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Abstract  27 

Purpose: To report the clinical course and high resolution images with autosomal recessive retinitis 28 

pigmentosa (RP) associated with a variant of the RP1 gene (c.4052_4053ins328/p.Tyr1352Alafs*9; 29 

m1). This variant has been found to be a high frequency founder variant in Japanese RP patients.  30 

Study Design: Retrospective case series 31 

Methods: Nine patients from 5 unrelated Japanese families were studied. Five patients had the m1 32 

variant homozygously, and 4 patients had the m1 variant compound heterozygously with another 33 

frameshift variant, (c.4196delG/p.Cys1399Leufs*5). Ophthalmic examinations including adaptive 34 

optics (AO) fundus imaging were performed periodically.  35 

Results: The fundus photographs, fundus autofluorescence (FAF) images, and optical coherence 36 

tomographic (OCT) images indicated severe retinal degeneration involving the macula even at a 37 

young age (20s) in all the patients. The areas of surviving photoreceptor in the central macula were 38 

seen as hyper-autofluorescent regions in the FAF images and preserved outer retinal structure in the 39 

OCT images, and they were identifiable in the AO fundus images in 8 eyes. The borders of the 40 

surviving photoreceptor areas were surrounded by hyporeflective clumps, presumably containing 41 

melanin, and the size of these areas decreased progressively during the 4-year follow-up period. The 42 

disappearance of the surviving photoreceptor areas was associated with complete blindness.  43 

Conclusion: Patients with RP associated with the m1 variant have a progressive and severe retinal 44 
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degeneration that begins at an early age. Monitoring the surviving photoreceptor areas by AO fundus 45 

imaging can provide a more precise pathological progress of the retinal degeneration. 46 

  47 
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Introduction 53 

Retinitis pigmentosa (RP) represents a heterogeneous group of retinal disorders that is characterized 54 

by a progressive degeneration of both the rod and cone photoreceptors bilaterally. The RP1 gene was 55 

the first gene identified to cause autosomal dominant RP (adRP) [1, 2], and it was later found to also 56 

cause autosomal recessive RP (arRP) [3-6]. Recently, RP1 was reported to be associated with 57 

autosomal recessive macular dystrophy and autosomal recessive cone-rod dystrophy [7, 8]. RP1 58 

encodes a multimodular protein of 2156 amino acids, and it is a member of the doublecortin family. 59 

RP1 is present in the ciliary axoneme of both rods and cones [9]. Mutations in RP1 is associated 60 

with a decrease in the best-corrected visual acuity (BCVA) which is due to a ciliopathic phenotype 61 

caused by an abnormal stacking of the outer segment discs of rods and cones [10]. 62 

To date, at least 170 mutations have been reported in RP1, and most of these mutations cluster 63 

within its last exon, exon 4, cumulatively accounting for approximately for 5.5% of all adRP and 64 

up to 4.5% of all autosomal arRP cases [5, 11]. 65 

Our earlier study by whole-genome sequence screening of Japanese patients identified a new, 66 

unusual mutation consisting of an insertion of a mobile Alu element in exon 4 of the RP1 gene 67 

(c.4052_4053ins328/p.Tyr1352Alafs*9 ; m1) [12]. This m1 insertion variant causes a disruption of 68 

the reading frame by introducing 328 additional nucleotides and a premature termination codon in 69 

the canonical RP1 coding sequence. Additional targeted screening for the m1 variant in 330 70 
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Japanese patients identified 15 other Japanese individuals who carried this variant [12]. These 71 

findings indicated that m1 is a relatively frequent cause of retinal degeneration in the Japanese RP 72 

patients. However, precise phenotypic analyses were not performed in these earlier studies. Thus, 73 

the purpose of this study was to determine the pattern of progression of the retinal degeneration in 74 

arRP patients with the m1 variant of the RP1 gene using adaptive optics (AO) fundus imaging.  75 

 76 

Methods 77 

This was an observational case series conducted at Nagoya University Hospital. The study protocol 78 

adhered to the tenets of the Declaration of Helsinki and was approved by the Institutional Review 79 

