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PURPOSE. To determine if circulating antiretinal antibodies (ARAs) differ between patients
affected by retinitis pigmentosa (RP) and control participants and to assess whether ARAs
are associated with clinical outcomes in patients with RP.

METHODS. Cross-sectional study involving a group of patients clinically diagnosed with RP
and a control group of healthy participants. Serum autoantibodies against enolase, heat
shock protein 70 (HSP70), and carbonic anhydrase II (CAII) were tested in all participants
using Jess capillary Western blot. We compared ARA prevalence between the RP and
control groups and investigated the association of serum ARA positivity with macular
edema and vitreomacular disorders in patients affected by RP.

RESULTS. Thirty-six patients affected by RP and a control group of 39 healthy individ-
uals were included. Overall, at least one ARA positivity was detected in 89% and 80%
of participants in the RP and control groups, respectively. We observed a similar preva-
lence of anti-CAII and anti-enolase ARA between patients and controls (P = 0.87 and
P = 0.35, respectively). Sera from patients with RP tested positive for anti-HSP70 ARAs
more frequently than those from controls (53% vs. 36%), albeit without reaching statis-
tical significance (P = 0.29). Among the 72 eyes with RP, 25% presented with macular
edema (most often bilateral) and 33% with epiretinal membrane and/or lamellar macu-
lar hole. None of the three ARAs was associated with an increased risk of any macular
complications in eyes affected by RP (all P > 0.05).

CONCLUSIONS. The prevalence of circulating ARAs against enolase, HSP70, and CAII is
similar between patients affected by RP and healthy individuals. Our results provide
evidence against the association of ARAs with macular edema and vitreomacular interface
disorders in RP.

Keywords: antiretinal autoantibodies, autoimmunity, retinitis pigmentosa, rod-cone
dystrophy, macular edema

Retinitis pigmentosa (RP) is a genetically heterogeneous
group of inherited retinal diseases (IRDs) characterized

by primary and progressive degeneration of rod photorecep-
tors, each caused by pathogenic variants in genes governing
a diverse range of biological functions, including phototrans-
duction, visual cycle, transcription factors, and cilium struc-
ture.1 In addition to the loss of outer retinal structures with
typical bone–spicule pigmentation in the peripheral retina,
which manifests as night blindness and visual field constric-
tion, RP often exhibits features possibly attributable to some
degree of tissue inflammation—perhaps as the name itself
was intended to suggest when first coined by Donders back
in 1857.2 In fact, patients affected by RP have an increased
risk of posterior subcapsular cataract,3,4 experience exten-
sive vitreous degeneration,5,6 and can develop cystoid macu-

lar edema (CME) or epiretinal membrane in up to 59% and
23% of eyes, respectively,7 leading to further vision impair-
ment. For that reason, there has been growing interest in
investigating the potential involvement of inflammation and
autoimmunity in RP, particularly the presence of circulating
antiretinal antibodies (ARAs).8–10

Under normal conditions, circulating immune cells and
humoral factors cannot penetrate the retina, which is safe-
guarded by the blood–retina barrier. This phenomenon
is usually referred to as “immune privilege” and can be
compromised in any instance of tissue damage. Under such
circumstances, retinal proteins may be released into the
bloodstream, potentially becoming antigenic, and circulat-
ing ARAs gain access to the retinal tissue, possibly initiating
an autoimmune response. In RP, the detection of albumin
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in the inner retinal extravascular space and vitreous fluo-
rophotometry studies provided evidence for a chronic
blood–retina barrier breakdown,6,11–13 and one study found
an association between circulating ARAs and the occurrence
of CME.14 Thus, it has been speculated that ARAs might
contribute to the retinal pathology observed in RP through
an immuno-mediated pathway.15 Nevertheless, their role of
circulating ARAs remains controversial, as these have been
found in healthy individuals,16 as well as in patients affected
by a range of chorioretinal diseases (including uveitis and
macular degeneration).17–19 Therefore, we conducted a study
to determine the prevalence of circulating ARAs against
enolase, heat shock protein 70 (HSP70), and carbonic anhy-
drase II (CAII) in patients affected by RP and healthy individ-
uals, and to assess whether ARAs are associated with CME
and other clinical outcomes in RP.

