1duosnuey Joyiny JHIO 1duosnuey Joyiny ¥HIO

1duasnuey Joyiny YHID

% CIHR
5 IRSC

Canadian Institutes of Submitted by CIHR
Health Research Déposé par les IRSC
Instituts de recherche

en santé du Canada

Int Ophthalmol Clin. Author manuscript; available in PMC 2016 July 12.

Published in final edited form as:
Int Ophthalmol Clin. 2015 ; 55(2): 81-91. doi:10.1097/110.0000000000000063.

The Enigma of Autoimmune Retinopathy

Farzin Forooghian, MD, MSc, FRCSC", Sijia Cao, MD", Jing Cui, MD", and Joanne A.
Matsubara, PhD"™

“Department of Ophthalmology and Visual Sciences, University of British Columbia, Vancouver,
British Columbia, Canada

Introduction

Autoimmune retinopathy (AIR) refers to an immunologic process whereby retinal antigens
are aberrantly recognized as autoantigens, leading to retinal degeneration. AIR was initially
described in 1976 as a paraneoplastic syndrome, termed cancer-associated retinopathy
(CAR), secondary to a remote malignancy.! Laboratory investigations revealed that the
serum of patients with CAR contained autoantibodies against the photoreceptor protein
recoverin, which are believed to represent the underlying etiology of CAR.2:3 A related
syndrome, termed melanoma-associated retinopathy (MAR), was reported in patients with
cutaneous malignant melanoma who were found to have autoantibodies to an unknown
antigen on bipolar cells.*® Since that time, AIR in the absence of neoplasm, termed
nonparaneoplastic AIR (npAIR), has been described as well.6 Along with this has come the
identification of several novel putative antiretinal autoantibodies. Although all these novel
discoveries have expanded our knowledge of AIR, they have also brought with them some
confusion. There are numerous excellent reviews of AIR that have recently been published
in the literature.”-13 The purpose of this current article is not to provide another review of
this topic, but rather to highlight some of the ambiguity and uncertainty that exists in this
field. For the purposes of this review, the term AIR will be used to refer to CAR, npAIR, and
MAR, as the ocular features and proposed pathogenesis of these entities are essentially the
same.

AIR: Clinical Features

The clinical diagnosis of AIR can be challenging, as the symptoms and signs can be
nonspecific and often overlap with those of other entities. Symptoms are diverse and can
include subacute vision loss, diminished central vision, loss of contrast sensitivity, scotomas,
photopsia, nyctalopia, photoaversion, and/or dyschromatopsia.1913 Symptoms are usually
bilateral, but can be asymmetric. On clinical examination, the fundus can appear normal
initially. Later in the course of the disease, patients may develop fundus changes such as
retinal pigment epithelial abnormalities (eg, bone spicules), vascular attenuation, and/or
nerve pallor. Usually, minimal or no signs of intraocular inflammation are seen.19 A female
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predominance has been described, as well as a family history of autoimmune disease.14.15
The mean age of onset has been described in the range of 55 to 65 years, with npAIR having
a younger age of onset than CAR and MAR.15-17 Cystoid macular edema has also been
described in AIR.14 Ancillary studies that can be useful in the diagnosis of AIR include
visual field (VF) testing, electroretinography (ERG), fundus autofluorescence (FAF)
imaging, and optical coherence tomography (OCT). VF testing can show constriction of VF,
whereas ERG can show reduced responses, but there are no VF or ERG features that are
pathognomonic for AIR.10.11 An “electronegative” ERG has been reported in many cases of
AIR, but this finding is nonspecific and has also been described in inherited retinal
degenerations (eg, congenital stationary night blindness) and inflammatory eye disease (eg,
birdshot chorioretinopathy).11:13.18.19 FAF imaging and OCT in AIR have shown a
hyperautofluorescent ring in the parafoveal region, with corresponding attenuation of the
photoreceptor layer from the region of the hyperautofluorescent ring toward the retinal
periphery.20-22 Many authors feel that the diagnosis of AIR is supported by the presence of
circulating antiretinal antibodies.12:14.23 The overall prevalence of AIR is not known, due to
a lack of population-based epidemiological data, although it has been estimated to represent
far less than 1% of cases seen at a tertiary ocular immunology and uveitis clinic.1012

Various authors have proposed diagnostic criteria for AIR.10-12-14 However, there is no
international consensus on these diagnostic criteria, and as a result the clinical features of
AIR can vary considerably between different groups of clinicians.1? International consensus
has been reached on diagnostic criteria for other immune-mediated ocular diseases such as
ocular sarcoidosis.2® Similar international consensus and standardization would be useful for
AlR.

