Electroretinography

and progressive

and progressive

Visual fields
Highly constricted Non-recordable

Highly constricted Non-recordable

Fundus findings
chorioretinal
degenerations with
macular atrophy
Progressive

chorioretinal
degenerations with
macular atrophy

Progressive

nuclear
cataracts
subcapsular
cataracts

segments

Anterior
Severe
Nuclear and

Left
cyl ~5.00

~9.00D
~10.00 dpt,
dpt Ax 150°
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Refraction
Right
~9.00 dpt,
cyl —4.00

-14.00D
dpt Ax 10°

Left

HM

0.04

0.05
0.1
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Decimal BCVA

Right

Follow-up
(years)
15 -

first exam  duration

Age at
(years)
37

Onset

(female)
(male)

BCVA, best-corrected visual acuity; dpt, diopter; cyl, cylinder; Ax, axis; HM, hand motion.

TABLE 1. Ophthalmic findings of the two affected siblings with C8orf37 mutations.

Patient {I-2 Childhood
Pattent II-3 Childhood
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splice-site mutation (¢.374+2T>C in intron 4) and a
one-base deletion (frameshift) mutation (c.575delC
[p.T192M{sX28] in exon 6) in the C80rf37 gene. These
C8orf37 mutations were confirmed by Sanger sequen-
cing as shown in Figure 1(b and c). The two novel
C8orf37 mutations were not found in the Single
Nucleotide Polymorphism Database, the 1000
Genomes database, the Exome Variant Server data-
base, the Human Genetic Variation Browser, or the
Human Gene Mutation Database. The patients’
mother carried one of the mutations (c.374+ 2T >C),
whereas their brother did not carry either mutation.
We used accession number (NM_177965.3) of the
C8orf37 mRNA reference sequence from the National
Center for Biotechnology Information.

DISCUSSION

To date, C8orf37-associated retinal dystrophies have
never been reported in the Japanese population.
By using whole exome sequence analysis, we identi-
fied novel compound heterozygous mutations
(c.374+2T>C and c.575delC) in the C8orf37 gene as
a cause of early-onset retinal dystrophy with macular
atrophy.

There have been only two previous reports regard-
ing C8orf37 mutations.'*? In 2012, Estrada-Cuzcano
and colleagues characterized the C80rf37 gene and
identified C8orf37 mutations by searching a region of
chromosome 8 linked to patients with autosomal
recessive early to adolescent-onset retinal dystrophies
(arRP and arCRD) in four families.'* Subsequently, the
same group (van Huet and co-authors) reported the
patients” clinical features in the four families, reveal-
ing that the disease progression rate was high in all
patients with C8orf37 mutations. The end-stage of the
disease was reached within two decades after onset in
the RP patients and within three decades in the
CRD patients, and some patients also developed
cataracts.'® Another group also showed an adoles-
cent-onset RP phenotype with macular atrophy
caused by C8orf37 mutations in one family® The
phenotypic characteristics of C8orf37 mutations are
severely constricted visual fields, retinal degeneration
with macular atrophy, and non-recordable responses
in both rod and cone ERG.'® Thus, the ophthalmic
findings resulting from C8orf37 mutations are similar
between patients. Qur patients (II-2 and II-3) were
diagnosed with early-onset and progressive retinal
dystrophy with macular atrophy, cataracts, and high
myopia, although the diagnosis of either RP or CRD
could not be determined because the loss of visual
acuity and night blindness occurred in the same
period of childhood. Macular atrophy in patient II-3
wag more prominent than in patient II-2 at the initial
evaluation. During the longitudinal follow-up for
14 years in patient II-2 and 8 years in patient II-3,
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both patients exhibited a highly progressive rate of
retinal degeneration with macular atrophy and loss of
visual fields. Also, severe nuclear cataracts in patient
II-2 and less severe nuclear and subcapsular cataracts
in patient II-3 were detected. Collectively, we con-
cluded that the clinical features resulting from C8orf37
mutations were severe progressive retinal dystrophy
with early to adolescent-onset. The phenotypes of our
patients may be more severe among patients with
C8orf37 mutations. Cataracts and/or high myopia
may be seen at a younger age. ‘

