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INTRODUCTION 

Experimental autoimmune uveo retinitis (EAU) i s a n organ-specific autoimmune 

disease in the eye that can be induced by immuni zatio n with retinal specific 

antige ns, J.e., r e tinal soluble antigen (S-antigen)(l) and interphotoreceptor 

r et inoid-b inding prote in (IRBP)(2). The immunopathogen ic mechanisms 

involved in EAU are still controversial, bu t accumulating data indicate that 

the disease is primarily mediated by T-lymphocytes (3-5). 

EAU can be readily induced by immunization with the r et in al antigens 

e mulsified in complete Freund's adj uvant (CFA) in a variety of experimental 

animals such as th e rat(6), the guinea pig(7) and the monkey(8). EAU indu ced 



in these animal species is highly reproducible and useful to study the 

immunopat hological mechanisms of the disease and the immunopharmacological 

effects of immunos uppressants in uveitis (9-11) . However, these mod els are 

inadequate to study the genetic control of EAU. It is, therefore, important 

to establish an EAU model in a genetically and immunologically well-defined 

species such as the mouse. Currently, Caspi and he r colleagues succeeded to 

induce EAU in the mouse (12,i3). The induction of EAU in the mouse reported 

by Caspi et al. was achie ved by intensified immunization protocol, i. e ., 

pretreating animals with cyclophosphamide 2 days before immunization and 

immuni z ing animals twice with high doses of r etinal antigens in CPA along 

with Bordetella pertussis (13). Although their method is r ep r oducible to 

induce EAU in certain strains of mice , treating animals with an 

immunosuppressant, cyclophosphamide, may affect the immun e responses in the 

mice and the cells infiltrating the eye. 

The aim of the present study was to es t a lish a method to induce EAU in 

mice without using immunosuppressants, and also to dete rmine the gene tic 

control in the induction of EAU by using 810 congenic mice. 

2 



MATERIALS AND METHODS 

§ 1 Animals 

Two inbred strains of mice, SMA mice (n=l34) and C57BL/6 mice (n=ll4) and five 

strains of BlO congenic mice, BlO.BR (n=46). BlO.A (n=lO), BlO.A(4R) (n=ll), 

BlO.MBR (n=7). BlO.A(5R) (n=l9) were used. Also, Fl(BlO.BR x C57BL/6) (n=l9) 

and AKR/J (n=l2) were used. The H-2 haplotypes of the inbred strains of mice 

used in the study are summarized in Table 1. BlO. BR, BlO.A(4R). BlO.MBR and 

Bl0.A(5R) were obtained from the Jackson Laboratory (Bar Harbor, Maine, 

U.S.A.). BlO.A was obtained from the Japan SLC (llamamatsu, Shizuoka, Japan). 

C57BL/6 was purchased from Charles River Japan (Atsugi, Kanagawa, Japan). 

AKR/J was purchased from the Seiwa Laboratory (Yoshitomi, Fukuoka, Japan). 

Fl hybrid was produced by selective breeding by ourselves. The breeders of 

SMA mice were supplied by the Institute for Laboratory Animal Research, 

Nagoya University School of Medicine. The SMA strain of mice is an inbred 

strain originally derived from Swiss mice and its homogeneity has been 

maintained by brother - sister mating at the Institute for many years. 

Animals aged 6 to 8 weeks on the first day of each experiment were used in 

this study. In conducting the research described, the investigators adhered 

to the "Guide of the Care and Use of Laboratory Animals" (14). 
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§ 2 Antigen 

S-antigen was prepared using fresh bovine retinas according to the method 

of Dorey et al. (15) and of Fuj !no et al. (16). 

§ 3 Adjuvants 

Two different adjuvants were used. One was K03 LPS, which was prepared from 

Klebsiella pneumoniae strain LEN-1 (03: Kl-) as described previously (17). 

The other was CFA used as a control adjuvant for K03 LPS. CFA was made in 

our laboratory from incomplete Freund's adjuvant (DIFCO, Detroit, MI) by 

adding Mycobacterium tuberculosis H37Ra (Mitsui Pharmaceutical Co. Ltd., 

Tokyo) at a concentration of 2.0 mg/ml. 