Antiretinal Antibodies: Pathogenic Uncertainties

Many authors believe that the presence of antiretinal antibodies is required for the diagnosis
of AIR.10.12-14.23 A ytoantibodies can be seen in both healthy and diseased patients. In
healthy patients, they are likely simply an epiphenomenon without any pathogenic potential.
Antiretinal antibodies have been described in a variety of systemic autoimmune diseases
such as Behcet disease, inflammatory bowel disease, systemic lupus erythrematosis (SLE),
and multiple sclerosis, 2427 as well as degenerative ocular diseases such as age-related
macular degeneration, 28 and both infectious and noninfectious uveitis.2%30 Antiretinal
antibodies have been reported in up to 42% of normal controls.31 Proving the pathogenicity
of these autoantibodies in various disease states is difficult, and requires rigorous scientific
proof. A recent review has shown that to date there have been at least 17 different antiretinal
antibodies described in patients with presumed AIR.” Given these observations, it is crucial
for clinicians to know which of these retinal autoantibodies are truly pathogenic and which
are not.

The pathogenicity of some antiretinal antibodies has been well established in both in vitro
and in vivo scientific experimentation. However, the pathogenicity of other retinal
autoantibodies has not been so well studied. Using Western blot techniques, Shimazaki et
al32 have shown that 33% of normal human serum demonstrates 1 to 2 bands, and 22% of
normal human serum contains =5 bands. Given the numerous putative retinal autoantibodies
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that have been described, and the fact that normal serum can have significant antiretinal
antibody activity, it is of paramount importance to definitively prove the pathogenicity of the
autoantibodies suspected of causing AIR. Several authors have raised concerns over the
uncertainty of pathogenicity of antiretinal antibodies.’-11.33

Autoantibodies against recoverin, a photoreceptor-specific calcium-binding protein, have a
well-established role in pathogenicity of immune-mediated retinal degeneration. Both cell
culture experiments and animal models have shown that, following internalization into the
cell, anti-recoverin antibodies induce apoptotic cell death mediated by caspase-dependent
pathways along with intracellular calcium influx.34-3% Both in vitro and in vivo studies have
also demonstrated the retinal toxicity of autoantibodies against a-enolase through similar
caspase-dependent apoptotic mechanisms.40-42 Autoantibodies targeting various other
retinal proteins have also been implicated as putative causative agents based on the
identification of these antibodies in the serum of patients with presumed AIR. These include
antibodies against carbonic anhydrase 11 (which is abundant in ocular tissues)1743:44 and the
retina-specific tubby-like protein 1 (TULP1).4> The mere presence of autoantibodies in
patient sera does not imply pathogenicity, as the antibodies could represent either “the
secondary consequence of tissue damage, or the harmless footprint of an etiologic agent.”*4
Ultimately, basic science experimentation is needed to prove pathogenicity of these
autoantibodies. In the case of autoantibodies targeting carbonic anhydrase 11, basic science
data suggesting pathogenicity is limited to cell culture studies.#® There are no published
reports of basic science studies evaluating the potential retinal toxicity of anti-TULP1
antibodies. Given the uncertainties that exist in the field of AIR with respect to pathogenicity
of antiretinal antibodies, definitive scientific proof, including animal studies, are needed to
explore the pathogenic potential (if any) of these antibodies.

Whereas the case for retinal pathogenicity of autoantibodies against photoreceptor-specific
proteins such as recoverin is intuitive and strongly supported by basic science and clinical
research, the case for other autoantibodies that target ubiquitously expressed proteins is less
clear. Autoantibodies against the ubiquitous glycolytic enzymes a-enolase, glyceraldehyde
3-phosphate dehydrogenase (GAPDH), and aldolase have been implicated in the
pathogenesis of AIR in several reports.#347-50 However, other systemic autoimmune
phenomena have not consistently been described in association with these autoantibodies. If
these antiretinal antibodies are truly pathogenic, then it is unclear why their toxicity would
be specific to the retina when their targets are ubiquitous. Cell culture studies have suggested
that anti-a-enolase antibodies from patients with CAR recognize specific epitopes that are
not recognized by anti-a-enolase antibodies from healthy patients.#2 However, this still does
not adequately explain why the toxicity of anti-a.-enolase antibodies should be limited to the
retina, as a-enolase is ubiquitous in humans.® It is possible that these autoantibodies are
simply an epiphenomenon, and are indeed not pathogenic. It has been observed that 11% of
healthy patients have autoantibodies against a-enolase.?> Autoantibodies against a-enolase
have been described in patients with a wide variety of systemic autoimmune diseases,
including SLE, Behcet disease, inflammatory bowel disease, primary sclerosing cholangitis,
mixed cryoglobinemia, systemic sclerosis, and multiple sclerosis.25-27:51.52 |n SLE, it has
been shown that they do not correlate with any clinical or serological disease parameter.53 In
various other autoimmune diseases where a-enolase autoantibodies are found, there has
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been no clear demonstration of their pathogenicity.5! These observations raise some doubts
about the pathogenic role of anti-a-enolase antibodies in AIR.