Board of Nagoya University (approval number: 2010-1067). A written informed consent was 80 

obtained from all participants. We studied 9 patients from 5 unrelated families in whom the m1 81 

mutation had been identified.   82 

 83 

Genetic analyses. In all families, genomic DNA was extracted from peripheral lymphocytes 84 

according to standard procedures. The genetic data of patients NA0039, NA1039, NA0070, NA0201, 85 

NA1201, and NA0209 were obtained earlier by whole genome sequencing and direct sequencing 86 

[12].The m1 and another frameshift variant (c.4196delG/p.Cys1399Leufs*5, m2) in patients 87 

NA1048 and NA1201 and some of the unaffected family members were analyzed in this study. A 88 
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pair of primers was designed to screen for the presence of the m1 and m2 variants in exon 4 of the 89 

RP1 gene;forward: 5ʹ- AGGCTTGTTTCCTAGGAGAGGT-3ʹ, reverse: 5ʹ- 90 

TTCTGCTTCTTTTTCACTTAGGC-3ʹ. The presence of m1 variant was confirmed from the 91 

differences in the size of the polymerase chain reaction (PCR) product by electrophoresis. The PCR 92 

products were purified and both strands of the gene were sequenced with an automated sequencer 93 

(Fasmaq, Atsugi, Kanagawa, Japan).  94 

 95 

Clinical Evaluations. Clinical data were obtained from the medical records. All patients had visual 96 

acuity measurements, Goldmann perimetry, conventional fundus photographs, and spectral-domain 97 

optical coherence tomography (SD-OCT, Spectralis; Heidelberg Engineering, Heidelberg, Germany). 98 

Fundus autofluorescence (FAF) imaging was performed with an ultra-widefield imaging device 99 

(Optos P200Tx; Optos, Dunfermline, UK) in 8 patients. 100 

Fundus images with microscopic resolution were obtained using the flood-illuminated AO retinal 101 

camera (rtx1, Imagine Eyes, Orsay, France). This system was used in an earlier investigations to 102 

obtain images of individual cone photoreceptors [13-16]. Montage images were constructed within 103 

6° of the fovea using the i2k Retina software (DualAlign LLC, Clifton Park, NY, USA). The 104 

densities of the cone photoreceptors in NA0209 and one normal control eye were automatically 105 

calculated using a software (AO detect v0.1, Imagine Eyes, France) and subsequently corrected 106 
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manually as described[13, 15, 16]. The area of analysis was 80 × 80 pixels or approximately 65 107 

μm x 65 μm at 1° and 3° from the fovea on the nasal side and 3° from the fovea on the temporal 108 

side. To measure the size of surviving photoreceptor area, the processed images were analyzed with 109 

the ImageJ software (version 1.48; the National Institutes of Health, Bethesda, MD, USA).  The 110 

axial length (AL) was obtained by the IOL Master (Carl Zeiss Meditec, Dublin, CA), and the AL 111 

was used to adjust for the different degrees of magnification caused by differences in the AL. 112 

The decimal BCVA was converted to the logarithm of the minimum angle of resolution (logMAR) 113 

units for the statistical analyses. Counting fingers (CF), hand motion (HM), light perception (LP), 114 

and no light perception, were designated as 1.85, 2.30, 2.80, and 2.90 logMAR units, respectively. 115 

 116 

Results 117 

Nine affected patients from 5 families with a clinical diagnosis of RP and harboring m1 variants 118 

were studied. Five patients from 3 families had the m1 variant homozygously and 4 patients from 2 119 

families had the m1 variant compound heterozygously with another frameshift variant 120 

(c.4196delG/p.Cys1399Leufs*5, m2). The pedigrees of the 5 families are presented in Figure 1. All 121 

five families were originally from Japan, and any mixture with other ethnicities was not reported. 122 

Autosomal recessive family history was reported in 4 families and sporadic case was reported in one 123 
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family (Family #3). The parents of the patients were not affected even though they have the m1 or 124 

m2 variant heterozygously. 125 

The demographics of the clinical characteristics are presented in Table. The mean age was 17.9 ± 126 

6.2 years with a range of 8 to 27 years at the initial examination and that was 30.4 ± 6.5 years with 127 

a range of 19 to 39 years at the last examination. The mean and median observation period was 128 