§ 4 Immunization 

Two different protocols for immunization were tested in this study. One was 

an immunization with S-antlgen emulsified (1: 1 v/v) in CFA. Test animals 

received either single or 5 repeated immunizations with 100 ~ g of S-antigen 

emulsified in CFA in a hind footpad. The other was an immunization with 

S-antigen mixed with K03 LPS. The K03 LPS was dissolved in 0. DIM phosphate 

buffered saline (PBS) and mixed with antigen solution (1: 1 v /v). The mixture 

containing 100 ~ g of K03 LPS and one of various doses (4, 20 and 100 11 g/ 

time/mouse) of S-antigen was given by a subcutaneous injection at the 

inguinal region. The injection was repeated at the same place at intervals 
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as indicated. 

§ 5 Evaluation of EAU induction in mice 

Animals were examined daily under an operating microscope to evaluate 

clinical signs of ocular inflammation . Animals were killed 3 weeks after the 

last immunization and all eyes were examined histologically. Immediately 

after enucleation, eyes were placed in 2.5% glutaraldehyde 2% formalin and 

fixed. Then, the eyes were embedded in glycol methacrylate, cut at 3 ~ m 

and stained with hematoxylin and eosin. Intensity of histopathological 

changes was graded from 0 to 3 as described in Table 2. 

showed the examples of histopathological grading. 

§ 6 Evaluation of immune responses to S-antigen 

figures 1 to 3 

Immediately after the sacrifice of the mice, the blood and the spleen were 

obtained. The antibody titers to S-antigen in the serum were measured by 

the enzyme linked immunosorbent assay (ELISA) as described previously (4) 

with some modification: a 1:1000 dilution of peroxidase conjugated anti-mouse 

IgG (Cooper Biochemical Inc., Malvern, PA, USA) was used as the secondary 

antibody in the present study. The antibody levels were expressed as values 

of the OD absorbance at 410 nm using a 1:320 dilution of the serum samples. 

The values of the serum samples of SMA and 810 congenic mice without 

immunization were less than 0.04. 
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Proliferative responses of lymphocytes to S-antigen we r e examine d using 

plastic dish-nonadherent splenocytes as follows: immediate ly afte r the 

sacrifice of the mice, the spleens were removed and t ease d gently in 

RPm-1640 medium with HEPES (GIBCO, Grand Island, NY) supple me nted with 100 

U/ml penicillin, 100 1.1 g/ml streptomycin, 2 mM L-glutamine and 2% fetal calf 

serum (FCS, Boehringer-Mannheim, West Germany). The cell suspension was 

washed 3 times in the medium and was deprived of erythrocytes by treatment 

with Tris-ammonium chloride. The cell suspension was incubated in 100 x 

15-mm plastic petri dishes (l x 108 cells/dish, Fisher Scientific Co. 

Springfield, NJ) at 37°C for 1 hr. Then the nonadherent c e lls were collected 

carefully, washed once and resuspended in the medium supplemented with 5% 

FCS and 5 x 10_, M 2-mercaptoethanol. A mixture of the cells (2 x 

lO"cells/ml) and S-antigen (0.2, 2, 5, 20 1.1 g/ml) was cultured in triplicate in 

96-well flat-bottomed plates (Costar, Cambridge, MA), at 37° C with 100% 

humidity and 5% C02 in air for 4 days, and pulsed with 1.5 1.1 Ci of 

3 H-thymidine (6. 7 Ci/mmol, New England Nuclear, Boston, MA) for the last 16 

hr. of culture. The cells were harvested with an automatic cell harveste r 

(Cambridge Technology Inc. , Cambridge, MA). and incorporated radioactivity 

was measured by a liquid scintillation counter (Aloka Model LSC-900, Tokyo, 

Japan). The results were expressed as 6 cpm (mean cpm in culture s with 
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S-antigen (2 ll g/ml) minus mean cpm in cultures without S-antigen). 

RESULTS 

§ 1 Immunization with S-antigen in CFA 

None of the SMA or C57BL/6 mice developed EAU after single or 5 repeated 

immunizations with S-antigen in CFA (n=8 in each group). (data not shown) 

§ 2 Immunization with S-antigen in K03 LPS 

We immunized SMA and C578L/6 mice with S-antigen (100 ll g/timc/mouse) and 

K03 LPS various times at 4-week intevals. As shown in Table 3, SMA mice 

recieved 4-5 immunizations developed EAU changes in all tested animals, 

although none of the SMA mice (n=20) immunized with K03 LPS alone developed 

EAU (data not shown). 40% of C578L/6 mice developed EAU when immunized by 

the repeated protocol (Table 3). No mice of eit her strain developed any 

pathol ogical changes in the eye until after the third immunization. A 

quarter of the SMA mice immunized 3 times with S-antigen developed mild EAU 

changes. The more the number of immunizations increased, the more 

frequently and the more severely SMA mice developed EAU. SMA mice 

developed strong pathological changes including severe cell infiltration 

following the fourth immunization. After the fifth immunization. cells 
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infiltrating the eye disappeared but the most intense change was recorded in 

the photoreceptor cell layer, which was completely destroyed. C57BL/6 mice 

also developed EAU, and the incidence of EAU induction depended on the 

number of immunizations. The incidence and intensity of EAU changes in 

C57BL/6 mice were less than in SMA mice. 