Dysfunction of primary cilium leads to ciliopathies,
which are characterized by syndromic (multiorgan) or
non-syndromic (single-organ) disorders including
retinal degenerations.””"® Previous studies have
reported that mutations in the C8orf37 gene, which
encodes a ciliary protein, cause both syndromic and
non-syndromic retinal ciliopathies.*'%'° In fact, the
majority of RP or CRD patients exhibited non-
syndromic retinal ciliopathies, but only two CRD
patients in one family had postaxial polydactyly as
extraocular symptoms.'* ¢ In our patients, asthma,
psychotic depression, and myoma uteri in patient II-2
and tinnitus in patient II-3 were found. Further
investigation will be necessary to clarify possible
relationships between C8orf37 mutations and extrao-
cular symptoms.

In conclusion, by using whole exome sequence
analysis we identified two novel C8orf37 mutations as
a cause of early onset retinal dystrophy with macular
atrophy, cataracts and high myopia. The early to
adolescent-onset retinal dystrophy with macular atro-
phy and high progression rate of retinal degeneration
may be common clinical features of C80rf37 muta-
tions. Our findings extend the phenotypic spectrum of
C8orf37-associated retinal dystrophies and enrich our
knowledge of genotype-phenotype correlations.
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ABSTRACT

The authors here report a single case of a 10-year-old male patient who presented with severe vision loss
associated with progressive demyelination. The patient was diagnosed with X-linked childhood- cerebral
adrenoleukodystrophy (ALD). Genetic analysis demonstrated a missense mutation (Gly266Arg) in exon 1 of the
ABCD1 gene. His corrected visual acuity confirmed the absolute lack of light perception in both eyes.
Funduscopy revealed severe pallor of the optic disc in both eyes. Spectral-domain optical coherence
tomography showed thinning of the retinal ganglion cell and inner plexiform layers (GCL and IPL). Thinning of
the GCL and IPL may be due to transneuronal retrograde degeneration of ganglion cells secondary to optic tract
demyelination.

Keywords: ABCDI mutation, adrenoleukodystrophy ganghon cell layer, opucal coherence tomography,
retrograde degenerahon ; ‘ , :

INTRODUCTION : 6 and 12. years of age The chlldhood cerebral form is

Adrenoleukodystrophy (ALD);S a neuredegeneratlve o

ive peroxisomal
loss-of- functlon mutatlons , 1’c1a1 symptoms, v1sual symptoms are seen in

t ts w1th chﬂdhood cerebral ALDS®

phenotypes, the two most freque,
adrenomyeloneuropathy (AMN

childhood cerebral form, wh
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CASE REPORT

A 10-year-old Japanese male patient visited the
Department of Pediatrics at Juntendo University
Faculty of Medicine because of a history of intellectual
and visual disturbances for over 3 months. His family
history was negative for-any visual disturbances. His
best-corrected logMAR visual acuity (BCVA) was —0.1
in both eyes, with intermittent exotropia. Funduscopy
revealed slight bilateral optic disc pallor. Within the
next 2 months, his BCVA had decreased to 1.3 (right
eye) and 1.1 (left eye). We evaluated fluid-attenuated
inversion recovery (FLAIR) and post-gadolinium
Tl-weighted magnetic resonance imaging (MRD
images at the same scan position. The FLAIR image
showed hyperintensity (demyelination) of the white
matter around each posterior horn of lateral ventricle.
Prominent rim enhancement was observed after
intravenous administration of gadolinium, suggesting
active areas of demyelination (Figure 1). Goldmann
perimetry showed only small islands of vision
remaining in the paracentral right visual fields of
both eyes, when tested with Vde stimulus (Figure 2).
Plasma VLCFA levels in the patient indicated
increased VLCFA ratios (C24:0/C22:0=1.89, the
mean and standard deviation of controls were
1.05+0.16; C26:0/C22:0=0.044, the mean and stand-
ard deviation of controls were 0.012 £0.005), whereas
plasma VLCFA levels in his unaffected ‘mother
showed normal VLCFA ratios (C24:0/C22:0=0.86

