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Abstract

Purpose To compare the clinical characteristics of Vogt-Koyanagi-Harada (VKH) disease patients with and without anti-retinal
antibodies (ARAs) that are frequently detected in autoimmune retinopathy.

Methods Using immunoblot analyses, serum autoantibodies for recoverin, carbonic anhydrase II, and «-enolase were examined
in 20 treatment-naive patients with VKH disease. Clinical factors before and after systemic corticosteroid therapy, including best-
corrected visual acuity (BCVA) and macular outer retinal morphology, were statistically compared between patients with VKH
disease with and without ARAs.

Results Serum ARAs were detected in 50.0% of patients with VKH disease. There were no significant differences in clinical
factors between the two groups, including final BCVA, frequency of uveitis recurrence, and recovery of the macular ellipsoid
zone after systemic corticosteroid therapy.

Conclusions Our results suggest that the detected ARAs did not influence visual outcomes, the chronicity of uveitis, or outer

retinal morphology in patients with VKH disease.
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Introduction

Vogt-Koyanagi-Harada (VKH) disease is a multisystemic syn-
drome thought to be caused by autoimmunity against melano-
cytes [1]. In the eye, VKH disease initially targets the uvea,
especially the choroid [2]. Visual impairment results from out-
er retinal disorder with serous retinal detachment (SRD) [3].
The presence of choroiditis in VKH disease is marked by the
combination of increased thickness and decreased blood flow
velocity of the choroid during the acute stage [4, 5].
Numerous experimental studies have indicated that the
pathogenesis of VKH disease involves activation of CD4" T
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lymphocyte-mediated cellular immunity against melanocyte-
associated proteins that is triggered by a viral infection [3,
6-9]. These observations suggest that cellular immunity main-
ly drives the pathogenesis of this disease; however, the infil-
tration of B lymphocytes and plasma cells into the vitreous of
VKH disease patients has been observed, suggesting the as-
sociation of humoral immunity as well [10]. On the other
hand, previous immunohistochemical results revealed that an-
tibodies against the photoreceptor outer segments and Miiller
glial cells were positive in the sera of all the seven patients
with this disease, and the positive rate and immunoreactivity
were higher in patients with VKH disease than in those with
Behcet’s disease [11]. Moreover, it is known that anti-retinal
antibodies (ARAs) were also commonly detected in the sera of
uveitis patients with different entities, but there was no rela-
tionship between the presence of ARAs and the clinical char-
acteristics of uveitis [12, 13].

The activation of humoral immunity for retinal antigens
may cause autoimmune retinopathy (AIR) following produc-
tion of ARAs [14, 15]. Generally, patients with AIR tend to
have progressive deterioration of visual function despite
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administration of systemic immunosuppressive agents
[16-18]. AIR is diagnosed based on the clinical features and
symptoms, in addition to the presence of ARAs on immuno-
blot and/or enzyme-linked immunosorbent assays, especially
if the patients have antibodies against recoverin or «-enolase
[15]. Major causative retinal antigens include x-enolase, car-
bonic anhydrase II, and recoverin seen in the majority of pa-
tients with ARAs-positive AIR [19]. Experimental studies
have demonstrated that these antibodies have pathogenicity
for retinal tissue, including photoreceptors [14, 20-22]. We
recently reported that retinal pigment epithelium is also a pos-
sible target in Japanese patients with anti-cc-enolase antibody-
positive AIR, especially in a subtype with multiple drusen:
namely, anti-enolase drusen [18].

Specific retinal antigens causative for AIR have yet to be
identified in patients with VKH disease. Moreover, whether
ARAs affect clinical characteristics of VKH disease remains
unclear. The aim of the present study was to determine the
positive rate of the three representative ARAs (i.e., x-enolase,
carbonic anhydrase II, and recoverin) in patients with VKH
disease and compare clinical features between VKH disease
patients with and without the ARAs, in order to examine the
association of ARAs with the pathogenesis of this disease.

