine incorporation was assessed by 15- 

scintillation assessment. [3H]-thymidine incorporation is expressed as mean cpm x 10'3 ± SEM of 

triplicate cultures. No proliferation for peptide IRBP461-480 due to lack o f availability of peptide.
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3.3.5. Comparison o f human, bovine and mouse IRBP511'530 aa sequences.
The data suggests that a uveitogenic epitope for ABH mice is located within residues of

human IRBP51 1'530. As both bovine IRBP (see chapter 3.2) and recombinant human ERBP domain 2 

(EcR2) induce disease in the ABH mouse, this suggests that the mouse autoantigen may share 

similar conserved sequences. The sequence of only mouse IRBP domain 1 has been reported in the 

literature. However, mouse IRBP domain 2 (Table 3.18) has been sequenced by Dr JM Nickerson, 

but is to date, unpublished. When comparising mouse IRBP511'530 and human and bovine IRBP511' 

530 sequences, two aa substitutions are observed. These involved a proline substitution for a 

glutamine at position 512, and a threonine for an asparginine substitution at position 516. 

Furthermore, comparison of mouse IRBP511'530 with human IRBP511'530 sequence indicated an 

additional aa substitution of serine for a glycine at position 515 in the mouse sequence. There 

appears to be 90% homology between mouse and bovine, and 85% between human and mouse 

IRBP5" '530 sequences.
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Species Peptide Amino acid sequence

Mouse IRBP511'530 GQRYGNQRGVYLLTSHRTAT
Bovine IRBP511'530 GPRYGTQRGVYLLTSHRTAT
Human IRBP511'530 GPRYSTQRGVYLLTSHRTAT

Mouse PLP56*70 DYEYLINVIHAFQYV
Mouse MOG8'22 PGYPIRALVGDEQED

Table 3.6. Comparison o f the amino acid sequences corresponding to human, bovine and mouse 

IRBP511'530 peptide sequence.

Differences in aa residues between the mouse, bovine and human sequence are indicated by bold 

typeface. Bovine and human sequences are based on those previously reported (Borst and 

Nickerson, 1988; Liou et al., 1986; Redmond et ah, 1989) and the mouse sequence was obtained 

from Dr J.M. Nickerson (unpublished) (Table 3.18). The mouse sequences of the major 

encephalitogenic myelin peptides in the ABH mouse are shown, with the core sequences 

underlined (Amor et al 1996). These are aligned on a basic (histidine, arginine), small (glycine, 

alanine) amino acid combination, which was found to be an important binding element within the 

peptide core (Amor et al, 1996).

RRALPGWLR
VSEEDLVTKL
PNESPAATPE
DRFADAAVLE
PSSAMPLVLS
ELLGQRYGNQ
VGEITAGSLL
AWLGGGV

LQEALQDYYT
NAGLQAVSED
VPTEEDARRA
TLGPYVLKQV
YFQGPEAGPV
RGVYLLTSHR
HTCTVPLLDS

LVDRVPGLLH
PRLLVRATGP
LVDSVFQVSV
WEPLQDTEHL
RLFTTYDRRT
TATAAEEFAF
PQGGLALTVP

HLASMDYSAV
RDSSSRPETG
LPGNVGYLRF
IMDLRHNPGG
NITQEHFSHR
LMQSLGWATL
VLTFIDNHGE

Figure 3.18. Amino acid sequence o f mouse IRBP domain 2.

The aa highlighted in bold and underlined are the IRBP511-530 sequence. The aa sequence has been 

deduced from the IRBP domain 2 of 129/sv mouse. Sequence from Dr J.M. Nickerson (personal 

communication).
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3.3.6. Discussion.
This study describes the identification of a uveitogenic epitope of IRBP for the induction 

of EAU in Biozzi ABH mice. This epitope corresponds to IRBP511'530 (based on the numbering 

relevant to human IRBP), and is both uveitogenic and immunogenic. Further immunogenic 

epitopes were located in the second protein repeat domain of human IRBP (EcR2). Disease 

induced by IRBP511'530 was associated with 100% incidence and mild cellular infiltration of the 

eye. No structural damage was observed to the retinal layers, which is in sharp contrast to the 

IRBP161'180 peptide induced EAU model in B10.RIII mice, whereby extensive loss of the ROS and 

neuronal layers was observed (Figures 3.1. & 3.2.e, f, g & h). However, it appears that disease 

induced by IRBP511"530 peptide alone is not as severe as that induced by the IRBP protein domain 2 

(EcR2) (Tables 3.4, and 3.5 a & b). Interestingly, disease scores induced by the IRBP511530peptide 

were significantly lower than those seen with EcR2. This may suggest that residues IRBP511"530 

may not be the major pathogenic epitope within EcR2. This may have been missed due to 

inappropriate alignment of the overlapping peptides used. Alternatively, IRBP511*530 may be the 

major epitope but other pathogenic epitopes may exist in IRBP domain 2, which were not 

identified in this present study, which could contribute to disease. The presence of multiple 

proliferative, but apparently non-pathogenic sites in IRBP domain 2 detected by in vitro 

proliferation studies (see 3.3.2. and 3.3.3) may also play an important role in the pathogenesis of 

disease once disease has been initiated by IRBP511"530. These immunogenic epitopes may serve to 

amplify the response possibly as a result of secondary recruitment following BRB breakdown 

caused by IRBP511'530. Furthermore, it is necessary to examine the histopathology in the ABH mice 

following immunisation with IRBP511’530 at later time points. It may be the case that disease 

induced by the peptide is not at its most aggressive at day 14 p.i. and histopathological 

examination of eyes at day 21 p.i. onwards may reveal more severe disease.

As previously documented in both EAU and EAE studies, there appears to be a 

dissociation between the ability of lymphocytes to proliferate and their ability to cause disease 

(Fox et al, 1987b; Gregerson et al., 1989; Mannie et al, 1989; Merryman et al, 1990). 

Furthermore, previous studies have suggested that proliferative and pathogenic epitopes can be 

spatially separated, and distinct epitopes within S-Ag and IRBP (Gregerson et al, 1989; Merryman 

et al, 1990). It was demonstrated that two sequences which actively induce EAU corresponding to 

S-Ag sequences 286-297 and 303-314 were unable to induce to elicit significant proliferation 

(Gregerson et al, 1989). However two adjacent sequences 273-92 and 317-328 were able to 

induce proliferation in S-Ag-specific T cell lines but failed to induce EAU (Gregerson et al, 

1989). However, from the data obtained in this present study it appears that IRBP511'530 is both 

pathogenic and immunogenic (proliferative). However, studies have not yet been undertaken to
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establish if the IRBP511'530 peptide in immunodominant ie. lymphocytes sensitised to whole IRBP 

or EcR2 respond in vitro to IRBP511'530, or whether IRBP511'530 sensitised lymphocytes respond to 

IRBP or EcR2 in vitro.

It was also evident that a large number of immunogenic epitopes were present within 

domain 2 which were capable of inducing proliferative responses. However, these immunogenic 

peptides were not detected in the initial proliferation assays following sensitisation with EcR2, and 

thus may be cryptic epitopes. Several reports have identified pathogenic and immunogenic 

epitopes which are cryptic in both S-Ag and IRBP, and for EAE inducing antigens such as MBP 

(Sanui et al., 1989; Hu et al., 1989; Lipham et al., 1990; Kotake et al., 1992; Mor and Cohen,

1995). Cryptic epitopes activate their specific T cells upon immunisation with that particular 

peptide, but not whole protein. Crypticity is believed to be at the level of the APC, whereby, 

cryptic epitopes are not normally naturally processed from the whole protein (Berzofsky, 1988). 

