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CASE REPORT

High-resolution photoreceptor imaging analysis of patients with autosomal 
dominant retinitis pigmentosa (adRP) caused by HK1 mutation
Daiki Kubotaa+, Kaori Matsumotoa,b+, Mika Hayashia+, Noriko Oishia, Kiyoko Gochoa,c, Kunihiko Yamakia, 
Shinichiro Kobayakawad, Tsutomu Igarashib, Hiroshi Takahashib, and Shuhei Kameyaa

aDepartment of Ophthalmology, Nippon Medical School Chiba Hokusoh Hospital, Inzai, Chiba, Japan; bDepartment of Ophthalmology, Nippon 
Medical School, Tokyo, Japan; cClinical Investigation Center 1423, Inserm and Quinze-Vingts National Ophthalmology Hospital, Paris, France; 
dDepartment of Ophthalmology, Nippon Medical School Musashikosugi Hospital, Kawasaki-city, Japan

ABSTRACT
Purpose: The hexokinase 1 (HK1) gene encodes one of the four human hexokinases that play essential 
roles in glucose metabolism. Recently, several cases of E847K mutation in the HK1 gene were reported to 
cause inherited retinal dystrophy. The purpose of this study was to identify the phenotypical character-
istics of patients with a recurrent E847K mutation in the HK1 gene.
Methods: Three generations of one family with autosomal dominant retinitis pigmentosa were examined. 
Whole exome sequencing was performed on the DNA. Fundus imaging by an adaptive optics fundus 
camera was used to obtain high-resolution photoreceptor images.
Results: Fundus examination of the proband showed degeneration of the mid-peripheral retina, and SD- 
OCT images showed an absence of the ellipsoid zone (EZ) and interdigitation zone (IZ) in the parafovea 
and more peripherally. SD-OCT images of the mother of the proband showed an absence of the EZ and IZ, 
and fundus autofluorescence images showed hypo-autofluorescence surrounding the macular region. 
One daughter of the proband had only mild night blindness, however, the density of the cone photo-
receptors was reduced in the parafoveal region. Whole exome sequencing identified a heterozygous 
variant, E847K, in the HK1 gene. This variant was found to co-segregate with the disease in three family 
members.
Conclusions: Although the systemic phenotypes were found to be associated with the HK1 mutations, 
only the E847K mutation can cause a non-syndromic photoreceptor degeneration. Our study strength-
ened the hypothesis that the amino acid E847 might play a critical role in the maintenance of the 
morphology and function of the photoreceptors.
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Introduction

The hexokinase 1 (HK1; OMIM 14260) gene encodes one of the 
four human hexokinases that play essential roles in glucose 
metabolism (1–3). Hexokinase catalyzes the first step in glu-
cose metabolism using ATP for the phosphorylation of glucose 
to glucose-6-phosphate. Four different forms of hexokinase, 
HK1, HK2, HK3, and HK4 that are encoded by different genes, 
are present in mammalian tissues (3). Among these, HK1 is the 
most ubiquitously expressed and is the predominant hexoki-
nase in the brain, erythrocytes, lymphocytes, and fibroblasts 
(1). A proteomic study of rats found that HK1 and HK2 are 
expressed in the retina (4). HK1 was found to be strongly 
expressed in the photoreceptor inner segment and in the 
outer plexiform layer, inner nuclear layer, inner plexiform 
layer, and ganglion cell layer (4).

Thus far, four phenotypes that are associated with HK1 
mutations have been listed in the OMIM database (5). They 
are nonspherocytic hemolytic anemia (NSHA) due to hexo-
kinase deficiency (OMIM; 235700), Russe type of hereditary 
motor and sensory neuropathy (HMSNR, OMIM; 605285), 

retinitis pigmentosa 79 (RP79, OMIM; 617460), and neuro-
developmental disorder with visual defects and brain anoma-
lies (NEDVIBA, OMIM; 618547). NSHA, due to hexokinase 
deficiency, and the Russe type of HMSNR are autosomal 
recessive inheritance disorders that are caused by homozy-
gous or compound heterozygous loss-of function mutations 
of the HK1 gene (6–8). On the other hand, five families of 
autosomal dominant retinitis pigmentosa (adRP; RP79) were 
reported by Sullivan et al. who reported on a heterozygous 
missense Glu847Lys (E847K) mutation in the HK1 gene that 
segregated fully with the disease in each family (9). None of 
the patients had any extraocular manifestations, and none 
had any systemic abnormalities in glycolysis (9). Later, several 
groups reported similar non-syndromic autosomal dominant 
retinitis pigmentosa or allied diseases with the same hetero-
zygous E847K mutation in the HK1 gene (10–13). Most 
recently, seven patients from six unrelated families with 
NEDVIBA were reported by Okur et al. They identified four 
different de novo heterozygous missense mutations in the 
HK1 gene in these patients (14). They also reported that 
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these patients were syndromic, and several cases had 
a combination of retinitis pigmentosa and optic atrophy. 
However, the inheritance pattern and detailed ophthalmic 
findings were uncertain because a pedigree analysis and fun-
dus images were not presented (14).