Methods
Patients and diagnosis

This retrospective observational case series included 20 pa-
tients (40 eyes) with treatment-naive VKH disease who visited
Hokkaido University Hospital from July 2012 to August
2015. Inclusion criteria were patients with acute-stage VKH
disease; sera collected before initiation of systemic corticoste-
roid therapy for detection of ARAs; and more than 6 months
of follow-up after treatment. Exclusion criteria were
convalescent-stage VKH disease with sunset glow fundus at
the initial visit. VKH disease was diagnosed according to the
criteria of Sugiura [23] and the VKH Disease Committee [24].
The presence of serum auto-antibodies against recoverin, car-
bonic anhydrase II, and «-enolase was examined in patients
with VKH disease using immunoblot analyses (Fig. 1).
Patients with VKH disease were divided into the ARAs group
and the ARAs-negative group according to the presence (one
or more) or absence of ARAs, respectively, and baseline char-
acteristics and post-treatment outcomes were compared be-
tween the two groups. The current study was approved by
the ethics committee of Hokkaido University Hospital
(#015-0376) and followed the tenets of the Declaration of
Helsinki. Informed consent was obtained from each subject
after the nature and potential consequences of the study had
been explained.
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Ophthalmologic examinations

At their initial visit, patients underwent comprehensive ophthal-
mic examinations, including measurement of decimal best-
corrected visual acuity (BCVA), indirect ophthalmoscopy, color
fundus photography, fluorescein angiography, indocyanine
green angiography, spectral domain optical coherence tomogra-
phy (OCT), and enhanced depth imaging OCT (EDI-OCT) (RS-
3000 Advance; Nidek, Gamagori, Japan). During follow-up,
EDI-OCT measurements were performed every week for up to
4 weeks after treatment and every month thereafter. Fundus
photography was taken 6 months or later after the initiation of
systemic corticosteroid therapy up to 15 months. Two investi-
gators (Y.H., K.M.) routinely determined the onset of sunset
glow fundus based on previously reported criteria [5] and
peripapillary atrophy using funduscopic photographs taken after
treatment. There was no significant difference in the mean peri-
od from the initiation of treatment until fundus picture taking
between the ARAs (8.7 + 3.0 months; range, 614 months) and
the ARAs-negative (8.9 £3.2 months; range, 615 months)
groups (P =0.94). At the final visit, foveal outer retinal morphol-
ogy was investigated using a horizontal B-scan image of EDI-
OCT through the fovea.

Systemic treatment

Patients received either high-dose or pulse corticosteroid reg-
imens according to the timing of their first visit. In five pa-
tients visiting before April 2014 (three ARAs patients, two
ARAs-negative patients), intravenous prednisolone was ad-
ministered and tapered from 200 mg/day (high-dose therapy).
The tapering schedule for prednisolone required intravenous
administration at 200 mg/day, 150 mg/day, and 100 mg/day,
with each dose administered over a 2-day period. After the
first 6 days of intravenous administration, tapering was con-
tinued using oral doses according to the following schedule:
4 days at 60 mg/day, 10 days at 40 mg/day, 14 days at 30 mg/
day, 1 month at 20 mg/day, 1 month at 15 mg/day, 1 month at
10 mg/day, 1 month at 7.5 mg/day, and 1 month at 5 mg/day
[4]. In the remaining 15 patients visiting from April 2014
onwards (seven ARAs patients, eight ARAs-negative pa-
tients), intravenous methylprednisolone was initially adminis-
tered at 1000 mg/day for 3 consecutive days (pulse therapy).
Oral prednisolone was then initiated and tapered per the fol-
lowing schedule: 10 days at 40 mg/day, 10 days at 30 mg/day,
10 days at 25 mg/day, 1 month at 20 mg/day, 1 month at
15 mg/day, 1 month at 10 mg/day, 2 months at 5 mg/day,
and 1 month at 5 mg/every other day.

