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RESUMO

Esta tese de dissertacdo visa avaliar semelhancas e diferengcas entre pacientes
acometidos por mutagdo no gene GUCY2D relacionado a amaurose congénita de
Leber (LCA) e um grupo de cées da raga Spitz Alem&o afetados por retinopatia
progressiva hereditaria relacionada a mutagdes no mesmo gene, com o obijetivo final
de determinar a viabilidade desse grupo de caes como modelo animal para estudos
de terapia génica. Este € um estudo observacional retrospectivo que revisa dados de
prontuarios médicos, testes genéticos e exames oftalmologicos dos grupos
estudados, avaliando dados como idade, testes genéticos, fotografias de fundo de
olho, melhor acuidade visual corrigida (BCVA), autofluorescéncia do fundo,
tomografia de coeréncia 6ptica (OCT), eletrorretinografia (ERG) e campo visual. O
Grupo 1 consistiu de 13 pacientes, enquanto o Grupo 2 consistiu de 16 caes. Em
ambos os grupos, os sinais clinicos se desenvolveram em idade precoce, e o
nistagmo estava presente em varios individuos, assim como a redugao severa da
acuidade visual. Anormalidades nas imagens de fundo foram muito sutis em ambos
os grupos. Registros de ERG ausentes a severamente reduzidos foram observados
em ambos os grupos. O exame de OCT de macula do grupo de pacientes
diagnosticados com LCA apresentou reducao da espessura da retina com alteragao
em retina externa. Esses mesmos achados sao similares ao grupo dos caes, 0s
quais também apresentaram descolamentos focais de retina neurossensorial. O
modelo animal de c&o da raga Spitz Alemé&o afetado por mutagdo no gene GUCY2D
apresenta semelhangas importantes e preservacao estrutural retiniana em relagao a
perda funcional, podendo ser um bom candidato a terapia génica para LCA.

Palavras-chave: GUCY2D, amaurose congénita de Leber, modelo animal, terapia
génica, caes Spitz Alemaes.



ABSTRACT

This master's thesis aims to evaluate similarities and differences between
patients affected by mutation in the GUCY2D gene causing Leber's congenital
amaurosis (LCA) and a group of German Spitz dogs with a form of hereditary
retinopathy caused by a mutation in the same gene, with the ultimate aim of
determining the prospect of this group of dogs as an animal model for gene therapy
studies. Observational retrospective study with review of data from medical records,
genetic testing and ophthalmological examinations of the groups studied, evaluating
data such as age, genetic testing, fundus photography, best corrected visual acuity
(BCVA), fundus autofluorescence, optical coherence tomography (OCT),
electroretinogram (ERG) and visual field. Group 1 consisted of 13 patients while
group 2 consisted of 16 dogs. In both groups, clinical signs developed at an early age
and nystagmus were present in several individuals as well as severe visual acuity
reduction. Abnormalities in fundus images were very subtle in both groups. Absent to
severely reduced ERG tracings were observed in both groups. The macula OCT
scan diagnosed with LCA showed reduced retinal thickness with changes in the outer
retina layer. These same findings are similar to the group of dogs, which also showed
focal neurosensory retinal detachments. The German Spitz dog model affected by
mutation in GUCY2D gene shows important similarities and retinal structural
preservation in relation to functional loss and may be a good candidate for gene
therapy for LCA.

Keywords: GUCY2D, Leber's congenital amaurosis, animal model, gene
therapy, Spitz German dogs.
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1 INTRODUCTION

The GUCY2D gene is responsible for the production of the retina-specific
enzyme guanylate cyclase 1 present in the outer segment, which is responsible for
photoreceptor recovery in phototransduction. The enzyme’s function is decreased
with reduced levels of cytoplasmic calcium levels (Ca 2+)'.