The purpose of this study was to determine the phenotypic 
characteristics of the members of a Japanese family with 
a recurrent E847K mutation in the HK1 gene. To accomplish 
this, the family members underwent comprehensive ocular 
examinations including high-resolution retinal imaging by an 
adaptive optics fundus camera.

Methods

The procedures used in this study conformed to the tenets of 
the Declaration of Helsinki, and they were approved by the 
Institutional Review Board of the Nippon Medical School. 
A signed written informed consent was obtained from the 
proband and her daughters after the nature and possible con-
sequences of the study were explained.

The ophthalmological examinations included measure-
ments of the best-corrected visual acuity (BCVA) and 
refractive error (spherical equivalent), slit-lamp biomicro-
scopy, ophthalmoscopy, Goldman kinetic perimetry, fundus 
photography (CLARUS, Carl Zeiss Meditec), fundus auto-
fluorescence imaging with short-wavelength excitation 
(FAF; CLARUS, 500–585 nm, Carl Zeiss Meditec and TRC- 
NW8Fplus retinal camera, 488 nm, TOPCON, Tokyo, 
Japan), spectral domain optical coherence tomography (SD- 
OCT; Cirrus HD-OCT, Carl Zeiss Meditec), full-field elec-
troretinography (ERG), and multifocal ERGs (mfERGs). 
The ERGs were recorded using the extended testing proto-
col conforming to the International Society for Clinical 
Electrophysiology of Vision protocol (15). The ERGs were 
elicited and recorded with a contact lens with a built-in 
LED electrode (LE4000, TOMEY, JAPAN). ERG responses 
of patients were compared to controls (9 men and 15 
women, median age 44.5 ± 19.8 years). The mfERGs were 
recorded with a commercial mfERG system (LE4100, 
TOMEY, JAPAN).

Adaptive optics (AO) image analysis

High-resolution retinal images were acquired with the 
Adaptive Optics Retina Camera (rtx1™, Imagine Eyes, Orsay, 
France), at temporal eccentricities of 2 to 8 degrees. The AO 
images from one retina were stitched together by an automated 
image editing software (ImageJ, National Institute of Health, 
Bethesda, MD).

We used a reported protocol to obtain the peak density of 
the cones for the measurement of the cone density based on 
a technique described in detail by Feng et al. (16,17). The cone 
densities of Patients II-3, III-1, and III-2 were compared to 34 
healthy individuals (27 men and 7 women, mean age 
37.4 ± 9.1 years, range 24 to 55 years) (16). Color-coded 
Voronoi diagrams of the cone density analysis were performed 
with the built-in software in the rtx1 (AO detect, Imagine Eyes, 
Orsay, France).