Oral prednisolone was temporarily increased or restarted if
there were anterior and/or posterior recurrences of VKH dis-
ease. Oral cyclosporine was also administered at and after the
second recurrence concurrently with oral prednisolone. In the
present study, recurrences were defined as the recurrence of
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Fig. 1 Immunoblotting results in
a patient with Vogt-Koyanagi-
Harada disease whose serum
tested positive for anti-recoverin
(RCVN) antibody (case 10).
Immunoblot analysis revealed
predicted protein bands of
approximately 49 kDa
[recombinant human recoverin
(23 kDa)-fusion glutathione S-
transferase (GST; 26 kDa)
protein] in response to anti-
RCVN antibody (right lane) and
the patient’s serum (left lane) but
not in the control serum (middle
lane)

anterior chamber cells and/or posterior segment lesions (i.e.,
SRD and/or choroidal folds), based on criteria reported previ-
ously [25, 26].

Immunoblot analyses for recoverin, carbonic
anhydrase I, and a-enolase

The methods used for production and purification of glutathi-
one S-transferase (GST) fusion recoverin protein and immu-
noblot analyses were described previously [27]. Recombinant
human carbonic anhydrase II and o«-enolase proteins were

250
150

100
Y i

50
37

—25
=20

15

purchased from Biovision (Milpitas, CA, USA) and ATGen
(Gyeonggi-do, South Korea), respectively. Antibodies for pro-
tein detection were patient and negative control sera (1/2000
dilution), anti-recoverin antibody (1/20,000, Merck Millipore,
Billerica, MA, USA), anti-x-enolase antibody (1/2000, Santa
Cruz Biotechnology, Santa Cruz, CA, USA), and anti-
carbonic anhydrase II antibody (1/2000, Abcam, Cambridge,
MA, USA). Preliminary results showed the positive rate
(14.3% in total) of antibodies against recoverin (4.8%), car-
bonic anhydrase II (0%), and o-enolase (9.5%) in 21 patients
with idiopathic epiretinal membrane [18]. In concert with the
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Initial visit

Initial visit

Fig. 2 Ocular findings at the initial visit (a, ¢, ) and after the initiation of
systemic corticosteroid therapy (b, d, f) in the patient with anti-recoverin
antibody (Fig. 1). a, b Fundus photographs showing macular serous
retinal detachment (SRD) (a) and resolution of SRD without sunset
glow fundus 30 months after the initiation of systemic corticosteroid
therapy (b). ¢, d Late-phase indocyanine green angiography showing

previously reported rate (9%) in normal subjects [20], these
results confirmed the reliability of our detection system, given
the non-autoimmune etiology of idiopathic epiretinal
membrane.

numerous hypofluorescent dark dots (¢) and resolution of the dots
1 month after treatment (d). e, f Enhanced depth imaging optical
coherence tomography demonstrating macular SRD (e) and resolution
of the SRD with recovery of the macular ellipsoid zone 30 months after
treatment (f)

Statistical analyses

Values were expressed as the mean + standard deviation.
Decimal BCVA was converted to the logarithm of the
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Table 2  Baseline characteristics and post-treatment outcomes of Vogt-Koyanagi-Harada disease patients with and without anti-retinal antibodies
ARAs group (10 patients, 20 eyes) ARAs-negative group (10 patients, 20 eyes) P value
Age at the onset (years) 43.6+12.9 40.1+124 $0.820
Male/female 4:6 4:6 #1.000
Follow-up period (months) 304+11.9 27.5+5.6 $ 0.649
Refractive error (diopters) -19+3.0 -09+2.0 $0314
Duration from onset to treatment (days) 13.7+£6.0 12.6 £6.2 $0.445
Pleocytosis (cells/uL) 142.8 +121.1 74.1 £64.4 $0.193
Height of SRD (pm) 433.0+£358.3 321.1+294.7 $0.327
Initial logMAR BCVA 0.35+£0.31 0.22+0.33 $0.076
Final logMAR BCVA - 0.07+0.10 = 0.06+0.07 $0.658
Recovery of ellipsoid zone (+/-) 20:0 20:0 #1.000
Sunset glow fundus (+/-) 10:10 6:14 #0.333
Peripapillary atrophy (+/—) 10:10 9:11 #1.000
Upveitis recurrence (+/—) 8:12 13:7 #0.204