Mutations in the gene coding for the retina-specific enzyme guanylate
cyclase 1 exhibit two phenotypes: autosomal recessive (AR) inheritance causing type
| Leber's congenital amaurosis (LCA) and autosomal dominant (AD) inheritance
causing cone-rod dystrophy (CRD)?. Among the most severe and earliest congenital
dystrophies of childhood, LCA represents approximately 9% of all patients® and
GUCY2D mutations are causal in 10-20% of those cases?. CRD starts in the first
decade of life and affects the macula. The main symptom is visual impairment with
central scotoma. There are 13 genes responsible for non-syndromic CRDs, one of
these is GUCY2D mutations (approximately 25% of cases) restricted to exon 13
encoding the dimerization domain of guanylate cyclase?*°.

A condition analogous to LCA in humans was recently identified as an
important cause of vision loss in domestic canines carrying a GUCY2D mutation and
exhibiting a form of progressive retinal atrophy (PRA)®. Anatomical similarities with
the human eye, especially size and a retinal area with a high density of cones
destined for high visual acuity, can make dogs a superior animal model for vision
studies compared to rodents”8.

The present study compares a group of German Spitz dogs, which exhibit an
early onset hereditary retinopathy, with a group of human patients affected by
mutation in the same gene and express the LCA phenotype. The goal of the study is
to observe similarities and differences that may help in future translational

ophthalmology investigations, including gene therapy research.
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2 MATERIALS AND METHODS

This study was based on a review of medical records and ophthalmologic
examinations of thirteen human patients (group 1) affected by mutation in the
GUCY2D gene and at the Institute of Ocular Genetics, Sdo Paulo, SP, Brazil. The
second comparative study (group 2) was composed of sixteen German Spitz dogs
affected by genetic mutation in the GUCY2D gene and with phenotypic expression of
an early onset PRA at the Veterinary Hospital of the Federal University of Parana
(UFPR), Curitiba, PR, Brazil. Three human patients with an AD mutation of the
GUCY2D gene and a CRD phenotype were excluded from the group 1 sample,
leaving only patients affects by the AR phenotype.

In reviewing the medical records of human patients, the following information
was considered: sex, age, genetic test (alleles and variant when available), clinical
history, best corrected visual acuity (BCVA) improvement using the Snellen chart,
and ophthalmologic examination. BCVA was considered extremely compromised
when without light perception (LP), LP and hand movements (HM). Fundus
photographs were analyzed and categorized by the same ophthalmologist with
emphasis on the presence of arteriolar attenuation, venous attenuation, optic disc
pallor and retinal macular changes. Some patients had also undergone additional
tests such as fundus autofluorescence (FAF), electroretinogram (ERG), optical
coherence tomography (OCT) (Heidelberg Engineering®, USA) and visual field
testing (Humphrey® 24-2, Zeiss, USA).

The records of 16 Spitz German dogs diagnosed with PRA at the Veterinary
Hospital of the UFPR were reviewed. The following data were evaluated: sex, age at
diagnosis, type of genetic inheritance, visual acuity (cotton ball test and obstacle
avoidance in photopic and scotopic conditions), presence of nystagmus, and genetic
test results when present. Fundus photography was analyzed by the same
ophthalmologist for the following parameters: presence of blood vessel attenuation,
presence or absence of neurosensory retinal detachment (NRD), the area of the
tapetum, presence or absence tapetal hyperreflectivity, accumulation of pigment
spots in the retina and optic disc pallor. Dogs that were submitted to OCT had
images evaluated by the same individual for total retinal thickness of the ventral
retina in relation to the dorsal and thickness of the outer nuclear layer (ONL), and the

presence or absence of NRD. ERGs was also performed and evaluated.
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This is a retrospective descriptive study and was approved by the Ethics
Committee of the Health Sciences UFPR (54931221.4.0000.0102) on April 6, 2022
and approved by the Committee on the Ethical Use of Animals (CEUA) of the
Sciences of the UFPR- Brazil (050/2021) on October 15, 2021.
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Group 1 consisted of ten human participants (5 females, 5 males) affected by

the GUCY2D autosomal recessive gene mutation. Their ages ranged from 4 to 55

years. Human patients were identified as 01 to 10. Each individual is described with

the respective genetic and ocular findings (Table 1).

TABLE 1 - GUCY2D AUTOSOMAL RECESSIVE VARIANTS, CLINICAL AND
OPHTHALMOLOGICAL FINDINGS.