METHODS

The study was designed as a cross-sectional analysis of data
acquired as part of a prospective observational multicen-
ter collaborative study on the phenotyping and genotyping
of patients affected by RP (NET-2016-02363765). All partic-
ipants included in this research were recruited in a single
referral center for IRDs (Retinal Heredodystrophies Unit,
Department of Ophthalmology of IRCCS San Raffaele Scien-
tific Institute, Milan, Italy). The study received approval from
the ethical committee of IRCCS San Raffaele Scientific Insti-
tute and adhered to the tenets of the Declaration of Helsinki.
Signed informed consent was obtained from all participants.

Patient Recruitment and Observational
Procedures

Patients affected by RP referred to the Retinal Heredodys-
trophies Unit were consecutively enrolled in the NET-
2016-02363765 prospective observational study between
January 2019 and December 2021. The diagnosis of RP
was based on clinical and multimodal imaging findings.20,21

Each patient underwent molecular genetic testing, using
a next-generation sequencing (NGS) approach and confir-
mation of identified variants by direct Sanger sequenc-
ing, as previously described.22 A control group of healthy
participants was also recruited among the clinic’s person-
nel, each required to have a normal ophthalmologic exam-
ination (including dilated fundus biomicroscopy) and no
history of eye disease (including high myopia), autoim-
mune disease, or cancer. All patients underwent a standard-
ized ophthalmic evaluation, including automated refraction,
best-corrected visual acuity measurement, slit-lamp biomi-
croscopy, retinal imaging, and microperimetry. The stan-
dard imaging protocol included at least a high-resolution
optical coherence tomography (OCT) raster scan centered
on the fovea covering an area of 20° × 15°, as well
as 30° and 55° blue-light fundus autofluorescence using
Spectralis HRA+OCT (Heidelberg Engineering, Heidelberg,
Germany). Microperimetry was carried out using the Macu-
lar Integrity Assessment microperimeter (CenterVue, Padua,
Italy) on a 68-point grid adopting a mesopic testing protocol
detailed elsewhere.23 Multifocal ERG (mfERG; Retimax CSO,
Florence, Italy) was recorded for each patient following the
International Society for Clinical Electrophysiology of Vision
standards,24 after pupil dilatation to at least 7 mm using 1%
tropicamide and using DTL Plus electrodes (Diagnosys LLC,
Lowell, MA, USA) applied on the conjunctiva at the inferior

limbus (ground electrode was attached to the forehead). The
recorded signal was processed through a 5- to 100-Hz band-
pass filter and amplified through a 30,000 gain. Responses
amplitude densities (RADs, expressed in nV/deg2) were
then measured on regional ring averages of first-order
kernels (0°–5°, R1; 5°–10°, R2; 10°–15°, R3; 15°–20°, R4; 20–
25°, R5) from the first negative peak to the first positive
peak.

Clinical Outcome Measures

For patients with RP, outcome measures of macular anatomy
and function were collected. The presence of CME, epireti-
nal membrane (ERM), and lamellar macular hole (LMH) on
fovea-centered OCT raster scans was recorded. Data on total
retinal volume (TRV, measured from the internal limiting
membrane to the outer boundary of the RPE or Bruch’s
membrane in regions of RPE loss in mm3) were generated
using the 1, 2.22, 3.45 grid available on the Heidelberg Eye
Explorer (HEYEX) software platform (Heidelberg Engineer-
ing). All B-scans were inspected for automated segmentation
accuracy and adjusted manually using the in-built HEYEX
tool by a single masked grader (AA). The mean sensitivity
(MS) of all 68 tested points was automatically calculated and
exported from microperimetry tests. For evaluation of the
mfERG, the ratio between RAD of R1 and R5 was computed
to approximate the degree of concentric degeneration of the
macula.25

