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in H-2A*-carrying mice

K. NAMBA*T, K. OGASAWARA*, N. KITAICHI*t, N. MATSUKI*, A. TAKAHASHI*, Y. SASAMOTOT,
S. KOTAKE?T, H. MATSUDAT, K. INABUCHI*, S. OHNO% & K. ONOE * Section of Pathology,
Institute of Immunological Science, afmBepartment of Ophthalmology, School of Medicine, Hokkaido University, Sapporo, and
fDepartment of Ophthalmology, Yokohama City University School of Medicine, Yokohama, Japan

(Accepted for publication 1 November 1997)

SUMMARY

When certain strains of mice bearing H-2#re immunized with the interphotoreceptor retinoid-binding
protein (IRBP), EAU is induced. Thus far uveitogenic determinant(s) has not been determined in the H-
2AX mouse system. In addition it is hard to prepare purified IRBP. In the present study, to circumvent
these problems we attempted to identify uveitogenic peptides derived from bovine IRBP iff H-2A
haplotype mice. Six peptides which had been selected according to the® Hbidwling motif
(Dxxxxxxxx[A, R, T]) were synthesized. We report here that all the peptides are immunogenic but
only one peptide, K2, which consisted of IRBP201-216 residues, induces EAU in various mice carrying
H-2AX. Amino acid substitution of K2 revealed that the core region interacted with both'Haaé T

cell antigen receptor (TCR). The amino acid sequence of the core region derived from bovine IRBP was
identical to the corresponding region of mouse IRBP. In addition, K2 appeared to be a natural peptide
antigen processed from bovine IRBP. Altogether, we concluded that K2 is one of the natural
autoantigens involved in induction of EAU in H-2/nice.
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INTRODUCTION pigment epithelium [8]. The IRBP consists of a four-fold repeat
structure with 30—40% amino acid sequence homology shared

%etween the repeats [9]. When the amino acid sequence of IRBP is

that may serve a model for several human sight-threatenin%om ared between bovine and humans. approximately 80%
ocular disorders (endogenous uveoretinitis), Blsc disease, P . » app y 0
sequence homology is detected [8,9].

sarcoidosis, Vogt—Koyanagi—Harada syndrome, birdshot retino- ; K
. . . . . It has been reported that mice of the haplotypes Hi2", and
choroidopathy, and sympathetic ophthalmia. Histopathology in th 2 develop EAU after immunization with IRBP, whereas those

animal model resembles the human disease and is characterized . .
o%/other haplotypes are resistant [10]. Thus, susceptibility to mouse

posterior retinal and choroidal lesions, photoreceptor damag : .

vasculitis, vitritis, granuloma formation, and varying degrees of AUis ‘."It least in part cqntrolled by the MHC. Hoyyever, among

anterior chamber infiltration [1—3] susceptible haplotypes hierarchy of the susceptibility was present
) (H-2" > H-2*>H-2°. In addition, using intra-H-2 recombinant

EAU can be induced in several animal models by immuniza_strains it has also been shown that the control element of susce
tion with retinal antigens emulsified in Freund’s complete adjuvant P

(FCA) or by the adoptive transfer of retinal antigen-specific Ttibility to EAU is confined to the H-2A subregion [10]. At any rate,

lymphocytes into syngeneic recipients [4—6]. Recently, it WaSthe mouse EAU model appears to be important for the investiga-

reported that EAU was induced in mice which had been adminis-“on of uveitic diseases, because various mutant and transgenic

tered with interphotoreceptor retinoid-binding protein (IRBP) as almlc_e (I:Ian lbe used lto e;nzlys_tta EAUdgenetlctall}[/ 3str\:\’?” as mgjunot-
uveitogen [7]. IRBP is a 140-kD glycolipoprotein residing in the ogically. In an early study, It was gemonstrated that recomoinan

. . . . tein including the first repeat of bovine IRBP induced EAU in
interphotoreceptor matrix between the neural retina and the retind] . .
P P mice carrying the H-2haplotype [11]. Then it was shown that the

Correspondence: Dr K. OfpeSection of Pathology, Institute of human IRBP peptide 161-180 (SGIPYIISYLHPGNTILHVD) in

Immunological Science, Hokkaido University, Kita-15, Nishi-7, Kita-ku, the first repeat was uveitogenic in B10.RIII (H}-2Znice. Thus, it
Sapporo 060, Japan. appeared that this peptide contained a major pathogenic site

