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SUMMARY

Sensitisation to retinal S-antigen has been implicated in
the pathogenesis of several clinical forms of posterior
uveitis. S-antigen-like molecules have recently been
demonstrated in the brain and choroid plexus of experi-
mental animals. We used a panel of four monoclonal anti-
bodies (MAbs), MAbF4-C1, MAbC10-C10, MAbA2-G5
and MADbA9-C6, which define specific epitopes in the
amino, mid and carboxyl terminal portions of S-antigen
in order to identify an S-antigen-like molecule in human
choroid plexus and cerebrospinal fluid (CSF). Three
MAbs, MAbF4-C1, MAbC10-C10 and MADbA9-C6,
localised an S-antigen-like molecule to the cytoplasm of
the epithelial cells of the human choroid plexus. Polymer-
ase chain reaction of cDNA from choroid plexus verified
the presence of S-antigen homologues in the choroid
plexus. The presence of an S-antigen-like molecule in the
CSF was demonstrated by western blots in seven CSF
samples from patients with a variety of neuropathological
disorders. It is proposed that immunological cross-reac-
tivity and biochemical similarity between retinal S-anti-
gen and an S-antigen-like molecule in human choroid
plexus and CSF could form a basis for neurological mani-
festations observed in certain clinical forms of uveitides.

Experimental autoimmune uveitis (EAU) is a T-helper/
inducer cell (CD4+) mediated disease of the retina and
uveal tract of the eye."” EAU can be induced by immunis-
ation of animals with several retinal proteins.** Retinal
S-antigen-induced EAU is regarded as an excellent animal
model of human posterior uveitis as it closely parallels all
the clinical and histopathological changes observed in
humans.' Retinal S-antigen is a 48 kDa protein present
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predominantly in the rod photoreceptors and in pin-
ealocytes of the pineal gland.>® Although it has been used
extensively in the study of EAU its exact physiological
role in the eye is unknown. There is evidence to indicate
that it participates in phototransduction — the biochemical
mechanism by which light energy is converted to a nerve
impulse. S-antigen interacts with an enzyme, cyclic
GMPase, to ‘arrest’ the amplified phototransduction cas-
cade.” Biochemical analysis of S-antigen has revealed
that the molecule is made up of 404 amino acids.” Several
immunologically active peptides have been characterised
within the molecule'®'? and antibodies that bind to speci-
fic peptides have been generated.'®"

In recent years it has been demonstrated in animals that
retinal S-antigen-specific monoclonal antibodies cross-
react with protein(s) in non-photoreceptive tissues,
particularly nervous tissue and choroid plexus,'*" indi-
cating the presence of retinal S-antigen-like molecules in
these tissues. Lohse et al.'® have characterised a bovine
brain homologue of S-antigen from cDNA clones. This
molecule, termed B-arrestin, is slightly larger (418 amino
acids) than retinal S-antigen but shows a 59% amino acid
sequence identity with retinal S-antigen.

As some forms of human uveitides, such as Behget’s
disease,'” sympathetic ophthalmitis'® and Vogt-Koya-
nagi-Harada’s (VKH) syndrome,"” show evidence of
neurological involvement, the possibility of immunolog-
ical cross-reactivity between the eye and the nervous
system as a basis for such involvement appears likely and
warrants further investigation. We used a panel of four
anti-retinal S-antigen-specific monoclonal antibodies,
that bind to peptides located at the amino, mid, and car-
boxyl regions of the S-antigen molecule, to identify
S-antigen-like molecule(s) in the human choroid plexus
and cerebrospinal fluid (CSF). We also employed the
polymerase chain reaction technique to further charac-
terise the S-antigen-like molecule in human choroid
plexus.
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MATERIALS AND METHODS

S-Antigen and Monoclonal Antibodies

S-antigen was purified from bovine retinal homogenate by
Sephadex gel chromatography using a modification of the
method described previously.”

Four IgG mouse monoclonal antibodies (MAbs) desig-
nated MADbF4-C1, MAbBC10-C10, MAbA2-G5 and
MADbA9-C6, were used in the study. The general proper-
ties of these MAbs including the specific binding sites
have been reported previously.'">, MAbF4-C1 binds to
the amino terminus, whereas MAbC10-C10 binds to the
mid portion, and MAbA2-GS5 and MAbA9-C6 bind to the
carboxyl terminus of the molecule. MAbA2-GS is specific
for bovine S-antigen.