12.2 years and 13 years respectively. The initial symptom of all patients was night blindness and 8 129 

patients experienced it from their childhood, while one patient (NA0209) first noted the night 130 

blindness at age 15 years.  131 

Visual acuity. 132 

 Even at the initial visit, the BCVA was worse than 1.0 (decimal visual acuity) in 8 of the patients. 133 

BCVA was worse than 0.3 in the better eye in 5 patients at the last examination. The visual fields 134 

were severely constricted even at a young age, and most of the patients had paracentral scotomata 135 

with peripheral constriction or a central island. Electroretinograms (ERGs) were barely 136 

recordable in 2 patients and non-recordable in the remaining 6 patients (ERG data of NA1039 was 137 

unavailable.). These findings indicated panretinal degeneration in all of the patients. 138 

The course of the decrease in the BCVA of each patient is shown in Figure 2. Due to the early 139 

involvement of the macula, the BCVA had decreased to worse than 0.1 (decimal), which is 1.0 140 

logMAR units, in at least one eye by the thirties. The BCVA tended to decrease gradually after 141 
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initial visit. Then the BCVA deteriorated to worse than 0.1 (decimal) within a relatively short time 142 

in patients NA0039, NA0201, NA1209, and NA1201 (Fig. 2).  143 

  144 

Fundus images. 145 

Fundus photographs were obtained from all 9 patients (Fig. 3 ), and ultra-widefield FAF images 146 

were obtained from 8 patients (Fig. 4). All patients except NA0209 had severe degeneration 147 

accompanied by bone-spicule pigmentation around the arcade vessels and macular degeneration. 148 

FAF showed patchy and coalescent hypo-autofluorescent areas at the posterior pole which 149 

indicated atrophy of the retinal pigment epithelium (RPE). Fine hypo-autofluorescent patchy areas 150 

were present in the peripheral retina in all cases except NA0209. The fundus and FAF of case 151 

NA0209 appeared to be a much milder phenotype compared to those of the other patients; fundus 152 

showed minimum macular abnormalities, FAF showed hyperreflectivity in macular area, and small 153 

patchy hypo-autofluorescense at the fovea (Figure 5).   154 

OCT images of all the cases are shown in Figure 6. The OCT images showed abnormalities in the 155 

outer retina, e.g., disrupted ellipsoid zone (EZ) and thinning of the outer nuclear layer. The EZ was 156 

totally absent in all cases, except case NA0209, and several fine hyperreflective structures, like 157 

tubulations, were found on the RPE in most of the eyes as shown by yellow arrows in Figure 6.     158 

 159 
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Progression of retinal degeneration in case NA0209.  160 

The clinical manifestations of case NA0209 were much milder than those of the other patients; the 161 

patient had no bone-spicule pigmentation, fewer hypo-autofluorescent patchy areas, and relatively 162 

preserved BCVA. The changes of the FAF and OCT images of case NA0209 during a 5-year 163 

follow-up period are shown in Figure 5. FAF showed an increase in the number of fine 164 

hypo-autofluorescent patchy spots around the arcade vessels and the fovea. Similar features were 165 

found in the eyes of his sister (case NA1209 in Fig. 4). In addition, OCT showed a severe reduction 166 

of retinal thickness with the central retinal thickness reduced from 163 μm to 131 μm. These results 167 

indicated a progressive retinal degeneration both in the macular and peripheral retina. The AO 168 

fundus images at 21-years-of-age showed cone mosaics although they were sparsely distributed 169 

compared to those of normal control eyes (Fig. 5B). The cone densities at the 1° and 3° from the 170 

fovea on the nasal side were 11231/mm2 and 7718/mm2 respectively, and that at 3° on the temporal 171 

side was 8984/mm2. As reference, the of cone densities in a normal control eye at 1° and 3° from the 172 

fovea on the nasal side and 3° on the temporal side were 31042/mm2, 23283/mm2, and 24333/mm2, 173 

respectively. 174 

 175 

Analyses of AO fundus images of surviving photoreceptor areas. 176 
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 We obtained the AO fundus images of 8 patients except case NA1039. The images of one case 177 

(NA0048) were difficult to analyze because the quality was poor due to unsteady fixation. In general, 178 