ID Allele 1 Allele 2 Sex Age BCVA History and Macular
(yo) (Snellen Eye Exam alteration
table)
01 c.1956+1G>A c.1245delT M 10 No LP 3-month-old Foveal hyper-
(paternal) (maternal) ou nystagmus autofluorescence
(sister of G11)
02 ¢.2620G>A c.1A>G F 17 20/60 Phenotype Foveal hyper-
(p.Glu874Lys) (p-Met1?) ou suggestive of autofluorescence
Cone Dystrophy
03 c.1245delT €.2598G>C M 4 HM OU Nystagmus and No
(p.Phe415LeufsX73) (p.Lys866Asn) ET
04 c.1052A>G c.1052A>G F 55 20/80 Night blindness Hypertrophy of
(p-Tyr351Cys) (p-Tyr351Cys) oD - since childhood foveal RPE OD,
20/70 and myopia foveal hyper-
(O] autofluorescence
oS
c.1972C>T c.1972C>T M 37 HM OU  Consanguineous Bull's eye OU,
05 (p.His658Tyr) (p.His658Tyr) parents, ring hypo-
keratoconus and autofluorescence
corneal leucoma around fovea
0S
06 c.1957-2A>G c.1957-2A>G M 14 HM OD- Consanguineous No
LP OS parents
07 c.1343C>A c.1343C>A M 10 No LP Consanguineous No
(p-Serd48X) (p-Serd48X) ou parents,
low VA and
nystagmus from
birth, hyperopia
08 c.1956+1G>A c.1245delT F 8 LP OU Nystagmus, Foveal hyper-
(paternal) (maternal) strabismus autofluorescence
(brother of G02)
09 c.1343C>A c.1957-2A>G F 4 LP OU Nystagmus, -
(p.Serd48X) strabismus, low
VA since 2
months
10 c¢.2302C>T Cc.767A>C F 23 20/150 Change in Foveal RPE
(p-Arg768Trp) (p-GIn256Pro) ou macular atrophy, foveal
brightness hyper-
autofluorescence
with some hypo-
autofluorescence

areas OU
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SOURCE: The author (2022).

NOTE: AR: autosomal recessive; WT: wild type; F female, M male, yo years old, BCVA best corrected
visual acuity, OU both eyes, LP light perception, HM hand movements, OD right eye, OS left eye, VA
visual acuity, XT exotropia, ET esotropia; RPE retinal pigment epithelium.

SUBTITLE: Details of the 10 patients affected by AR mutation in the GUCY2D gene and hereditary
retinal dystrophy. Note the alleles affected. Patient 09 did not have complete data.

Patient 05 presented with keratoconus and two patients had strabismus (03
and 08). Extreme low BCVA was seen in seven patients (70%) and nystagmus was
described in five patients (50%). A history of consanguinity was described in three
patients (30%). Twenty percent of patients presented with arteriolar attenuation (04
and 05) and two patients presented with increased arteriolar tortuosity (patients 01

and 08, who are siblings) (Figure 1).

FIGURA 1 — OPHTHALMOLOGICAL FINDINGS OF PATIENTS 01-03 IN GROUP 1.

01. OD(FAF)

02.08(FAF)

SOURCE: The author (2022).

SUBTITLE: 01.0D and 01.0S. Fundus photographs showing increased arteriolar tortuosity are
present OU. 01.0D(FAF). Auto fluorescence examination showing hyper-autofluorescence OD. 02.0D
and OS. Color fundus photography without notable abnormalities. 02.0D(FAF) and OS(FAF). Auto
fluorescence examination of the same patient showing hyper-autofluorescence OU. 03.0D and OS.
Color fundus photography without alterations. OU both eyes, OD right eye, OS left eye.

Venous attenuation and optic disc pallor were not observed in any of the

patients.
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In patients evaluated with an autofluorescence exam, all of them exhibited

change with the presence of hyper-autofluorescence (patients 01, 02, 04, 06, 08 and

10). Fundus photos are available (Figure 2 and 3).

FIGURA 1 — OPHTHALMOLOGICAL FINDINGS OF PATIENTS 04-06 IN GROUP 1.

04.OD(FAF)

05.OD(FAF

SOURCE: The author (2022).

