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A B S T R A C T

Purpose: To report clinical and genetic features of a Japanese patient with end-stage retinitis pigmentosa (RP)
caused by a homozygous PDE6A variant.
Methods: We performed comprehensive ophthalmic examinations. Whole exome sequencing analysis was used
to investigate the RP patient with parental consanguinity. The pedigree included 4 RP patients in the two
generations, which suggests presumed pseudo-autosomal dominant inheritance.
Results: A PDE6A variant (p.R653X) was identified to be homozygous and disease-causing in the patient.
Homozygosity mapping revealed the homozygous region including the variant and confirmation of autosomal
recessive inheritance. The patient reported night blindness at 4 years of age and exhibited typical RP fundus
appearance with macula involvement during the follow-up period from at the age of 52–69 years. At the age of
52, the patient exhibited a loss of visual acuity and had severely constricted visual fields, with a further gradual
deterioration of her vision until she was 69 years old. At the age of 69, funduscopy showed severe chorioretinal
degeneration in the area from the posterior pole to the peripheral retina.
Conclusions and Importance: This is the first report that the PDE6A variant (p.R653X) has been identified as one
of the causes of autosomal recessive RP in the Japanese population. Longitudinal natural history/end-stage
findings demonstrated early-onset and a severe RP phenotype with macula involvement when the patient was in
her 50s and severe chorioretinal degenerations in her late 60s.

1. Introduction

Retinitis pigmentosa (RP) (OMIM #268000) is a heterogeneous
group of inherited retinal dystrophy (IRD) characterized by night
blindness, retinal degeneration with bone spicule pigmentation, con-
stricted visual fields, and progressive disease course. The prevalence of
RP is approximately 1 per 4000 persons, with more than 1 million in-
dividuals affected worldwide.1 To date, about 70 genes have been re-
ported as causes of RP with a variable inheritance pattern.1,2

In 1995, the phosphodiesterase 6A (PDE6A) gene (OMIM *180071)
was first reported to be a cause of autosomal recessive RP (arRP).3,4 The
PDE6A gene encodes the alpha subunit of the cyclic guanosine mono-
phosphate phosphodiesterase, with dysfunction of the PDE6A protein
primarily affecting the rod photoreceptor cells and secondarily affecting

the cone photoreceptor cells.5–7 A previous study has reported that the
prevalence of PDE6A variants was about 3–4% in arRP patients in North
America.8 In contrast, a large-scale molecular genetic analysis of Ja-
panese RP patients reports that none of the RP was caused by PDE6A
variants,9–11 which suggests that PDE6A-related arRP appears to be rare
in the Japanese population.

In this study, we performed whole exome sequencing (WES) for one
RP patient, who had a presumed pseudo-autosomal dominant in-
heritance pattern, and identified a PDE6A variant that was present
homozygously. The purpose of this study was to report the clinical and
genetic features of end-stage RP with a homozygous PDE6A variant.
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2. Materials and methods

The protocol used for this study was approved by the Institutional
Review Board of the Jikei University School of Medicine and the
National Hospital Organization Tokyo Medical Center (approval num-
bers: Jikei University 24-231 6997, National Hospital Organization
Tokyo Medical Center R11–087 and R14-050). This protocol adhered to
the tenets of the Declaration of Helsinki. Written informed consent was
obtained from the participant in this study.

2.1. Clinical studies

All medical and surgical records for the patient were reviewed. The
ophthalmic examinations performed in the study patient included
decimal best-corrected visual acuity (BCVA), funduscopy, fluorescein
angiography, visual field testing, fundus autofluorescence imaging
(Spectralis HRA; Heidelberg Engineering, Heidelberg, Germany, and
Optos Panoramic 200MA; Optos PLC, Dunfermline, UK), electro-
retinography (ERG), spectral-domain optical coherence tomography
(OCT) (OCT3 Stratus and Cirrus HD-OCT; Carl Zeiss Meditec AG,
Dublin, CA, USA), and axial length using interferometry (IOL-Master,
version 3.01; Carl Zeiss Meditec). The BCVA was measured using a
Landolt C chart and converted to a logarithm of minimal angle of re-
solution (logMAR). Hand motions were converted to logMAR visual
acuity values of 2.7, as previously reported.12 Rod-plus-cone ERG re-
sponse was elicited by a white single flash (10 cd s/m2) produced by the
Neuropack 2 system (Nihon Kohden, Tokyo, Japan) using corneal
contact lens electrodes after a dark adaptation period of 30min, as
previously described.13 The rod-plus-cone ERG measurement was ac-
cording to the ISCEV standard (dark-adapted 10 ERG).14 Goldmann
perimetry (GP; Haag Streit, Bern, Switzerland) was used for the visual
field testing. The results of the GP examination were analyzed using
FIJI/ImageJ software (available at https://fiji.sc) as follows. We
scanned each GP result using the same method and resolution
(879×640 pixels) in accordance with the software. Subsequently, after
tracing the V-4e isopters using the polygon selection tool, we then
calculated the area. A 10-degree circular visual field in radius was used
as the baseline.

