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Abstract

in SAG.

Background: Oguchi disease is a rare autosomal recessive form of congenital quiescent night blindness. Oguchi
disease has been found to be associated with gene mutations in SAG and GRK1, which are vital factors in the recovery
phase of phototransduction after light stimuli. We report a case of Oguchi disease with novel heterozygous mutations

Case presentation: A 7-year-old girl with a history of night blindness since childhood, was referred to our hospital.
Ophthalmologic examinations included visual acuity, fundus examinations, fundus photography, spectral-domain
optical coherence tomography, electroretinographic (ERG). Mutation screening of the SAG and GRKT genes was
performed. This patient exhibited typical clinical characteristics of Oguchi disease, including night blindness, golden
fundus with the Mizuo-Nakamura phenomenon, packed structure of the parafovea in optical coherence tomog-
raphy and reduced a-waves and b-waves in scotopic 3.0 ERG. Genetic testing revealed a heterozygous change in
nucleotide c.72_75+415delATCGGTGAGTGGTGCACAA in exon 2 of the SAG gene in this patient, her unaffected mother
and younger brother. A splicing alteration of nucleotide ¢.376-2A>C was identified in exon 6 of the SAG gene with
heterozygous status in this patient and her unaffected father.

Conclusions: Compound heterozygosity of a nonsense p.525X mutation in exon 2 and a splicing alteration in exon 6
of the SAG gene is the cause of this patient with Oguchi type 1 disease in China.
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Background

Oguchi disease is a rare form of congenital stationary
night blindness characterized by golden-yellow discol-
oration of the fundus, which returns to normal after a
long period of dark adaptation (Mizuo-Nakamura phe-
nomenon ) [1-4]. This disease was first described in 1907
and has been more frequently reported in the Japanese
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population than in other populations [5, 6]. Patients often
have normal vision, normal field of view and normal color
vision. They need to be confirmed by genetic testing. Two
known genes have been linked to this disease, namely,
SAG (S-antigen; OMIM: 181031) and GRK1 (G-protein-
dependent receptor kinase 1; OMIM: 180381). Based
on mutations in these two genes, the Oguchi disease is
divided into 2 categories. Oguchi disease-1 is caused by
homozygous or heterozygous mutations in the SAG gene,
which is located on chromosome 2q37.1 [2, 7, 8]. The
S-antigen forms a compound with photoactivated-phos-
phorylated rhodopsin, preventing further interaction

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0003-3834-0273
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12886-022-02307-z&domain=pdf

Deng et al. BMC Ophthalmology (2022) 22:99

Page 2 of 7

Fig. 1 Dark adaptation test of the patient. A Color fundus photography of the right eye (RE) and left eye (LE) showing a typical golden metallic
reflex. B After 3 hours of dark adaptation, the golden discoloration of the fundus disappeared, and the fundus color changed to normal.

with activated rhodopsin, thus making it an important
factor in the phototransduction recovery stage. It has
been reported that SAG mutations not only cause the
typical form of Oguchi disease, but also cause retinitis
pigmentosa [9-12]. Oguchi disease-2 is caused by muta-
tion in the rhodopsin kinase gene (GRK1) on chromo-
some 13q34 [13-16]. GRKI encodes rhodopsin kinase,
which recognizes photoactivated rhodopsin and desen-
sitizes rhodopsin to receive new light stimuli [17]. Vari-
ous types of mutations, such as missense mutations and
protein truncations, have been demonstrated to lead to
reduced catalytic activity of proteins, resulting in delayed
photoreceptor resuscitation. GRKI mutations are also
found in retinitis pigmentosa. In addition, depending on
where the golden sheen reflects, there are five subtypes of
Oguchi disease, including the entire fundus, macula spar-
ing, posterior fundus sparing, peripheral sparing, and far
periphery sparing [18]. The current case is characterized
by novel heterozygous mutations in SAG and the macula

sparing type.

Case presentation

A 7-year-old Chinese female patient who presented
with a history of night blindness since childhood was
referred to our hospital. After clinical examinations, she
was diagnosed with Oguchi disease. In the medical his-
tory of this patient, her parents and grandmother and

her younger brother were all healthy. Written informed
consent to participate in the study was obtained from the
patient and her relatives. As the patient is a minor, her
informed consent was signed by her father. The research
protocol was approved by the Ethics Review Board of the
First People’s Hospital of Linping District. The protocol
adhered to the tenets of the Declaration of Helsinki.