Genetic analyses

Blood samples were collected from the proband (II-3) and her 
daughters (III-1, III-2), and genomic DNA was isolated from 
the peripheral white blood cells using a blood DNA isolation 
kit (NucleoSpin Blood XL; Macherey Nagel, Germany). Exome 
sequencing (Macrogen Japan) and targeted sequence analysis 
were done. Paired-end sequence library construction and 
exome capturing were performed by the Agilent Bravo auto-
mated liquid-handling platform with the Agilent SureSelect 
Human v6 kit (Agilent Technologies, Santa Clara, CA). 
Enriched libraries were sequenced with the Illumina 
NovaSeq6000 sequencer (San Diego, CA). The reads were 
aligned to the UCSC Hg38 reference sequence with the 
Burrows-Wheeler Aligner software (18). Duplicated reads 
were removed by Picard MarkDuplicates module, and mapped 
reads around insertion-deletion polymorphisms (INDELs) 
were realigned by the Genome Analysis Toolkit (GATK) (19). 
Base-quality scoring was recalibrated by GATK. Mutation call-
ing was performed with the GATK Unified Genotyper module. 
The called single-nucleotide variants (SNVs) and INDELs were 
annotated by the snpEff software (snpEff score; “HIGH,” 
“MODERATE,” or “LOW”) (20). All called SNVs and 
INDELs of the 271 genes registered as retinal disease-causing 
genes on the RetNet database were selected for further analysis 
(https://sph.uth.edu/retnet/home.htm). The identified variants 
were filtered with allele frequency (less than 1%) of the Human 
Genetic Variation Database (HGVD; http://www.genome.med. 
kyoto-u.ac.jp/SnpDB/about.htm) which is specific for the 
Japanese population. Depth and coverage for the targeted 
areas were made visible and confirmed with the integrative 
Genomics Viewer (http://www.broadinstitute.org/igv/). All 
identified variants were analyzed using varsome (varsome. 
com). The allelic frequency of all of the variants was estimated 
in reference to three data bases; HGVD, iJGVD, and gnomAD 
Browser. Pathogenicity classification of all detected variants 
was performed based on the guidelines of the American 
College of Medical Genetics and Genomics (ACMG) (21). 
Together with the clinical findings of the affected subjects, 
the mode of inheritance in the pedigree, as well as co- 
segregation, disease-causing variants were determined from 
the called variants in the retinal disease-associated genes. The 
HK1 variants identified by exome sequencing and targeted 
analysis were further confirmed by direct sequencing of family 
members. The identified regions were amplified by polymerase 
chain reaction (PCR) using primers synthesized by Greiner 
Bio-One (Tokyo, JAPAN). The PCR products were purified 
(ExoSAP-IT; USB Corp., USA) and were used as the template 
for sequencing. Both strands were sequenced on an automated 
sequencer (Bio Matrix Research; Chiba, JAPAN).

Results

Clinical findings

A 49-year-old woman (II-3; proband) was informed of fundus 
abnormalities during a general health checkup and visited our 
hospital. She reported that she had a gradual decrease of vision 
and increase of night blindness. Our examinations showed no 
obvious cataracts and her decimal BCVA was 1.0 in both eyes. 
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However, she had symmetrical fundus abnormalities consist-
ing of chorioretinal atrophy around the retinal vascular arcade. 
She stated that her mother (I-2) and grandmother had been 
diagnosed with retinitis pigmentosa. Her mother had visited 
our hospital only once when she was 80-years-old, and her 
medical record revealed that her decimal BCVA was 0.03 in the 
right eye and 0.05 in the left eye. The proband had two daugh-
ters, and their examination revealed that one of her daughters 
(III-1; 20 years) had fundus abnormalities. The decimal BCVA 
of this daughter was 1.0 in both eyes, and she reported only 
mild night blindness.

Fundus examination of II-3 showed symmetrical chorioret-
inal atrophy around the retinal vascular arcade with granular 
macular RPE mottling Figure 1A, B. Fundus examination of 
III-1 showed slight disturbances of macular ring reflex in both 
eyes, and spots of RPE color changes outside the retinal vas-
cular arcades in the right eye. Patient III-2 had no abnormal-
ities in either eye Figure 1(C-F).

The FAF images found in the medical records of I-2 showed 
profound hypo-autofluorescence surrounding the macular region 
of both eyes Figure 2(A, B). The choroidal vessels were visible 
through the hypo-autofluorescent areas Figure 2(A, B). The FAF 

Figure 1. Ultra-widefield fundus photographs of family members with autosomal dominant retinitis pigmentosa (adRP). Images of patients II-3 (A, B), III-1 (C, 
D), and III-2 (E, F) are shown. Fundus photographs of II-3 show chorioretinal atrophy around the retinal vascular arcade with granular macular RPE mottling. Fundus 
photographs of III-1 show slight alterations of the macular ring reflex in both eyes and spots of RPE color changes outside the retinal vascular arcades of the right eye. 
Fundus photographs of III-2 show no abnormalities in both eyes.
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images of II-3 showed a cobblestone hypo-autofluorescent region 
around the retinal vascular arcade Figure 2(C, D). The FAF 
images of II-3 also showed a new contrast between the possible 
preserved foveal and parafoveal autofluorescence and the hypo- 

autofluorescent lesion in the pericentral and near midperipheral 
retina. FAFs of III-1 showed a hyper-autofluorescence ring sur-
rounding a hypo-autofluorescent area in the parafoveal region of 
both eyes Figure 2E, F. Spots of hyper-autofluorescence were 