2.2. Molecular genetic analysis

The genomic DNA was extracted from the leucocytes in the venous
blood samples using a Gentra Puregene Blood kit (Qiagen, Hilden,
Germany). WES was performed according to a previously reported
method.9,15 Briefly, after comparing the variants to those in the re-
ference human genome (hg38), we chose from the variants that re-
mained based on the following three criteria; 1) variants could change
the initial amino acid sequence with a variant cell quality over 60, 2)
variants had a frequency that was less than 1% in the 1000 Genomes
database, the Exome Aggregation Consortium database, the Human
Genetic Variation Database, and the Tohoku Medical Megabank Orga-
nization database, and 3) variants were included in the 280 genes that
have been reported to be a cause of IRD in the RetNet database (https://
sph.uth.edu/retnet/) that was accessed on January 7th, 2018. The three
in silico programs used to evaluate the missense variants included the
PolyPhen2 (http://genetics.bwh.harvard.edu/pph2/), SIFT (http://sift.
jcvi.org/www/SIFT_seq_submit2.html), and PROVEAN (http://
provean.jcvi.org/index.php) programs. Any identified PDE6A variant
was confirmed by Sanger sequencing, with the variant compared with
the NCBI Reference Sequence (NM_000440.2).

2.3. Homozygosity analysis in chromosome 5

Single nucleotide variants and insertion/deletion variants in chro-
mosome 5 containing the PDE6A gene were extracted from the WES
data by using the HaplotypeCaller of the Genome Analysis Toolkit

version 3.3–0.16 After the extraction, all variants with a genotype ac-
curacy of over 99.9% were used for the subsequent analyses. Homo-
zygosity or heterozygosity was determined for each nucleotide change,
with the rate of homozygosity calculated in each 1Mb of chromosome
5.

3. Results

3.1. Clinical studies

The Japanese family examined included a female proband
(JU#0643) with parental consanguinity over two generations. There
were four affected RP patients within the family, which was presumed
to indicate a pseudo-autosomal dominant inheritance pattern (Fig. 1A).
The proband was diagnosed with RP based on previous medical records,
with the other family members diagnosed as affected or unaffected
individuals based on the interview with the proband.

The proband was referred to the Jikei University Hospital at 52
years of age. The patient reported night blindness starting from 4 years
of age. In elementary school, the BCVA of the proband was approxi-
mately 0.5 in both eyes, with her subsequent BCVA gradually de-
creasing. The BCVA at the first examination was 0.02 (logMAR con-
version: 1.7) [-1.75 diopter (D) cylinder, +0.75 D axis 70] in the right
and 0.2 (logMAR conversion: 0.8) (−3.50 D cylinder, −1.25 D axis
140) in the left eyes. Slit lamp examination indicated the presence of
nuclear cataracts in both eyes. Funduscopy showed that there was

Fig. 1. Pedigree, partial sequence data, and electroretinograms. (A)
Pedigree of a Japanese family showing consanguineous marriages over two
generations. (B) Partial nucleotide sequence data of a control and the proband
(JU#0643). The proband carries the homozygous PDE6A variants
(c.1957C > T, p.R653X, in exon 16). (C) Dark-adapted single flash electro-
retinography shows there was a non-recordable response in both eyes.
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retinal degeneration with bone spicule pigmentation from the mid-
peripheral to peripheral retina, attenuation of the peripheral retinal
vessels, and a waxy pallor of the optic disc in both eyes. Retinal ap-
pearance in the posterior pole was relatively preserved in both eyes
compared with the periphery, and there was drusen-like accumulation
in the right and early atrophy in the left maculae (Fig. 2A). Late-phase
fluorescein angiography showed generalized hyperfluorescence due to
transmission defects and chorioretinal atrophy with hypofluorescent
areas by pigment clumps especially along the vascular arcades
(Fig. 2B). Visual fields were severely constricted by approximately 10°
by V-4e isopters in both eyes (Fig. 2C). The rod-plus-cone ERG results
showed non-recordable responses in both eyes. At 57 years old, the
patient underwent cataract surgery in her right eye. Axial length was
24.1 mm in each eye. Time-domain OCT images were first obtained at
58 years of age. These images showed severe retinal thinning in both
eyes. At 69 years old, the patient underwent cataract surgery in her left
eye. The last examination was performed at 69 years of age and showed
that the BCVA was hand motion (logMAR conversion: 2.7) in the right
and 0.05 (logMAR conversion: 1.3) in the left eyes. A funduscopy ex-
amination found markedly severe retinal degeneration with visible
choroidal vessels in the posterior retina, waxy pallor of the optic disc,
and retinal degeneration with bone spicule pigmentations from the
mid-peripheral to peripheral retina (Fig. 3A and C). Fundus auto-
fluorescence imaging showed there was a generalized loss of auto-
fluorescence with the change in the autofluorescence of the choroidal
vessels observed from the posterior pole to the peripheral retina
(Fig. 3B and D). The OCT images also showed there was severe retinal
thinning, which was more prominent in the outer retina. In addition,
both eyes were found to have an entirely disrupted ellipsoid zone line
(Fig. 3E). Furthermore, the choroidal thickness was markedly thinned

