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Too identify the immunogenic and immunopathogenic sites present in 
humann S-Antigen (S-Ag), 40 overlapping peptides that span the whole 
lengthh of the S-Ag molecule were synthesized and tested in the Lewis rat 
modell  of experimental autoimmune uveitis. The most pathogenic 
sequencess were 180-200, 340-360 and 350-370. Ten peptide sequences were 
identifiedd that induced visible inflammation in the eye. A total of 23 
peptidess gave an in-vitro proliferative response following immunization in 
animals.. The ability to generate an immune response was not linked to the 
pathogenicc capacity of the sequence. The most pathogenic sequence, 
340-360,, was only weakly proliferative. Peptide 180-200 and peptide 340-360 
gavee higher T-cell proliferative responses, but these were lower than the 
maximall  proliferative response observed with non-pathogenic sequences. 
Inn animals immunized with whole S-Ag, the majority of the determinants 
didd not elicit a proliferative response, indicating that in S-Ag, the majority 
off  the immunogenic determinants are cryptic and are not presented by the 
APCC located in the lymph nodes. 

Introductio n n 

Thee term uveitis refers to several different forms of ocular inflammation, all 
groupedd under the same name. It is a major cause of visual impairment in a 
productivee segment of the population. T-cell autoimmunity is believed to play a 
keyy role in the pathogenesis of at least some of these conditions [1-3]. The 
retinaa contains several organ-specific antigens that can induce T-cell mediated 

Reprintt requests to: Mart.' D. de Smet, MI) , Laboratory ol" Immunology, National V.vc Institute, 
Bldgg 1», Rm ION 11 2, Bethesda, M D 20892, USA. 

08966 8411/9-3---050*)87+13 8O8.OÜ/0 < 1993 Academic Press Limited 

79 9 



ChapterChapter 4 

experimentall  ocular inflammation in susceptible animal strains. The clinical and 
histopathologicall  appearance of uveitis occurring in these models closely resembles 
certainn uveitic conditions in man [1, 2, 4, 5]. One uveitogenic retinal antigen which 
hass been extensively investigated is S antigen (S-Ag), a protein of approximately 
488 kD which appears to play a pivotal role in the visual process [6, 7]. S-Ag is a 
highlyy conserved molecule found in all mammalian species and also in many 
invertebratess [8], It is found in the retina as well as in the pineal gland [8, 9]. When 
injectedd into a variety of vertebrate animals, S-Ag induces a severe ocular and pineal 
inflammatoryy response known as experimental autoimmune uveitis (EAU) and 
experimentall  autoimmune pincalitis (EAP) [1,4]. The possible role of S-Ag in the 
etiologyy of human uveitis is further supported by the fact that many patients with 
intermediatee or posterior uveitis have immune responses to the human and bovine 
sequencess of S-Ag [10-13]. 

Manyy investigations in recent years have focused on the identification of epitopes 
responsiblee for the immunogenicity and the immunopathogenicity of S-Ag. Most of 
thee work has been carried out on bovine S-Ag [14-17]. While there is considerable 
homologyy between the bovine and the human sequences of S-Ag [18], there are 
sufficientt differences to suspect that the two antigens contain different immuno-
genicc and immunopathogenic epitopes. Only three sites of human S-Ag have been 
identifiedd so far as being immunopathogenic in Lewis rats: peptides 303-314 and 
286-2977 which arc non-dominant [19], and peptide 343 362 which has immuno-
dominantt characteristics [20, 21]. In the present article, we have carefully mapped 
thee immunogenic and immunopathogenic determinants of human S-Ag in the 
Lewiss rat by using overlapping synthetic peptides. The present study was aimed at 
determiningg the immunogenicity and the immunopathogenicity of overlapping 
peptidess of human S-Ag in the EAU model in the Lewis rat. Each peptide consisted 
off  20 amino acids, thereby minimizing the need for antigen processing by the 
antigenn presenting cell. The results show that human S-Ag contains several 
immunopathogenicc epitopes, some of which have not previously been identified. 