EAU is an organ-specific, T cell-mediated autoimmune diseas
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immunodominant for the H zhaplotype [12]. Although the same Assessment of EAU
sequence peptide was shown to be immunogenic in the other twBour weeks after immunization, eyes were enucleated and fixed for
haplotypes (H-2 H-2°), this peptide induced no pathological 1h in 4% phosphate-buffered glutaraldehyde and transferred into
legions in these mice. 10% phosphate-buffered formaldehyde until processing. Fixed
In the present study we attempt to identify the pathogenictissues were embedded in paraffin, and 4s6-sections, cut

peptide deduced from bovine IRBP in mice carrying 'H2aying through the pupillary—optic nerve plane, were stained by standard
particular attention on H-2Amolecules as described above. Itis an haematoxylin and eosin. Incidence and severity of EAU were
essential requisite for CD4T cell responses to be induced that the graded on a scale of 0—4 as shown previously [7]. In brief, focal
peptide antigen can bind to MHC class Il molecules. Alkral. non-granulomatous, monocytic infiltration in the choroid, ciliary
[13] reported that peptides possessing aspartic acid (D) at positiobody and retina were scored as 0-5. Retinal perivascular infiltration
1 and arginine (R) at position 8 bound to H'2AVe also defined and monocytic infiltration in the vitreous were scored as 1.
another H-2& binding motif (aspartic acid (D) at position 1 and Granuloma formation on the uvea and retina, the presence of
alanine (A) at position 9) [14,15]. Especially, aspartic acid (D) atoccluded retinal vasculitis, along with photoreceptor folds,
position 1 was shown to be most critical in binding to H2/ the serous detachment and loss of photoreceptor were scored as 2. In
present study, on the basis of the H¥inding motif  addition, the formation of Dalen—Fuchs nodules (granuloma at the
(Dxxxxxxxx[A, R, T]), aspartic acid (D) at position 1 and either level of the retinal pigmented epithelium) and the development of
alanine (A), arginine (R) or threonine (T) at position 9, we selectedsubretinal neovascularization were scored as 3 and 4 according to
six peptide fragments from whole sequence of IRBP. Then, wehe number and the size of the lesions.
synthesized these peptides and examined immunogenicity and
pathogenicity in mice carrying H-ZA We report here that one

. . : . . RESULTS
of the peptides indeed induced EAU in H2#ice.

T cell proliferative responses to peptides synthesized according to
the H-2A binding motif
MATERIALS AND METHODS According to an H-2X binding motif (Dxxxxxxxx[A,R, T]) which

had been determined in our previous studies and those of other
laboratories [13—15], six kinds of 16mer-peptides (K1 to K6) were
selected from the sequence of bovine IRBP and synthesized
(Fig. 1). In previous studies it was shown that 13—16mer length
peptides were necessary for eliciting T cell proliferative responses
[16] and inducing EAU in mice [12]. Immunogenicity of these
peptides was first examined by the T cell proliferative responses.
All the six peptides generated T cell proliferative responses in
Peptides and adjuvants B10.BR mice in an immunogen-specific manner (Fig. 2). T cells
All peptides were synthesized using automatic peptide synthesizgsrimed with K1, K2, K3, K4, K5 or K6 showed no cross-reactivity
PSSM-8 (Shimazu Co, Kyoto, Japan). FCA avgicobacterium  to other peptide antigens. Furthermore, K2 and K6 peptides were
tuberculosisH37Ra were purchased from Difco Labs (Detroit, the most potent in eliciting T cell responses among the six peptides
MI). Bordetella pertussisinactive bacterial suspension was examined. The next most potent peptide was K5 and the other
purchased from Wako Pure Chemical Industries (Tokyo, Japan).peptides showed relatively weak immunogenicity compared with
K2, K5 or K6 peptides. These results indicate that the peptides
selected according to the H-8&inding motif were able to bind
MHC class Il (H-2A or H-2E) and subsequently induced T cell
responses.

Animals

B10.BR (A, EX) and B10.A (A, EX) female mice 5—8 weeks old
were obtained from Shizuoka Laboratory Animal Corporation
(Hamamatu, Japan). B10.A(4R) {AE") was maintained in a
specific pathogen-free (SPF) condition of our animal facility at
Hokkaido University.