We examined the influence of the following parameters on EAU induction 

in mice, i.e. (1) day of sacrifice following the first immunization, (2) the 

dose of antigens and (3) the intervals between immunizations . 

The influence of the period after the first immunization on EAU induction 

was shown in Table 4. SMA mice fully developed EAU after the fourth 

immunizat ion at 4-week intervals (group C in Table 4) . These mice were 

sacrificed at 15 weeks after the first immunization. However, S~lA mice which 

had been immunized twice at an interval of 4 weeks and sacrificed at 15 weeks 

after the first immunization did not develop EAU (group B). 

The results of a dose-response study using the protocol of 4 

immunizations at 4-week intervals are shown in Table 5. In both SMA mice and 

C57BL/6 mice , the incidence of EAU as well as the intensity of pathological 

changes depended on the dose of S-antigen. However, SMA mice were more 

susceptible to EAU t han C57BL/6 mice as demonstrated by the higher 

incidence and the higher grading of the disease intensity at all tested 
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antigen doses. SMA mice developed mild EAU changes in one-third of the 

tested animals even wlth 4 ~ g of S-antigen, while none of the C57BL/6 mice 

developed EAU at that dose. 

Then, the relationship between EAU induction and the time interval of 

immunizations was examined. In this experiment, a dose of 20 ~ g of S-antigen 

plus K03 LPS was injected 4 times at different intervals (l, 2, 4 weeks) . It 

was found that immunization at 4-week intervals resulted in sLightly higher 

or similar EAU development in the SMA mice and C57BL/6 mice comparing to 

immunization at l or 2-week intervals (data not shown). 

§ 3 Histopathological features of EAU 

Fig. 4 shows the histology of the retina of a naive SMA mouse. The 

histopathological changes of EAU in SMA mice were characterized by 

infiltration of inflammatory cells at the retinal blood vessels as well as in 

the retina and the choroid , and destruction of the photoreceptor cell layer. 

The early EAU changes following 3 immunizations were moderate cell 

infiltration in and around retinal blood vessels as well as in the retina and 

in the choroid but minimal destruction of the photoreceptor cell layer (Fig. 

5). The infiltrating cells in those tissues were predominantly mononuclear 

cel ls, while infiltration of polymorphonuclear leukocytes (PMNs) was minimal. 
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The cell infiltration was most remarkable at retinal blood vessels. 

Following 4 immunizations, inflammation became more severe and partial 

destruction of the photoreceptor cell layer was observed (Fig. 6). When a 

fifth immunization was given, the photoreceptor cell layer was completely 

destroyed, the retina became atrophic, and the cells infiltrating into the 

retina and the choroid disappeared, as shown in Fig. 7. In contrast to the 

clear histological changes in the posterior segment of the eye, no 

significant changes were detected in the anterior segment of the eye (Fig. 

8). The histopathological changes of EAU in C57BL/6 mice were essentially 

same as those in SMA mice. However, intensity of cell infiltration observed 

in C57BL/6 mice was much less than in SMA mice. 

It should be noted that naive mice of any strains used in this study had 

shown no pathological changes in the eye (the eyes of 5 naive animals of 

each strain were histologically examined at the age of 12 weeks). 

§ 4 Immune responses to S-antigcn in SMA mice and C57BL/6 mice 

Figures 9 and 10 demonstrate the immune responses to S-antigen in S~IA mice 

and C57BL/6 mice with regard to the number of immunizations. When immunized 

with 100 ~ g of S-antigen plus K03 LPS at intervals of 4 weeks, antibody 

response to S-antigen in SMA mice increased following the secondary 

10 



immunization and the antibody levels were gradually elevated thereafter, 

while that in C57BL/6 mice slightly increased after the tertiary 

immunization. The antibody levels in SMA mice were significantly higher than 

those in C57BL/6 mice (Fig. 9). The proliferative responses to S-antigen in 

SMA mice were also elevated following the secondary immunization, and the 

response increased gradually thereafter as the number of immunizations 

increased. On the other hand, the proliferative responses to S-antigen in 

C57BL/6 mice slightly increased after the tertiary immunization, and were 

markedly elevated only after the fourth immunization (Fig . 10) . 