Another class of ubiquitous proteins that have been implicated in AIR based on
autoantibody detection in patient sera are heat shock proteins.>4-26 Other autoantibody
targets that have been proposed to play a role in AIR include transducin-p, transducin-a.,
neurofilament protein, photoreceptor cell-specific nuclear receptor, Muller cell-specific
antigen, transient receptor potential cation channel, subfamily M, member 1 (TRPM1), and a
number of yet unidentified putative antigen targets.10:11:57 Unfortunately, there are no in
vitro or in vivo studies to support the pathogenicity of any of these autoantibodies in AIR.
On the basis of these observations, it would seem prudent to conclude that the retinal
pathogenic potential of many of the autoantibodies proposed to be involved in AIR remains
uncertain.

Laboratory Testing: Lack of Standardization and Validation

Various laboratory techniques, including immunohistochemistry (IHC), Western blot, and
enzyme-linked immunosorbent assay (ELISA), have been described for the detection of
circulating antiretinal antibodies. Each method has its advantages and disadvantages. IHC
involves incubating patient sera with section of normal retina. A secondary antibody (linked
to a colorimetric or fluorescent compound) is then used to detect the binding of patient sera
to the normal retina sections. IHC will give a measure of the total antiretinal antibody level
in patient sera, and is not able to detect antibodies against specific proteins. The amount of
patient sera binding to normal retina is often assessed qualitatively, but methods exist for
quantification of antiretinal antibody binding. Western blot involves separating retinal
extract or pure retinal proteins on a membrane using electrophoresis. The membrane is
incubated with patient sera, and then the binding of the patient sera to the proteins on the
membrane is detected using a secondary antibody (similar to IHC). When a band is seen on
a Western blot against retinal extract suggesting antibodies against a specific protein, then a
confirmatory blot needs to be performed using that specific protein. For example, if the
Western blot using retinal extract shows a protein band at around 23 kDa, then another blot
using purified human recoverin needs to performed to confirm that the patient has anti-
recoverin antibodies. The identity of a protein on a blot performed using retinal extract
cannot be assumed based on its molecular weight. One study reported that 10% of patients
screened had 23 kDa bands on Western blot, but that only 16% of these were actually
confirmed to be anti-recoverin when purified recoverin was used on the blot, demonstrating
that there is at least 1 other protein at 23kDA that reacts with many patients’ sera.>8 ELISA
is similar to Western blot in that it can detect antibodies against specific retinal proteins. In
this technique, small wells are coated with a specific protein, patient sera is added, and then
a secondary antibody is added to detect binding (similar to IHC and Western blot).
Regardless of the technique that is being used to detect antiretinal antibodies, it is crucial to
incorporate proper controls, including positive controls, negative controls, loading controls,
replicates, and standard curves.”->” Without stringent controls, antiretinal antibody testing
can generate false-positive and false-negative results. The use of proper controls is especially
important when performing Western blot as false positives against anti-recoverin and anti-a.-
enolase, the 2 most common antiretinal antibodies that have been reported in AIR, can occur
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if appropriate negative controls are not used.”->” Concern over lack of the reporting of proper
controls in the antiretinal antibody literature has previously been raised.10:33.57

Various laboratories are now offering antiretinal antibody testing as a commercial service.’
Furthermore, some of these laboratories have obtained Clinical Laboratory Improvement
Amendments (CLIA) certification for antiretinal antibody testing.>® It is important to note
that CLIA approval simply refers to the practice of good laboratory techniques and
standards, and does not mean that the laboratory test being offered is standardized and
validated. The lack of standardization between various laboratories performing antiretinal
antibody testing has been shown to result in poor concordance of test results between
laboratories.® This poor concordance between laboratories that perform antiretinal antibody
testing has led some authors to recommend sending patient samples to at least 2 different
laboratories when ordering antiretinal antibody testing.’