in both eyes. During the 17-year follow-up period (52–69 years old), the
proband exhibited progressive deterioration of her BCVA and visual
fields (Fig. 4).

3.2. Molecular genetic analysis

Five heterozygous and two homozygous candidate variants re-
mained after filtering the WES data of the proband (Supplementary
Table S1). According to pseudo-autosomal dominant inheritance pat-
tern, two homozygous variants [c.1957C > T (p.R653X) in the PDE6A
gene and c.361G > A (p.G121S) in the TUB gene] remained as disease-
causing candidates, whereas five heterozygous variants in POMGNT1,
ADGRV1, CDH23, GUCY2D, and CHM genes were excluded based on
genotype-phenotype correlations. The homozygous missense variant
(p.G121S) in the TUB gene was also excluded as disease-causing, as
only one TUB gene variant study has reported finding a homozygous
loss-of-function variant, which demonstrates retinal dystrophy with
obesity.17 However, our patient exhibited neither the loss-of-function
variant nor obesity. In addition, the in silico programs for p.G121S
predicted that the function of the TUB protein would remain. Finally
the homozygous p.R653X in the PDE6A gene was determined to be
disease-causing due to the consistency between the genotype and
phenotype, along with the confirmation of the autosomal recessive in-
heritance.

3.3. Homozygosity analysis in chromosome 5

Homozygosity analysis was performed for the proband. A total of
3343 variants were extracted from chromosome 5. In the proband, 648
of 651 (99.5%) variants came from position 127,457,282 to position

Fig. 2. Fundus images and visual fields at 52 years old.
(A) Fundus photographs show retinal degeneration with
bone spicule pigmentation from the posterior pole to the
peripheral retina, attenuation of the retinal vessels, and waxy
pallor of the optic disc. In addition, drusen-like accumulation
in the right and early atrophy in the left maculae are seen.
(B) Fluorescein angiograms in the late phase show general-
ized hyperfluorescence due to transmission defects with hy-
pofluorescent areas observed by the pigment clumps, espe-
cially along the vascular arcades. (C) Goldmann visual field
testing shows severely constricted visual fields around 10° in
the V-4e isopters.
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167,755,050 and showed homozygosity. This region contained the area
of the PDE6A gene (chromosome 5; position 149,857,956 to
149,944,793, NC_000005.10 Reference GRCh38.p7/hg38) including

the identified PDE6A variant (p.R653X) (chromosome 5; position
149884549) (Fig. 5), which was supported by the consanguineous
marriage.

4. Discussion

Our current study investigated the genetic and clinical features of a
single end-stage RP patient in a consanguineous Japanese family in
whom WES identified a homozygous PDE6A variant (p.R653X). There
have been no previous reports of longitudinal natural history/end-stage
findings of any PDE6A-associated RP patient. Here, our patient ex-
hibited progressive deterioration of her BCVA and visual fields during a
17-year follow-up period (52–69 years old).

Fig. 3. Fundus images and optical coherence tomography (OCT) at 69
years old. (A) Fundus photographs show markedly severe retinal degeneration
with visible atrophic choroidal vessels in the posterior retina and waxy pallor of
the optic disc. (B) Fundus autofluorescence images show a generalized loss of
autofluorescence except for the choroidal vessels. (C) Wide-field fundus pho-
tographs show severe chorioretinal atrophy with bone spicule pigmentation in
the area from the posterior pole to the peripheral retina. (D) Wide-field fundus
autofluorescence images show there is a generalized loss of autofluorescence
with the change in the autofluorescence observed in the choroidal vessels. (E)
The OCT images show severe retinal thinning, which is more prominent in outer
retina, along with an entirely disrupted ellipsoid zone. In addition, there is also
marked thinning of the choroidal thickness.