Immunization

Mice were immunized in the footpads and base of the tail
with 20 nmol of each peptide or 1@ IRBP (kindly provided
by Dr I. Gery, NEI, NIH) in emulsion with FCA for the T
cell proliferative responses. To induce EAU, mice were immun-
ized in the footpad and base of the tail with 50 nmol of each peptideK1 : 587 VVPDAIVLAEEATLDRA 602
in 100ul emulsion with FCA (1:1 v/v) with addition of 2.5 mg/ml

of M. tuberculosisH37Ra. ConcurrentlyB. pertussisinactive K2 : 201 ADKDVVVLTSSRTGGCV 216

bacterial suspension (19 in a volume of 10Q! was injected

intraperitoneally as an additional adjuvant. K3 : 1160 DDTDLYLTIP TARSVGl 175

T cell proliferative responses K4: 812 SHKDLYVKVSHTSGSA 827

Ten days after immunization, T cell-enriched fractions from the

draining lymph nodes were prepared by passing the dispersed cellg 5 - 888 VEPDTTVPMSVALSTA 903
over nylon wool columns. These cells¥40°/well) were cultured

with 30 Gy-irradiated syngeneic spleen cells as antigen-presentin . 1187 1202
cell (APC) and various concentrations of peptides in a 96-well flat-si’<6 ' VVPDVAVPAEAALTRA

pottomed microtitre plate for 72_ h E\{aluation O_f T _Ce" prqlifera- Fig. 1. Alignment of amino acid sequences of peptides used in this study.
tion was determined byH-thymidine incorporation in duplicate peptides deduced from bovine interphotoreceptor retinoid-binding protein
and the data are presented as the mean incorporation with th&RBP) were selected according to the presence of KifiAding motif. P1
background value (medium alone) subtractadpgm) [14,15]. and P9 anchors are indicated in bold. Numbers indicate positions on IRBP.
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Fig. 2.T cell proliferative responses of the peptide-primed T cells. B10.BR mice were immunized with the peptideSK1K2)p)(®), K3
(c)@), K4 (d)(2), K5 (e)@) or K6 (f)(A), shown in Fig 1. Responses of each primed T cells were measured as described in Materials and
Methods.

Determination of uveitogenicity of the synthetic peptides compared it with that in B10.BR mice. The incidence of EAU in
To examine uveitogenicity of the peptides, 50 nmolg8pof each  B10.A or B10.A(4R) mice was 8/10 or 6/10, respectively
peptide were administrated to B10.BR mice. Sihatral. [12] (Table 2). Although a slight difference was seen in the incidence
reported that 50g of IRBP-derived peptides were sufficient to and severity among these three strains, these findings suggest that
induce EAU in mice. We found that among six peptides only K2 pathogenicity of K2 is dependent on H-2olecules.
(bovine IRBP 201-216) induced significant EAU in H-2mice.
Other peptides showed no uveitogenicity at all (Table 1). Pathological features induced by the uveitogenic peptide K2
Next, to determine whether H-ZAnolecules are really respon-  Figure 4 illustrates the ocular histopathology resulting from active
sible for the T cell responses, H-2E-deficient B10.A(4F)(&") immunization with various peptides. Figure 4a shows a represen-
mice were immunized with K2. T cells from the B10.A(4R) mice tative ocular tissue from B10.BR mice which were immunized
exhibited almost same level of proliferative responses in arnwith K1 peptide. No inflammatory lesion is detected. Peptides K3,
immunogen-specific manner as seen in those of B10.BR mic&4, K5 and K6 also induced no EAU in B10.BR mice. In contrast,
(Fig. 3). This finding may permit us to conclude that the T cell K2 induced substantial retinal vasculitis (open arrow) and chor-
responses are H-XAestricted. We then examined the uveito- oidal inflammation (narrow arrow) in B10.BR mice (Fig. 4b).
genicity of K2 using B10.A and B10.A(4R) (H-2% mice and  Thus, inflammation was localized at choroid and retina of the
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Table 1. Incidence and severity of EAU
induced by synthetic peptides in B10.BR mice

Table 2. Incidence and severity of EAU induced
by K2 peptide in various H-2Acarrying mice

Peptide Incidence* Severityt Strain Incidence* Severityt
K1 0/10 0 B10.BR 6/10 1.7

K2 8/10 2:8 B10.A 8/10 2:3

K3 0/10 0 B10.A(4R) 6/10 1.2

K4 0/10 0

K5 0/10 0 R -

K6 0/10 0 Incidence= posmve eyes/total eyes.