AO fundus imaging has been used to detect and count the number of photoreceptors in eyes with 179 

hereditary retinal disorders. However, cone mosaics were detected in the AO images only in the eyes 180 

of case NA0209 (Fig. 5). Therefore, we focused on other retinal structures in the AO images. 181 

The changes of AO images of the right eye of case NA0201 during a 4-year follow-up period are 182 

shown in Figure 7. Isolated, small, and deeply-colored areas were detected in the fundus 183 

photographs corresponding to the areas of the hyper-autofluorescence in the FAF images of the 184 

central macula. The remaining hyperreflective structures on the RPE in OCT images corresponded 185 

to the hyper-autofluorescent areas in the FAF images. The AO fundus images precisely identified 186 

the areas of hyper-autofluorescence in the FAF images, which presumably represented island-like 187 

residual photoreceptor areas and named “photoreceptor islands”. In contrast to their surrounding 188 

surfaces, the areas were homogenous even though the cone mosaics were invisible. The edges of 189 

the islands were partially covered by hyporeflective clumps (HRCs). HRCs were observed not only 190 

at the border of the islands but also around the photoreceptor islands. Higher magnified images 191 

showed that the small HRCs participated in the formation of the larger HRCs (Fig. 7 top right). The 192 

size of photoreceptor island appeared smaller and less homogenous after 4 years which made their 193 

borders unclear. The mean area of the residual photoreceptor island measured in AO fundus images 194 
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was reduced from 6.0 x 105 µm2 in 2013 to 4.3 x 105 µm2 in 2015, and to 2.9 x 105 µm2 in 2017. 195 

The BCVA decreased from 0.13 (decimal) in 2013 to 0.06 in 2015, and 0.02 in 2017. The 196 

corresponding areas of the OCT images showed a decrease in retinal thickness due to a reduction of 197 

the thickness of the outer nuclear layer (ONL, Fig. 7).  198 

Similar AO findings were found in other 7 eyes; the right eye (Rt) and left eye (Lt) of NA1048, 199 

NA0201Lt, NA1201Lt, NA0039Lt, NA0070Rt, and NA1209Lt. However, the quality of the AO 200 

images of NA201Lt (BCVA; 0.1) and 1209Lt (BCVA; 0.02) were poor, and the borders of the 201 

photoreceptor islands were too indistinct to analyze. In 5 eyes (NA0039Rt, NA1201Rt, NA0070Lt, 202 

NA1209Rt, and NA1209Rt eyes) the photoreceptor islands could not be detected in the FAF or in 203 

the AO images presumably due to a complete loss of the residual photoreceptor areas. The BCVA in 204 

these eyes was close to total blindness and ranged from LP to 0.05 (decimal). In addition to the AO 205 

image of NA0201Rt, those of NA1201Lt, NA0039Lt, and NA0070Rt eyes were followed for about 206 

four years, and the baseline images are shown in Figure 8. The OCT images showed that the fine 207 

structures appeared like outer retinal tubulations on the RPE in the corresponding areas. The course 208 

of the reduction in the size of the photoreceptor islands measured in AO fundus images and BCVA 209 

in NA0039Lt, NA0201Rt, NA1201Lt, and NA0070Rt are shown in Figure 8B. During the 4 year of 210 

follow-up period, the size of the photoreceptor island in case NA1201Lt was reduced from 8.2 x 211 

105 μm2 to 4.8 x 105 μm2, however the BCVA was maintained at 0.5 (decimal). On the other hand, 212 
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the size of photoreceptor islands in the other 3 eyes (NA0039Lt, NA0201Rt, and NA0070Rt) 213 

decreased to less than 3.0 x 105 μm2 with a reduction of the BCVA to <0.1(decimal). The AO 214 

images of NA1048Rt and Lt were obtained only once and the sizes were 12.1 x 105 μm2 and 25.1 x 215 

105 μm2 respectively (images not shown) with relatively preserved BCVA (0.5 in both eyes).  216 

 217 

Discussions 218 

Several RP1variants have been reported to cause adRP or arRP in Japanese patients [6, 7, 17-19]. 219 