Serum ARA Assessment

For each participant, a peripheral whole blood sample
was collected on the day of the clinical examination and
sent to the Neuroimmunology Unit laboratory for anal-
ysis. Jess capillary Western blot was used to assess the
presence of ARAs against enolase,26 HSP70,27 and CAII28

in the serum of patients and controls. Capillary Western
blot was performed using the automated ProteinSimple Jess
system (Bio-Techne, MN, USA). Standard reagents (Fluores-
cent 5× Master Mix, biotinylated ladder, and dithiothreitol)
were prepared according to the manufacturer’s instructions
(Bio-Techne, MN, USA). Briefly, protein samples (Recom-
binant Human Enolase 1 Protein NBP1-30262, Novusbio
Bio-Techne, MN, USA; Recombinant Human HSP70/HSPA1A,
#AP100 R&D System Bio-Techne, MN, USA; Recombi-
nant Human Carbonic Anhydrase II/CA2 Protein NBC1-
28002, Novusbio Bio-techne) were diluted 0.02, 0.05, and
0.10 μg/μL, respectively, with 0.1× Sample Buffer and
denatured at 95°C for 5 minutes with 5× Fluorescent
Master Mix. Sera used as primary antibodies from healthy
controls and patients with RP were diluted 1:2 ratio with
Ab diluent. Mouse enolase 1 antibody H00002023-M01,
human/mouse/rat HSP70/HSPA1A antibody, rabbit anti–
carbonic anhydrase II/CA2 antibody NB600-919 (Novusbio
Bio-techne) were diluted to an optimized concentration in
Ab diluent (1:1000, 1:400, and 1:200, respectively). Ladder
and protein samples were loaded in row A of prefilled
plates (043-165, ProteinSimple). Following rows were filled
with antibody diluent, primary antibody or sera sample,
streptadivin–horseradish peroxidase, secondary conjugate
antibodies, and luminol–peroxide solution. After capillary
and plate loading, the separation, electrophoresis, and
immunodetection steps were conducted automatically in
the Jess system. The signal was acquired and quanti-
fied as the area under chemiluminescence response curve
(AUCC) with Compass software (Bio-Techne, MN, USA). Sera
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autoantibody reaction was evaluated using the autoimmu-
nity test kit IIFA monkey retina (FA 1172-1005 Euroimmune;
PerkinElmer, Bio-Techne, MA, USA) following the manu-
facturer’s instructions. Images were acquired using a Leica
SP5 (Leica Microsystems, Watzer, Germany) confocal micro-
scope.

Statistical Analysis

For the primary analysis, we used the χ2 test to compare
the frequency of any serum positivity to the three types of
ARAs between patients with RP and healthy controls. For
the secondary analysis, linear and binary logistic regression
models were used to explore the association between serum
positivity to each of the three ARAs and clinical outcomes
(presence of macular edema [ME], presence of ERM and/or
LMH, TRV, MS, R1/R5 ring ratio) in patients affected by
RP. Generalized estimating equations with an exchangeable
correlation matrix were employed to account for the lack of
independence of data from the eyes of the same patient. The
level of statistical significance was set at α < 0.05.

RESULTS

Overall, 36 patients diagnosed with RP (18 [50%] females)
with a mean (SD) age of 41.9 (11.4) years and 39 healthy
controls (20 [51%] females) with a mean (SD) age of 33.4
(10.2) years were enrolled. All participants were Italians of
white ethnicity. Demographic and clinical characteristics of
the patients with RP are summarized in Table 1, while indi-
vidual data are provided in the Supplementary Table.

