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Summaryy and Conclusions 

Inn the foregoing chapters, a series of observations are presented on both experimental and human 
uveitis.. The observations in the experimental model are used as a basis to better understand the 
humann situation. However, human studies have also generated new insights on the pathophysio-
logicc process, and these will lead to further studies in the animal model. Findings regarding fluc-
tuationss in circulating lymphocytes responsive to ocular autoantigens, their enumeration, or the 
presencee of determinant spread as seen in humans have not yet been documented in experimen-
tall  uveitis models. Indeed, it has rarely been studied in other autoimmune diseases. By contrast, 
whilee we have considerable knowledge regarding the pivotal uveitogenic determinants of S-Ag 
andd interphotoreceptor retinoid binding protein (IRBP) in the Lewis rat (section I), we know very 
littl ee of the role of peptide determinants in humans. The first plausible determinants to fulfil l this 
rolee have been identified and presented in section II. 

Inn addition to observations relating to the mechanism of immune stimulation, this thesis has al-
soo addressed the use of experimental models in testing new therapeutic modalities. For clini-
cians,, experimental models are particularly useful in testing these novel approaches prior to ini-
tiatingg clinical studies. In section III , attempts at modulating experimental uveitis using several 
differentt approaches are presented. When this thesis was submitted, two of the three tested ap-
proachess have made it to human clinical trials or to clinical practice. Whether rapamycin will 
makee it to the clinic will depend on the company's determination to fund the appropriate trials. 
Rapamycinn has several characteristics that make it particularly appealing, including its ability to 
inhibitt both T and B cells proliferation, and to reduce neovascularization. Section IV presents re-
sultss in human trials based on experimental data using antigen feeding, an approach which is felt 
too hold great promise, but which is still poorly understood. Other articles refer to cyclosporine 
andd its clinical use. Also introduced to the treatment of uveitis on the basis of experimental re-
sults,, cyclosporine has required the development of specific treatment protocols to avoid sys-
temicc toxicity. Since uveitis patients are generally healthy except for their eye disease, avoidance 
off  systemic side effects is of crucial importance. Strategies in this direction based on the use of 
cyclosporinee on its own, or in combination with an enzyme inhibitor are presented. 

Beforee discussing each section in more detail, it is appropriate to reflect on the differences be-
tweenn the experimental model as it is currently used, and human disease. Experimental Autoim-
munee Uveitis (EAU) is a T cell mediated process characterized by an acute onset, a self limiting 
coursee and recurrence only under special circumstances (and in a limited number of species). In 
contrast,, human disease in most instances is rather indolent, characterized by exacerbations and 
remissionss over several months to years. Furthermore, S-Ag and IRBP, which are used exten-
sivelyy in this thesis as model ocular autoantigens, generate an inflammation centered in the reti-
naa (particularly in the rat and mice). Many human uveitic conditions affect the retina and choroid 
equally,, or appear to cause more damage in the RPE and choriocapillaris. Other antigens such as 
melanocytee derived antigen may more appropriately portray human disease, and its recurrence 
pattern.. This model deserves further investigation. At present the antigen causing EMIU is poor-
lyy characterized, and the immunopathogenic epitopes are not known. Despite its limitations, 
EAUU has given us a template for the study of autoimmunity in general, and uveitis in particular. 
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Thiss thesis has drawn on the elements of this template and hopefully may serve as a model for 
futuree studies. 

Sectionn 1: Immunologic Determinants of Ocular Autoantigens in 
Experimentall Uveitis 