Investigations using the EAE model have suggested that cryptic epitopes may be play a role in 

establishment and perpetuation of chronicity of disease (Lehmann et al., 1992). In the case of the 

EcR2 induced model of EAU, it may be that such epitopes are involved in the chronicity of the 

disease pattern observed in this strain (see 3.2), although this would have to be investigated 

further. However, in the context of the results described in this present study it was surprising that 

no peptides induced strong proliferation in the initial in vitro T cell proliferations, except IRBP501' 

52°. However, that peptide does overlap by 10 amino acids with the uveitogenic epitope IRBP511'530 

at the amino N terminus. This could possibly suggest that these residues (TRBP501'520) could 

contain a T cell epitope responsible for the observed proliferation. However, the proliferative 

response to IRBP501'520 was not consistent in subsequent studies. In contrast, the peptide which 

overlapped IRBP511'530 at the carboxy terminal IRBP521'540 did induce proliferation (SI > 2), but did 

not induce any histopathological signs of disease. This finding may suggest that the residues 

involved in T lymphocyte proliferation reside in the aa corresponding to IRBP521'530, although this 

would require further elucidation. However, the data suggests that the important residues for 

disease induction are in the centre of the IRBP511'530 and that the sequences were not complete in 

the two overlapping peptides IRBP501'520 and IRBP521'540. Alternatively, the data nay suggest that 

there are multiple nested epitopes residing within this region.

This present study indicates further that using in vitro proliferation studies alone is not 

sufficient to identify pathogenic epitopes in vivo. Furthermore, it is unlikely that all the 

immunogenic epitopes identified in the study involving pooled groups of peptides (Figure 3.16) 

are all cryptic ie. are not naturally processed. Results obtained in the initial in vitro proliferation 

are probably unreliable and must be treated with caution. This may be due to the immunisation 

protocol used in this study (Amor et al., 1996) which differed from that used in subsequent studies 

(Figures 3.15 & 3.17), or involves differences in proliferative responses depending on which day
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spleens were harvested. However, it is necessary to further test these peptides against EcR2 

sensitised lymphocytes.

The MHC class II molecule H-2Ag7in the both the ABH and NOD mice is unique to these 

animals and is believed to be the most important susceptibility molecule within the MHC, which is 

responsible for disease expression (Reich et al., 1994). As a result several studies have identified a 

number of motifs which are associated with binding of peptides to the H-2Ag7 molecule (Reich et 

al., 1994; Amor et al., 1996; Harrison et al., 1997). Initially these binding motifs were identified 

by elution studies whereby peptides bound to the MHC class II were eluted and sequenced (Reich 

et al., 1994). The most notable finding from this study was a requirement of an acid C terminus 

which could bind through the unique basic region of the H-2Ag7 chain. The H-2Ag7 chain has 

unusual properties at one end of its binding groove. Whilst other alleles have a proline-asparginine 

at positions 56 and 57 respectively, the H-2Ag7 chain has a histidine-serine at positions 56 and 57 

of H-2Ag7 chain. Suggesting that negatively charged acidic residues of the peptide could 

potentially interact with the positively charged basic residues of the H-2A8? molecule (Reich et al., 

1994). However, it is apparent that there are no acidic C terminal aa residues such as aspartic acid 

or glutamic acid, residing within the C terminus of the IRBP511'530 peptide (see Table 3.6). In 

contrast, the IRBP511'530 has in fact a more basic C terminus due to the presence of histidine and 

arginine.

However, subsequent studies have shown that an acid C terminus is not necessary for all 

pathogenic epitopes in animals expressing H-2A8? (Amor et al., 1996). The preparation and 

purification of MHC molecules for elution studies may only detect peptides which bind with a 

relatively high affinity for the MHC molecule (Reich et al., 1994). A further report showed that 

after purification of H-2Ag7, the binding of known Ag7 restricted T cell epitopes and those 

previously eluted by Reich et al (1994) was difficult or in some cases impossible to demonstrate. 

This suggests that H-2Ag7 was unstable following purification, due to the tendency for the Ag7 a  

and P chains to dissociate (Carrasco-Martin et al., 1996). Therefore, whilst some binding peptides 

conform to a H-2Ag7 binding motif many do not, which make it impossible to accurately predict 

which sequence(s) will be pathogenic epitopes within a protein molecule. A further report by 

Amor et al (1996) investigated the fine specificity of peptides from MBP, MOG and PLP for the 

induction of EAE in Biozzi ABH mice and a core motif for peptide binding to the H-2Ag7 chain 

was suggested.

The pathogenic epitopes of PLP, MOG and MBP in ABH mice, were analysed by 

predications from computer modelling of peptide: H-2Ag7 interactions and by in vitro and in vivo 

studies using peptide analogues which resulted in the suggestion of an important binding motif for 

the H-2Ag7 (Amor et al., 1996). It was initially suggested that the H-2Ag7 binding motif consists of 

a series of hydrophobic residues, separated from basic, small, and large hydrophobic residues
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within a 6-7 aa core. This may be important features of a pathogenic sequence which bind to 

different elements of the MHC molecule (Amor et al, 1996: see Table 3.6). Interestingly, the 

uveitogenic epitope identified in this study has physiochemical similarities with the major 

pathogenic epitopes from myelin antigens which induce EAE in the ABH mice (Amor et al,

1996). Interestingly, IRBP511'530 peptide sequence contains a glutamine (hydrophobic), arginine 

(basic), glycine (small) and valine (hydrophobic) aa combination at positions IRBP517'520. Thus 

suggesting that IRBP517'520.is an important core sequence in this uveitogenic epitope. These 

residues are conserved in mouse, human and bovine IRBP511'530. IRBP517'520 is positioned around 

the point of termination/initiation of the non-uveitogenic IRBP501'520 and IRBP521'540 peptides and 

this could be of relevance.

The basic residue may be of an important MHC:TCR contact residue and may bind to an 

acid pocket (P4) within the MHC molecule (Amor et a l , 1996). Furthermore, Amor et al (1996) 

also suggested the importance of a hydrophobic aa where a side chain can bind in the P 1 pocket at 

the N terminus. Based on these studies using PLP and MOG peptides, it is possible that tyrosine 

and glycine at positions IRBP 514 and 515 may be an important anchor (PI) residue in mouse and 

bovine IRBP. In the case of the human IRBP sequence, the serine at position 515 may be of 

importance. This region has differences between the mouse, bovine and human IRBP511530 peptide 

sequence, which could influence disease inducing capacity and requires further investigation. The 

importance of a hydrophobic residue at PI is further supported by further identification of another 

H-2Ag7 binding motif (Harrison et al, 1997). As shown in this study and in Chapter 3.2, disease 

can be induced in the ABH mice by human IRBP and bovine IRBP. Therefore as disease is 

facilitated by T cells specifically sensitised to either of those protein sequences, these T cells must 

ultimately recognise processed and MHC class II antigen presented autologous mouse IRBP 

sequence. Comparison of human, bovine, and mouse sequences of peptide IRBP511'530, reveals that 

within the putative core there are some conserved differences (as described above) in the primary 

sequence in the N terminal region which may be involved in the binding to the PI pocket of the 

MHC molecule (Table 3.6). However, confirmation of the importance of each residue present in 

IRBP511530 will require further analysis using amino acid substituted analogues in order to dissect 

the residues involved in MHC:TCR interactions and those which are responsible for proliferation 

characteristics of this peptide. However, there does appear to be a high degree of sequence 

homology between the bovine, human, and mouse sequences with only 2-3 amino acid differences. 

This finding would be consistent with that of others who have suggested that uveitogenic epitopes 

arise preferentially in areas where the protein molecule is highly conserved (de Smet et al, 1993; 

Caspi et al, 1994b).
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3.4. SUSCEPTIBILITY OF (ABHX 

B10.RIII) FI MICE TO EAU.