TABLE 1. Demographic and Clinical Characteristics of Patients
Affected by Retinitis Pigmentosa

Subjects (n) 36
Age (years)

Mean (SD) 41.9 (11.4)
Median (IQR) 42.7 (52.3–32.7)

Males (%) 18/36 (50%)
Inheritance pattern

Autosomal dominant (%) 4/36 (11.1%)
Autosomal recessive (%) 20/36 (55.6%)
X-linked (%) 3/36 (8.3%)
Simplex genetically unsolved(%) 9/36 (25%)

Eyes (n) 72
BCVA (logMAR)

Mean (SD) 0.6 (0.25)
Median (IQR) 0.05 (0.0–0.2)

Macular edema, eyes (%) 18/72 (25%)
Bilateral, patients (%) 8/10 (80%)

Vitreomacular interface disorders1, eyes (%) 24/72 (33.3%)
Bilateral, patients (%) 8/16 (50%)

TMV (mm3)
Mean (SD) 2.94 (0.45)
Median (IQR) 3 (3.22–2.59)

Mean sensitivity (dB)
Mean (SD) 10.8 (8)
Median (IQR) 10 (16.2–3.2)

R1/R5 ring ratio
Mean (SD) 24.2 (15.2)
Median (IQR) 19.5 (25.9–16.1)

BCVA, best-corrected visual acuity; IQR, interquartile range; SD,
standard deviation; TMV, total macular volume.

1 Epiretinal membrane and/or lamellar macular hole.

Prevalence of Serum ARAs

Anti-CAII and anti-enolase ARAs were present in 52 (69%)
individuals, while anti-HSP70 was present in only 33 (44%).
In general, the distribution of AUCC values was heavily right-
skewed for all three ARAs due to the simultaneous pres-
ence of many cases without a detectable response on West-
ern blot and a long tail corresponding to a few cases with
extreme AUCC values (Fig. 1). For that reason, ARA positiv-
ity was further categorized into two groups, above or below
the median of AUCC distributions, to account for possible
differences in serum autoantibody titer.

Association of ARAs With RP

We observed that 89% of participants in the RP group and
80% in the control group tested positive for at least one
ARA. Specifically, the presence of anti-CAII and anti-enolase
was similar between the two groups, with 70% of patients
with RP and 68% of controls showing anti-CAII positivity,
and 75% of patients with RP and 64% of controls testing
positive for anti-enolase (P = 0.87 and P = 0.35, respec-
tively). Notably, a difference was found in the prevalence
of anti-HSP70, which was identified in 53% of patients
with RP and only 36% of controls. Individuals who tested
positive for circulating anti-HSP70 had twice the odds of
having an RP diagnosis (odds ratio estimate, 2.00; 95%
confidence interval, 0.79–5.04), although this result did not
reach statistical significance (P = 0.14). Distributions of
ARA serum positivity are reported in Table 2 and shown in
Figure 2.

Association of ARAs With Clinical Findings in RP

Even though we found no differences in the prevalence of
circulating ARA against enolase, HSP70, and CAII between
patients affected by RP and controls, we explored associa-
tions between serum positivity and clinical findings in eyes
with RP. Among the 72 eyes with RP, one-fourth had with
CME, which was bilateral in most of the cases, while one-
third had ERM and/or LMH (P = 0.083 for the association).
Distributions of ARA serum positivity according to the pres-
ence of such macular complications are shown in Figure 3.
Serum positivity to anti-CAII ARAs was detected in 80%
of eyes with ME, compared with 69% of those without.
However, in a logistic regression analysis accounting for age
and sex as covariates, anti-CAII positivity was not associated
with the presence of ME (P = 0.62). Similarly, positivity to
anti-enolase was observed in 83% of eyes with ERM and/or
LMH and in 71% of those without such complications. Statis-
tical significance was not reached in the multivariable logis-
tic regression model (P = 0.94), and subgroup analysis also
did not show an association with higher ARA levels (Table 3).
Serum positivity for anti-CAII, anti-enolase, or anti-HSP70
was also found to have no statistically significant effect on
TRV, MS, or R1/R5 ring ratio, as detailed in Table 3.