Immunohistochemistry

Fixed tissue sections of normal human choroid plexus
were obtained from the Alpers Neuropathology Labora-
tory (Thomas Jefferson University, Philadelphia, PA). The
slides were deparaffinised, hydrated and treated to block
endogenous peroxidase activity. The slides were then
sequentially incubated with primary MADb, biotinylated
anti-mouse immunoglobulin and avidin-biotin—horserad-
ish peroxidase complex. Colour development was per-
formed with diaminobenzidine; positive staining was
indicated by a brown colour.

SDS Polyacrylamide Gel Electrophoresis (PAGE)
and western Blots

Seven CSF samples were selected at random from the CSF
bank of the Alpers Neuropathology Laboratory (Thomas
Jefferson University, Philadelphia, PA). Age of the
patients (3 females and 4 males) ranged from 70 to 90
years. Six patients had Alzheimer’s disease and their CSF
samples were normal on biochemical and microscopic
examination. The seventh patient had Lyme’s disease with
meningitis and his CSF showed elevated proteins and
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lymphocytes (see legend to Fig. 2). Each of the seven CSF
samples and control S-antigen solution were subjected to
SDS PAGE in duplicate, on an 8-25% gradient SDS gel
using the Pharmacia Phast system. One gel was stained
using the silver staining method as described by the manu-
facturer (Pharmacia, Piscataway, NJ). Protein from the gel
was blotted onto a nitrocellulose membrane and stained
with each of the anti S-antigen MAbs using the alkaline
phosphatase—anti-alkaline phosphatase technique. Details
of SDS PAGE, western blotting and staining methods
have been described before.?!

Polymerase Chain Reaction (PCR) Amplification
with S-Antigen Homologue (B-Arrestin) Primers
and Complementary DNA (cDNA)

Choroid plexus and retina cDNA were reverse transcribed
with AMYV reverse transcriptase from 1 pg of total RNA
extracted from choroid plexus and retina. Twenty cycles
of PCR were used for amplification. After PCR, the
samples were digested with restriction endonucleases for
specific sites present in S-antigen (Rsal) or its homologue,
B-arrestin (Saul), as determined by direct sequencing of
PCR-amplified controls. The samples were electropho-
resed on 5% polyacrylamide gel and exposed to X-ray film
for 30 minutes. The bands developed on the autoradio-
gram were studied for the effect of endonuclease digestion
on the PCR samples of choroid plexus and retina.

RESULTS

Three MAbs, MADbF4-C1l, MAbLC10-C10 and
MADAO9-C6, localised S-antigen immunoreactivity to the
human choroid plexus. Control slides stained with SP2/0
mouse myeloma supernatant were negative (Fig. 1a, b). In
these experiments MAbF4-C1 showed the most intense
stain and MAbA9-C6 the least. The staining pattern was
localised to the cytoplasm of the epithelial cells of the
choroid plexus. The stromal tissue did not stain.
MADbA?2-GS5, bovine specific, did not stain human choroid
plexus.
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Fig. 1. (a) Photomicrograph of human choroid plexus villus showing absence of immunoreactivity with SP2/0 mouse myeloma super-
natant. (Negative control, magnification x120.) (b) Photomicrograph of human choroid plexus villus showing marked immunoreactiv-
ity with MAbF4-C1. The apex of the villus has been magnified to illustrate marked immunoreactivity in the cytoplasm of the epithelial
cells. (MAbF4-C1 indirect immunoperoxidase and haematoxylin, x475.)
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Fig. 2. (a) SDS PAGE of seven CSF samples (silver stained).
Lane 1 represents purified bovine S-antigen and lanes 2 to 8
represent patient CSF samples. LMW, low molecular weight cal-
ibration kit proteins (a, phosphorylase 94k; b, albumin 67k; c,
ovalbumin 43k; d, carbonic anhydrase 30k; e, trypsin inhibitor
20k; f, a-lactalbumin 14.4k). (b) Western blot of human CSF

H. S. DUA ET AL.

Fig. 2b

with monoclonal antibody MAbF4-C 1. Lane 1 represents purified bovine S-antigen and lanes 2 to 8 represent patient CSF samples
corresponding to similarly numbered lanes of the gel in Fig. 1(a). Arrow indicates position of authentic native S-antigen (48k). Lane ‘3’
of the gel and western blot represents CSF sample of a male patient who had Lyme’s disease with meningitis, elevated CSF proteins and
lymphocytes. This lane has the most prominent band of S-antigen-like molecule compared to the other lanes. All other patients had Alz-

heimer’s disease with normal CSF.