SUBTITLE: 04.0D and 04.0S. On the color fundus photography foveal RPE hypertrophy/atrophy OD,
choroidosis and arteriolar attenuation OU. 04.0D(FAF). In the auto fluorescence focal hypo-
autofluorescence OD. 05.0D. On the color fundus photography, a maculopathy pattern in Bull's eye
OD and arteriolar attenuation. 05. OD(FAF). In the auto fluorescence hyper-autofluorescence
surrounded by hypo-autofluorescence surrounded by retinal mottling OD. 05.0S. In the photo of the
anterior segment showing keratoconus and corneal leukoma in OS. 06.0D, OS and OS (2). On the
color fundus photography without alterations. RPE retinal pigment epithelium. OU both eyes, OD right

eye, OS left eye.
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FIGURA 3 — OPHTHALMOLOGICAL FINDINGS OF PATIENTS 07-08-10 IN GROUP 1.

10.08(FAF)

08.0D(FAF)

10.0D(FAF)

SOURCE: The author (2022).

SUBTITLE: 07.0D and 07.0S. On the color fundus photography without alterations OU. 10. OD(FAF)
and OS(FAF). In the auto fluorescence foveal hyper-autofluorescence with some hipo-
autofluorescence areas OU. 08.0D and OS. On the color fundus photography increased arteriolar
tortuosity are present OU. 08. OD(FAF). In the auto fluorescence hyper-autofluorescence. 10.0D and
OS. On the color fundus photography foveal RPE atrophy OU. RPE retinal pigment epithelium, OD
right eye, OS left eye.

Patient 02 presented with normal OCT of the macula and optic nerve (Figure
4). The OCT of the macula of patients 05 showed foveal outer retinal atrophy, patient
04 had foveal focal outer retinal defect and extrafoveal outer retinal rarefaction, and

patient 10 had foveal outer retinal irregularity (Figure 4).
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FIGURA 4 — MACULA OCT SCANS GROUP 1.

SOURCE: The author (2022).

SUBTITLE: 02. OD. The macula OCT scan of patient 02 shows an unaltered inner, outer retinal
architecture and choriocapillary. 04. OS. The macula OCT scan of patient 04 shows a reduced
reflectivity of the RPE and the ellipsoid zone with point interruption in the fovea (blue circle). 05. OD.
The macula OCT scan of patient 05 indicates an absence of the ellipsoid zone foveal and perifoveal
RPE (green circle). 10. OD. The macula OCT scan of patient 10 displays foveal outer retinal
irregularities (black circle). OCT optical coherence tomography, RPE retinal pigment epithelium, OD
right eye, OS left eye.

Patients 03, 09, and 10 presented an ERG exam with absence of cone and
rod responses. Patient 04 and 10 presented with VF with significance reduction

macula sensitivity and decreased sensitivity in all quadrants (Figure 5).

FIGURA 5 — VISUAL FIELD EXAMS OF GROUP 1.

SOURCE: The author (2022).

SUBTITLE: VF exams of patient 04 and 10 exhibits a significant reduction in sensitivity macula and
decreased sensitivity in all quadrants. VF visual field.
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Group 2 consisted of 16 German Spitz dogs (6 females, 10 males) affected

by early onset retinopathy caused by the AR mutation in the GUCY2D gene, with

ages ranging from 1.5 to 36 months. The dogs were numbered 1-16, and their age at

diagnosis, fundus photography, ERG, and OCT, as well as results of genetic testing,

are reported (Table 2).
TABLE 2 — GUCY2D AUTOSOMAL RECESSIVE VARIANTS, CLINICAL AND

OPHTHALMOLOGICAL FINDINGS.

ID Gender Age at ERG age (m) OCT age Genetic testing
diagnosis/Fundu (m)
s photography
(m)
1. M 3
2, M 3 3 32
3. M 3 3 36
4, F 5 S
5. F 22 9
6. M 9 9
7. M 3/9 3 15
8. M 3/8 4 8 €.1598_1599insT
homozygosis
(p-Ser534GlufsTe
r20)
9. F 3/7 4 8 €.1598_1599insT
homozygosis
(p-Ser534GlufsTe
r20)
10. M 3 4 13
11. M 4 4
12, M 15 15
13. F 2 2 4
14. F 2 2
15. F 2 2
16. M 1,5 3

SOURCE: The author (2022).