As shown in Table 6, the antibody levels and the proliferative responses 

to S-antigen in both strains of mice depended on the dose of S-antigen used 

for the immunization. In addition, it was found that the lowest dose of 

S-antigen (4 11 g/mouse), which was an insufficient dose to induce EAU in 

C57BL/6 mice, did not cause any significant elevation of antibody titers and 

proliferative responses to S-antigen in this strain of mice. However, in SMA 

mice the lowest dose of S-antigen, which induced EAU in one-third of this 

strain of mice, caused moderate elevation of antibody titers and 

proliferative responses to S-antigen. 

§ 5 EAU susceptibility in various strains of mice 
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Table 8 summarizes t he susceptibility to EAU in various strains of mice. ~lice 

were immunized with the mixture containing 100 ~ g of K03 LPS and 20 ~ g of 

S-antigen 4 times at 4-week inte r vals, since a dose of 20 ~ g of S-antigen 

was the submaximum dose to induce EAU in BlO.BR (Table 7). As shown in 

Table 8, among the five strains of Bl O congenic mice, BlO.BR, BlO.A, BlO.A(4R) 

and BlO.MBR were highly susceptible to EAU, whereas BlO.A(5R) was not 

susceptible. Fl(BlO . BR x C57BL/6) was also highly susceptible. C57BL/6 and 

AKR/J s howed low to intermediate susceptibility to EAU . 

Table 9 s ummarizes the antibody levels and the proliferat ive responses 

to S-antigen of each strain of mouse used in this expe rime nt. Both antibody 

titer levels and the proliferative responses to S-antigen were comparable to 

susceptibility to EAU. 

DISCUSSION 

The present data showed an establishment of a new me t hod for the induction 

of EAU in th e mouse, which has been considered to be a species resistant to 

EAU. Also, these data suggested t ha t I-A subregion genes regulated EAU 

susceptibility in the mice. 

Induction of EAU in SMA mice and C57BL/6 mice was achieved by 

immunization with r e tinal uveitoge nic a n tigen mixed with K03 LPS . The 
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immunization was repeated 3-5 times at intervals of 1-4 weeks. The 

successful induction of EAU in mice can be attributed to the following two 

factors, (1) the adjuvant used and (2) the strains of mice used in the study. 

We could induce EAU in either SMA or C57BL/6 by immunization with 

S-antigen in K03 LPS, although both strains did not develop EAU by 

immunization with antigen emulsified in CFA. K03 LPS has been reported to 

have very powerful adjuvant activities in augmenting immune responses 

(18,19, 20). the delayed type hypersensitlvi ty (21-23) and susceptibility to 

various autoimmune diseases, such as thyroiditis (24,25), pancreatitis (26), 

hepatitis (27), hemolytic anemia (28) and orchitis (29) in SMA mice or other 

strains of mice. K03 LPS has also been shown to have several biological 

activities such as enhancing interleukin-1 production by activated 

macrophages (30,31), induction of PMN infiltration in the lymph node (32), and 

promoting antigen retention in the lymph node (33). In addition, successful 

induction of other experimental autoimmune diseases in mice has been 

reported by repeated immunization with pathogenic antigens mixed with K03 

LPS (18,19 , 24-29). EAU in the mouse was also readily induced by the repeated 

immunization protocol with S-antigen mixed in K03 LPS. Although the precise 

immunologic mechanisms by which K03 LPS augments the immune responses is 

still unknown, it was reported that much more pronounced antibody response 
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was induced after the secondary and tertiary immunizations with the protein 

antigen mixed with K03 LPS than after the primary immunization (20). This is 

in accord with the present results: no mice developed EAU and antibody 

response and proliferative response to S-antigen in those animals were very 

low after the primary immunization with S-antigen in K03 LPS. However, the 

disease induction and high immune responses to S-antigen were achieved only 

after the tertiary immunization or thereafter (Table 3 & Figs. 9, 10). 

Although the present data (Table 3) suggest that at least 4 injections 

with S-antigen are needed to achieve maximal EAU, one could argue that mice 

injected fewer than 4 times were killed before the immunopathogenic process 

reached its maximal level, and therefore total days after the S-antigen 

immunization could be an essential factor for EAU development rather than 

the number of S-antigen injections. This argument, however, was ruled out 

by the findings in SMA mice (Table 4): the 4 repeated injections with 

S-antigen (100 ~ g/time) at 4-week intervals achieved a 100% incidence of EAU 

(group C in Table 4) and yet the 2 repeated injectio ns with S-antigen did not 

cause EAU even in mice sacrificd 11 weeks after the second immuni zation 

(group B). 