Several protein bands were seen on SDS PAGE of the
CSF samples. The electrophoresis profile of the seven
CSF samples was similar but not identical (Fig. 2a). All
three MAbs also detected an S-antigen-like molecule in
western blots a human CSF as shown in Fig. 2b. In these
experiments a molecule of approximately 48 kDa which
migrated slightly higher than authentic retinal S-antigen
was observed. Similarly, MAbF4-C1 stained most inten-
sely, reacting with all seven CSF samples tested, whereas
MADAY9-C6 showed weak reactivity with four samples
and reacted strongly with the remaining three samples.
MADA?2-GS5 did not react.

The choroid plexus and retina both amplified with the
B-arrestin-specific primers. Both samples yielded a band
of approximately 396 nucleotides, the fragment size pre-
dicted between the two primers. The major band which
results from Saul digestion is shown in Fig. 3. Smaller
amplification products below 154 nucleotides represent
non-specific priming. Saul partially digested both choroid
plexus and retina PCR products, leaving some residual
undigested fragments. Rsal, which recognises a restriction
site within the human S-antigen gene, did not yield addi-
tional fragments.

DISCUSSION

This study has demonstrated immunological cross-reac-
tivity between human ocular and central nervous system
tissues. Three of the four monoclonal antibodies tested
reacted with choroid plexus and CSFE. The amino acid
sequence of MAbA?2-GS5 binding site is unique to bovine
S-antigen and probably explains why this MAb did not
stain positive in these cases. The binding of retinal S-anti-

gen-specific monoclonal antibodies to protein(s) in the
choroid plexus and CSF would indicate the presence of
common antigenic epitopes. This has been further con-
firmed by endonuclease digestion of PCR products of
choroid plexus and retina cDNA. The choroid plexus
product could be digested with restriction endonuclease
Saul which is specific for B-arrestin, and not with Rsal,
specific for retinal S-antigen. This strongly suggests that
the S-antigen-like molecule in human choroid plexus is
B-arrestin. Both S-antigen and [-arrestin, however,
belong to the same family of molecules and share a 59%
amino acid sequence homology.'® The immunological and
biochemical similarity between these molecules could
form a basis for the occurrence of ocular and central ner-
vous system manifestations in certain clinical forms
of retino-choroidal inflammations. For example, menin-
goencephalitis and optic neuritis are associated with pos-
terior uveitis and hypopyon iridocyclitis in Behget’s
disease.'” A posterior or panuveitis is often preceded by
headaches, meningism, nausea and CSF pleocytosis in the
VKH syndrome.” Tinnitus, dysacousia and optic neuritis
may also be associated neurological manifestations of the
VKH syndrome.”> Ten to 20 per cent of patients with
multiple sclerosis are reported to demonstrate retinal vas-
culitis as a prominent feature of associated posterior uvei-
tis.>*** Meningism associated with severe headaches,
frank meningitis and electroencephalographic changes
have been reported in some cases of sympathetic ophthal-
mitis.”> One report goes as far as stating that 50% of
patients with uveal inflammation show some involvement
of the central nervous system.” It is interesting that apart
from viral infection, (auto)immune-mediated mechanisms
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Fig. 3. Restriction endonuclease digestion of choroid plexus
and retina cDNA fragments amplified with B-arrestin-specific
primers. Both fragments are digested with Saul, specific for
B-arrestin sequence, whereas no fragment is apparent after
digestion with Rsal, specific for retinal S-antigen sequence.

are implicated in the pathogenesis of all the above condi-
tions and that all the ocular features of these conditions
can be reproduced in experimental animals following
immunisation with retinal S-antigen.'

At a fundamental level both these molecules, S-antigen
and B-arrestin, appear to have a similar physiological
function of signal transduction. S-antigen is important in
visual phototransduction”® and B-arrestin in transmem-
brane signal transduction across B-adrenergic receptors.'
The choroid plexus is an important tissue in maintaining
the blood—CSF barrier. It also plays a fundamental role in
the synthesis and secretion of CSF proteins.”® This func-
tion is controlled in part by several signal transduction
systems including the [-adrenergic—adenyl cyclase
system.”’ Brain G-protein, which is also necessary in the
signal transduction process, has been localised immuno-
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histochemically to the apical processes of choroid plexus
cells.”® It is quite likely, therefore, that B-arrestin is also
located at this site. Future studies will determine whether
the S-antigen-like molecule, PB-arrestin, is actively syn-
thesised and secreted into the CSF by the choroid plexus
and whether its levels in the CSF are useful clinically, in
monitoring any specific disease process.
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