ARAs anti-retinal antibodies, SRD serous retinal detachment, JogMAR logarithm of the minimum angle of resolution, BCVA best-corrected visual acuity

# Fisher’s exact test
s Mann-Whitney U test

minimum angle of resolution (logMAR). The Mann—
Whitney U test or Fisher’s exact test was used to compare
patient demographics, clinical characteristics, and
logMAR values of BCVA at the baseline and final visits
between VKH disease patients with and without ARAs.
For all tests, P<0.05 was considered to be statistically
significant.

Results

Positive rate of three ARAs in patients with VKH
disease

Serum ARAs were positive in 10 (50.0%) patients with
VKH disease, with one (5.0%), one (5.0%), and ecight
patients (40.0%) positive for antibodies against recoverin,
carbonic anhydrase II, and x-enolase, respectively.

Baseline clinical parameters

Baseline patient characteristics in the ARAs and ARAs-
negative groups are summarized in Table 1. Before treat-
ment, SRD was detected at the macular area (Fig. 2a, e) in
16 of 20 eyes with ARAs and 15 of 20 eyes without
ARAs. No statistically significant difference was detected
between the two groups in any of the following parame-
ters examined: age, sex, follow-up period, refractive error,
duration from onset to treatment, pleocytosis, height of
SRD, and logMAR value of BCVA (Table 2).

@ Springer

Post-treatment parameters in patients with VKH
disease

SRD disappeared within 3 months after the initiation of treat-
ment in all eyes with SRD (Fig. 2b, f). EDI-OCT at the final
visit showed complete recovery of the ellipsoid zone in the
fovea in all eyes, even in the patient who tested positive for
anti-recoverin antibody (Fig. 2f). The final BCVA was more
than 1.0 in almost all eyes. Post-treatment clinical parameters
were compared between the ARAs group and the ARAs-
negative group (Table 2). There were no significant differences
in the logMAR values of the final BCVA, the rates of the onset
of sunset glow fundus or peripapillary atrophy, recovery of the
foveal ellipsoid zone, or uveitis recurrence. Moreover, when
patients with anti-o-enolase antibody alone and none of the 3
ARAs were compared, there were still no significant differ-
ences between the two groups in the pre- and post-treatment
parameters (Table 3).

Discussion

The present study showed for the first time that the positive
rate of specific serum ARAs commonly detected in AIR was
50% in treatment-naive patients with VKH disease. However,
there were no significant differences in pre- and post-
treatment clinical parameters including visual outcomes be-
tween patients with and without ARAs.

The three serum ARAs, examined in this study, were
shown to be pathogenic for retinal tissues [14, 20-22]. A
previous immunohistochemical study showed that serum-
derived antibodies for photoreceptors and Miiller cells were
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Table3  Baseline characteristics and post-treatment outcomes of Vogt-Koyanagi-Harada disease patients with an anti-x-enolase antibody (antienolase)

group and an anti-retinal antibodies-negative group

Antienolase group (8 patients, 16 eyes) ARAs-negative group (10 patients, 20 eyes) P value
Age at the onset (years) 43.7+10.8 40.1+124 $0.858
Duration from onset to treatment (days) 13.2+6.1 12.6£6.2 $ 0.449
Pleocytosis (cells/pL) 165.4+129.3 74.1+644 $0.327
Height of SRD (pum) 502.0+361.2 321.1+£294.7 $0.133
Initial logMAR BCVA 0.39+0.32 0.22+0.33 $0.052
Final logMAR BCVA - 0.05+0.10 - 0.06+0.07 $0.780
Recovery of ellipsoid zone (+/—) 16:0 20:0 #1.000
Sunset glow fundus (+/-) 8:8 6:14 #0.307
Peripapillary atrophy (+/-) 8:8 9:11 #1.000
Upveitis recurrence (+/-) 6:10 13:7 #0.178