Figure 2. Fundus autofluorescence (FAF) images of family members with adRP. FAF Images of I-2 (A, B), II-3 (C, D), III-1 (E, F), and III-2 (G, H) are shown. FAF of I-2 
were the conventional 45 degrees of field of view images. FAF of II-3 (C, D), III-1 (E, F), and III-2 were 133 degrees of widefield angle of view. FAFs of I-2 show severe 
hypo-autofluorescence surrounding the macular region in both eyes. Choroidal vessels can be seen through the hypo-autofluorescent area of I-2. FAFs of II-3 show 
cobblestone hypo-autofluorescent regions around the retinal vascular arcade. The FAF images of II-3 also show a new contrast between the possible preserved foveal 
and parafoveal autofluorescence and the hypo-autofluorescent lesion in the pericentral and near midperipheral retina. FAFs of III-2 show a hyper-autofluorescent ring 
surrounding a hypo-autofluorescent area in the parafoveal area of both eyes. Spots of hyper-autofluorescence can be seen in the right eye of III-1 corresponding to the 
RPE abnormalities seen in the color photographs. The peripheral area other than these spots are normal appearing in both eyes of III-1. FAFs of III-2 show no 
abnormalities in both eyes.
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observed in the right eye of III-1 corresponding to the RPE 
abnormalities found in the color photographs Figure 2(E, F). 
The peripheral area other than these spots were normal in appear-
ance in both eyes of III-1 Figure 2(E, F). FAFs of III-2 showed no 
abnormalities in both eyes Figure 2(G, H). The SD-OCT images of 
the eyes of I-2 showed an absence of the EZ and IZ and thinning 
of the outer nuclear layer (ONL) throughout the 6 mm images 
Figure 3(A, B). The SD-OCT images of the eyes of II-3 showed 
locally preserved EZ and IZ at the foveola although there was an 
absence of the EZ and IZ and thinning of the ONL from the 
parafovea and more peripherally in the central retinal scan Figure 
3(C, D). Cystoid macular edema was found on the nasal side of the 
inner nuclear layer of both eyes of II-3 Figure 3(C, D). The SD- 
OCT images of the eyes of III-1 showed clearly distinguishable EZ 
and IZ in the fovea, however, the EZ and IZ were discontinuous in 
the parafoveal area Figure 3(E, F). The ONL was also thinner in 
the parafoveal area of both eyes of III-1 Figure 3(E, F). The SD- 

OCT images of III-2 showed no abnormalities with intact EZ and 
IZ Figure 3(G, H).

The visual fields were full and ring scotomas were detected 
in both eyes of II-3 with Goldmann kinetic visual field test 
Figure 4(A, B). Relative pericentral ring scotoma was detected 
with the I-4 target. The visual fields test of III-1 showed no 
abnormalities in both eyes Figure 4(C, D).

Full-field ERGs showed that the b-wave amplitude of the 
dark-adapted 0.01 and the a- and b-wave amplitudes of dark- 
adapted 3.0 were slightly reduced in both eyes in II-3 Figure 5 
(A-D). The implicit time of the light-adapted 3.0 flicker ERGs 
was slightly prolonged in both eyes of II-3 Figure 5D. The 
oscillatory potentials of the dark-adapted 3.0 were also reduced 
in both eyes of II-3 Figure 5B. The responses of III-2 were 
normal in both eyes Figure 5(E-H). The amplitudes of the 
mfERGs in the parafoveal area were mildly reduced, although 
that in foveal center were preserved in II-3 Figure 6(A, B, E, F). 

Figure 3. Spectral domain optical coherence tomographic (SD-OCT) images of family members with adRP. SD-OCT images of I-2 (A, B), II-3 (C, D), III-1 (E, F), and 
III-2 (G, H) are shown. The SD-OCT images of the eyes of I-2 show an absence of the ellipsoid zone (EZ) and interdigitation zones (IZ) and thinning of the outer nuclear 
layer (ONL) throughout the 6 mm images. The SD-OCT images of the eyes of II-3 show locally intact EZs and IZs at the foveola, although the absence of the EZs and IZs 
and thinning of the ONL from the parafovea and beyond can be seen. Cystoid macular edema can be seen on the nasal side of the inner nuclear layer in both eyes of II-3. 
The SD-OCT images of the eyes of III-1 show clearly distinguishable EZs and IZs in the fovea, however the EZs and IZs are discontinuous in the parafoveal area. The ONL is 
also thinner in the parafoveal area in both eyes of III-1. The SD-OCT images of III-2 show no abnormalities with intact EZs and IZs.