On the initial evaluation, her visual acuity was 20/20
bilaterally. Examination of the anterior segment of the
eyeball showed no obvious abnormalities. Ophthalmo-
scopic examination showed the golden metallic reflex in
all areas of the fundus (Fig. 1A). There was neither retinal
bone spicule pigmentation nor attenuation of the periph-
eral retinal vessels in either eye. After 3 hours of dark
adaptation, the Mizuo phenomenon was demonstrated
(Fig. 1B). The images obtained with a nonmydriatic reti-
nal camera (TRC-N'W200, Topcon, Tokyo, Japan) showed
that the fundus color changed to normal. During 30 min-
utes of light adaptation, the golden sheen reappeared.

Spectral-domain optical coherence tomography (RS-
3000, NIDEK CO., LTD., Tokyo, Japan) is shown in
Fig. 2. In the foveal area, three hyperreflective bands
representing the inner segment/outer segment junction
of the photoreceptors, the cone outer segment tips, and
the RPE/Bruch’s membrane complex are clearly distin-
guished. However, in the parafoveal areas of both eyes,
the boundaries of these hyperreflective bands become
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Fig. 2 SD-OCT horizontal section of the right eye (A) and left eye (B) and a healthy age-matched control (C). The red line indicates the scanning
line. The junction between the photoreceptor inner and outer segment (IS/OS) line appears normal at the fovea but gradually comes very close to
the retinal pigment epithelium. Outside the white arrows, the IS/OS line is not identifiable

densely packed and indistinguishable. This packed struc-
ture of the parafovea is thought to be a specific feature of
Oguchi disease.

Electroretinographic (ERG) (Roland Consult, Branden-
burg, Germany) responses were recorded according to
International Society for Clinical Electrophysiology of
Vision (ISCEV) guidelines with 30 min of dark adapta-
tion [19]. Response amplitudes and timing were com-
pared with normative ranges. The dark-adapted scotopic
response revealed the loss of a and b-wave amplitudes
(Fig. 3).

Peripheral blood samples of the patient, her parents,
younger brother and grandmother were obtained for
further genetic testing. The younger brother, parents
and grandmother have no eye problems. All of them had
given informed consent. Genetic testing was performed
by MyGenostics (Beijing, China). Sequencing results
were analyzed with REVEL (rare exome variant ensem-
ble learner) by aligning to the Human Reference Genome
Sequence (GRCh37/hg19). The pathogenicity of the vari-
ation was analyzed according to the ACMG guidelines,
was predetermined as Pathogenic variation (Pathogenic)

PVS1+ PM3_strong +PM2. No GRKI gene mutation
was found in the patient and her relatives, but sequencing
of the SAG gene indicated new heterozygous mutations
in exon 2 and exon 6 (Fig. 4). Sequencing revealed a het-
erozygous change in nucleotide c.72_75+15delATCGGT
GAGTGGTGCACAA in exon 2 of the SAG gene in this
patient, her mother and her younger brother (Fig. 4B).
This nucleotide change causeed a nonsense mutation,
p.S25X. A splicing alteration of nucleotide c.376-2A>C
was identified in exon 6 of the SAG gene with heterozy-
gous status in this patient and her father (Fig. 4C). The
splicing mutations were analyzed and evaluated through
the SPIDEX database. This model scores the influence
of the mutation on RNA splicing by analyzing the DNA
sequence and mutation information. The score ranges
from -100 to 100. The closer the absolute value of the
score is to 100, the greater the impact of mutations on
RNA splicing. The scores of the two mutation sites were
-0.5639 (Exon 2) and -51.2080 (Exon 6), respectively.
According to the retrieval results of Interpro database,
Exon2 of SAG is not included in the domain, and Exon6
is located in the N-terminal domain.
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Fig. 3 Full-field electroretinography of the patient. (A and B) Dark-adapted scotopic record response of both eyes. C Specific parameter and normal
parameter ranges. The amplitudes of both waves are reduced, and wave b is larger than wave a

Thus, we diagnosed the patient with Oguchi disease
based on her characteristic clinical appearance and
molecular genetic test results.