Material ss and methods 

SyntheticSynthetic peptides 

Fortyy overlapping oligomeric peptides of human S-Ag, each measuring 20 amino 
acidss in length, except for the last peptide measuring 15 amino acids, were 
synthesizedd based on the sequence of human S-Ag reported by Yamaki et al. [22]. 
Eachh peptide overlapped the previous sequence by 10 amino acids. The exact 
sequencee as well as the nomenclature used is shown in Fig. 1. All peptides as well 
ass human M and N peptides were synthesized by solid phase chemistry using 
t-butyloxycarbonyll  derivatives of the amino acids on an automated peptide syn-
thesizerr and were purified by Applied Biosystems Inc., Foster City, CA, USA. The 
sequencee for peptide M, corresponding to positions 303 to 320 of S-Ag, was 
DTNLASSTIIKEGIDRTV,, while for N peptide, corresponding to positions 281 
too 302, the sequence was LPLLANNRERRGIALDGKIKHE. The amino acid 
compositionn of each peptide was verified using amino acid analysis and automated 
gas-phasee sequencing. The previously identified immunopathogenic sites are 
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T a b l ee 1. Clinical grading system for experimental autoimmune 
uveitisuveitis in the Lewis rat 

Scoree Severity of ocular inflammation 

0:: No evidence of inflammatory disease 

0.5:: Minimal iridocyclitis 
Conjunctiva!!  hyperemia 
Minimall  clouding of the red reflex 

1:: Moderate iridocyclitis 
Irregularr pupil 
Moderatee clouding of the red reflex 

2:: Marked iridocyclitis with evidence of infiltrates 
Posteriorr synechiae with pupil block 
Inferiorr hypopyon 

3:: Marked obscuration of the red reflex 
Markedd hypopyon 

4:: Pan ophthalmitis with or without hemorrhage 
Corneall  neovascularization 
Markedd proptosis of the eye 

conta inedd in pept ide 29 for 286-297, pept ide 31 for 303 -314 and pept ide 35 for 

3 4 3 - 3 6 2. . 

ImmunisationImmunisation and disease evaluation 

Malee Lewis rats, 8 10 weeks old (Charles River, Raleigh, N C, USA) were 
immun izedd via the h ind footpad with the various ol igomeric pept ides of h u m an 
S-Agg emulsif ied in complete Freund 's adjuvant (CFA; Difco, Detro i t, M I , USA) 
conta in ingg Mycobacterium tuberculosis H37Ra at 2.5 mg/ml. Each animal received 
1000 ug of pept ide in 0.1 ml of CFA emulsion. An addit ional adjuvant, Bordetella 
pertussispertussis (Michigan D e p a r t m e nt of Publ ic Hea l th, Lansing, M I , USA, lot 94), was 
injectedd intravenously, 101" bacteria per rat. Animals immunized with bovine S-Ag 
preparedd accord ing to Dorey et al. [23] were used as a positive control. Rats were 
observedd daily for clinical signs of disease start ing on day 8 until they were killed. 
Clinicall  ocular changes were graded on a scale of 0 -4, based on the intensity of the 
inflammatory77 changes as indicated in Tab le 1 and modif ied from Gery et al. [3] . 
Animalss were observed for a total of 30 days; after which they were killed to 
de terminee the histopathologic grade of disease. 

Somee animals were immunized with h u m an S-Ag prepared according to the 
me thodd of Dorey et al. [2 3]. H u m an cadaver eyes obta ined within 6 hours of death 
andd shipped on ice by courier were provided by the Nat ional Disease Research 
In terchangee (Phi ladelphia, PA, USA) according to an approved protocol. T he 
investigationss were carr ied out in compl iance with Publ ic Heal th Service Policy on 
H u m a nee Care and Use of Laboratory Animals ( D H EW Publ icat ion, N I H 80-23) in 
ann accredi ted animal facility. 
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LymphocyteLymphocyte proliferation assay 