ARAs anti-retinal antibodies, SRD serous retinal detachment, logMAR logarithm of the minimum angle of resolution, BCVA best-corrected visual acuity

#Fisher’s exact test
$ Mann-Whitney U test

positive in all of seven patients with VKH disease [11].
However, the results did not determine whether the antibodies
detected were pathogenic for retinal cells, because the study
did not identify antibodies for specific retinal antigens.
Therefore, the present study is the first to show that antibodies
for retinal antigens are concretely detected in patients with
VKH disease. However, the frequency of total antibodies for
retinal antigens is still unknown in patients with VKH disease,
because we examined only the three ARAs, and other unprov-
en antibodies could be present.

The current results may contradict the consensus regarding
the possible mechanism that causes this disease: activation of
CD4" T lymphocyte-mediated cellular immunity against mela-
nocytes [3]. In patients with AIR, visual function and retinal
morphology generally worsen progressively despite initiation
of systemic immunosuppressive treatment [16, 17]. In our
study, there were no significant differences in post-treatment
outcomes including final BCVA, frequencies of sunset glow
fundus, peripapillary atrophy, and uveitis recurrence, and recov-
ery of the macular ellipsoid zone between VKH disease patients
with or without ARAs. These results suggest that detected
ARAs did not influence post-treatment visual outcomes, the
chronicity of uveitis, and the recovery of macular photoreceptor
morphology in patients with VKH disease. Therefore, we spec-
ulate that retinal disorders caused by choroiditis resulted in
secondary production of ARAs, because autoimmunity for
not only T cells but also B cells was activated in patients with
VKH disease [10]. Recent studies revealed that a relationship
between clinical parameters and ARAs in patients with uveitis
was elusive [12, 13], consistent with our hypothesis. This may
be possibly because the difference in the epitope of each indi-
vidual ARA leads to the presence or absence of the pathoge-
nicity of the corresponding ARAs [28].

This study has some limitations. First, we could not
examine the prevalence of ARAs other than the three an-
tibodies examined in the present study. It would be diffi-
cult to compare the positive rate of ARAs in patients with
VKH disease between the present study and a previous
study [11], because detection methods of ARAs differ
between these studies. Next, in the present study, the ma-
jor antiretinal antibody detected was anti-x-enolase anti-
body; however, cases with other antibodies showed no
distinct features (Table 1) and there were still no signifi-
cant differences between patients with anti-o-enolase an-
tibody alone and none of the three ARAs in pre- and post-
treatment parameters, (Table 3), which showed no signif-
icant correlation with the initial logMAR BCVA or SRD
height (data not shown). Finally, the present study did not
evaluate titers of the ARAs quantitatively, leaving open
the possibility that titer difference between patients with
VKH disease and AIR may lead to the absence or pres-
ence of pathogenicity, respectively.

In conclusion, serum antibodies against the three ma-
jor retinal antigens generally causative for AIR was de-
tected in 50% of patients with VKH disease. There were
no significant differences in visual outcomes, uveitis re-
currences, and recovery of macular ellipsoid zone after
systemic corticosteroid therapy between VKH disease pa-
tients with or without ARAs. These results suggest that
the ARAs did not influence visual prognosis or persis-
tence of uveitis after treatment in patients with VKH
disease. ARAs produced in patients with VKH disease
were theorized to have no pathogenicity for the retina;
they may be secondarily produced following exposure of
retinal antigens to activated immune cells commonly
seen in VKH disease.
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