156



Chapter 3 Results & Discussion

3.4.1. Introduction.
It is now established that MHC class II antigen presentation of uveitogenic antigens to 

circulating T cells is an essential pre-requisite to the development of disease pathogenesis in EAU 

susceptible rat and mouse strains (Caspi et al., 1992b). In addition, to the influence of the MHC 

class II molecule, it has been shown that non-MHC background genes are involved in the 

expression of disease in both the rat and mouse models of EAU (Hirose et al., 1991; Caspi et al., 
1992a; 1992b).

It has been documented that mice of haplotypes H-2r, H-2b and H-2k are susceptible to 

EAU induction (Caspi et al., 1994b). However as described in chapter 3.3 of this thesis a the ABH 

mouse H-2dql mice haplotype is also susceptible to EAU induction by the retinal antigen, IRBP. In 

the mouse system of EAU it has been reported that mice on a BIO background are particularly 

susceptible to EAU induction (Caspi et al., 1992a; 1992b). However, as the ABH mice are capable 

of developing EAU, this demonstrates that a B10 background is not essential for the expression of 

EAU.

In this following study, the susceptibility of a first generation cross (ABH X B10.RIII) FI 

mice to develop EAU was examined. It was of interest to see if firstly these mice were susceptible 

to EAU induction with antigens that were uveitogenic in both B10.RIII and ABH mice. Secondly, 

it was also of interest to determine the effect of a BIO background on the disease scores in the 

(ABH X B10.RIII) FI mice following immunisation with EcR2 and IRBP511'530. Lastly, it was also 

of interest to determine if these (ABH X B10.RIII) FI mice were susceptible to EAU induction 

with a novel domain/epitopes of IRBP.

3.4.2. Susceptibility o f (B10.RIII X  ABH) FI mice to EAU induction with B10.RIII 
specific uveitogenic antigens.

Initial studies were performed to determine if the (ABH X B10.RIII) FI mice developed

EAU with uveitogenic antigens which were uveitogenic in the B10.RIII mice. Unfortunately there 

was no availability of bovine IRBP for this present study. However, studies were initially 

performed to establish the susceptibility of (ABH X B10.RIII) FI mice to the highly uveitogenic 

human IRBP161' 180 peptide. From Table 3.7 it is clear that (ABH X B10.RIII) FI mice are 

susceptible to EAU induction with both IRBP161"180, indicated by moderate to high disease scores 

and 100% incidence. It also appears as with the B10.RHI mice (see chapter 3.1) that (ABH X 

B10.RIII) FI mice are susceptible to EAU induction with a single immunisation of 25pg of human 

IRBP161'180 peptide, without the requirement of PTX. Statistical analysis showed that there was no 

significant difference (p>0.05) between cellular scores for B10.RIII mice compared with (ABH X 

B10.RIII) FI mice following immunisation with a single dose of 25pg of IRBP161'180, and no PTX. 

However, there were significantly higher (p<0.05) the structural scores for the B10.RIII and (ABH
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X B10.RIII) FI mice at day 14p.i.. In contrast, disease scores induced in the (ABH X BfO.RIII) FI 

mice following 1° and 2° immunisations with 50pg of IRBP161'180 and 800ng of PTX as co

adjuvant, were not significantly different (p<0.05) to disease scores reached in the B10.RIII mice 

following immunisation with a single dose of 25pg IRBP161180 and no PTX. This suggests that 

although (ABH X B10.RIII) FI mice are susceptible to EAU induction with the human IRBP161'180 

peptide, higher doses of peptide, two immunisations and PTX as co-adjuvant are required to reach 

the scores observed in the B 10.RIII mice.

Histopathology examination of the anterior segment of (ABH X B10.RIII) FI mice 

following immunisation with 1° 25 pg human IRBP161'180 and no PTX, revealed moderate to gross 

AC infiltration (cells 10-100) and moderate to gross thickening of the iris (Figure 3.19.a). Posterior 

inflammation was characterised by moderate to gross thickening of the ciliary body, vitritis (cells 

50-100), vascultis (vessels affected 50-75%), with moderate to gross cuffing of the vessels, mild to 

moderate infiltration of the ROS and neuronal layers (50-100 cells), moderate thickening of the 

choroid, focal serous retinal detachment and retinal layer folding (Figure 3.19.a & b). Focal loss of 

ROS and neuronal layers was observed, however destruction was not as severe as that seen in the 

B10.RIII mice immunised with human IRBP161'180 (Figures 3.2.h, j & k).

Having established the mice were susceptible to disease with human IRBP161' 180, the mice 

were then tested with human IRBP domain 1 (EcRl), in which the IRBP161'180 peptide resides. 

(ABH X B 10.RIII) FI mice were immunised with a total of 200pg of EcRl emulsified in CFA and 

administered as a split dose protocol on days 0 and 7, with 800ng of PTX as co-adjuvant. In 

addition, B10.RIII mice were also immunised with EcRl as this was considered to be a positive 

control. However, from Table 3.6 it is seen that (ABH X B10.RIII) FI mice develop EAU 

following immunisation with EcRl, characterised by 100% disease incidence and moderate to high 

cellular and structural scores. Statistical analysis of (ABH X B10.RIII) FI mice disease scores, 

both cellular and structural, reached for any of the im m u n isa tion  protocols involving ERBP161"180 

and those with whole EcRl protein were not significantly different (p>0.05).

Histopathological examination of the eyes from (ABH X B10.RIII) FI mice immunised 

with EcRl were similar to those following immunisation with IRBP161'180 (Figures 3.19.C & d). 

Anterior segment histopathology was characterised by mild to moderate infiltration in the AC, and 

moderate thickening of the iris (Figure 3.19.c). Posterior segment inflammation was characterised 

by moderate thickening of the ciliary body, vasculitis (affecting 25-50% of vessels) with moderate 

to gross vessel cuffing, vitritis (cells >100), moderate ROS and neuronal layer infiltration (cells 

50-100), retinal granuloma formation (1), focal serous retinal detachment with infiltrating cells and 

retinal layer folding (Figures 3.19.C & d). As with disease induced with human IRBP161' 180, partial 

loss of ROS and neuronal layers was also evident in EcRl-induced disease in the (ABH X 

B10.RIII) FI mice (Figure 3.19.d).
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Surprisingly, the B10.RIII mice did not develop disease with 100% incidence and disease 

scores for both cellular and structural were significantly different from B10.RIII scores for a single 

dose of 25pg of IRBP161'180 and no PTX. However, the scores reached by the B10.RIII mice which 

were affected with EAU following immunisation with EcRl were higher, although structural 

damage was not so severe in the EcRl immunised B10.RIII mice, as compared to that observed 

with human IRBP161180 induced disease (Figures 3.1, & 3.2.h, j & k). Statistical analysis of the 
scores for the affected B10.RIII mice only, was not able to be compared with other B10.RIII or 

(ABH X B10.RIII) FI disease scores as numbers were too low, as only 2/4 mice were affected 

(Table 3.7).

Histopathology examination of the anterior segment of B10.RIII mice eyes affected with 

EAU following EcRl immunisation was characterised by gross AC infiltration (cells 30-100) and 

moderate to gross thickening of the iris (Figure 3.19.e). Posterior segment inflammation was 

characterised by gross thickening of the ciliary body, vasculitis (50-75% of vessels affected) with 

moderate to gross vessel cuffing, vitritis (cells 50-100), moderate thickening of the choroid, retinal 

layer folding with serous detachment with infiltrating cells and infiltration of the ROS and 

neuronal layers. Partial to moderate loss of ROS and neuronal layers was observed (Figures 3.19.e 

&f).

