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Oral Administration of Soluble Melanin Associated Antigen to

Suppress Experimental Autoimmune Anterior Uveitis
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ABSTRACT

Uveitis is one of the leading causes of blindness, It was estimated that 10% of the
blindness was caused by uveitis in USA. The treatment is mainly topical and systemic
corticosteroid, and some of these patients may require the use of a variety of
immunomodulatory, corticosteroid-sparing agents, such as cyclosporine or cytotoxic
agents. To date, clinically oriented approaches have centered on the administration of
pharmacologic substances that have a nonspecific effect on the immune response. The
development of more effective treatment of organ-specific inflammatory disorders of
putative autoimmune origin is an ongoing goal in many specialties of clinical
medicine. Recently, alternative therapeutic strategies have been suggested based on
our better understanding of immunologic mechanisms that lead to organ-specific
inflammatory responses. The induction of immunologic tolerance, defined as a state
of specific immunologic unresponsiveness to an antigen after exposure to that antigen,
is one such approach that has gained attention recently. One effective method of
inducing immunologic tolerance is through the oral administration of antigen. The
tolerance induced is called oral tolerance. One feature of oral tolerance is that



“bystander” suppressive effect can be elicited to the organ or tissue that harboring the
antigen. Oral tolerance has been tested in various animal models of autoimmune
disorders, such as experimental autoimmune encephalomyelitis, collagen and adjuvant
arthritis, experimental autoimmune diabetes, and experimental autoimmune uveitis.
The effect of oral tolerance has also been tested in several clinical conditions in small
scale with encouraging results, such as multiple sclerosis, theumatoid arthritis,
juvenile diabetes, Behcet’s disease and other intractable uveites.

The most common disease entity of uveites in Taiwan is acute anterior uveitis
(AALD). It is the recurrent nature of AAU that can result in blindness and
socioeconomic loss though various complications, including glaucoma, cataract, and
cystoid macular edema. Experimental autormmune anterior uveitis {EAAU) has been
established to simulate human AAU. It involves the use of melanin associated antigen
extracted from bovine uveal tissue. We investigated the effect of oral tolerance in
EAAU both as primary and secondary prevention, 1.e. in unprimed and in primed
animals. Unfortunately, the preparation of partially purified soluble melanin
associated antigen in this report could not suppress experimental autoimmune anterior
uveitis.

INTRODUCTION

Wells first described the phenomenon of oral tolerance in 1911. Oral tolerance
is a long recognized method to induce peripheral immune tolerance. The primary
mechanisms by which orally administered antigen induces tolerance are via the
generation of active suppression or clonal anergy. Low doses of orally administered
antigen favor active suppression whereas higher doses favor clonal anergy. The
regulatory cells that mediate active suppression act via the secretion of suppressive
cytokines such as TGF S and IL-4 after being triggered by oral tolerogen. Furthermore,
antigen that stimulates the gut-associated lymphoid tissue preferentially generates a
Th2 type response. Because the regulatory cells generated following oral tolerization
are triggered in an antigen-specific fashion but suppress in an antigen nonspecific
fashion, that mediate “bystander suppression” when they encounter the fed
autoantigen at the target organ. Thus it may not be necessary to identify the target
autoantigen to suppress an organ-specific autoimmune disease via oral tolerance; it is
necessary only to administer orally a protein capable of inducing regulatory cells that
secrete suppressive cytokines at target organ. Orally administered autoantigens
suppress several experimental autoimmune models in a disease- and antigen- specific
fashion; the diseases include experimental autoimmune encephalomyelitis (EAE),
experimental autoimmune uveitis (EAU), collagen- and adjuvant-induced arthritis,
and diabetes in the NOD mouse. In addition, orally administered alloantigen
suppresses alloreactivity and prolongs graft survival. Initial clinical trials of oral



tolerance in muitiple sclerosis, theumatoid arthritis, and difficult uveitis have
demonstrated positive clinical effects with no apparent toxicity and decreases in T cell
autoreactivity.

Uweitis is considered as a group of autoimmune disease. Recurrences and
complications such as band keratopathy, cataract, glaucoma, macular edema and other
retinal insult can cause blindness. The etiology and pathogenesis is not clear. Several
animal models have been established to study the eticlogy and pathogenesis of uveitis,
including experimental autoimmune uveitis, endotoxin induced uveitis, experimental
phacoanaphylactoid uveitis, and experimental autoimmune anterior uveitis.
Experimental autoimmune anterior uveitis {(EAALU) is an inflammatory autoimmune
disease of anterior uveal tract, which serves as a model for human acute anterior
uveitis (hAAU), whuch, is the most common disease entity of uveitis in Taiwan.
EAAU involves the use of insoluble extract from RPE and/or uveal tissue of bovine
eyes. The exact components in this so-called melanin associated antigen (MAA) have
not been clarified yet. It has been shown that EAAU is mediated by CD4+ T cells and
delayed type hypersensitivity.