The m1 variant had not been identified as a causative variant of arRP in a large Japanese RP cohort 220 

study using targeted resequencing [18,19], although the m1 variant was present in 4.5% of RP 221 

patients in our recent study [12]. The reason for this discrepancy might be that the m1 variant was 222 

missed by targeted resequencing because the insertion of 328 nucleotides was too large to be 223 

detected. Indeed, the m1 variant was first detected by Whole-Genome Sequence screening [12], and 224 

our earlier targeted resequencing could not detect the m1 variant in case NA0201 although the m2 225 

variant was detected [19]. This indicated that the m1 variant might be the cause of patients whose 226 

causative genes had not been identified by targeted resequencing, especially in early onset and 227 

severe RP cases with macular involvement.   228 

Patients with the m1/m1 and m1/m2 variants appeared to have no significant differences in the 229 

course of retinal degeneration; both genotypes shared phenotypic characteristics including severe 230 
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retinal degeneration with early macular involvement. In addition, clinical courses of our patients 231 

resemble that of ARRP caused by other frameshift variants in RP1.Thus we speculate the disease 232 

mechanism of m1 and m2 is the complete loss of function due to nonsense-mediated mRNA decay.   233 

The early BCVA loss was caused by macular degeneration at a younger age which can be explained 234 

by the expression of the protein encoded by RP1 in the ciliary axoneme of both rods and cones [9, 235 

10]. 236 

Our results indicated that all of our patients, except case NA0209, had an early onset of impaired 237 

vision that occurred during the first decade of life. This was followed by a severe decrease of the 238 

BCVA in the second and third decade which has been reported as a phenotype of arRP caused by 239 

RP1 variants [4, 6, 7, 11, 20].  Only case NA0209 had a relatively late onset retinal degeneration 240 

compared to the other patients including his sibling. However, even in this patient, OCT showed a 241 

progressive reduction of the retinal thickness and FAF showed a similar retinal degeneration pattern 242 

as his sister. In addition, fundus AO images indicated that the cone density was reduced to one-third 243 

of that of a normal control at 21-years-of-age. Therefore, his clinical findings might show the early 244 

phase of severe retinal degeneration. The reason for the differences of the progression between the 245 

two siblings was not determined but some other genetic factors rather than environmental factors 246 

might be responsible for this because these siblings had been raised in a similar environment. 247 
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The FAF images are produced by retinoid byproducts of the visual cycle that accumulate in the 248 

RPE [21], and they are assumed to be related to the remaining functional retina in eyes with 249 

inherited retinal diseases [22, 23]. In the late stages of choroideremia, some patients have areas of 250 

residual hyper-autofluorescence, called scalloped regions, surrounded by hypo-autofluorescent 251 

areas [22, 23]. These hyper-autofluorescent areas are reported to be correlated with the areas of 252 

surviving photoreceptors determined from multiple slices through the EZ in the OCT images [22, 253 

23]. The size of these residual autofluorescent areas shrinks every year[24], and they have been 254 

used to monitor the effectiveness of gene therapy in these types of patients [25]. Similar 255 

autofluorescent areas were found in some eyes in our cohort. The high resolution AO fundus 256 

images have allowed researchers to detect the subtle changes of the macular structures during the 257 

course of retinal degeneration. Therefore, for the evaluation of the photoreceptor structure in 258 

“scalloped regions” of choroideremia, our AO image analysis might be useful.  259 

Our results showed that the course of reduction of the BCVA was composed of three phases. Most 260 

patients had a reduction in the BCVA soon after the initial visit due to an involvement of the 261 

macular area. This might be caused by the reduction of cone mosaics as observed in the AO images 262 

of case NA209. However, the BCVA was relatively well preserved until the mid-20s, and then the 263 

BCVA decreased in a relatively quickly (Fig. 2). The AO image analyses suggested that the 264 

preserved photoreceptor islands were responsible for the maintained BCVA of >0.1(decimal).  The 265 



17 
 

disruption of the photoreceptor islands appeared to lead to a further decrease in BCVA to nearly 266 

complete blindness. Indeed, the FAF and AO images did not detect any photoreceptor islands in 267 

near blind eyes such as the NA0039Rt, NA1201Rt, and NA1209Rt and Lt.  268 

The relationships between the AO images and pathological changes of the retina have not been 269 

accurately determined mainly because of the limited number of studies of the high-resolution AO 270 

images. HRCs were found at the edge of photoreceptor islands but their origins are uncertain. 271 