IRBP 10/10 2.0 t Average disease score of animals that

developed EAU.

* Incidence= positive eyes/total eyes.

T Average disease score of animals that
developed EAU. Severity of EAU was deter-
mined by histology as described in Materials
and Methods.

fFrom Silveret al. [12]. The result was
obtained 21 days after immunizing B10.BR
mice with interphotoreceptor retinoid-binding
protein (IRBP).

with IRBP, and the substantial proliferative responses were
detected only at high doses of K2, whereas K2-primed T cells
responded to the immunogen K2 at 10-fold higher concentrations
than IRBP (Fig. 5b). These findings suggest that K2 peptides were
generated from IRBIh vivo by processing in APC and presented
on the APC in the context of H-ZA even though the K2 might
represent a minor epitope. Nevertheless, K2 induced EAU in
considerable numbers (8/10) of H-2Aice.

eye. This histopatholigical change was graded 2 of EAU. Figure 4c
shows another tissue lesion in which more severe EAU wa
induced. Vitritis (small arrows), retinal vasculitis (open arrow),
retinal granuloma (bold arrow) are seen. Furthermore, marke
structural changes, retinal folds and retinal detachment (asterislﬂ:e
are noted in this figure. This feature was defined as histopatho-
logical grade 4. ¢

%\/Iapping of the core region on K2 that interacts with MHC and T
ﬁ?ell receptor

Fig. 6a, amino acid sequences of 201-216 residues of bovine
BP and the corresponding site of mouse IRBP are shown. The
ore region on a peptide that contains both MHC- and T cell
receptor (TCR)-binding sites is usually composed of nine amino
acids [17—19]. Since in the bovine IRBP 201-216 two H2A
binding motifs (residues 202—210 and 204-212) appeared to be
present, this peptide might contain two sites that worked as
possible core regions. In our previous paper [15] we demonstrated
that replacement of negatively charged amino acids at position 1 of
a H-2A% binding peptide by positively charged amino acids
significantly reduced the binding capacity of the peptide to H-
2AX and the capacity of eliciting T cell responses. Thus, to
determine which site works as the core region, we substituted
negatively charged aspartic acid (D) at position 202 or 204 for
positively charged lysine (K), 202K or 204K, respectively. When
B10.BR mice were immunized with original peptide K2, neither
202K nor 204K elicited significant responses in T cells from these
B10.BR mice (Fig. 6b). In addition, 202K showed no significant
immunogenicity in B10.BR mice, whereas 204K-primed T
cells mounted proliferative responses in an immunogen-specific
manner (Fig. 6¢, d). When T cells are primed with a peptide
antigen or its analogues that are prepared by substitution of
amino acid at the TCR-binding site, each peptide antigen stimu-
lates and expands different T cell repertoires which recognize
the substituted amino acid [16]. Thus, the responding pattern of T
cells shown in Fig. 6b,d suggests that the substituted position 204
is a TCR-binding site. On the other hand, negligible immuno-
genicity of 202K may be attributed to its low affinity to H-SAt
has been reported that the non-responsiveness of T cells is mainly
caused by low or no affinity of peptides to MHC molecules [20,21].
The present results suggest strongly that the residue 202 or 204
Fig. 3.T cell responses of K2-primed T cells to various peptide antigens inWOrks as MHC-binding site or TCR-binding site, respectively.
B10.A(4R) mice. B10.A(4R) mice were immunized with K2. T cell Thus, it seems to us that the core region of K2 peptide is residues
proliferative responses were measured as described in Fig. 2. 202-210.