Figure 4. Results of Goldmann kinetic visual field test of family members. Results of Goldmann kinetic visual field test of left eye (A, C) and right eye (B, D) of the 
patient II-3 (A, B) and III-1 (C, D) are shown. The visual fields are full and ring scotomas can be seen in both eyes of II-3. Relative pericentral ring scotoma is detected with 
the I-4 target. Results of III-1 show no abnormalities in both eyes.
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Figure 5. Full-field electroretinograms (ERGs) of family members with adRP. Full-field ERGs recorded from II-3 (A-D), III-1 (E-H), and normal control (I-L) are shown. 
The dark-adapted 0.01 (A, E, I), dark-adapted 3.0 (B, F, J), light-adapted 3.0 (C, G, K), and light-adapted 3.0 flicker ERGs (D, H, I) are shown. The b-wave amplitude of dark- 
adapted 0.01 and the a- and b-wave amplitude of dark-adapted 3.0 show a slight reduction in both eyes in II-3. The implicit times of light-adapted 3.0 flicker ERGs are 
slightly prolonged in both eyes in II-3. The oscillatory potentials of dark-adapted 3.0 are also reduced in both eyes in II-3. The results of all the responses in III-2 showed 
no abnormality in both eyes.

Figure 6. Multifocal ERGs (mfERGs) of family members. The mfERGs and topographic map of patients II-3 (A, B, E, F) and III-1 (C, D, G, H) are shown. The amplitudes of 
the mfERGs in the parafoveal area are slightly reduced, although those in the foveal center are preserved in II-3. The amplitudes of the mfERGs in the parafoveal area are 
partially and slightly reduced in III-1.
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The amplitudes of the mfERGs in the parafoveal area were 
partially and slightly reduced in III-1 Figure 6(C, D, G, H). No 
systemic abnormalities were found in II-3, III-1, and III-2.

Molecular genetic analyses

We identified a heterozygous variant, c.2539 G > A, p.E847K in 
the HK1 gene by WES in the DNA samples of II-3 and III-1 
Figure 7(A- D). The variant was not observed in the DNA 
samples of III-2. The HK1 variant was the only gene with 
HIGH score of snpEff and less than 0.1% of allelic frequency 
in the RetNet genes. This variant was verified by Sanger 
sequencing, and it co-segregated with the disease in three 
members of the family Figure 7(C, D. The allele was not 
observed in the Japanese specific (HGVD, iJGVD) and 
gnomAD databases.

Analyses of high-resolution images obtained by adaptive 
optics (AO) fundus camera

Regular cones were not observed throughout the posterior pole in 
the AO images of II-3 Figure 8(A- D). The images of III-1 showed 
a reduction of the cone densities in the posterior pole 
Figure 8(B- E). The AO images of III-2, who did not harbor the 
variant p.E847K in the HK1, showed a regular cone mosaic and 
normal densities Figure 8(C- F). The cone densities from patients 
II-3, III-1, and III-2 were compared to that of the normal control 

eyes. The cone densities of patient II-3 were uncountable through-
out 2 to 5 degrees Figure 8D. The cone densities of patient III-1 
were lower by more than 2 standard deviation from that of the 
normal control throughout the 2- to 5-degree field Figure 8D. The 
cone densities of patient III-2 were within 2 standard deviation of 
that of the normal control throughout the 2- to 5-degree field 
Figure 8D. Color-coded Voronoi diagrams that show the cone 
densities of III-1 and III-2 at 2 degrees angular eccentricity are 
presented in Figures 8E and 8F. Note that the images at sites closer 
than 2 degrees to the foveal center of III-2 showed a very high 
density of cones that could not be discriminated Figure 8C. This 
was because the size of cones becomes less than the discriminable 
level of the AO fundus camera (<2 micrometer) as was true for 
normal control. However, the image of III-1 had discriminable 
cones even less than 1 degree from the fovea center because of the 
reduced cone density Figure 8B.