It is noteworthy that the pathological features of EAU in mice were 

different from those in rats. As reported in many studies (6 ,34), EA U in rats 
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is acute in nature and characterized by severe PMN infiltration throughout 

the eye, particularly in the anterior segment of the eye. Although T 

l y mphocytes play the essential role in EAU induction in rats (3-5). the 

pathological features suggest significant involvement of Arthus-type 

reaction in the rat EAU (4). In contrast, EAU in the mouse was ch r onic in 

nature and characterized by mo nonuclear cell infiltrati on in the retina and 

the choroid, partic ularly around the retinal blood vessels a nd in the 

photoreceptor cell laye r. Howeve r, inflammation of the a nte rior segment of 

the eye was minimal. Also, infiltrat io n of PMNs was minimal lh r ough ou t the 

eye at any stage of the disease. I t is, therefore, li kely that Arthus 

reaction is less involved and t hat cellu l ar immuni ty may be more essen tial 

factor in the mouse EAU model than in the rat model. ll is not clear why 

these two species of rode nts exhibit diffe r e nt pathological changes o f EAU. 

It has bee n reported that ge nes within the major histocompatibility 

complex (MHC) influence the susceptibility to certain expe rime ntal 

au to immune diseases in mice , e .g., thyroid! tis (35). e ncephalomyelitis (36), 

myas t he nia gravis (37). hemolytic anaemia (38) and diabetes (39) . The data 

d esc ribe d here demonstrate d that genes within H-2 have a significant role in 

co ntrolling the susceptibility to EAU induc t ion in the mo use. As 

de monstrated in Table 8, among the fiv e strains of BlO conge nics, all the 
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highly susceptible strains, BlO.BR, BlO.A, BlO.A(4R), BlO.MBR. have I-A " 

allele, whereas C57BL/6 , a low-susceptible strain, and 1310.A(5R), a 

non-susceptible strain, have I-A b allele. I t was , therefore, suggested that 

EAU susceptibility in the mo use is controlled by genes in the 1-A subregion . 

Also, Fl(BlO.BR x C57BL/6) is a strain highly susceptible to EAU. This 

suggested that the high responder genes within H-2 are dominant . Further, 

BlO.A(5R) (I-A b) was non-responder although C5713L/6 (I-A b) was 

low-responder. The r efore, I-E" or Dd r eg io n genes may play an inhibitory 

r ole on induction of EAU in mice of l-A b, since several authors reported that 

l-E r egion genes play a suppressive effect on an immune response (40-42). 

The 11-2 haplotype of the AKI~/J mouse is the same as that of 1310.13R. And yet, 

t he AKR/J mouse was a intermediate responder for the EAU development while 

BlO.BR mouse was a high r esponde r (Table 8). Therefore, the non 11-2 genetic 

background may play a certain role in influ enc ing susceptlbili ty to EAU. 

Serum antibody tite r s and the proliferative responses to S-antigen were 

co rre lated to the disease susceptibility a mong the tested strains of mice, 

including t he AKR/J mo use . (Table 9). Thus, intensity of immune responses to 

S-antigen in the present expe riments may determine EAU susceptibility. 

In conclusion , the mouse EAU model offers important advantages over 

othe r animal models of EAU. The extensive knowledge of the immun ologic 
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factors of the mouse and the availability of genetically defined strains 

should be of great value in studies of cellular and molecular mechanisms and 

immunogenetics of ocular autoimmune disease. 

Recently, immunophathogenic mechanisms of experimental autoimmune 

encephalomyelitis (EAE) have been extensively studied. In EAE murine model, 

the encephalitogenic T cell lines were established (43) and encephalitogenic 

epitopes on myelin basic protein (MI3P) or myelin proteolipid apoprotein 

(PLP) wet·e determined (44). Further, MBP-binding s i te of MIIC class II 

molecules were analyzed (45), and the usages of V 13 of T cell receptors on 

M13P-specific encephalitogenic T cell clones were analyzed in murine and rat 

models (46). Also, some new therapies for EAE have been developed. 