Because melanin is the ocular pigment with the highest absorption in flood illumination near 272 

infrared AO imaging, it is possible that the HRCs are composed of melanin molecules and/or their 273 

derivatives. Some of the round HRCs observed in vivo in the degenerating retina with geographic 274 

atrophy were shown to be of similar in size and shape to ectopic RPE cells reported by histology 275 

[26]. If this is true, the detached RPE cells might migrate to the edge of the photoreceptor islands 276 

because the appearance and size of the HRCs in our study (Fig. 7) are identical to those in the 277 

previous report [26]. It is known that following the death of all photoreceptors, the RPE cells 278 

detach from Bruch’s membrane and migrate to perivascular sites in the inner retina producing the 279 

bone spicule pigments [27]. It is possible that a similar migration of RPE is related to the loss of 280 

photoreceptor islands.   281 

Our retrospective study has several limitations. The AO fundus images were analyzed from only 7 282 

eyes because of difficulties in recording high quality images from eyes with poor fixation. In 283 



18 
 

addition, statistical analyses could not be performed due to the low number of images and different 284 

times of obtaining the images. In addition, not only the size but also the quality of photoreceptor 285 

island images would affect the BCVA because the BCVA of NA1201Lt was maintained at 0.5 in 286 

spite of a decrease in the size of photoreceptor islands. Future investigations of the size and quality 287 

of the photoreceptor islands using microperimetry might provide additional information that will 288 

help in making a prognosis of RP patients. 289 

 Another limitation is“photoreceptor island” is not a common feature of the RP. Usually in the 290 

advanced stage of RP, AO images can detect only mottled structures with unknown origin and 291 

“photoreceptor island” were found in a small portion of the eyes with RP. Thus our AO image 292 

analysis can be applied for the limited number of RP patients.      293 

In conclusion, we have analyzed the phenotypic characteristics of arRP eyes carrying the m1 294 

variant. These patients had severe retinal degeneration with early macular involvement as reported 295 

in arRP eyes caused by other RP1 variants [4, 6, 7, 11, 20]. In the course of macular degeneration 296 

in our cohort, the AO images showed not only the reduction of the cone intensity in one patient but 297 

also showed the process of the reduction of the residual photoreceptor areas at the end stage of RP. 298 

These changes indicated that total blindness appeared to be related to the loss of the photoreceptor 299 

islands. Monitoring the fine retinal structures and the cone mosaics by AO fundus imaging could 300 
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provide further prognostic implications and can be used for the evaluation of new therapeutic 301 

applications. 302 

 303 

  304 
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Figure Legends 387 

Figure 1. Pedigree charts of 9 autosomal recessive retinitis pigmentosa cases carrying the m1 388 

variant (c.4052_4053ins328/p.Tyr1352Alafs*9) in the RP1 gene.  389 

The m2 variant (c.4196delG/p.Cys1399Leufs*5) was found in 2 families. There was no reported 390 

consanguinity in any of these pedigrees. Probands are shown by the arrows. 391 

 392 

Figure 2. Graph showing the course of the best-corrected visual acuity over time in all eyes 393 

from our cohort.  394 

Snellen visual acuity was converted to the logarithm of the minimum angle of resolution 395 

(logMAR). R; right L; left 396 

 397 

Figure 3. Fundus color photographs of the right eye of the 9 patients from 5 families (1-5) 398 

with autosomal recessive retinitis pigmentosa caused by a variant of the RP1 gene; 399 

c.4052_4053ins328/p.Tyr1352Alafs*9 (m1).  400 

The age of the patients at which the photograph was taken is shown. All the patients except NA0209 401 

had severe panretinal degeneration including macula. Y.O. ; year old . 402 

 403 

https://www.sciencedirect.com/topics/medicine-and-dentistry/autosomal-recessive-inheritance
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Figure 4. Fundus autofluorescence (FAF) images of the right eye of 8 patients from 5 families 404 

(1-5).  405 

The age of the patients at which the photograph was taken is shown. All patients except NA0209 had 406 

patchy and coalescent hypo-autofluorescent areas including macula. Y.O. ; year old .  407 