3.4.3. Susceptibility of (ABH X  B10.RIII) FI mice to EAU induction with ABH specific 
uveitogenic antigens.

As documented earlier in this thesis, ABH mice are susceptible to EAU induction with

bovine IRBP, EcR2, and human IRBP511530 (see chapter 3.2 and 3.3). It was therefore of interest to 

determine if the (ABH X B10.RIII) FI mice were also susceptible to EAU induction with these 

uveitogenic antigens. Groups of (ABH X B10.RIII) FI mice were immunised with 200pg of either 

EcR2 or human IRBP511"530 emulsified in CFA, and administered as a split dose protocol on days 0 

and 7 p.i, 800ng of PTX was also given as co-adjuvant. All mice were sacrificed on day 14p.i. and 

histopathology was examined.

As shown in Table 3.7 (ABH X B10.RIII) FI mice were susceptible to EAU induction 

following immunisation with both EcR2 and human IRBP5,1'53(). Immunisation with EcR2 resulted 

in 100% disease incidence and high cellular and structural scores. Both cellular and structural 

scores were significantly higher (p<0.05) when compared with ABH scores induced by EcR2, and 

(ABH X B10.RIII) FI scores induced following immunisation with EcRl and 25pg of human
IRBpi6i-i8o (Table 3 ?)

Histopathological examination of the anterior segment of (ABH X B10.RIII) FI mice 

following immunisation with EcR2 revealed gross AC infiltration (cells >100), and gross 

thickening of the iris (Figure 3.20.a). Posterior segment inflammation was charaterised by mild to 

moderate thickening of the ciliary body, vitritis (cells 50-100), vasculitis (50-75% vessels
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affected), with mild to moderate cuffing, moderate cellular infiltration of the ROS and neuronal 

layers, gross thickening of the choroid, serous detachment with infiltrating cells (Figures 3.20.a & 

b). In some of the retinas examined in this study, extensive damage to the ROS and neuronal layers 

was observed (Figure 3.20.b), which was characteristic of day 14 p.i. EAU in B10.RIII mice 

following immunisation with human IRBP161"180(Figure 3.2.h). However, in the main subtotal loss 

of the ROS and neuronal layers was observed in the (ABH X B10.RIII) FI mice. This is in contrast 

to histopathology seen in ABH mice immunised with EcR2 at day 14p.i., whereby despite a 

considerable inflammatory response in the eye, extensive damage to the retinal layers is not seen, 

and the retinal architecture is preserved (Figures 3.11. c, d & e).

Not surprisingly (ABH X B10.RIII) FI mice were susceptible to EAU induction with 

human IRBP511"530. Disease was characterised by 100% disease incidence and low cellular and 

structural scores (Table 3.7). Histopathology examination of the anterior segment revealed AC 

infiltration (cells 10-30) and mild thickening of the iris (Figure 3.20.c). Posterior segment 

inflammation was characterised by mild thickening of the ciliary body, vasculitis (vessels 25-50%) 

with mild to moderate vessel cuffing, vitritis (cells 25-50), mild ROS and neuronal layer 

infiltration, and focal retinal layer folding round the optic nerve head (Figure 3.20.C & d). In all 

cases retinal architecture was preserved and no ROS or neuronal layers were destroyed.

These disease scores induced in the (ABH X B10.RIII) FI mice following immunisation 

with human IRBP511’530 peptide, were significantly reduced (p<0.05) when compared to those 

induced with whole EcR2 protein. However, scores were not significantly different (p>0.05) from 

disease scores induced in the ABH mice following immunisation with human IRBP511'530. In 

contrast, disease scores were significantly lower than those induced in the (ABH X B10.RIII) FI 

mice following immunisation with 25jxg of human IRBP161180 peptide, and whole EcRl protein 

(Table 3.7).

3.4.4. Identification o f  (ABH  X  B10.RIII) F I  mice specific uveitogenic sites.
A previous report, identifying the uveitogenicity of IRBP domains in mice of the

haplotypes H-2r, H-2b and H-2k, demonstrated that besides a major uveitogenic site residing in 

domain 1, an additional site was present, although possibly minor in domain 3 which was 

uveitogenic in the B10.RIII mice (Caspi et al., 1994b). Studies were carried out to assess the 

uveitogenicity of the recombinant human IRBP domains EcR3 and EcR4 in the (ABH X B10.RIII) 

FI and B10.RIII mice. Groups of mice were immunised with a total of 200jig of either EcR3 and 

EcR4 emulsified in CFA, administered as a split dose protocol between days 0 and 7, 800ng of 

PTX was used as co-adjuvant.

In this present study histopathological examination revealed that (ABH X B10.RIII) FI 

mice were susceptible to EAU induction following immunisation with EcR3 whereas both
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B10.RIII and ABH mice were resistant (Table 3.7). Disease induced in the (ABH X BrO.RIII) FI 

mice by EcR3 was characterised by 75% (3/4 mice affected) disease incidence and variable 

disease scores. Disease scores induced in the (ABH X B10.RIII) FI mice following immunisation 

with EcR3 were significantly lower than those observed when mice are immunised with either 

whole EcR2 and EcRl, human IRBP161'180. ABH mice were not susceptible to EAU induction 

following immunisation with EcR3 (Table 3.7).

Histopathology examination of the eyes from (ABH X B10.RIII) FI mice immunised with 

EcR3 ranged from extremely mild to moderate disease. Figure 3.21.a. is representative of mild 

disease in the (ABH X B10.RIII) FI mice following immunisation with EcR3, characterised by 

cellular infiltration in the AC (cell<10) and the iris and ciliary body. Figure 3.21.b. is 

representative of the more moderate form of EAU observed in (ABH X B10.RIII) FI mice, 

characterised by vasculitis (<25% vessels) with mild cuffing and vitritis (cells 50-100), mild to 

moderate cellular infiltration in the ROS and neuronal layers, retinal granuloma fommation (1) and 

focal retinal layer folding. In this initial study only 75% (ABH X B10.RIII) FI mice were affected 

with EAU and resulting histopathology was very wide ranging.

However, B10.RIII mice were not susceptible to EAU induction with EcR3, but were 

susceptible to EAU induction with EcR4. The (ABH X B10.RIII) FI mice failed to develop EAU 

following immunisation with EcR4 (Table 3.7). Disease in the B10.RIII mice induced following 

immunisation with EcR4 was characterised by 100% disease incidence and cellular scores of 1.0, 

no structural damage was observed. The cellular and structural disease scores were both 1.0 and 

were significantly lower than any other cellular or structural score observed in the B10.RIII mice 

following immunisation with EcRl and human IRBP161'180 peptide (Table 3.7). Histopathology 

examination of the anterior segment revealed AC infiltration (cells<10), and mild infiltration of the 

iris (Figure 3.21.c). Posterior segment inflammation was characterised by mild thickening of the 

ciliary body, vasculitis (10-25% vessels affected), with mild cuffing and vitritis (cells 25-50) and 

cellular infiltration of the neuronal layers (Figures 3.21.C & d). In the main the posterior segment 

inflammation was centred at the ONH and in all cases retinal architecture was maintained and no 

damage to the ROS was observed.
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Chapter 3 R esults & D iscussion

Figure 3.19.a. Anterior segment inflammation in (ABH X  B10.RIII) F I mice induced by human 
IRBPI6I',m<> peptide.
Note the AC infiltration (arrow a), moderate to gross thickening of both the iris (arrow b), and 
ciliary body (arrow c). (H&E. Bar =50jim).