Vaccination with attenuated T cell lines successfully prevented the 

induction of EAE(47). Administration of antibodies directed to ~IIIC class II 

molecules (46) or monoclonal antibodies to some TCR V 13 (48) were also 

effective for prevention of the induction of EAE. Further, administration of 

competitor peptides, which effect ively compete with an encephalitogenic 

peptide for binding to MHC class II molecules, was reported to prevent the 

induction of EAE (49). 

In future, we will further analyze immunopathogenic mechanisms involved 

in EAU using the established EAU mode l. It is possible in murine model to 
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establish T cell lines and clones capable of adoptively transferring uveitis, 

to analyze the structure of T cell receptors of these uveitogenic T cell 

clones, and to dissect the relative contribution of the humaral and cellular 

immunity to EAU induction. Also, we will develop effective therapeutic 

protocols for EAU. These trials will provide important clues to overcoming 

of human autoimmune uveoretinitis. 

SUMMARY 

We have established a new method for the induction of Expcrimen tal 

autoimmune uveoretinitls(EAU) in the mouse, which has been considered to be 

a species resistant to EAU. EAU was induced in two strains of mice by 

repeated-immunization protocol. S~1A mice and C57BL/6 mice were immunized 

repeatedly with S-antigen mixed with Klebsiella 03 lipopolysaccharide (K03 

LPS) at intervals of 1 to 4 weeks . Following the tertiary immunization, the 

mice exhibited histopathological changes of EAU as well as significant immune 

responses to the antigen. The histopathology of EAU was characterized by 

retinal vasculitis, infiltration of mononuclear cells in the retina and the 

choroid, and destruction of the photoreceptor cell layer. 

We also analyzed the genetic control for the induction of EAU using the 

established mouse EAU model. Five strains of 1310 congenic mice, Fl(I310.13R X 
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C57BL/6) , C57BL/6 and AKR/J we r e used . The susceptibility is regulated by 

genes in the 1-A subregion of the H-2 complex. Also, the non 11 -2 genetic 

bac kground may play a certain role in influencing susceptibil i ty to EAU. 

Since the mouse is a genetically a nd immunologically well-defined 

species, this model is useful for study of the immunopathogenic mechanisms 

of EAU. 

KEY WORDS 

Expe rime n tal autoimmune uveo retinit is(EAU) , mice, S-antige n, Klebsiella 03 

lipopolysaccharide(K03 LPS). 11 -2 r est riction of EAU induction, I-A s ubreg ion 

of H- 2 complex 
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A • 

Fig. 1 Histopathological grading of cell infiltration at retinal 

blood vessels. A,B and C indicate grade 1,2 and 3, respectivel y . 



Fig. 2 Histopathological grading of cell infiltration in the retina 

and choroid. A,B and C indicate grade 1,2 and 3, r espectively. 
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Fig. 3 Histopathological grading of photoreceptor cells 

destruction. A,B and C indicate grade 1,2 and 3, respectively. 
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Fig. 4 Histology of the reina of a normal SAM mouse (H&E staining, 

X400). 
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Fig. 5 Histopathology in a SMA mouse following 3 immuni zations 

with S-antigen (100 1.1 g) mixed with K03 LPS showing moderate 

mononuclear cell infiltrat ion in and around the retinal blood 

vessels. in the photoreceptor cell layer and the choroid (II&E 

staining, X400). 
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Fig. 6 Histopathology in a SMA mouse following 4 immunizations 

with S-antigen (100 ~g) mixed wi t h K03 LPS showing advanced retinal 

vasc ulitis and partial destruction of the photoreceptor cell layer. 

(H&E staining, X400). 
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rig. 7 Histopathologic changes in the retina of SMA mouse 

following 5 immunizations with S-antigen (100 ~g) mixed with K03 

LPS. Inflammatory cells in the retina and the choroid were not 

observed but the photoreceptor cell layer was totally destroyed. 

(H&E staining, X400). 
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Fig. 8 Histopathology of the anterior segment of the eye in a SMA 

mouse following 4 immunizations with S-antigen (100 ~g) mixed with 

K03 LPS showing no inflammatory changes in the anterior segment of 

the eye. (H&E staining, X200). 
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Fig. 9 The levels of antibody to S-an tigen in SMA mice ( 0) and 

C57BL/6 mice ( e ) immunized with S-antigen mixed with K03 LPS. Mo r e 

than 5 animals were examined in each group. * indicates 

significant difference (p<O.Ol) between SMA mice and C57BL/6 mice. 
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LPS. More than 5 animals were examined in each group. * indicates 

significant difference (p <O.Ol) between SMA mice and C57BL/6 mice. 
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