and C26:0/C22:0=0.008). Mutation screening of the

ABCD1 gene was performed using Sanger sequen-
cing, revealing a substituted nucleotide (c.796G—A)

in exon 1, which results in a missense mutation
(Gly266Arg) (Figure 3). However, his mother did not
have the Gly266Arg mutation (Figure 3). Collectively,
childhood cerebral ALD with the de novo mutation
(Gly266Arg) was diagnosed, and the patient was
referred to undergo bone marrow transplantation
(BMT). S

At the patient’s first visit to the Department of
Ophthalmology  of The Jikei University School of
Medicine (3 months after his initial examination),
BCVA revealed absolute lack of light perception in
both eyes. Funduscopy revealed no inflammatory
cells in the anterior segment or vitreous in either eye;
severe pallor of the optic disc was present bilaterally
(Figure 4).

Spectral-domain optical coherence tomography
(OCT; Cirrus HD-OCT; Carl Zeiss Meditec AG,
Dublin, CA, USA) of his left eye was performed by
using the high-definition 5-line raster scan protocol
(horizontal scan of 6 mm). Appropriate images of the
right eye were not obtained because of eye fixation
problems. The OCT image in the left eye showed a
continuous photoreceptor inner segment/outer seg-
ment junction (IS/OS) line throughout the entire
region (Figure 5). Two independent observers mea-
sured total thicknesses of the retinal ganglion cell
layer (GCL) and the inner. plexiform layer (IPL) at
both 1490 and 1500 um nasal from the foveal centre
and then the two values were averaged to obtain the
mean nasal value. Also; total thicknesses of the GCL
and IPL were measured at both 1490 and 1500 um
temporal from the foveal centre, and the two values
were averaged to obtain the mean temporal value.

e G SR L e ]

FIGURE 1 Fluid-attenuated inversion recovery (FLAIR) and- post-gadolinjum T1-weighted MRI images at the same scan position.
The FLAIR image (A) shows hyperintensity (demyelination) of the white matter around ‘each posterior horn of lateral ventricle,
Prominent rim enhancement (arrow) is observed after intravenous administration of gadolinium (B), suggesting active areas of

demyelination.
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FIGUREZ Goldmann peﬁmetxj)i'shows only small islands of vision rémniﬁiﬁg'iﬂ the paracentral right visual fields of both eyes, when

tested with Ve stimulus.

264 265 266 267
cLys Bhe NG (Gl
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C.796G>A
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CAAGT TCGGGGAGC
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Mother
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FIGURE 3 Nucleotide sequences (exon 1 of the AB’CDJ gene) of
the patient and his unaffected mother. The arrow in the patient
indicates the position of the substituted nucleotide (c.796G—A),
which results in a missense mutation (Gly266Arg).

© 2014 Informa Healthcare USA, Inc.

- The mean thickness of our patient was 80.0 im nasally
~and 745um temporally, respectively. The patient’s
~values were compared with previously reported

- measurements obtained by using spectral-domain

Cirrus HD-OCT, demonstrating that the patient’s

“values were markedly thinner than. those ‘of ‘age-

matched controls.”

Regrettably; BMT failed to restore any vision, and
the patient- continues-to have no light perception in
either eye.

DISCUSSION

Frequent clinical -ophthalmologic findings in child-
hood ALD are optic atrophy ‘with visual acuity and
field losses, strabismus, and: other disturbances of
ocular motility® Once visual loss starts, it tends to
progress rapidly and- lead to severe vision loss.
Demyelination of the central visual tracts is generally
considered responsible for the vision loss.”® This
demyelination has been hypothesised to be caused by
the accumulation of VLCFAs in individuals with
ALD, which contributes to demyelination and the
promulgation of inflammatory factors related to the
pathogenesis - of optic  nerve  dysfunction."
Histopathology of eyes with ALD reveals loss of
ganglion cell and nerve fibre layers and gliosis of the
inner retina®® .