Figure 3.19.b. Posterior segment inflammation in (ABH X  B10.RIII) F I mice induced by human 
IRBP161 l,w peptide.
Note the gross vasculitis (arrow a), focal retinal layer folding and serous detachment (arrow b), 
and choroiditis (arrow c). (H&E. Bar = 100jim).
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Figure 3.19.C. Anterior segment inflammation in (ABH X B1.R1II) FI mice induced by EcRl. 
Note the cellular infiltration in the AC (arrow a), thickening of the iris (arrow b), and ciliary body 
(arrow c). (H&E. Bar—  =50pm)

Figure 3.19.d. Posterior segment inflammation in (ABH XBIO .Rill) F I mice induced by EcRl. 
Note vasculitis (arrow a), vitritis (arrow b), serous retinal detachment and retinal layer folding 
(asterisks), and granuloma (arrow c). (H&E. Bar =100|im)
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Figure 3.19.e. Anterior segment inflammation in B10.RIII mice induced by EcRl.
Note the AC infiltration (arrow a), gross thickening of the iris (arrow b) and ciliary body (arrow c). 
(H&E. Bar ———  =50pm).

Figure 3.19.f Posterior segment inflammation in B10.R1II mice induced by EcRl.
Note vasculitis (arrow a), vitritis (arrow b), retinal granuloma (arrow c), focal retinal layer folding 
and serous detachment (asterisks) and ROS and neuronal layer infiltration (arrow d).
(H&E. Bar  = 100pm).
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Figure 3.20.a. Anterior segment inflammation in the (ABHX B10.R1II) F I mice induced by EcR2. 
Note the gross infiltration of both the AC infiltration (arrow a) and iris (arrow b).
(H&E. Bar =100jim).

b

Figure 3.20.b. Posterior segment inflammation in the (A B H X  B10.RIII) F I mice induced by EcR2. 
Note the gross choroiditis (arrow) and ROS and neuronal layer loss (asterisks).
(H&E. Bar =50gm).
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Figure 3 .2 0 .C , Anterior segment inflammation in the (ABHX B10.RIII) F I mice induced by human 
IRBP5" '530peptide.
Note the AC infiltration (arrow a), infiltration of the iris (arrow b) and ciliary body (arrow c). 
(H&E. B a r ----------  = 50pm)

Figure 3.20.d. Posterior segment inflammation in (ABH X  BIO.RIII) F I mice induced by human 
IRBP5"-530peptide.
Note the vasulitis around the ONH (arrow a), vitritis (arrow b), and slight disruption of the retinal 
layers (arrow c). (H&E. Bar — —  = 100pm).
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Figure 3.21.a. Anterior segment inflammation in (ABHX B10.R1II) FI mice induced by EcR3. 
Note the infiltration of the iris (arrow a) and vitritis (arrow b). (H&E.Bar —— =100pm).

Figure 3.21.b. Posterior segment inflammation in (ABH XB10.RIII) FI mice induced by EcR3. 
Note vitritis (arrow a), retinal granuloma (arrow b), infiltration of neuronal layers (arrow c) and 
retinal layer folding (asterisks). (H&E. B a r  — = 100pm).
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Figure 3.21.C. Anterior segment inflammation B10.RIII mice induced by EcR4.
Note the cellular infiltration of the AC (arrow a) iris (arrow b), ciliary body (arrow c) and 
choroiditis (arrow d) (H&E. Bar = 100pm).

Figure 3.21.d. Posterior segment inflammation in the B10.R1II mice induced by EcR4.
Note the vasculitis around the ONH (arrow a), vitritis (arrow b) and cellular infiltrate in the
neuronal layers (arrow c). (H&E. Bar =50pm).
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3.4.5. Discussion.
This study has demonstrated that the mice resulting from the first generation out bred cross 

of ABH X B10.RIII mice, referred to as (ABH X B10.RIII) FI mice are susceptible to EAU 

induction with a multiple of antigens. (ABH X B10.RIII) FI mice were susceptible to EAU 

induction with human recombinant protein domains EcRl, EcR2, EcR3, and human IRBP161"180 

and human IRBP511'530 peptides. It was not surprising that the (ABH X B10.RIII) FI mice 

developed disease with EcRl and EcR2 and human IRBP161180 and human IRBP511’530, given that 

these mice carry the susceptible MHC molecules from the B10.RIII (H-21) and ABH (H-2dql) mice.

Interestingly, although EcRl could indeed induce disease in the BlO.Rin mice, disease 

incidence and scores were reduced, when compared with disease induced with human IRBP161' 180 

alone. This finding was quite surprising considering that the location of the major uveitogenic 

epitope IRBP161'180 for the B10.RIII mice resides in this region (Caspi et al., 1994b; Silver et al.,

1995). However, not surprisingly, the (ABH X B10.RIH) FI mice developed 100% incidence and 

moderate to high disease scores when immunised with both EcRl and human IRBP161180.

Not surprisingly, (ABH X B10.RIII) FI mice developed disease with human IRBP511'530 

peptide, although disease incidence was 100% disease scores were significantly lower (p<0.05) 

when compared to those obtained with the whole EcR2 protein. The disease scores induced in the 

(ABH X B10.RIII) FI mice by the human IRBP511'530 peptide were comparable to those seen in the 

ABH mouse. It may be as described in chapter 3.3, that additional immunogenic epitopes present 

in the domain are required, possibly to amplify the response, in order to develop disease 

comparable to that seen with whole EcR2 protein.

It would be of further interest to study the time course of disease in the (ABH X B10.RIII) 

FI mice following immunisation with EcRl and EcR2. However, from this initial study involving 

an immunisation dose of 200pg EcR2 it would appear unlikely that the disease induced with this 

protocol would undergo a remission/relapse episode due to the extensive destruction of the retinal 

layers and ROS seen at day 14 p.i.. This would offer little chance of a possible relapse/remission 

episode due to the loss of autoantigen (IRBP) and target tissue. Therefore, initial examination (day 

14 p.i. only) of the EcR2-induced disease in the (ABH X B10.RIII) FI mice demonstrates that 

disease does not appear to follow the more chronic/progressive nature of that observed in the ABH 

mice. In the case of EcRl-induced disease in the (ABH X B10.RIII) FI mice the form of disease 

appears to be less severe resulting in less ROS and neuronal layer damage at day 14 p.i.. This 

model may present a more milder/chronic form of disease, although later time points have not been 

examined. However, studies examining the immunisation parameters for EcRl and EcR2 induced 

EAU in the (ABH X B10.RIII) FI mice would be of interest. This would involve examining the 

effect of varying doses of EcRl and EcR2, the requirement of PTX, and the number of injections, 

to determine if more mild to moderate forms of disease could be induced in this strain. Of course a
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chronic progressive or even chronic/relapsing form of disease would be of value in EAU studies, 

as this would mimic human forms of uveitis. Previous studies have reported two forms of disease 

in the BIO.A mouse, whereby acute and chronic forms of disease are reported to occur depending 

on the dose of IRBP and PTX (Caspz et al., 1990a; 1990b). Thus demonstrating that it is possible 

to induce two forms of disease in the same mouse strain.