Inn order to determine the immunogenicity of the various fragments, rats were 
immunizedd according to the same protocol described above. On day 12-14 after 
immunization,, the draining lymph nodes were collected from individual rats. 
Single-celll  suspensions of the lymph node cells were cultured in 96-well flat bottom 
microculturee plates at a density of 3 x 105 cells per well in RPMI 1640 supple-
mentedd with 5% heat inactivated Fetal Calf Serum (Hyclone, Logan, UT, USA), 
22 mM L-glutamine, penicillin (100 units/ml) and streptomycin (100 ug/ml) in 5% 
C 02 .. Cell cultures were set up in triplicate and incubated with antigens for 72 
hourss at 37°C, pulse labeled with 0.5 uCi per well of pH]thymidine (New England 
Nuclear)) for 12-16 hours and harvested on glass fiber filters for scintillation 
counting.. The data are presented as stimulation index values (S.I. = mean CPM in 
culturess with antigen/mean CPM in cultures without antigen). 

Histopathology Histopathology 

Bothh eyes were taken from each animal and fixed for 30 minutes in 4% 
glutaraldehyde,, followed by 10% buffered neutral formalin. Specimens were 
routinelyy stained with hematoxylin and eosin for examination. The severity of 
EAUU in each eye was graded on a scale of 0 to 4+ as shown in Table 2 and 
modifiedd from Roberge et al. [24]. The scores for the eyes of each animal were 
averagedd to give a single score per animal. 

Results s 

DeterminationDetermination of the immunopathogemctty of peptides of human S-Ag 

Groupss of Lewis rats were immunized with the tested peptides, as well as bovine 
S-Agg as a control. We were interested in determining die immunopathogenic 
potentiall  of each oligomeric peptide and in comparing these to die animals 
immunizedd with bovine S-Ag. Several of the tested peptides were immunopatho-
genicc as is shown in Figure 2. While die majority of the immunopathogenic 
peptidess were located close to the carboxyl terminus, a few peptides were found 
closerr to the N-terminus of the S-Ag molecule. Peptide 35 contains the immuno-
dominantt epitope identified by Gregerson et al. for the Lewis rat [20]. This peptide 
provedd to be very immunopathogenic. It was the most potent of all peptides in its 
inductionn of EAU. Other peptides, however, rivaled peptide 35 in the severity and 
thee speed with which they induced disease. Peptide 19 was particularly pathogenic, 
withh disease occurring shortly after that induced by peptide 35 and at about the 
samee time as the control animals immunized with bovine S-Ag (Table 3). Peptide 
199 was of particular interest as it had never before been identified as a pathogenic 
epitopee in the Lewis rat. We also tested M and N peptides which had previously-
beenn identified as being immunopathogenic when using the bovine sequence [19]. 
Onlyy human M peptide was able to induce disease, but the disease was both 
delayedd and of a lesser intensity as compared with S-Ag. Human N peptide was 
non-pathogenicc and did not induce an immune response in our hands. We also 
testedd the strength of the pathogenic response to 3 peptides by varying the 
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T a b l ee 2. Histopathologic grading system for experimental autoimmune uveitis in the 
LewisLewis rat 

Scoree Severity of ocular inflammation 

Noo evidence of inflammatory disease 

0.5:: Trace inflammation, architecture of the retina is grossly intact 
Inflammatoryy cell infiltration of the retina without evidence of tissue destruction 

orr with outer photoreceptor damage in less than 1/4 of the retina 
Focall  non-granulomatous, monocytic infiltration in the choroid, ciliary body and 

retina a 

1:: Photoreceptor outer segment damage in > 1 /4 of the retina 
Focall  areas of destruction with marked dropout of photoreceptors 
Retinall  perivascular infiltration and monocytic infiltration in the vitreous 

2:: Lesion extending to the outer nuclear layer and in > 1/4 of the retina 
Smalll  exudative retinal detachment 
Mil dd to moderate number of cells in the vitreous 
Granulomaa formation in the uvea and retina 
Occlusivee retinal vasculitis, along with serous retinal detachment and loss of 

photoreceptor r 

3:: Lesions extending to the inner nuclear layer and in > 1/4 of the retina 
Retinall  architecture beginning to be lost, large exudative retina detachment, 

moderatee to large number of cells in the vitreous 
Formationn of Dalen-Fuchs nodules and the development of subretmal 

neovascularization n 

4:: Full thickness retinal damage in > l / 4 of the retina 
Totall  destruction of retinal architecture 

immunizingg dose. We further tested the peptides overlapping the putative immuno-
dominantt site (peptides 35 and 36) as well as the novel highly immunopathogenic 
peptidee 19 by determining their uveitogenicity at lower doses. Peptide 35 was the 
mostt pathogenic and was able to induce disease to the lowest level tested (Table 4). 
Peptidee 36, which also contains the minimal uveitogenic site, was not as pathogenic 
ass peptide 35 and was in fact comparable to peptide 19. 