Various drugs and immunomodulation therapy have been tried in these animal
models. Cyclosporine, FK-506, and Rapamycin are among those drugs that were first
demonstrated effective in animal models and then applied to human uveitis. For
immunomodulation therapy, most are still in the status of animal study. Systemic
injection of monoclonal antibody to class II molecule or adhesion molecule (such as
ICAM-1) has been tried with success. Intraocular injection of antigen involves the so
called anterior chamber associated immune deviation {ACAID) have been shown to
be effective in the suppression of the onset of EAU, using retinal S antigen or IRBP.
In previous study, we have demonstrated intraocular injection of soluble melanin
associated antigen {MAA}) can suppress the development of primary EAAU and the
recurrence of the disease.

In this study we investigated the effect of oral tolerance in EAAU both as primary and
secondary prevention, i.e. in unprimed and in primed animals.

MATERIAL and METHODS

Animals, Female and male Lewis rats 200-250 gm of body weight were
purchased from Experimental Animal Center, National Science Council, Taiwan.
Preparation of melanin associated antigen. Fresh bovine eyeballs were harvested and
transferred to the lab within 3 hours of death. The iris tissue was excised and minced
with PBS, and filtered through gauze. The filtrate was centrifuged at 10,000 g for 10
minutes. The pellet was resuspended with PBS and treated with 2% SDS at 75°C for



10 minutes and the insoluble part was weighed , resuspended in PBS and stored at -70
°C for later use.

Soluble MAA  Ten milligrams of MAA was digested with 100U of
Staphylococcus aureus V8 protease (Sigma). The reaction was allowed to proceed in
75mM potassium phosphate buffer at 37°C for 30 minutes to 1 hour in the presence

of 4 M urea. After the digestion, samples were centrifuged at 1.2x 105 g for 30

minutes at 4C. The supernatant was dialyzed against water for 48 hours, lyophilized,
and redissolved in PBS and stored in -70°C .

Immunizations of animals. One hundred microgram of MAA was resuspended
in 0.015 ml of balanced salt solution (BSS) and emulsed with equal volume of
Hunter's adjuvant (Sigma, St. Louis, MO). The emulsion was inoculated into footpad
of Lewis rats. One milliliter of BSS containing 100 ¢ g of pertussis toxin and 100 z g
of MAA was injected into peritoneum at the same time. One week after injection,
clinical signs of EAAU was monitored daily with a slit-lamp biomicroscope for a
period of 3 to 4 weeks. Upon onset of EAAU, the animals were sacrificed and the
eyes were removed and processed for histopathologic evaluation using 4%
glutaraldehyde and 10% buffered formaldehyde as fixative.

Recurrence of EAAU. The same protocol as 4.¢ was done after complete
recovery from primary EAAU, which usually took 3-4 weeks.

Induction of oral tolerance. Lewis rats were fed a total of 20 mg melanin
associated antigen and 40 mg of soybean trypsin inhibitor (STI; sigma, St Louis, MO,
USA) administered in four feedings during 8 day period. STI (20 mg/ml) and MAA (5
mg/ml) was each dissolved or suspended m 0.15 mole/L sodium bicarbonate buffer
{pH 8.0). Rats were deprived of food but not water for 12-18 h prior or each feeding
of antigen. Rats were gently anesthetized with ether and fed MAA (1 m!) and STI (0.5
ml) by gastric intubation. In some experiments, panels of rats received only MAA (1
ml}) suspended in bicarbonate buffer and no STI. Control rats were given four feedings
of STI in bicarbonate buffer (vehicle control) or nothing (non-fed control). Three days
following the last feeding, animals were injected with MAA plus CFA at footpad.
These feedings were done in unprimed rats (as primary prevention) or previously
primed rats (as secondary prevention). Standard protocols for clinical examination
and histopathological examinations were done to detect the occurrence and severity of
EAAU.

RESULTS
Similar incidence (around 80%) of experimental autoimmune anterior uveitis
occurred in vehicle control (feed with STI), non-fed control group, and experimental



group (fed with soluble MAA and/or non-soluble MAA) with similar sevenity. No
suppression of EAAU could be achieved by oral tolerance with the preparation of
soluble MAA or insoluble MAA in this project.

DISCUSSION

In various experiments with oral tolerance in experimental models, purified protein
was used, The amount used to induce oral tolerance was 40 mg of purified protein in
four feedings during the period of one to two weeks. We planned this experiment with
crude antigen (of which the exact amount was unknown) to take advantage of the
“by-stander suppression” effect of oral tolerance. However, the melanin rich
preparation of insoluble MAA was pro-inflammatoy and the soluble MAA was not a
purified one, the actual amount fed could not be estimated and may actually far less
than the amount needed. This may well be the reason why oral tolerance could not be
induced to suppress the primary and secondary EAAU. This study should be
performed again when the antigen is purified and relative larger amount of antigen
can be prepared.
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