Sera Reaction With Primate Retina

To evaluate the reactivity of circulating ARAs to the retina
tissue, we evaluated the reactivity of sera from patients
affected by RP on primate retina sections. We found vari-
able staining patterns against both photoreceptors and inner
nuclear layers, which, however, could be detected in both
patients and controls. Images of the staining of monkey
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FIGURE 1. Immunoblots of retinal antigens with sera from healthy controls and patients affected by RP. Each panel represents a differ-
ent capillary Western blot run on four separate sets of controls and patients with RP. In the first five columns in each panel, the bands
corresponding to the recombinant proteins are identified by the blot with the respective specific antibodies: size marker (lane 1), human
recombinant enolase (lane 2), HSP70 (lane 3), human recombinant CAII (lane 4), and a mix of enolase, HSP70, and CAII (lane 5).

TABLE 2. Prevalence of Serum Positivity to Circulating Antiretinal Antibodies (ARAs) in Healthy Controls and Patients Affected by Retinitis
Pigmentosa

Overall Cohort (n = 75) Controls (n = 39) Retinitis Pigmentosa (n = 36) P Value

Anti-Carbonic Anhydrase II
Absent 23/75 (30.7%) 13/39 (33.3%) 10/36 (29.7%) 0.87
Present
AUCC below the median (<20,500) 26/75 (34.7%) 13/39 (33.3%) 13/36 (36.1%)
AUCC above the median (≥20,500) 26/75 (34.7%) 13/39 (33.3%) 13/36 (36.1%)

Anti-enolase
Absent 23/75 (30.7%) 14/39 (35.9%) 9/36 (25%) 0.35
Present
AUCC below the median (<17,600) 25/75 (33.3%) 14/39 (35.9%) 11/36 (30.6%)
AUCC above the median (≥17,600) 27/75 (36%) 11/39 (28.2%) 16/36 (44.4%)

Anti-Heat Shock Protein 70
Negative 42/75 (56%) 25/39 (64.1%) 17/36 (47.2%) 0.29
Present
AUCC below the median (<17,800) 16/75 (21.3%) 6/39 (15.4%) 10/36 (27.8%)
AUCC above the median (≥17,800) 17/75 (22.7%) 8/39 (20.5%) 9/36 (25%)

AUCC, area under chemiluminescence response curve.

retina with sera from four representative patients with RP
and four healthy controls are presented in Figure 4.

DISCUSSION

Autoantibodies against soluble retinal antigens have been
found in the serum of patients affected by RP multi-
ple times by independent research groups,8,9,14,29 and the
reason for this immunologic finding has remained unex-

plained. The detection of circulating ARAs in a patient can
represent (1) the primary pathogenic mechanism by which
the retinopathy is caused, (2) an epiphenomenon occurring
because of the release of retinal antigens following tissue
and/or blood–retina barrier damage in a preexisting retinal
disease with non-autoimmune etiology, and (3) a bystander
phenomenon, without any direct pathologic significance or
relation to the retinal condition.30 The first instance is exem-
plified by some paraneoplastic retinopathies in which anti-
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FIGURE 2. Bar graphs depicting the distributions of serum positivity to circulating ARAs against CAII, enolase, and HSP70 in controls and
patients affected by RP.

FIGURE 3. Bar graphs depicting the distributions of serum positivity to circulating ARAs against CAII, enolase, and HSP70 in patients affected
by RP, according to the presence of cystoid macular edema or vitreomacular interface disorders (epiretinal membrane and/or lamellar macular
hole).
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TABLE 3. Multivariate Regression Analyses Testing the Association Between Serum Positivity to Circulating Antiretinal Antibodies (ARAs)
and Clinical Findings in Eyes Affected by Retinitis Pigmentosa

Odds Ratio 95% Confidence Intervals P Value

Macular edema
Anti-Carbonic Anhydrase II* 0.62

Absent Reference
AUCC below the median (<20,500) 2.01 0.31 to 12.99 0.46
AUCC above the median (≥20,500) 2.80 0.36 to 21.67 0.32

Anti-enolase 0.69
Absent Reference
AUCC below the median (<17,600) 1.85 0.21 to 16.07 0.58
AUCC above the median (≥17,600) 0.87 0.12 to 6.19 0.89