Antigenicc proteins are processed prior to inducing an immune response. In general, the initial 
immunee response is directed to a limited number of determinants [ see chapter 1]. In IRBP, this 
immunodominantt determinant is located at 1182-1190 of bovine IRBP. By using amino acid sub-
stitutionss along the length of the decapeptide, it was possible to study the role of individual 
residuess with regards to various immunologic activities that characterize a given determinant, 
namelyy immunogenicity. immunodominance, and uveitogenicity (pathogenicity). Each of these 
termss was specifically defined in the context of these studies. Immunogenicity referred to the 
abilityy to generate an immune response. Uveitogenicity referred to the ability to cause uveitis. 
Immunodominancee referred to the ability of a determinant to cause disease at the lowest immu-
nizingg dose (causing disease comparable to the whole molecule). Since the peptide determinant 
servess as a bridge between the antigen presenting cell (APC) and the T cell receptor (TCR), it 
wass also possible to study the likely role in the TCR-MHC interaction of each residue. Analysis 
off  activities of pivotal residues made it possible to learn about their role in the interaction be-
tweenn the T cell receptor and the MHC molecule on the surface of the antigen presenting cell 
(APC).. Thus, valine at position 1188 and proline at position 1189 are critical for interaction with 
thee TCR. while tryptophan at 1 182. and aspartic acid at 1190 are essential for peptide binding to 
thee MHC. These findings raise another issue: other experiments have shown that certain deter-
minantss were recognized by several different MHCs . and across species. It would be interesting 
too know if the same binding elements are crucial for TCR and MHC interactions in each of these 
species. . 

Inn the course of certain studies regarding factors affecting the intracellular trafficking of IRBP, 
wee found that it was strongly bound, through an ATP dependent process, to a cytosolic protein of 
molecularr weight 70 kD. Immunoprecipitation and partial sequencing identified this protein as 
beingg part of the chaperone family of proteins, a highly conserved protein family involved in pre-
ventingg protein denaturation, and degradation. Its role in the immune process is not clear. There 
iss considerable evidence in the literature to suggest that chaperones influence antigen presenta-
tion.. Their presence may also promote an immune response as has been clearly demonstrated in 
certainn forms of cancer and suggested n Behcet's disease. Certainly modifications in the peptide 
sequencee will modify the affinity for the IRBP chaperone (personal communication - K. Ren-
garajan).. Expression of hsp in the inflamed retina follows a defined pattern, starting in the gan-
glionn cell layer and progressing to the RPE which expresses high level of hsps only in late stages 
off  the disease. However, the exact role of this particular chaperone in the immunologic process 
remainss to be defined. 

Nextt human S-Ag (hS-Ag) was studied in the Lewis rat to identify its immunologic and im-
munopathologicc determinants. Using overlapping peptides of the whole sequence, several sites 
weree identified capable of generating an immunopathogenic response. The most active site was 
identifiedd at position 340-360, similar to findings by other authors who had used the bovine se-
quence.. Of interest, this most pathogenic sequence was not the most proliferative suggesting a 
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separationn between pathogenicity and immunogenicity. This observation, also made by other in-
vestigatorss is of critical importance, since the identification of a highly proliferative site in hu-
manss does not necessarily imply a role in pathogenesis. 

Finally,, the more pathogenic determinants of S-Ag in the Lewis rat were tested in other rat 
strains,, some of which shared the same MHC background while others did not. This study at-
temptedd to identify determinants which had the ability to cross histocompatibility boundaries. In 
thee case of determinant 340-360, this was certainly the case. However, even in strains that shared 
thee same MHC background, there was considerable variation in the degree of immunogenicity 
andd pathogenicity of each tested determinant. While the causes of this variation were not inves-
tigatedd in this study, factors such neuro-endocrine modulation, the T cell priming to a Th 1 or Th2 
profilee play a critical role. Thus, factors extrinsic to the ability to appropriately process and rec-
ognizee an antigen play a role in the phenotypic expression of disease. In outbred species, these 
externall  influences are even more likely to play a critical role. In the light of these results and oth-
ers,, interpretation of proliferation results in humans must be done with care. 

Sectionn II: Immunologic Reponses to Ocular Autoantigens in Humans 

Too obtain a profile of the immune response to retinal autoantigens in humans, two patient popu-
lationss were tested in the US and in Japan. The profile in both countries was similar. Patients with 
retinall  pathology were more likely to have a positive immune response to S-Ag or IRBP. Fur-
thermore,, several patients responded to both antigens or fragments thereof. This pattern 
wass seen in 26 of 82 patients tested. The result is even more significant if one considers that 
aboutt half of the patients did not show any significant proliferative response to any antigen 
(definedd in this case as a proliferation above the mean of controls plus 2 standard deviations). 
Sincee most of these patients had a well established disease pattern for several years, it is assumed 
thatt sensitization to the second retinal autoantigen (and likely more) took place some time after 
thee initial inflammatory episode began. A proliferative response in control subjects was noted in 
upp to one third of individuals. Current thoughts regarding autoimmunity support the concept of 
selff  recognition in both B and T cell networks both in normal individuals and in pathological 
states. . 