Fig. 4. Clinical natural history of the logMAR visual acuity and visual
fields during the 17-year follow-up period. (A) Visual acuity gradually de-
teriorated with aging in both eyes. The cataract surgery is underwent in right
eye at 57 years old and in left eye at 69 years old. (B) Visual fields with V-4e
isopters also show a decreased percentage or deterioration compared with the
baseline, which is defined as a 10-degree visual field in radius.

Fig. 5. Homozygosity mapping of chromosome 5. Single nucleotide variants
[648 of 651 (99.5%)] from position 127,457,282 to position 167,755,050 show
homozygosity, which includes the PDE6A variant (p.R653X) (chromosome 5;
position 149884549).
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To date, all reported phenotypes with PDE6A variants have been
classified as arRP. These patients are characterized by primary degen-
eration of the rod photoreceptor cells and subsequent degeneration of
the cone photoreceptor cells.5–7 Two school-aged cases with PDE6A
variants have been reported as early-onset RP.5,18 In one case, a 5-year-
old child with the homozygous p.R653X variant (the same variant in
our case) exhibited a loss of visual fields, diminished visual acuity, a
typical fundus appearance of RP and reduced a-wave and b-wave am-
plitudes in ERG, although there were no ophthalmic images de-
scribed.18 In the other case, an 8-year-old boy with a homozygous 2-bp
deletion exhibited night blindness, typical RP fundus appearance with
pale optic discs and markedly reduced ERG responses.5 Phenotypes in
adult RP patients with the PDE6A variants exhibit similar clinical
characteristics to our proband and these previously studied cases. These
characteristics include onset in early childhood, retinal degeneration
with bone spicule pigmentation from mid-peripheral to peripheral re-
tina, attenuation of peripheral retinal vessels, distinguished ERG re-
sponses of both rod and cone function, and a severely constricted visual
field until reaching their 20s–30s.6,7,19–22 Furthermore, macula in-
volvements, which are often accompanied by macular edema and
atrophy, have been reported in most of these types of cases. These in-
volvements are observed until subjects reach their 20s–30s, with fur-
ther progression noted in some older patients.6,7,19–22 There have also
been a few cases of patients in their 60s–70s with the PDE6A variants
that resulted in legal blindness.7 The longitudinal natural history of our
patient showed that the visual function gradually deteriorated
throughout a 17-year follow-up. These findings are consistent with the
expected clinical course that is based on the natural history of pre-
viously reported cases from short-term clinical presentations of dif-
ferent PDE6A-associated RP patients.6,7,19–22

The PDE6A protein consists of the PDE6 complex in rod photo-
receptor cells with other beta and gamma subunits.23,24 Experimental
data obtained from animal models have clarified that the lack of PDE6A
function leads to the elevation of cGMP levels due to a reduction of the
photo-transduction pathway. As a result, this primarily leads to the
death of rod photoreceptor cells and secondarily leads to the death of
cone photoreceptor cells.25 However, the marked choroidal atrophy
that we observed in our patient during her late 60s (Fig. 3) has never
been reported as a PDE6A-associated RP phenotype. Furthermore, the
primary or secondary effect of the PDE6A dysfunction on the choroid
remains unknown. It is possible that the choroidal atrophy might occur
during the end stage of limited cases with PDE6A variants. Another
possibility is that, although pathogenicity of the heterozygous missense
variant [c.1463G > A (p.R488Q)] in the CHM gene (Supplementary
Table S1), which is responsible for the X-linked choroideremia, has yet
to be clarified, the variant could affect the choroidal atrophy by acting
as a genetic modifier effect, as female carriers of the CHM variants are
known to exhibit patchy chorioretinal degeneration.26,27

This study was a single case report, and no examinations were
performed in other family members. There is a possibility of other in-
heritance pattern although pseudo-dominant inheritance pattern had a
high probability because of parental consanguinity and the results of
homozygosity mapping (Fig. 5). In addition, there was a limitation
regarding unavailability of segregation of identified PDE6A and CHM
variants and phenotypic evaluation of other RP family members. In
order to clarify the clinical features of PDE6A-associated RP, especially
the choroidal changes, additional cases will be needed.

In conclusion, this is the first report that the PDE6A variant
(p.R653X) has been shown to be a cause of arRP in the Japanese po-
pulation. The longitudinal natural history/end-stage findings of our
proband demonstrated early-onset and a severe RP phenotype with
macula involvement occurring when the patient was in her 50s and
severe chorioretinal degeneration when reaching her late 60s.

Patient consent

Written informed consent was obtained from patient for publication
of this case report and any accompanying images.
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