Discussion and conclusions
In this study, we describe a Chinese girl with Oguchi dis-
ease in whom we found novel heterozygous mutations in
SAG. The patient had congenital stationary night blind-
ness along with golden metallic reflex in all areas of the
fundus and showed the Mizuo-Nakamura phenomenon
after 3 hours of dark adaptation. The Mizuo-Nakamura
phenomenon is known to be a characteristic phenome-
non of Oguchi disease. In addition, the Mizuo-Nakamura
phenomenon has been reported in other diseases, such
as X-linked retinoschisis [20, 21] and X-linked cone dys-
trophy [22]. Recently, the characteristic golden sheen was
also found in RP patients with SAG mutations.
Electroretinography (ERG) is unusual in patients with
Oguchi disease. In typical patients, the ERG data show
reduced a-waves and b-waves [1, 23]. After prolonged
dark adaption, insufficient rod function can be recorded
in the first flash, and it disappears in a moment [1, 24].
The increment of ERG a-wave amplitude in younger
patients is larger than that in older patients [24]. These
results suggest that dark adaptation could partially

restore the function of rods and that age might affect
the speed of recovery. Our patient showed significantly
reduced a-waves and b-waves in scotopic 3.0 ERG. How-
ever, due to the poor cooperation of children, we did not
have more detailed ERG examination results after dark
adaptation.

Previous OCT studies in Oguchi disease have found
a variety of outer retinal changes. One study concluded
that the rod outer segments were shortened since the
distance between the IS/OS and the RPE was decreased
[18]. H. Hashimoto et al found that the IS/OS line
showed normal structure and that fundus color was also
normal in the macular area. However, in the perimacular
ring, the IS/OS line was indistinguishable, and the dis-
tance between the IS/OS and RPE was short [18]. In the
study by Pooja Godara et al, the outer segment layer of an
Oguchi patient was fourfold higher under dark-adapted
versus light-adapted conditions [25]. Our patient showed
that three IS/OS lines were detectable in the foveal area
and became densely packed and indistinguishable in
other regions. The golden sheen reflex was in the area
of undetectable IS/OS and not in the area of detectable
IS/OS. Further study found that the undetectable IS/OS
line could be detected after dark adaptation [26], which
seemed to be consistent with the changes in fundus

(See figure on next page.)

Fig. 4 A Family pedigree of the patient. (@) indicates a heterozygous state of nucleotide ¢.376-2A>C in her father. (A) indicates a heterozygous
state of nucleotide c.72_75+415delATCGGTGAGTGGTGCACAA in her mother and younger brother. B Sequence chromatogram of the SAG
€.72_75+15delATCGGTGAGTGGTGCACAA variant. Sequence trace of part of exon 2 of SAG in the patient and relatives carrying the heterozygous
€.72_75+15delATCGGTGAGTGGTGCACAA pathogenic variant, indicated by red arrows. C Sequence chromatogram of the SAG c.376-2A>C variant.
Sequence trace of part of exon 6 of SAG in the patient and relative carrying the heterozygous c.376-2A>C pathogenic variant, indicated by red

arrows
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1
11:2, NM_000541; exon2; c. 72_75+15de |ATCGGTGAGTGGTGCACAA (p. S25X) ;het
180 190
AGATCTCgocGGG ACAAATC AGTGATTGGAGGC
|

III: 1, NM_000541 ;exon2;c. 72_75+15de | ATCGGTGAGTGGTGCACAA (p. S25X) ; het

AGATGTCCC GGG ACAAAT G KGTGATTGGAGC

11:2, NM_000541 ; exon2; c. 72 75+15de | ATCGGTGAGTGGTGCACAA (p. $25X) ; het
G ATCTCCCGGGACAAATCACTGATTGGAGO

A J L -
C 11: 1, NM_000541; exoné c. 376-2A>C (splicing) ; het
TTCTTTCCACCGTTTCCTGAC

1I:2, NM_000541; exoné;c. 376-2A>C (splicing) ;het
110 120
TTCTTTGCCAGCOGCGTTTT CGOCT®G AC

Fig. 4 (Seelegend on previous page.)
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photography and ERG. Unfortunately, we did not study
this change further because the child did not cooperate.