DeterminationDetermination of the immunogemcity of peptides of human S-Ag 

Al ll  peptides were also tested for their ability to induce a T-cell proliferative response 
measuredd by the lymphocyte proliferation assay. The results are demonstrated 
graphicallyy in Fig. 2. Each peptide was tested for the induction of a response to self 
andd to bovine S-Ag between days 12 and 14 after immunization. The ability to 
generatee a strong T-cell proliferative response to either the peptide or to whole 
bovinee S-Ag did not correlate well with the capacity of the peptide to be pathogenic. 
Inn fact, peptides inducing a low proliferative response had the greatest pathogenic 
effect.. Figure 2 also includes a comparison of die rat and human S-Ag sequences. 
Thee comparison suggested that areas of complete homology were highly immuno-
pathogenic,, as demonstrated by peptides 6, 31, 35 and 36. However, immuno-
pathogenicityy was also found in areas where complete homology was not present. 
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Tablee 3. Paihogenicuy of oligomenc peptides of human S-Ag 
byby maximal clinical score and date of onset of inflammation 

(immunizing(immunizing dose WO/ag/rat) 

Maximum m 
Onsett Rats with clinical 

Peptidee no. (Day) EAU/Total score* 

01 1 
06 6 
19 9 
20 0 
26 6 
29 9 
31 1 
35 5 
36 6 
MM Peptide 
S-Ag} } 

155 17f 
15-20 0 
10-12 2 

20 0 
16 6 
12 2 
13 3 
10 0 
11 1 
13 3 
10 0 

2/4 4 
3/4 4 
8/8 8 
4/4 4 
2/4 4 
3/3 3 
4/4 4 
4/4 4 
4/4 4 
4/4 4 
4/4 4 

1.5 5 
1.5 5 
4 4 
2 2 
1 1 
3 3 
3 3 
4 4 
4 4 
3 3 
4 4 

*Rcferss to an average score for all eyes of the immunized animals. 
fDatee of onset refers to when disease was first observed in an animal. 

Whenn a range is given, disease was nut seen in some animals until the later 
date.. The date does not refer to when maximal disease was achieved. 

^Animalss were immunized with 30 ug of bovine S-Ag. 

Severall  peptides were identified, including peptide 19, which induced a strong 
immunogenicc or an immunopathogenic response despite having three or more 
non-conservativee amino-acid substitutions from the rat S-Ag sequence. 

DeterminationDetermination of the immune response of rats immunized with S-Ag 

Finally,, we looked at the lymphoproliferative responses against the various peptides 
off  human S-Ag in animals that were immunized with either bovine or native human 
S-Ag.. The proliferative responses were determined on day 12 and 14 as was 
previouslyy done with the various oligomeric peptides. With either S-Ag, multiple 
sitess of response were observed (Table 5). Immunization with bovine S-Ag gave a 
patternn of response similar to that seen with the animals immunized with the 
peptidess and tested against bovine S-Ag. In other words, the bovine S-Ag in vivo 
elicitedd an immune response to the same peptides that elicited a response to bovine 
S-Agg in vitro. An exception to this rule were peptides 7 and 33. Immunization with 
humann S-Ag gave a different pattern of response. In the majority of cases, the 
immunogenicc peptides corresponded to peptides that had demonstrated immuno-
genicityy in culture but no cross reactivity with bovine S-Ag. Some overlap was 
presentt between the two forms of S-Ag but interestingly there was no overlap with 
peptidee 35, the putative immunodominant site. 