Anti-Heat Shock Protein 70* 0.46
Absent Reference
AUCC below the median (<17,800) 0.29 0.03 to 2.62 0.29
AUCC above the median (≥17,800) 1.24 0.23 to 6.74 0.81

Epiretinal membrane and/or lamellar macular hole
Anti-Carbonic Anhydrase II* 0.94

Absent Reference
AUCC below the median (<20,500) 1.02 0.24 to 4.26 0.98
AUCC above the median (≥20,500) 0.79 0.16 to 3.84 0.77

Anti-enolase 0.37
Absent Reference
AUCC below the median (<17,600) 1.46 0.29 to 7.34 0.65
AUCC above the median (≥17,600) 3.02 0.62 to 14.58 0.17

Anti-Heat Shock Protein 70* 0.28
Absent Reference
AUCC below the median (<17,800) 0.30 0.05 to 1.67 0.17
AUCC above the median (≥17,800) 1.45 0.31 to 6.80 0.64

β Coefficient 95% Confidence Intervals P Value

Total retinal volume (mm3)
Anti-Carbonic Anhydrase II* 0.93

Absent Reference
AUCC below the median (<20,500) 0.06 −0.27 to 0.40 0.71
AUCC above the median (≥20,500) 0.04 −0.31 to 0.40 0.82

Anti-enolase 0.37
Absent Reference
AUCC below the median (<17,600) −0.02 −0.39 to 0.35 0.91
AUCC above the median (≥17,600) −0.18 −0.43 to 0.08 0.18

Anti-Heat Shock Protein 70* 0.60
Absent Reference
AUCC below the median (<17,800) 0.07 −0.24 to 0.38 0.66
AUCC above the median (≥17,800) −0.11 −0.49 to 0.26 0.55

Mean sensitivity (dB)
Anti-Carbonic Anhydrase II* 0.43

Absent Reference
AUCC below the median (<20,500) 4.77 −2.45 to 11.99 0.20
AUCC above the median (≥20,500) 2.50 −3.57 to 8.56 0.42

Anti-enolase 0.62
Absent Reference
AUCC below the median (<17,600) −4.03 −12.20 to 4.14 0.33
AUCC above the median (≥17,600) −2.88 −10.19 to 4.43 0.44

Anti-Heat Shock Protein 70* 0.094
Absent Reference
AUCC below the median (<17,800) 6.30 0.50 to 12.10 0.033
AUCC above the median (≥17,800) 1.45 −4.48 to 7.38 0.63

R1/R5 ring ratio (%)
Anti-Carbonic Anhydrase II* 0.62

Absent Reference
AUCC below the median (<20,500) −1.61 −9.42 to 6.19 0.69
AUCC above the median (≥20,500) 4.01 −7.57 to 15.60 0.50

Anti-enolase 0.34
Absent Reference
AUCC below the median (<17,600) −9.05 −21.88 to 3.78 0.17
AUCC above the median (≥17,600) −6.96 −20.53 to 6.62 0.32

Anti-Heat Shock Protein 70* 0.49
Absent Reference
AUCC below the median (<17,800) −1.91 −11.37 to 7.56 0.69
AUCC above the median (≥17,800) −4.46 −13.18 to 4.26 0.32

AUCC, area under chemiluminescence response curve.
* Accounting for age and sex as covariates.
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FIGURE 4. Sera reactivity on monkey retina sections. Sera from four healthy controls (A–D) and four patients affected by RP (E–H) were
incubated with monkey retina sections. Negative control (control IgG) is shown in panel I. Signals were revealed with FITC human anti-
IgAGM. Images were acquired by a Leica SP5 confocal microscope. Scale bars correspond to 25 μm. The table in panel J reports the circulating
autoantibodies identified in the same samples shown in panels A to H. Legend: −, absent; +, present, area under the chemiluminescence
response curve below the median; ++, present, area under the chemiluminescence response curve above the median.

recoverin or other ARAs are presumed to be pathogenic or
at least disease specific.31–35 Vice versa, the role of ARAs in
RP could only fall into the latter two categories since RP is
an inherited genetic condition.