 408 

Figure 5. Multimodal images in case NA0209. 409 

a. Changes of retinal images during the follow-up period. Fundus autofluorescence (FAF, upper) 410 

shows fine hypo-autofluorescent patchy spots around the arcade vessels and at the fovea appeared 411 

during 5 years. The OCT images show a marked reduction of the retinal thickness in 5 years. Arrows 412 

indicate the residual EZ at 20-years-of-age which disappeared in 5 years. The scale bar is 200 μm.  413 

b. Adaptive optics (AO) fundus images of case NA0209 at 21-years-of-age. A montage image is 414 

shown on the left. Magnified images of the white square (at 3 degrees from the central fovea on the 415 

temporal side and 1 and 3 degrees on the nasal side; shown as T3, N1and N3 respectively) in the 416 

montage image are shown. For comparison the AO images of a normal control at 3 degrees from 417 

the central fovea on the temporal side is shown (N3 Normal). The scale bar is 20 μm in the 418 

magnified AO images as well. 419 

 420 

https://www.sciencedirect.com/topics/medicine-and-dentistry/autofluorescence
https://www.sciencedirect.com/topics/medicine-and-dentistry/autofluorescence
https://www.sciencedirect.com/topics/medicine-and-dentistry/spectral-domain-optical-coherence-tomography
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Figure 6. Optical coherence tomographic (OCT) images of the right eye of the 9 patients from 5 421 

families (1-5). The OCT images shows thinning of the retina and abnormalities in the outer retina in 422 

all cases. Several fine hyperreflective structures can be seen on the RPE shown by the yellow 423 

arrows. 424 

 425 

Figure 7. Progressive reduction of surviving photoreceptor areas (photoreceptor islands) in the 426 

right eye of case NA0201.  427 

Fundus photograph (top left) shows a deep colored area in the central macula which was detected as 428 

a hyper autofluorescence area in fundus autofluorescence (FAF, top middle) images. The white 429 

squares in the color fundus photograph and FAF area corresponds to fundus AO images below.   430 

Successive AO images were recorded on June 2013, January 2015, and January 2017. The OCT 431 

images obtained on the same days are shown on the right of each AO fundus image, and the scanned 432 

area is shown by the dotted arrows in the AO fundus images. Illustrative images of the photoreceptor 433 

islands are shown at the bottom left of each AO image. The size of photoreceptor islands decreases 434 

progressively. The magnified image of the white square in the AO fundus image on June 2013 is 435 

shown at the top right. The edge of the photoreceptor island is partially covered by hyporeflective 436 

clumps (HRCs). Small HRCs participate to form the large clumps. HRCs surrounding the 437 

https://www.sciencedirect.com/topics/medicine-and-dentistry/spectral-domain-optical-coherence-tomography
https://www.sciencedirect.com/topics/medicine-and-dentistry/autofluorescence
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photoreceptor island are shown in arrows and HRCs seen around the photoreceptor island are shown 438 

in arrow heads. 439 

 440 

Figure 8. Findings of NA1201 left, NA0039 left, and NA0070 right eyes 441 

a. Multimodal images of photoreceptor islands. The color fundus photograph (top left) and fundus 442 

autofluorescence (FAF; top right), AO fundus image, and OCT image of each eye are shown. The 443 

area surrounded by the white line in the color fundus and FAF images correspond to the montage of 444 

the AO fundus images (middle). The first recorded AO fundus images of each patient (baseline of 445 

analysis) and OCT images (below) on the same day are shown. The scanned areas for the OCT 446 

images are shown by the yellow dotted arrows in the AO fundus images. The fundus and FAF 447 

images obtained on the closest day to the AO images are shown. Illustrations of the photoreceptor 448 

islands are shown at the upper left of each AO fundus image. Hyper autofluorescence areas in the 449 

central macula detected in FAF are clearly visible in the AO fundus images. 450 

b. Reduction in the size of the photoreceptor islands in four eyes (three eyes from A and 1 eye from 451 

Figure 4). The size of the photoreceptor island gradually decrease. The visual acuity (decimal) at 452 

each time point is also shown.   453 

  454 

  455 

https://www.sciencedirect.com/topics/medicine-and-dentistry/autofluorescence
https://www.sciencedirect.com/topics/medicine-and-dentistry/autofluorescence
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