© 1998 Blackwell Science LtdClinical and Experimental Immunolog§11442—-449

Cross-reactivity between K2 and IRBP

In order to determine whether K2 is really a natural epitope of
IRBP, B10.BR mice were immunized with bovine IRBP or K2 and
the cross-reactivity of the primed T cells was examined. As
expected from the observations of EAU induction experiments
K2 stimulated IRBP-primed T cells (Fig. 5a). However, the
stimulatory potency of K2 was considerably lower compared
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Fig. 4. Histopathology of EAU induced by K2 in mice. EAU was not seen in B10.BR mice immunized with K1 peptide (a). V (vitreous), R
(retina), RPE (retinal pigment epithelium), CH (choroid) and S (sclera) are indicei®)l EAU induced by immunization with K2 peptide is

in grade 2 (b). Retinal vasculitis (open arrows) and choroidal inflammation (narrow arrow) which represent grade 4 of EAU a5@5e5)n (
Vitritis (small arrows), retinal vasculitis (open arrow), retinal folds, retinal granuloma (bold arrow), retinal detachment (*) are ind2%ed (
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Fig. 5.Cross-reactivity of T cells between K@) and interphotoreceptor retinoid-binding protein (IRB®).(B10.BR mice were immunized
with IRBP (a) or K2 (b). Specificity of T cells from these mice was determined as described in Fig. 2.

DISCUSSION epitopes was present in the first domain of bovine IRBP in H-2A

In the present study, we attempted to determine uveitogeniém?e' However, K2 may not be a major epitope, or other antigenic

peptides deduced from bovine IRBP in mice bearing H:2A ﬁplt?p;e(s) nT'ay iez !:\éolveccii n furllt_lg_?_uctlt_ntrk]] Ofl EALrJf:n H('i
Using recombinant proteins of bovine IRBP, Caspial. [11] aplotype mice. INAuced uveoretiniuis with a fower frequency

reported that a major pathogenic epitope for mice of the’ H-2 (80%) than that (100%) induced by administration of whole IRBP

haplotype resided in the first repeat (domain) of IRBP. However, it'OrOte'n [10,12], ‘although in this study we did not present the

was not clear whether the major pathogenic epitope was als xperimentgl results in which uveitogenicit_y_ of K_2_and that of
located in the first repeat of bovine IRBP in other EAU-susceptible, BP was directly compared. Nevertheless, itis anticipated that K2

mice. We could identify a uveitogenic peptide 201-216 (K2) :fnl::e;ullsnid;dv?lTé?gseOL;ngBwp:tre: Vr\gt(:} WZ?; IIE\?F; ;?:]otglr;for
derived from IRBP referring to the H-ZA binding motif unological ‘studies o ec € )

(Dxxxxxxxx[A,R,T]) that we had determined previously [15]. haplotype mice.

Since this peptide sequence was deduced from the first repeat 01:/ lii hazi bei?i SI:]OW; tk:atrclasds II-rEstrlcteit pretshenta::?rilt of f
bovine IRBP, we concluded that at least one of the pa’[hogeniéI eltogenic antigens must precede subsequent pathogeniclty o

the antigens in rat and mouse EAU [10]. However, we have

@
201 210 216
Bovine A|D KD V V V L T S |S R|T G G V
* * * * * * * * * * * * * *
Mouse A |D K|ID V V V L T S |G H|T G G V
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Figure 6. Determination of the core site on K2 peptide. Amino acid sequences of bovine IRBP201-216 and the corresponding site of mouse
interphotoreceptor retinoid-binding protein (IRBP) are aligned (a). Two tentative core regions recognized by T cells are present in bovine
IRBP201-216. Two squares indicate the tentative core regions. B10.BR mice were immunized with K2 (b), 202K (c) or 204K (d) and
specificity of the primed T cells was testadvitro as described in Fig. 2.
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shown that non-MHC genes are involved in EAU development in
the rat system [22]. Caspt al. [10] also reported that mice of B10

background were susceptible to EAU. Thus, it appeared that B102

genetic background played certain roles in induction of EAU.

Based on these previous studies, we used B10 H-2-congenic mic

(B10.A, B10.BR and B10.A(4R)) in the present study. In these

mice EAU was successfully induced. Furthermore, generation of

EAU in B10.A(4R) mice (&, E 7) suggested that uveitogenicity of
K2 was restricted to H-2A, even though involvement of H-3E
molecules was not formally excluded in the present study. How-
ever, successful induction of EAU in B10.A(4R) mice and H2A

binding motif on K2 suggest strongly that EAU is restricted to 5

H-2AX but not H-2E, as shown by Caspt al. [10].

Thus far, only the first domain of mouse IRBP has been
sequenced. In Fig. 6a, the amino acid sequence of mouse IRB
is compared with that of bovine IRBP201-216. The bovine

IRBP201-216 contains two possible core regions (residues 202—
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