Using the recombinant human IRBP protein domains it was also possible to identify 

further uveitogenic domains for the B10.RIII and (ABH X B10.RIII) FI mice. A previous report 

had using a protein construct expressing both bovine IRBP domain 2 and 3, suggested that an 

additional minor epitope for the B10.RIII and B10.BR. (H-2k) mice is located in IRBP domain 3 

(Caspi et al., 1994b). However, in this current study human EcR3 did not induce disease in the 

B10.RIII mice, but did successfully induce disease in the (ABH X B10.RIII) FI mice. In the case 

of the B10.RIII mice it is possible that the disease induced in the study reported by Caspi et al 

(1994b) was as a result of the linker sequences which join the two domains, but are absent in the 

recombinant EcR proteins described here. Another possibility is that although there is a high 

degree (80%) of sequence homology between vertebrate IRBP amino acids sequence, the 

corresponding epitope in the human IRBP domain 3 may contain too many amino acid differences 

when compared to the bovine sequence. Therefore the human sequence would possibly not be 

recognised by the T cell specific for the bovine sequence in the B10.RIII mice. Interestingly the 

(ABH X B10.RIII) FI, but not the ABH mice developed disease with EcR3, possibly suggesting 

that this strain may have its own novel uveitogenic epitope residing in this domain. Disease 

induced by EcR3 in the (ABH X B10.RIII) FI mice was characterised by a range of 

histopathology findings, varying from mild to moderate. This may suggest that the epitope residing 

in EcR3 is a minor epitope for the (ABH X B10.RIII) FI mice.

Another interesting finding to arise from this study is that B10.RIII were found to be 

susceptible to EAU induction with EcR4. However, disease was characterised by 100% incidence 

but only cellular infiltration was observed. However, this was not evident in the (ABH X B10.RIII) 

FI mice. It may be that EcR4 contains a minor epitope for this strain. However, in order to identify 

the possible epitopes residing in EcR3 and EcR4 for the (ABH X B10.RIII) FI and B10.RIII mice 

respectively, further investigations using synthetic overlapping peptides corresponding to the EcR3 

and EcR4 protein domain sequences are required in order to map the uveitogenic epitopes.

It may not be such a surprise that the (ABH X B10.RIII) FI mice are susceptible to EAU 

with novel antigens, as these mice will express additional MHC-restriction molecules which could 

potentially present a greater number of antigenic epitopes. Whilst the ABH mice have a functional 

H-E(38? chain, this is not expressed due to the lack of a functional (monomorphic) H-2Ect chain. In 

the (ABH X B10.RIII) FI mice this chain is provided by the B10.RIII background, therefore (ABH 

X B10.RIII) FI mice will express an Eg7 molecule in addition to the B10.RIII derived Er.
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Furthermore, additional A molecules may be formed by hybridisation of Ar (Aar, AJ31) and Ag? 

(Aad, A(3g7) alpha and beta chains, which may add further restriction elements. This could be 

further elucidated in antigen presentation assays using blocking haplotype specific mAb (Liu et al, 

1993). Furthermore, it has been previously, reported that the encephalitogenic PLP 56-70 epitope 

is both H-2A and H-2E restricted, and disease is more severe in the Eg? expressing NOD.E 

transgenic mice compared to the NOD mice (Takacs et al, 1995).

Furthermore, the (ABH X B10.RIII) FI mice were found to be highly susceptible to EAU 

induction with EcR2 , in fact disease scores for the (ABH X B10.RIII) FI mice were significantly 

(p<0.05) higher than those observed in the ABH mice following immunisation with EcR2. This 

demonstrates that FI mice develop EcR2-induced disease with a greater severity than the ABH, 

and suggests that BIO background gene products influence the severity of induced disease. The 

actual influence of the gene products could be analysed further in congenic BIO. H-2dqI or BIO. H- 
2g7 mice (Todd et al, 1991)

The (ABH X B10.RIII) FI mice carry a BIO background, inherited from the B10.RIII 

mice which is involved in the expression of disease (Caspi et al, 1992a; 1992b). It may be that in 

the case of the (ABH X B 10.RIII) FI mice that the increase in the disease severity, as compared to 

the ABH mice following immunisation with EcR2, is attributable to the effect of non-H-2 

susceptibility genes provided by the BIO background. Indeed, the propensity to develop disease is 

associated with the initial recognition of pathogenic epitopes presented by susceptible MHC class 

II molecules, and is a major factor in controlling susceptibility to disease induction. However, the 

effect of non H-2 genes would possibly come into play once the initial requirement of the specific 

pathogenic antigen has been expressed by the susceptible MHC Class II molecule, and is 

recognised by the specific TCR. The effect of non-MHC genes on the development of disease is 

apparent in the case of human disease. In human Al conditions, such as rheumatoid arthritis, 

insulin dependent diabetes mellitus and MS, the specific MHC genotype of an individual 

contributes to the susceptibility to develop disease. However, despite the fact that individuals who 

carry susceptible haplotypes do not develop Al diseases, and the actual frequency of Al disorders 

in the human population is low (Todd et al, 1988). This clearly demonstrates that in addition to 

the presence of a susceptible haplotype, other factors such as the environment and other non-MHC 

genes contribute to disease susceptibility and expression.

Indeed in the experimental situation, using genetically defined strains of animals the 

effects of background genes have been studied (see chapter 1.8). Genetic predisposition to 

autoimmunity has involved in experimental models of autoimmunity have been reviewed 

(Theopfilopoulos, 1995b). Factors involved in disease susceptibility are thought to include TCR 

repertoire, effect of PTX, presence of mast cells, cytokine profiles and hormonal regulation. 

However, in the case of the genetically out bred nature of the human population, factors such as
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stress, carcinogens, bacterial and viral infections, and exposure to toxins etc, besides the MHC 
phenotype are thought to play a role in the development of disease.

The findings reported in this study of (ABH X B10.RIII) FI mice susceptibility to EAU 

induction, may reflect the complexities in antigen recognition profiles which may develop in 

individuals expressing mixed MHC haplotypes. It has been recognised that antigen responsiveness 

may be retained or lost depending on the context of the MHC haplotypes which are expressed by 

an individual. However, in the context of the findings documented in this study, the fact that EcRl 

and EcR2 are capable of inducing disease in (ABH X B10.RIII) FI mice, demonstrates that two 

non-cross reactive antigens can induce a disease phenotype in one individual. The data 

demonstrates that (ABH X B10.RIII) FI mice develop a more severe form of EAU than the ABH 

mice following immunisation with EcR2, suggesting that EcR2 protein is more dominant than 

EcRl in the (ABH X B10.RIII) FI mice.

More importantly the finding that the disease phenotype is dominant in the (ABH X 

B10.RIII) FI mice means that it is now possible to induce a reliable model of EAU in the same 

strain with two distinct and defined epitopes. This will prove useful in antigen-induced tolerance 

experiments in mice as it may provide a route to distinguish between epitope-specific eg. anergy, 

and bystander tolerance, or intra-molecular determinant spreading.
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4.1. CONCLUSIONS A R ISIN G  FRO M  TH IS THESIS.
This thesis has examined the induction of EAU in mice, with the aim of establishing 

suitable models which would be of use in the study of immunomodulation. At the initial onset on 

this project, work was hindered with the BSE crisis which had exploded in the UK, which meant 

access to bovine eyes as an antigen source was severely restricted. However, using the major 

uveitogenic epitope for the B10.RIII (H-21) mice, initial studies examined the value of this human 

IRBP161 180 peptide induced model for use in immunomodulation studies. However, it soon became 

evident that although the human IRBP161' 180 peptide induced model of EAU in the B10.RIII mice is 

a highly reproducible and reliable model, the disease was of an acute and severe nature. This 

resulted in extensive destruction of the retinal layers. Preliminary studies using potent 

immunosuppressive agents such as CD4 mAb, showed that disease in this model could be 

modulated. However, its value in studies examining the effects of specific cytokine therapies and 

gene therapy may be limited, although treatment with p55-TNFR-Ig fusion protein did reduce the 

level of retinal damage, despite cellular infiltration. Nonetheless, this model maybe of use in 

dissecting elements of the antigen priming and effector stages as the time points for disease onset 

and resolution have been documented in this thesis, and appear to be reliable. Indeed, previous 

studies have used this model to examine cytokines involved in the uveitogenic response and their 

effect on T cells in EAU (Xu et al., 1997). However, using a major uveitogenic peptide in a highly 

susceptible strain of mouse does not appear to offer a suitable model of disease in which to study 

effects of immunotherapies. It may be that less susceptible strains of animals should be used for 

this purpose in which disease is more of a chronic nature and extensive retinal damage does not 

occur.