Another aspect of antiretinal antibody testing that is lacking is stringent validation to ensure
that laboratory results correlate with clinical disease. This would require determining the
sensitivity, specificity, positive predictive value, and negative predictive value of antiretinal
antibody testing. These parameters have not yet been established for any antiretinal antibody
test.11 Furthermore, the majority of patients with AIR have several bands detected on
Western blot analysis.1314 Some of these bands could represent pathogenic antiretinal
antibodies, whereas others could be incidental antiretinal antibodies that have no clinical
significance. It would be useful to have validated criteria with respect to these bands
(number, intensity, molecular weight, and isotype), which can assist clinicians in assessing
the clinical meaningfulness of these results. Such criteria could be similar to those used in
the diagnosis of Lyme disease using Western blot, where testing (even on healthy patients)
often reveals multiple bands. In the setting of Lyme, certain specific bands are required to be
present before the diagnosis of Lyme can be made.61 Unfortunately, these types of validated
criteria are currently not available for antiretinal antibody testing.

Treatment Options: Lack of Prospective Randomized Studies

The treatment of AIR has been extensively reviewed in numerous recent review articles.”13
Most authors agree that if there is an underlying malignancy, then this should be treated.
Because of the presumed autoimmune nature of AIR, treatment strategies have focused on
immunomodulatory therapy. Various strategies have included local or systemic
corticosteroids, intravenous immunoglobulins, plasmapheresis, and systemic
immunosuppresion.1% Reports using these immunomodulatory strategies have been limited
to retrospective case reports and case series. The few small studies that have evaluated the
treatment of AIR have reported conflicting results, with some studies reporting improvement
with treatment and other reporting worsening despite treatment.1114.62.63 The Jargest study
has involved 30 patients treated with immunosuppression (local and systemic), and
improvement was reported in 70%of the patient cohort.14 However, this study was limited
by its retrospective nature, lack of predefined treatment regimen with heterogenous
treatments, variable patient follow-up, and variable clinical presentations of AIR. Given the
proposed antibody-mediated nature of AIR, a therapeutic agent that targets B cells and thus
reduces systemic antibody levels would seem reasonable. Rituximab is a monoclonal

Int Ophthalmol Clin. Author manuscript; available in PMC 2016 July 12.



1duosnuey Joyiny ¥HIO 1duosnuey Joyiny JHID

1duosnuen Joyiny YHID

Forooghian et al.

Page 6

antibody that targets B cells, and a few case reports have demonstrated successful treatment
of AIR using this agent.54-66 The difficulty in translating the treatment findings for AIR
from the literature lies in the fact that all the literature on this topic is based on retrospective
reviews. To date, there have been no prospective, placebo-controlled, and/or randomized
studies on the treatment of AIR. Furthermore, there are no good markers available to
evaluate treatment effects.14 Until such data become available, the treatment options for AIR
will remain uncertain.

Conclusions

The diagnosis and management of AIR remains a challenge. Various diagnostic criteria for
AIR have been proposed,10:12-14 hyt to date there is no international consensus on these
criteria. Detection of circulating antiretinal antibodies is considered by many authors as an
important criterion that needs to be met for the diagnosis of AIR.1012-14 However, there is
no consensus on which antibodies are pathogenic and which are not pathogenic.
Furthermore, there is no consensus on which particular antibodies or combination of
antibodies are suggestive of AIR, and which antibodies can be considered normal. For
example, a clinical scenario can arise when a patient receives an IHC result that is
“positive,” or a WB result that shows “bands at 28, 35, and 78 kDa.” Given the data that are
currently available in the literature, it is extremely difficult for clinicians to know what (if
any) clinical meaning these results have. The only antiretinal antibody that has strong
evidence for pathogenicity seems to be anti-recoverin. The pathogenic potential of other
putative antiretinal antibodies that have been described, including anti-a-enolase, seems
equivocal based on the current data in the literature. These other antiretinal antibodies could
simply be a consequence of the tissue damage from a primary retinal degeneration, or the
“harmless footprint” of an unrelated systemic autoimmune process. There are no
randomized controlled trials for the treatment of AIR, and an evidence-based treatment
strategy is lacking. Although much has been learned about AIR in the past few years, there
are still many uncertainties remaining. Until these ambiguities are resolved, the diagnosis
and management of AIR will remain an enigma.
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