In this research, we directly compared patients with RP
and healthy controls, recruiting nearly 40 individuals per
group, by measuring the prevalence of ARAs directed against
three different retinal antigens: enolase, HSP70, and CAII.
We found a higher than expected prevalence of circulating
ARA positivity in healthy individuals (80%), which was simi-
lar to that observed in patients affected by RP (89%). More
specifically, none of the three ARAs was found to occur
more frequently in the RP group than in the control one.
On the contrary, Heckenlively and colleagues14 succeeded in
demonstrating that ARAs—as detected by Western blotting
and immunostaining—were more common in patients with
RP than in healthy controls, who had a very low prevalence
(6%) considering the results of subsequent studies. Indeed,
Shimazaki et al.16 observed ARAs in 62% of normal control
human sera (n = 92), cautioning that disease associations
should be subject to a rigorous comparison with the reac-
tivity observed in controls, while another recent investiga-

tion found that 93% of samples from patients with miscella-
neous ocular conditions (n = 14) tested positive for ARAs.36

Furthermore, the prevalence of anti-CAII and anti-enolase
ARAs in our cohort of healthy individuals was 68% and 64%,
respectively, very similar to the 63% reported by Bae et al.29

Thus, immunization against soluble retinal proteins is not
likely to be a specific finding of RP, even though our results
cannot be generalized to antigens that were not considered
herein or to specific RP genotypes or phenotypes.37–41

Nonetheless, ARAs could represent a secondary process
that may lead to worse clinical outcomes in individuals
already affected by RP through an immunologic mechanism.
For instance, a strong association between ARA positivity
and ME was reported in the previously mentioned work by
Heckenlively and colleagues14: 90% of those with ME had
ARAs compared to only 13% of those without. The most
common ARA were anti-enolase and anti-CAII,14 the latter
one being an excellent candidate for a causative role in ME
associated with RP, being capable of inhibiting the catalytic
activity of the CAII protein.42 However, in our study, serum
positivity to anti-CAII was not associated with an increased
risk of macular edema in eyes affected by RP. The same
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was also true for ARA directed against enolase and HSP70,
and for the presence of concomitant vitreomacular compli-
cations, such as epiretinal membrane and macular hole.
Another study found that the presence of ARAs in patients
affected by RP (n = 26) was associated with an approxi-
mately three times faster deterioration in visual field test-
ing.28 Owing to the cross-sectional nature of our investiga-
tion, we could not draw any conclusion on the prognostic
significance of ARAs in RP, which is also a major limitation
of our study that could be amended in future analyses using
longitudinal data. However, the serum positivity level of
none of the three ARAs was associated with more advanced
disease, as evaluated by microperimetry and mfERG, even
when accounting for sex and age at the time of inclusion in
the study.

Our study has some limitations. First, in our analyses, we
did not account for genotype, and approximately 25% of our
RP cohort was not genetically solved. This figure aligns with
the diagnostic yield of the targeted NGS panel documented
in the literature.43,44 However, we could not fully exclude the
possibility that some of these genetically unsolved simplex
cases may indeed be affected by autoimmune retinopathies,
despite the typical RP phenotype. Nevertheless, should this
be the case, our results would strengthen evidence from
previous research about the lack of specificity of ARAs.28

Second, the study’s relatively small sample size and cross-
sectional design increases the risk of the results being
affected by fluctuations in ARA titer, despite none of the
patients in our cohort receiving any kind of systemic or local
therapy.25 Finally, our results can be extended only to the
three ARA specificities that were tested in this study, and
it must be borne in mind that autoimmune damage to the
retina could be caused by cell- or cytokine-mediated mech-
anisms that were not evaluated herein.

In conclusion, we demonstrated that the prevalence of
circulating ARAs against carbonic anhydrase II, enolase, and
heat shock protein 70 is similar between patients affected by
RP and healthy individuals. Furthermore, our results provide
evidence against a role for circulating ARAs in the pathogen-
esis of macular edema and vitreomacular complications in
RP.
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