However, importantly this study has identified another strain of mouse, the Biozzi ABH 

which are susceptible to EAU induction with bovine IRBP. Subsequent studies using human 

recombinant IRBP protein domains and synthetic overlapping peptides provide a highly logical 

and systematic approach, which led to the identification of human IRBP domain 2 as uveitogenic. 

Studies using the synthetic peptides in vivo identified, both a uveitogenic epitope IRBP511'530 and 

immunogenic epitopes residing in human IRBP domain 2. Disease is induced in this strain with 

human IRBP domain 2 (EcR2) and produces mild to moderate disease which is evident between 

days 14 and 21 p.i. and is chronic/progressive in nature. The most marked and significant 

characteristic of this model of disease is the reduction of photoreceptor and neuronal layer damage, 

as compared with the B10.RIII model of disease. However, as yet it is not known if EAU in the 

ABH runs a chronic relapsing course, as with EAE. In order to determine this an extensive and 

more detailed histopathological and clinical examination of the disease course is required. 

However, the ABH model will hopefully prove useful for immunomodulation studies as the
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chronic (possibly relapsing either spontaneous or induced experimentally see chapter 3.2) course 

of disease may well prove to mimic several forms of human posterior uveitic conditions.

Studies with the (ABH X B10.RIII) FI mice demonstrated that multiple antigens can 

induced disease in the same strain of animal. These mice developed disease when immunised with 

B10.RIII uveitogenic antigens, IRBP161*180 and human IRBP domain 1 and with ABH antigens, 

Human IRBP domain 2 and IRBP511'530. In addition, (ABH X B10.RIII) FI mice were susceptible 

to a novel antigen, EcR3 which is not uveitogenic in either the B10.RIII or ABH mice. 

Furthermore, (ABH X B10.RIII) FI mice studies demonstrated the effect of background genes on 

the expression of disease. The (ABH X B10.RIII) FI mice carry a BIO background inherited from 

the B10.RIII parent which has been reported to effect the susceptibility of mice to develop disease 

and aid in the final expression of EAU (Caspi et al., 1992a; 1992b). The effect of the BIO 

background was evident when (ABH X B10.RIII) FI mice were immunised with EcR2, whereby 

these mice developed more severe disease than the ABH mice. This possibly demonstrates the 

effect of the non-H-2 background genes in this strain. The (ABH X B10.RIII) FI mice offer a 

system in which tolerance to antigens and the effects of background genes can be examined.

4.2. FUTURE CONSIDERA TIONS.
Importantly, it is necessary to establish if ABH mice offer a chronic relapsing model of

EAU. Further time course studies are required with increased numbers of animals and in addition a 

clinical time course examination is also required. Although, a chronic relapsing model of EAU in 

the BIO.A mouse has been described, disease incidence and scores appear to be variable and 

inconsistent (Chan et al., 1990; Caspi et al., 1990a). Furthermore, since that model was first 

described it has not been extensively used in EAU studies (Thurau et al., 1997a). However, at least 

in the EcR2-induced model in the ABH mice both disease incidence was 100% and scores were 

consistent, therefore offering a potentially reliable model of EAU.

Further analysis of the uveitogenic peptide IRBP511'530 is required in order to determine if 

the epitope is an immunodominant site and whether additional uveitogenic sites are present in 

human IRBP domain 2 which were possibly not detected in this thesis. Previous studies have 

examined the essential amino acid residues in uveitogenic epitopes which are required for disease 

induction and proliferation (Donoso et al., 1988a; 1989; Kotake et al., 1991a; Silver et al, 1995; 

Namba et al., 1998). Analysis of truncated and frame shifted forms of the IRBP511'530 aa sequence 

would be of interest in order to determine the residues which are responsible for the uveitogenicity 

and the immunogenic characteristics this epitope (Amor et al., 1996). This would require the 

generation of specific T cell clones/hybridomas, antigen presenting cell lines (L. Teyton, Scripps 

Institute. Personal communication to D. Baker) such as the BCTL-1 cell line (Amore/ al, 1996) 

and also the generation of stable Ag? molecules for binding analysis. It would also be of interest to
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examine which residues of IRBP511'530 fitted into the H-2Ag7 binding motif, possibly by computer 

modelling or by aa substitution analysis, as previously described for the ABH mice (Amor et al,

1996).

In addition, the uveitogenicity of EcR3 in the (ABH X B10.RIII) FI mice and of EcR4 in 

the B10.RIII mice merits further examination. Studies using overlapping synthetic peptides 

corresponding to these two domains are required in order to try and elucidate the uveitogenic 

site(s) present in these proteins. It may be the case that these domains contain minor epitopes 

which are uveitogenic in these mouse strains.

NOD mice are susceptible to spontaneous and experimentally induced autoimmune 

diseases, most notably Type I diabetes mellitus. These mice also share the same H-2Ag7 molecule 

with the ABH mice (Liu et al., 1993). Although in comparison to the ABH mouse, NOD mice are 

relatively resistant to EAE induction. Nevertheless they are still susceptible to EAE induction with 

spinal cord homogenate (SCH), PLP and MOG (Amor et al, 1993; 1994; Baker et al, 1995). 

Furthermore, NOD mice do not have retinal degeneration (histological examination, D. Hankey) 

and it would therefore be of further interest to determine whether the NOD (H-2Ag?) mice are 

susceptible to EAU induction with uveitogenic antigens which cause disease in the ABH mice. In 

addition, S-Ag and the three other recombinant domains of IRBP, EcRl, EcR3, and EcR4 should 

be examined in this strain. If the NOD mice are susceptible to EAU induction with retinal 

antigen(s) it would provide a useful avenue to examine the genetics of disease, because this is a 

genetically defined strain. Congenic B10.H2g7 mice are available which could be used to examine 

the effect of a BIO. background genes, as are the NOD.E transgenic mice. NOD.E mice express a 

transgenic Ea chain and this provides a functional H-2E molecule (Nishimoto et al, 1987; Lund et 

al, 1990; Parish et al, 1993). The influence of this on disease development and repertoire 

selection could be assessed. Furthermore, B10.H-2g7, NOD and ABH mice have been used for 

microsatellite mapping of non-H-2 genes in diabetes and EAE (Todd et al, 1991; Baker et al, 

1995). These mice could be used to map genes controlling different disease phenotypes, such as if 

resistant and susceptible traits are found between these strains.

4.3. IMMUNOTHERAPY CONSIDERATIONS.
The use of gene therapy in the treatment of ocular inflammatory disorders and the delivery

of therapeutic substances locally via vector delivery systems, to the eye has begun to receive 

attention (Nussenblatt and Csaky, 1997). With regards to the delivery of vectors carrying 

therapeutic genes and agents, the eye has a number of advantages as a target organ for this 

purpose. Not only does the eye allow local delivery of agents thereby avoiding the effects of 

systemic administration, it also provides a window in which the effect of the delivered substance 

can be examined in vivo by ophthalmoscopy. Furthermore, there are blood-retinal and blood-
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aqueous barriers intrinsically present in the eye would aid in the concentration of substances in the 

site of interest. In addition, due to the proposed ‘immune privilege’ of the eye it was assumed that 

an immune response to vectors and therapeutic agents would be avoided. However, as will be 

discussed later this is not always the case.