NOTE: F female, M male, m months, OCT optical coherence tomography, ERG electroretinography.

SUBTITLE: Details of the dogs affected by a mutation in the GUCY2D gene, sex, age at
diagnosis/Fundus photography, ERG and OCT. The patient 12 did not have complete data.
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The genetic inheritance observed is AR for all dogs as shown in the partial

pedigree analysis (Figure 6).

FIGURA 6 — PEDRIGREE OF THE GROUP 2.

Familial heredogram (pedigree) of the German Spitz dogs investigated

[

_O
LE=C Téé
O

(]

I:I Affected
d) é é E Obligate Carrier

13 14 15
2months 2 months 2 months

4 months 4 months 4 months

SOURCE: The author (2022).

SUBTITLE: In this partial heredrogram of group 2, an autosomal recessive inheritance pattern is
present, including unaffected and obligate carrier parents and their offspring of affected and
unaffected phenotypes.

Two of the affected dogs underwent genetic testing and a ¢.1598 1599insT
spontaneous frameshift homozygosis mutation was found in exon 7 of the GUCY2D
gene, which produces the p.Ser534GlufsTer20 protein. The remainder of the dogs
have the same phenotypic condition and most are related to each other. Due to the
unlikely chance of new mutation based on being same breed, consanguinity, and
presenting with a similar clinical pattern, they were considered homozygous for the
same genetic mutation.

All dogs failed the cotton ball test and obstacle avoidance in photopic and
scotopic conditions in the exam room, and thus were considered to have low visual
acuity. Oscillatory nystagmus was present in 13 of 16 dogs (81.25%). In all dogs,
there was no response in scotopic and photopic ERGs exam through one year of

age.
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Fundus photography (Figure 7 and Figure 8) showed slight arteriolar
attenuation in 53.84 % (seven dogs) and increased tortuosity in 30.76% (four dogs).
Pink optic nerves and retinal veins of normal caliber were present in all dogs. Three
of the dogs had slight pigmentary mobilization and some degree of choroidosis (2,
13, 14). The area of the tapetum was reduced or hypoplasic in 53.84% and
completely absent in 30.76%. Hyperreflectivity of the tapetum was observed in
61.53% (eight dogs).

FIGURA 7 — OPHTHALMOLOGICAL FINDINGS IN GROUP 2.

SOURCE: The author (2022).

SUBTITLE: 1.0S. Arteriolar attenuation and absent tapetum. 2.0D. Arteriolar attenuation, hypoplastic
tapetum, slight pigmentary mobilization and choroidosis. 3.0D. Mild arteriolar attenuation and
hypoplastic tapetum with hyperreflectivity. 4.0S. Mildly affected with hypoplastic tapetum with

hyperreflectivity. 5.08S. Increased arteriolar tortuosity, hypoplastic tapetum with hyperreflectivity and
presence of neurosensory retinal detachment (circle). 6.0S. Arteriolar attenuation, hypoplastic
tapetum with hyperreflectivity. 97. OS. Increased arteriolar tortuosity and tapetal hyperreflectivity.
8.0S. Increased arteriolar tortuosity and tapetal hyperreflectivity. 9. OD. Arteriolar attenuation,
hypoplastic tapetum with hyperreflectivity and presence of neurosensory retinal detachment (circle).
OS left eye, OD, right eye.
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FIGURA 8 — OPHTHALMOLOGICAL FINDINGS GROUP 2.

SOURCE: The author (2022).

SUBTITLE: 12.0D. Arteriolar attenuation and increased tortuosity, tapetum hypoplasic and
hyperreflexivity associated choroidosis were present in OD. 13.0D. Arteriolar attenuation, tapetum
absent, slight pigmentary mobilization and choroidosis were present in OD. 14.0D. Tapetum absent,
slight pigmentary mobilization and choroidosis were present in OD. 15.0D. Tapetum absent in OD.
OS left eye, OD, right eye.