Inn lymphocyte cultures from patients, fluctuations in triplicate wells were frequently observed. 
Oftenn one of the three triplicate wells would deviate in its response level. The reason for this de-
viationn was generally felt to be due to an inhibitory microenvironment preventing growth of re-
sponsivee cells. However, the cause could equally have been a low circulating number of respon-
sivee T cells. To test this hypothesis, cultures were set up in a way to minimize both effects. A 
statisticallyy significant number of wells were placed in culture (490 wells), and T cell cytokine 
stimulantss were given in each well. This assay was shown by others to act as a modified limiting 
dilutionn assay (LDA). Thus, it was possible to estimate the number of circulating responsive T 
cellss in the peripheral blood of patients and controls. Patients have a 100 to 1000 fold higher 
numberr of responsive circulating cells to S-Ag as compared to controls. Results were in keeping 
withh those previously published using an 1L-2 release assay . 

Havingg shown that this method allowed enumeration of responsive T cells in the peripheral blood 
off  patients and controls, we wanted next to determine the profile of these cells over time. We de-
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cidedd to limit our study to a well defined population of patients, namely those with Behcet's dis-
ease.. A group of five patients were followed prospectively for several months using the standard 
proliferationn assay {as was used in the first study presented in this section), as well as by the mod-
ifiedd LDA assay described above. Despite the limited nature of the study, several observations 
weree possible. (1) The standard assay is poor at predicting the timing of an inflammatory recur-
rence,, but a stimulation index higher than the mean + 2x standard deviation correlated with clin-
icall  exacerbation some time in the future. (2) Following an ocular attack, the standard assay gave 
stimulationn indices often below their baseline, making it an unsuitable test to follow patients 
prospectively.. (3) The LDA appeared to correlate fairly well with ocular activity - demonstrating 
ann increase in peripheral responsive cells shortly after an episode of ocular activity (4) The in 
creasee was maintained for a few months before decreasing back to baseline. The curve was sim-
ilarr to the one observed in experimental models of inflammation or infection. Thus, the standard 
assayy is able to provide information on the relevance of a given antigen to a disease process 
(withoutt saying anything on its role in the disease), while the LDA assay might be useful in prog-
nostication.. Future studies may help to delineate the predictive value of LDA assays, but a sim-
plerr methodology than the one used in the current study would be needed. 

Finally,, using the same overlapping peptides of human S-Ag that were used in section I. we test-
edd a number of patients and controls. To insure relevance to the disease process, a substantial 
numberr of controls were tested. The data were analyzed using 2 approaches. The first aimed at 
identifyingg determinants for which the proliferative response in patients was statistically signifi-
cantlyy higher than in controls- in essence these determinants would provide an immunodominant 
(proliferative)) response in all patients with a given disease. Such determinants were identified in 
Behcet'ss disease and in Sarcoidosis. They were located adjacent to immunopathogenic determi-
nantss in the rat with which they shared part of the sequence. Next the data was analyzed for de-
terminantss of clinical relevance, as indicated in the previous study by stimulation indices above 
thee mean of controls plus 2 standard deviations. Several patients had responses to multiple de-
terminantss not limited to the immunodominant determinants identified above. A similar obser-
vationn was made by others in patients with multiple sclerosis where it was proposed to be caused 
byy determinant spreading. With each disease recurrence, the immune response appears to shift to 
aa new determinant. In experimental autoimmune encephalitis, this determinant spread follows a 
predictablee course, and modulation of the response to these determinants can limit disease re-
currence.. This is the first observationn of such a phenomenon in uveitis. Its relevance to ocular au-
toimmunityy needs further study. 