With the advantage of local delivery in the eye it may be possible to deliver anti

inflammatory cytokines in the form of genes which could be expressed in the eye which may serve 

to down-regulate the inflammatory response generated in animal models of EAU. However, the 

initial concern with local delivery to the eye or to any organ of the body is the vector. In the case 

of the eye, a number of vector systems have been examined, including adenovirus (AV) (Reichel 

et al, 1998), adeno-associated virus (AAV) (Ali et al, 1996; 1998), herpes simplex virus (Pepose 

and Leib, 1994) and liposomes (Hangai et al., 1996). However, studies using the AV vector system 

have demonstrated that the virus is highly immunogenic, whereby a significant immune response 

is elicited involving both CD4 and CD8 cells, resulting in an intra-ocular inflammatory response 

and retinal destruction (Reichel et al., 1998). For obvious reasons this form of vector would not be 

suitable for the delivery of immunomodulating elements to the eye in models of EAU or in any 

model of ocular disease. In fact, this vector system in its own right induces a form of intra-ocular 

inflammation which would obviously serve to increase the inflammatory response in the eye, 

which would already have been initiated by peripheral sensitisation with retinal proteins. Therefore 

instead of delivering an agent which may modulate the inflammatory process, the AV form of 

vector may well exacerbate disease.

However, a recent report has examined the effect of local gene delivery of pro- 

inflammatory cytokine inhibitors including IL-10 and p75-TNFR fusion protein, can be delivered 

to the CNS, that inhibit the development of EAE (Croxford et al, 1998). This gene therapy 

approach used immortalised syngeneic fibroblasts as a delivery vehicle for retroviral gene 

products. That study also reported long term transgene production and no inflammatory response 

to the fibroblasts. In the case of the eye, it may be possible to isolate eye specific cells such as RPE 

and Muller cells which could be used for gene delivery vectors (Greenwood et al., 1996). It may 

therefore be the case that genes corresponding to inhibitory cytokines such as IL-10 and IL-4 may 

be of interest to examine in the eye during EAU as they may down regulate the inflammatory 

response.

The ABH model of EAU would be useful to study the effects of local gene delivery to the 

eye. Firstly, the disease induced in this model is of a non-destructive nature. Secondly treatment 

could be administered before, during and after the active period of disease to examine the effect of 

these immunomodulatory agents on the immune response or neuroprotection/repair. This would 

allow the effect of the immunomodulating agent on the chronicity of disease to be monitored.
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However, the question of a suitable vector still remains a problem. Ideally the vector needs 

to be effective at delivering the gene of interest and equally importantly it must not elicit an 

immune response which would possibly cause damage to the retina. To some degree this can be 

avoided in the experimental situation whereby syngeneic cells can be used as vectors, thus in 

theory avoiding the immune response seen for example, with the AV vector. However, in the 

human system isolation of syngeneic cells form each individual is not so easy. Fibroblast isolation 

is most probably the most accessible form of cell type as these cells can be isolated from skin 

biopsies. This of course would overcome the immune response as cells would be self, however the 

effect of injecting fibroblasts into the eye requires further investigations as these cells are capable 

of producing and releasing a number of biologically active mediators including TGF-p. It is 

possible that these cells may have undesirable effects if placed in the subretinal space, as they may 
interfere with retinal protein shuttling etc. However, this does not appear to represent a significant 

problem if immortalised RPE cells are used. These can be transplanted into the eyes without 

evidence of photoreceptor destruction and indeed may offer neuroprotection, as these cells can 

slow the natural loss of photoreceptors in the mutant RCS rat (Greenwood and Lund, unpublished). 

Furthermore, it is possible to use allogenic (PVG into RCS rats) cells without evidence of an 

inflammatoty response. This may suggest that the immune privilege with respect to eye transplants 

into immunologically naive animals is operative. This may make human studies a more feasible 

approach. Retinal cells could be engineered in vitro to express immunosuppressive gene products 

and through the use of inducible promoters eg. Tetracycline which can cross the BRB and BBB, 

elements of control can be established so that genes can be repressed or expressed as desired. In 

addition, long term expression of genes of interest in the eye also requires investigation.

Although many areas of local delivery of genes etc. to the eye for both uveitic disorders 

and for hereditary retinal degeneration disorders, are surrounded by many questions and concerns 

the area of research is of extreme interest and these questions need to be answered. For accurate 

analysis of this area a suitable model of disease mimicking the human posterior uveitic conditions 

is required, which we hope the ABH model of EAU will ultimately offer. Local delivery of 

immunomodulatory agents would be advantageous in the treatment of uveitis due to the 

undesirable side effects incurred by systemic administration of immunosuppressive agents such as 

Cs and corticoisteroids.

4.4. THE VALUE OF EXPERIM ENTAL M O D ELS O F POSTERIOR UVEITIS.
Experimental models of disease including EAE, arthritis, etc, have furthered scientific

knowledge of mechanisms involved in disease pathogenesis and genetic susceptibility to disease in 

the human condition. Furthermore, these models have offered suitable systems for testing new 

ideas for immunotherapy which will hopefully be of value clinically in the future. However, as
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with many experimental situations, the animal model of experimental autoimmune diseases have 

limitations.

Firstly, the experimental situation is artificially induced with the exogenous introduction 

of the presumed (auto) antigen, whilst in human forms of uveitis the antigens are endogenous 

(Dick, 1998a). Furthermore, adjuvants such as CFA and PTX are also required in order to 

manipulate the immune system to break self-tolerance and develop disease. Of course only 

susceptible animals are capable of this. In the case of mouse EAU, susceptible strains have TCR 

which are specific for certain epitopes of IRBP, the autoantigen and MHC class II molecules 

which process and present pathogenic sequences.

Secondly, the outbred nature of the human population makes it extremely difficult to 

examine genetic influences on disease susceptibility, and the identification of the autoantigen(s) 

and peptide fragments involved in the initiation and perpetuation of disease. Considering the out 

bred nature of the human population, it would be naive to assume that every individual would 

respond to the same repertoire of peptides/fragments of the auto-antigen. In the case of the 

experimental situation, strains which are normally used are of an in bred nature and therefore are 

all genetically defined. This of course provides a very pure and clean system in which to study the 

effect of MHC molecules and pathogenic epitopes, and other non-MHC background genes 

involved in susceptibility and expression of disease. In the case of posterior uveitis, several 

attempts have been directed at trying to elucidate whether lymphocytes isolated from human 

patients respond to of S-Ag and IRBP, and their corresponding fragments/peptides (see 1.1.5 

Doekes et al., 1987; Nussenblatt et al., 1980; de Smet et al., 1990). However, no specific pattern 

has been identified, and this is probably not surprising as each individual will have different MHC 

molecules and TCR’s, therefore each individual will respond to a unique repertoire of 

fragments/peptides of the autoantigen(s). This problem of determining the autoantigen(s) involved 

in disease pathogenesis is highlighted when considering methods of tolerance induction as a 

method of treating disease. In all cases it would be extremely useful to know the eliciting antigen 

involved in the pathogenesis of disease, but this is not always possible to elucidate. However, it 

may be possible to avoid the above problems if a mechanism of bystander suppression is induced.

Further limitations of the animal model include differences between the physiology and 

anatomy of animals and humans, in particular the retina and the choroid. In conclusion, 

experimental animal models of EAU are in essence an over simplification of the disease process 

and are unable to address the heterogeneity of both the genetics and uveitic conditions observed in 

patient populations (Whitcup and Nussenblatt, 1997; Dick, 1998a). Nevertheless, EAU models 

have enabled a greater understanding of both immune and genetic mechanisms involved in the 

pathogenesis of human ocular inflammatory disorders. Furthermore, they provide a useful system 

in which the examination of potential immunotherapies can be performed.
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