Discussion n 

Immunogenicityy and immunopathogenicity of an antigen are a reflection of the 
abilityy of processed peptides to be presented by antigen presenting cells (APC) in 
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associationn with MH C class II [25]. Standard proliferation assays using cleavage 
productss of a whole molecule arc only capable of eliciting a response to those 
cleavagee products that are readily produced by peripheral blood APC. However, 
myelinn basic protein [26], and interphotoreceptor retinoid binding protein [27], 
containn epitopes that are immunopathogenic but cryptic. They are cryptic because 
enzymaticc digestion within the lysozomal compartment of the APC does not allow 
thesee fragments to survive intact, at least not within the APC present in the 
peripherall  blood or in the lymph node. However, these cryptic antigens may in fact 
playy a determining role in the establishment and the perpetuation of chronicity as 
wass recently suggested by studies in experimental autoimmune encephalitis [26]. In 
orderr to evaluate as many cryptic epitopes as possible, we decided to synthesize 
shortt overlapping peptides that would span the whole S-Ag molecule. Since eight to 
100 amino acids appear to be the minimal required number for antigen presentation 
[28],, it seemed reasonable to construct peptide determinants containing 20 amino 
acidss each. This should have a good probability of identifying nearly all the epitopes 
presentt in the human S-Ag molecule. A peptide of this size would require a minimal 
amountt of antigen processing, and in many cases might be able to interact with both 
thee APC and the T cell without any enzymatic degradation. Using this set of 
peptides,, we were able to identify a number of immunogenic and immunopatho-
genicc sites. Several of these epitopes had not been previously described. They were 
previouslyy not detected because of the low proliferative ability of these epitopes. A 
feww appear to be unique to human S-Ag, peptide 1 and in particular peptides 19 
andd 20. 

Ourr results suggest that pathogenic epitopes arise preferentially in areas of the 
S-Agg molecule that are highly conserved. There are no differences between the rat, 
humann and bovine sequences for peptides 31, 35 and 36 [18, 29], Peptide 19, 
however,, presents an interesting exception. There are 3 amino-acid substitutions 
betweenn the human and the rat sequences, and yet it is one of the more pathogenic 
peptides.. Peptide 19 is comparable in its pathogenicity to peptide 36 and appears to 
bee more potent than the previously recognized immunopathogenic epitope M 
peptide. . 

Ass has previously been noted in both EAU and EAE, there appears to be a 
dissociationn between the ability of lymphocytes to proliferate and their ability to 
causee disease [17, 31-33]. While all pathogenic sites are proliferative, the intensity 
off  the proliferative response is often quite weak as compared to several immuno-
genicc but non-pathogenic peptides. This dissociation is most marked for peptides 
355 and 36 and to a lesser extent for peptides 6, 19, 20 and 31. The exact reason for 
thiss dissociation is not known. One possibility is that with tire onset of disease, 
suppressorr cells appear in the peripheral blood that down regulates the immuno-
proliferativee response. However, this dissociation was also seen in established cell 
liness after several passages where such a mechanism should not be operative [17]. 
Lymphocytess raised to autologous sequences of S-Ag are generally less proliferative 
whenn compared to similar but non-autologous sequences [34], Such a protective 
mechanismm may be operative in peptide 35. While being the most pathogenic 
determinant,, it is also one of the least immunogenic. We also compared the 
immunoproliferativee responses of the various peptide determinants in the Lewis rat 
too those that were published on human patients [10]. The peptides that were most 
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Tabl ee 4. Dose-dependent pathogenicity of oligomeric peptides of 
humanhuman S-Ag 

Maximum m 
Peptidee Immunizing Onscr*  Rats with clinical 
no.. dose (|ig/rat) (Day) EAUATotal scoret 

100 0 
50 0 
25 5 

5 5 
100 0 
50 0 
5 5 

100 0 
50 0 

5 5 

12 2 
13 3 
15 5 
— — 
12 2 
12 2 

n n 
12 2 
13 3 

4/4 4 
2/2 2 
1/2 2 
0/2 2 
4/4 4 
4/4 4 
4/4 4 
4/4 4 
3/4 4 
0/4 4 

4 4 
3 3 
2 2 
0 0 
4 4 
4 4 
3 3 
4 4 
3 3 
0 0 

'Da tee of onset of clinical disease. This does not refer to the date of 
maximall  disease. 