Sectionn III: Novel Therapeutic Strategies in Uveitis 

Overr the years, the EAU model of uveitis has been useful to test new therapeutic modalities. Fa-
vorablee observations with FK506 (tacrolimus) in the rat model were extended to the primate 
model,, and are the subject of the first paper in this section. Side effects were limited to a dose of 
0.55 mg/kg/d and were largely limited to liver toxicity. At the lower doses of 0.25 mg/kg/d or 
0.1255 mg/kg/d, no toxicity was observed. Protection from uveitis was induced in a majority of 
animalss though not all were protected, particularly when the drug was given a few days prior to 
thee onset of disease (in the afferent phase of the immune response). Immunohistochemical study 
off  the ocular infiltrating cells revealed a shift in response to a more inhibitory profile (CD8), with 
aa reduction in the number of infiltrating B cells. 

224 4 



AA similar study was carried out in rats using rapamycin, an inhibitor of lymphocyte growth fac-
torr signal transduction. A dose of 0.1 mg/kg/d was found effective at inhibiting EAU induction 
evenn when treatment was initiated 7 days after immunization. 

Wee also looked at the ability of using IL-13 to block further development of uveitis once it had 
appearedd in one eye. IL-13 is a pleomorphic cytokine produced by Th-2 lymphocytes. As IL-10 
andd glucocorticoids, it has a downregulating effect on cell mediated immunity. IL-13 inhibited 
inflammationn both in the affected eye as well as in the contralateral eye. The effect extended be-
yondd the treatment period, and lasts at least for the 4 week follow-up period. Modulation of dis-
easee by promoting a Th2 environment as suggested here appears to be a promising line of inves-
tigation. . 

Sectionn IV: Therapeutic Strategies for the Treatment of Human Uveitis 

Cyclosporinee was introduced about 20 years ago as a potent mediator of T cell activity. It has 
beenn used extensively in uveitis with beneficial results, particularly in Behcet's disease. Howev-
er,, a few years after its introduction, it became clear that Cyclosporine was responsible for sig-
nificantt side effects, particularly in the kidney. Appropriate treatment schemes were required to 
monitorr patient response to treatment, and to monitor for side effects. A summary of the current 
knowledgee regarding cyclosporine and its use in Ophthalmology is provided in the first chapter 
inn this section. Since then, trials have been made to start at lower initial doses , and it has been 
usedd to treat dry eye syndrome using a topical preparation. 

Thee next two articles present a novel treatment combination in an attempt to reduce the required 
orall  dose of cyclosporine. Since cyclosporine is metabolized primarily by hepatic cytochrome 
P450.. the use of an inhibitor of this enzyme (ketoconazole) leads to a reduced need for the med-
ication,, and more stable systemic drug levels. Additional benefits include an increased efficacy 
duee to more stable blood levels throughout the day, and a reduction in renal toxicity. 

Thee final article presents a novel therapeutic approach. The use of antigen feeding to prevent oc-
ularr inflammation was introduced a few years ago as a highly promising approach to modulate 
autoimmunee inflammation. The mechanism is felt to involve antigen presentation in intestinal 
Peyerr patches where a Th2 profile is induced in exposed lymphocytes. These cells are then free 
too circulate to other target organs such as the eye where their action may lead to a down regula-
tionn of inflammation through secretion of Th2 type cytokines. The pilot results of an S-Ag feed-
ingg study in 2 patients are presented in the last article. Two patients with posterior uveitis were 
ablee to be tapered off medication. Stopping S-Ag feeding caused an increase in lymphocyte re-
sponsivenesss which was followed by disease recurrence. Based on these promising results, a tri-
all  of bovine S-Ag versus crude bovine retinal extract was initiated. Results from this study were 
ratherr surprising. S-Ag fed patients had prolonged remissions compared to controls and lower 
dosess of anti-inflammatory medications were needed. Patients receiving retinal extract did worse 
thann controls. While the reason for these results is not known, the literature does support para-
doxicall  immune responses. Thus, while a promising approach, additional studies are required to 
identifyy the exact determinants responsible for the ocular inflammatory response. Given our ob-
servationss with S-Ag fragments, it would seem that additional information would also be need-
edd regarding the influence of antigen spreading on the feeding response. 
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Manyy unanswered questions remain. While our understanding of human disease still lags behind 
öürr understanding of the experimental model, approaches similar to those proposed here, sup-
plementedd by obtaining intraocular material (through ocular punctures or biopsies) should help 
u§§ to fill  in part of thisIgapiii years^coaie. 
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