Seven dogs (2, 3, 7-10 and 13) had OCT exams, in which focal NRD (Figure
9) were observed in 4 (7-9, 13) and reduction of the ventral retina in relation to the
dorsal retina in all cases. An additional three dogs had focal NRDs detected in

fundus photography (1, 4 and 5).
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FIGURA 9 — MACULA OCT SCANS FROM RESPECTIVELY LABELED DOGS IN GROUP 2.

SOURCE: The author (2022).

SUBTITLE: 10. Local atrophy of the outer retina with collapse of the inner retina reducing the
thickness to 87 um. 3.a and 3.b. Ellipsoid zone rarefaction and measurements of dorsal retinal
thickness (3.a) 154 pym relative to ventral retinal thickness (3.b) of 147 um. 7.a and 7.b. Ellipsoid zone
rarefaction, focal detachments of the neurosensory retina (NRD) (yellow circle) and measurements of
dorsal retinal thickness (7.a) 186 pm relative to ventral retinal thickness (7.b) of 134 ym. 8. Presence
of two focal NRDs (yellows circles). 2. Complete atrophy of all the ventral retinal layers in relation to
the dorsal. 9. Presence of four focal NRDs (yellow circles). 13. Ellipsoid zone rarefaction and five focal
NRD (yellow arrows). OCT, optical coherence tomography; NRD, detachment of the neurosensory
retina.

OCT scans (dogs and age at the time of the exam present in Table 2) of
dogs 3, 7, 10, and 14 showed an ONL medium thickness of 42 um, 47.5 pm, 56 um,
and 64.5 ym respectively, with ellipsoid zone atrophy in one of the dogs (10) and

ellipsoid zone rarefaction in dogs 3, 7, and 13.
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4 DISCUSSION

A total of 144 mutations have been reported in the GUCY2D gene, of which
127 (88%) have been associated with LCA and 13 (9%) cause CRD?®. The variants
found in group 1 were AR with phenotypic expression of LCA, and our results
correspond to those published in relation to the prevalence of the AR phenotype. All
the gene variants related to the GUCY2D gene in humans described in this
retrospective study have been previously identified .

Consanguinity is present in more than 10% of patients with hereditary retinal
dystrophy (RD), and more specifically in LCA it accounts for 9% of cases, and in
early RD it accounts for 2%3. Consanguineous marriages increase the risk of AR
dystrophies, which is prevalent in South Asian countries where the practice is most
common, as well as in the Pakistani population''2. The present study showed a
higher inbreeding rate of 30% in group 1.

Reported rates nystagmus are between 78.6% until 100% and severe visual
impairment is a predominant feature in LCA'3'4. The results of this study found a
50% prevalence of nystagmus, lower than previously published data. Contrarily, we
found a higher percentage of patients with severely impaired BCVA (70%) in patients
with LCA associated mutation in the GUCY2D gene in the no LP, LP or HM
compared to previously published studies (57%)'®. Comparing the visual acuity of
group 1 with group 2, 100% of dogs had severe low visual acuity, failing both the
cotton ball test and avoidance of obstacles in photopic and scotopic conditions. This
finding support similar phenotypic expression of severe visual impairment due to a
recessive mutation in the GUCY2D gene.

Some patients of group 1 showed RPE alteration, a finding that has been
previously related to mutation of this gene'®. Color fundus photography exams in
group 1 showed subtle alterations, predominantly associated with arteriolar
attenuation. As already well documented in the literature, the dissociation between
function and morphology is very striking in patients with LCA and was confirmed in
the present study'’. The present study also found subtle changes to the fundus
photographs of in group 2 that were better visualized on OCT as subtle outer retina
changes, similar to group 1. The fundus image abnormalities included slight changes
in arteriolar attenuation, pigmentary mobilization, choroidosis, and possible variations

in the tapetal reflectivity. The presence of NRD and hyperreflectivity of the tapetum,
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characteristic of the canine species and common in cases of progressive retinal
atrophy, is a major difference due to the absence of tapeta in humans.