The clinical diagnosis of Oguchi disease is eventu-
ally made through genetic testing. SAG and GRK1, both
encoding proteins that play essential roles in inactivat-
ing photoactivated rhodopsin [27], are two known genes
in the pathogenesis of Oguchi disease. The S-antigen, or
arrestin, binds to photoactivated-phosphorylated rho-
dopsin in retinal rod outer segments, which plays an
important role in preventing the transducin-mediated
activation of phosphodiesterase. The rhodopsin kinase
is a serine-threonine kinase, encoded by the GRKI gene,
which plays a key role in normal deactivation and recov-
ery of the photoreceptor cells after light [17]. Multiple
cases of pathogenic mutations in the SAG gene and GRK1
gene have been reported. Oguchi disease is a rare disease,
but it is more common in Japan than in other countries.
The homozygous deletion mutation (1147delA) in the
SAG gene has been reported in the majority of Japanese
individuals [23, 28, 29]. Xiao Liu et al. counted 17 differ-
ent pathogenic mutations of the SAG gene in the HGMD
database. The 17 different pathogenic mutations included
8 missense, 4 nonsense, and 5 frameshift alterations.
Furthermore, Xiao Liu et al. found a novel homozygous
splicing alteration in the SAG gene (c.181 +1G >A) [1].

In the present study, we identified a novel heterozygous
alteration in the SAG gene (c.72_75+4+15delATCGGT
GAGTGGTGCACAA and c.376-2A>C) as the cause of
Oguchi disease in a female patient who

inherited two mutant genes from her mother and
father. The novel nonsense mutation (p. S25X) nucleotide
¢.72_75+15del ATCGGTGAGTGGTGCACAA in exon 2
of the SAG gene is predicted to result in a break in the
amino acid chain, which prevents the protein from being
encoded, thereby affecting the function of the S-antigen.
A splicing alteration of nucleotide ¢.376-2A>C in exon
6 of the SAG gene is predicted to affect the transcrip-
tion of the gene into normal mature RNA, which affects
the function of the SAG gene. According to Interpro
database, Exon6 is located in the N-terminal domain of
arrestin. Crystal structure studies have shown that arres-
tins were divided approximately into the N terminus,
N domain, C domain, and C tail. The N and C domains
play a dominant role in the specificity of homologous
receptors [30]. The binding region of phosphorylated
photoactivated rhodopsin is located in the N-terminal
region. The N-domain is close to the cell membrane and
leads to the polar nucleus through an adjacent positive
channel, which can promote the interaction with the
phosphorylated tail of rhodopsin [30]. In our study, the
mutation of exon 6 resulted in abnormal function of the
N-terminal domain, which may be one of the pathogenic
causes. One report found that the splicing alteration of
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¢.72_75+15de]ATCGGTGAGTGGTGCACAA was
associated with high myopia. However, there is no such
report about the correlation between these two muta-
tion sites and Oguchi disease. This patient’s parents and
her grandmother and her little brother were all het-
erozygotes for these mutations, although none of them
showed signs of Oguchi disease. We speculate that these
two mutations work together to cause Oguchi disease.
To our knowledge, this is the first report of a heterozy-
gous mutation associated with Oguchi disease. Apart
from Oguchi disease, some SAG mutations were found
in retinitis pigmentosa (RP ) [9-12] and Eales disease
[31]. Oguchi disease and retinitis pigmentosa can coex-
ist in the same family and the same individual [11]. Our
genetic test results showed that these two mutated genes
were also associated with retinitis pigmentosa, although
this patient and her relatives showed no signs of retinitis
pigmentosa. However, researchers found that mutations
in SAG caused Oguchi patients to develop RP in the late
stage of the disease, leading to overlapping phenotypes
[9]. A reported patient had a progressive decrease in his
visual acuity. It is also necessary to follow our patient
carefully for a longer period, keeping in mind the possi-
bility of RP development.

In conclusion, we have identified new pathogenic het-
erozygous mutations in the SAG gene in a patient with
Oguchi type 1 disease in China.
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