Discussion

A recurrent heterozygous E847K mutation in HK1 was found in 
two Japanese patients from a family with adRP. Fundus, FAF, and 
OCT imaging revealed that the areas of photoreceptor degenera-
tion were mainly in the parafovea to mid-peripheral region. 
Multifocal ERGs, Goldmann visual field tests, and visual acuity 
measurements revealed that the fovea was still functioning until 
the age of the late 40 years. Full-field ERGs revealed that all 
components of the full-field ERGs were almost normal at age of 

Figure 7. Molecular genetic findings and segregation scheme. Sequence chromatograms of HK1 variants from II-3 (A) III-1 (B) and III-2 (C) are shown. Pedigree charts 
for the segregation analysis are shown (D). Red arrow indicates the position of the mutation. II-3 and III-2 had [c.2539 G > A, p.E847K] variant. The affected female 
patients are represented with the solid circle and unaffected family members are represented by white icons. The slash symbol indicates deceased individuals. The 
generation is numbered on the left. Segregation analysis of a variant of HK1 in the family show co-segregation of the disease-causing variant and phenotypes.
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20 years, and a mild reduction was observed in the late 40s. 
However, high-resolution retinal imaging by AO revealed that 
the cone photoreceptor densities were significantly reduced in 
the parafoveal area at the age of 20 years. Fundus examinations 
showed only slight abnormalities without functional visual defects 
at this age.

The clinical phenotypes of 10 Caucasian and 2 Asian families 
with non-syndromic adRP or adCACD caused by an E847K 

mutation of the HK1 have been reported in Table 1 (9–13). 
A relatively good visual acuity and mild photoreceptor degenera-
tion in the mid-peripheral area were common features in most of 
these patients. None of the patients with the E847K mutation had 
optic disc atrophy. There is also a report describing patients with 
syndromic RP and/or optic atrophy caused by Gly414Glu, 
Ser445Leu, and Thr457Met mutations in the HK1 gene (14). 
From these earlier findings and our data, we conclude that patients 

Figure 8. Adaptive optics images and cone densities of patients. AO images of Patients II-3 (A), III-1 (B), and III-2 (C) are shown. The temporal retina at angular eccentricities 
of 0 degrees (foveal center) to 5 degrees are shown. Yellow crosses with diagonal line indicate foveal center. Horizontal lines are drawn from foveal center to temporal retina. 
Numbers in figures indicate angular eccentricities of nearby yellow crosses from foveal center. Regular cones are not observed throughout the posterior pole in the AO image of 
II-3. The image of III-1 shows reduced cone densities in the area as shown in D. Image of III-2, who does not harbor the variant p.E847K in the HK1, show regular cone mosaic and 
densities as shown in D. (D) Cone density from patients II-3, III-1 and III-2 are compared with normal control. Cone densities of patient III-1 are lower by more than 2 standard 
deviation from that of the normal control from 2 to 5 degrees. Cone densities of the patient III-2 are within 2 standard deviation of that of the normal control throughout 2 to 5 
degrees. Color-coded Voronoi diagrams that show the cone densities of III-1 and III-2 at 2 degrees angular eccentricity are presented in Figures 8E and 8 F. Cone density of 
patient II-3 are not countable throughout 2 to 5 degrees. Note that cone images at closer than 2 degrees to the foveal center should be uncountable because of the high cone 
density in normal control same as case of III-2 (Figure 8 C). This is because the size of the cones become less than the discriminable limit of AO fundus camera (< 2 micrometer). 
However, the image of III-1 showed discriminable cones even less than 1 degrees because of the reduced cone density (Figure 8D).

8 D. KUBOTA ET AL.



with E847K and other mutations are completely different from the 
point of view of systemic diseases. The molecular pathogenesis of 
E847K and other mutations should be different, although there are 
possibilities to explain the differences other than a molecular 
mechanism. Biochemical studies have shown that the E847K 
variant does not affect the hexokinase activity or stability of the 
HK1 protein (10). It had been suggested that a gain-of-function of 
HK1 by E847K mutations acquired pathogenicity for the retino-
pathy (12). Thus, amino acid E847 might play a critical role in the 
maintenance of the morphology and function of the 
photoreceptors.

There are limitations to this study. Although this is the 
first report to present a comprehensive ophthalmic analysis 
including high-resolution imaging of the photoreceptors in 
patients with the E847K mutation in the HK1 gene, only 
two cases were studied in detail. A larger number of 
patients with this mutation are needed to allow us to 
determine more accurate relationships between the E847K 
mutations and photoreceptor degeneration and other 
manifestations.

In conclusion, our findings indicate that the functional 
visual defects are mild in patients with the E847K mutation 
in the HK1 gene. The disease progression is slow, and 
symptoms begin in the late 40s, although a reduction in 
the cone photoreceptor density begins in the teenage years. 
Because the ophthalmological phenotypes of younger 
patients are mild, ophthalmologists should be very careful 
in evaluating the clinical findings in patients with these 
phenotypes. High-resolution retinal imaging analysis, such 
as that by AO and FAF analysis would be helpful in 
identifying patients with HK1-retinopathy caused by an 
E847K mutation.
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