ff  Refers to the average maximal clinical score for all eyes that were 
evaluated. . 

consistentlyy proliferative from patient to patient were 2, 3, 8, 13, 32 and 35. These 
peptidess were not particularly immunogenic in the Lewis rat except for peptide 13. 
Thee pathogenic peptides identified in the Lewis rat were found to be proliferative in 
relativelyy few patients. Peptide 35 was proliferative (at an S.I. of 2.0 or more) in 
28%% of patients, peptide 6 in 20%, while all the remaining pathogenic peptides 
weree identified in less than 10% of patients. 

Animalss immunized with either bovine or human S-Ag had a proliferative 
responsee to several peptide determinants, with no particular site being particularly 
dominantt (Table 4). In general, immunization with a whole protein leads to the 
identificationn of a dominant, often unique, proliferative determinant. The presence 
off  multiple determinants that are nearly equally proliferative indicates that, in the 
Lewiss rat, S-Ag is a highly immunogenic protein. This degree of immunogenicity is 
usuallyy not elicited by immunization with adjuvant. It is usually seen after the 
immunee system has become exposed to an antigen through more normal mech-
anismss such as an infection [35]. Under these conditions, it is not unusual to find 
multiplee immunogenic determinants without any clear immunodominant site. The 
immunee system might have become exposed to S-Ag or to the immunogenic 
epitopess of S-Ag prior to immunization through several different mechanisms. S-Ag 
iss present in the pineal gland which does not have as tight a vascular barrier as the 
eyee [36], thus allowing some exposure of S-Ag to the immune system. Mimicry 
betweenn S-Ag epitopes and other proteins that share a similar peptide sequence 
mightt be another mechanism [37]. Of the immunogenic determinants that were 
identified,, several were found to be immunopathogenic. It is interesting to note that 
severall  of these determinants were cryptic. Lymphocytes from animals immunized 
withh either bovine or human S-Ag did not give an immune response when tested in 
vitro.vitro. The lack of immune response suggests that antigen processing by lymph node 
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Tab l ee 5. Stimulation indices to oligomeric pep-
tidestides of human S-Ag in Lewis rats immunized 

withwith whole S-Ag 

Peptide e 
no.* * 

03 3 
06 6 
07 7 
08 8 
09 9 
10 0 
15 5 
17 7 
18 8 
19 9 
20 0 
21 1 
23 3 
29 9 
33 3 
35 5 
S-Ag g 

Bovine e 
S-Agf f 

4.4 4 

6.5 5 
3.6 6 

13.0 0 

2.4 4 
9.4 4 
6.0 0 

29 9 

Human n 
S-Agf f 

2.7 7 
2.5 5 
5.3 3 
6.1 1 
4.0 0 
2.1 1 

5.8 8 
5.5 5 
5.3 3 
5.1 1 
5.2 2 
3.2 2 

12 2 

*Peptidee concentration and the concentration of 
bovinee S-Ag was 100 ug/ml, 

fOnlyy responses with S.I. above 2.0 arc shown. 
Valuess represent an average of cells pooled from the 
ratss of each group. 

APCC did not produce these particular epitopes. Processing of the S-Ag molecule by 
APCC at other sites such as the eye is likely to be different and allow these particular 
determinantss to cause disease. The use of small synthetic peptides prevents much of 
thee normal antigen processing that usually occurs and allows hidden determinants 
too elicit an immune or an immunopathogenic response. 

EAUU serves as a model for human uveitis. We have shown in these experiments 
thatt there are several immunopathogenic determinants within S-Ag, suggesting that 
thee same may be true in patients. The existence of multiple determinants would 
placee considerable restrictions on die feasibility of immunotherapy in humans. 
Immunotherapyy directed against a single determinant is unlikely to be effective. 
Onlyy approaches that can induce non-specific suppression, even if limited to a 
specificc inflammatory site, arc likely to be effective. 
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