The ERGs were mostly undetectable but may maintain a residual rod
response in some patients with GUCY2D associated LCA'"-'8, ERG scans of group 1
showed significant a- and b-wave reduction in humans, and in group 2 virtually no
response to light stimulation of rods under scotopic and residual cone response in
photopic conditions. ERGs are extremely compromised in both groups 1 and 2,
compatible with the recessive mutation phenotype of the GUCY2D gene.

OCT scans show compromised integrity of the ONL and ellipsoid zone in
patients with LCA'37. Although other studies reported mild outer retinal involvement
with progression over the years'®'6.17 group 1 had five patients who had OCT scans
of the macula that showed greater outer retinal involvement than the previously
published data. However, group 1 OCT scans ranged from apparent normality, outer
retinal irregularities, focal ellipsoid zone atrophies, to complete outer retinal atrophy.
Similar outer retinal changes were also found in group 2, including ellipsoid zone
rarefaction, areas of outer retinal atrophy, and complete outer retinal atrophy in one
dog (dog 10). Another study of APR in dogs associated with the RPE65 mutation
showed via OCT a reduction in total retinal thickness in the affected group, with the
main reduction in the outer retina and an increase in the thickness of the RPE °.

In normal dog eyes subjected to OCT, the total retinal thickness of the
superior sector (dorsal) was 204 ym and the inferior (ventral) sector was 178 um.
Total retinal thickness was significantly greater in the superior sector compared to the
inferior (p = 0.010)?°. Another study of the ONL in dogs showed that it rapidly
decreases in thickness between 4 and 12 weeks of age, and the average thickness
of the ONL of the superior retina is 58.9 + 4.6 ym, compared to the average
thickness of the ONL of the inferior retina (52.4 + 7.7 ym)?'. Retinal OCTs of the dogs
in group 2 showed a reduction in ventral retinal thickness relative to dorsal retinal
thickness in the entire group, and reduction of ONL thickness in two dogs only. In
addition, OCT scans and fundus photography identified retinal bullae (the same of
NRD in human) which has also been observed in Whippet dogs affected with another
form of inherited retinopathy 22. Overall, the preservation of the ONL found in dogs in
group 2 is similar to the OCT scans of group 1, in which the predominance of

alterations is in the outer retina.
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Patients with involvement of the macula with foveal hypo-reflectivity is not
suggestive of fluid NRD, but rather is a degenerative process featuring photoreceptor
loss and separation of the layers transiently for subsequent focal retinal atrophy at
that location. This finding is similar to the NRD in dogs, the bullae and has been
described previously in hereditary RD?3. However, finding was not identified in any of
the group 1 patients of the present study.

Another study involving 31 German Spitz dogs with a form of hereditary
retinopathy, 58% of the affected dogs were male and the main fundoscopy findings
were tapetal hyperreflectivity, diffuse vascular attenuation, hypopigmentation of the
non-tapetal area, and pallor of the optic disc®*. Three dogs affected by a different
form of early onset hereditary retinopathy in the Shih Tzu breed showed similar
findings 2°. In the present study, fundus photographs of group 2 showed very subtle
changes similar to those already described in the literature. These data are also
similar to those found on fundus photography of group 1, with six patients presented
presenting very close to normal (or only showing abnormalities with FAF).

The limitations of this review was the absence of genetic evaluation of the
entire group of dogs and the use a retrospective data. In addition, as inherent with all
retrospective evaluations, review of the data could be more robust had greater
continuity in the exams and better quality images been obtained.

This study demonstrates that the animal model of German Spitz dogs has
clinical features similar to humans affected with LCA, these dogs show subtle
changes in fundus photographs, retinal thickness reduction with changes in outer
retina and important functional reduction determined by extreme visual impairment
and reduction of a and b waves in ERG. Recently, a patent was published for gene
therapy of the GUCY2D mutation associated with LCA, consisting of a recombinant
adenovirus vector containing the nucleic acid for the production of guanylate cyclase.
Restoration in a mouse model resulted in the improvement of the ERG by 45% for
cones, and increased retinal organization on OCT compared to untreated mice 2.
Gene therapy in this group of dogs with a spontaneous mutation would be an
excellent study for the treatment of variants in the GUCY2D gene in both dogs and

potentially human patients.
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