~OCT has been-used to-document differences of the
GCL+IPL thickness between amblyopic and unaf-
fected contralateral eyes (the mean age of the patients
was 9 years); the mean nasal GCL+IPL thickness
was 90.88+1579um in amblyopic eyes and
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FIGURE 4 Fundus photography revealed severe pallor of both optic discs.

(B} ’Co:ntroi

FIGURE 5 Horizontal scan immages of spectral-domain ‘optical coherence tomography (OCT) of the ALD patient (A) and control image
of a healthy 9-year-old boy whose best-corrected logMAR visual acuity was —0.1 (B). The OCT image from our patient (A) shows a
continuous photoreceptor inner segment/outer segment junction line throughout the entire region and attenuation of the ganglion cell
layer and inner plexiform layer (GCL +IPL; double-headed arrows). GCL +IPL thickness of the ALD case is thinner than that of a

control (B).

101.33+8.52 um in contralateral eyes, and the mean
temporal GCL +IPL thicknesses were 84.24+1.77 pm
and 90.56+1.77pum in amblyopic and contralateral
eyes, respectively” The GCL+IPL thicknesses
(approximately 80 pm nasally and 74.5 ym temporally)
of our patient with childhood ALD were clearly
thinner than those of the age-matched controls, as
previously reported.” A major cause of ganglion cell
loss is predicted to be due to inferred transneuronal
retrograde degeneration.'” In optic neuritis, a similar
demyelinating disease, Syc et al. describe that retro-
grade degeneration of GCL+IPL was observed at
3 months after onset.'* In their report, the mean
thickness of GCL +IPL was 76.4+6.3 pm at base line,
66.3 +10.5 pm at 3 months after onset, 67.1+10.3 pm at
6 months after onset.’® Grainger et al. report a 48-year-
old male patient with AMN, showing thinning of
retinal nerve fibre layer (RNFL) in the peripapillary
region and total retinal thinning of the macula region
using time-domain OCT.* In histopathology of eyes
with ALD, Wray et al. show that loss of retinal

ganglion cells was most evident in the macular area,
suggesting that there may be selective vulnerability of
the macular ganglion cells.” Aquino et al. study
thickness of RNFL using spectral-domain OCT in
presymptomatic ALD eyes and age-matched healthy
controls and found no differences in measurements.”

It is reported that visual loss progressed relent-
lessly in some boys with ALD even despite successful
BMT.'® Gess et al. report that factors correlated with
loss of visual acuity after BMT were poor pretrans-
plant MRI severity score, pretransplant performance
intelligence quotient, and the presence of pretrans-
plant parieto-occipital demyelination on MRI, and
recommend avoiding BMT for advanced ALD."
In our case, BMT had no effect on visual improve-
ment. Therefore, although early BMT before
sever ganglion cell loss might have improved visual
prognosis, BMT is not expected to reverse deficits
already accrued in ALD.

In conclusion, rapid visual deterioration, occurring
within the next 6 months after onset of neurological
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symptoms, is most likely to be caused by progressive
thinning of the GCL and IPL, which may be due
to transneuronal retrograde degeneration of the
retinal ganglion cells secondary to optic radiation
demyelination.
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The purpose of this study was to detenmne the retinal morphology of eyes with Bietti crystalline dystrophy (BCD) associated
with a CYP4V2 mutation using hlgh “resolution imaging techniques. Three subjects with BCD underwent detailed ophthalmic
examinations. High-resolution fundus images were obtained with an adaptive optics (AO) fundus camera. A common homozygous
mutation was detected in the three patients. Funduscopxc examination of the three patients revealed the presence of crystalline
deposits in the retina, and all of the crystalline deposits were also detected in the infrared (IR) images. The crystals observed in the
IR images were secn as bright reflective plaques located on the RPE layer in the SD-OCT images. The clusters of hyperreflective
signals in the AQ images corresponded to the crystals in'the IR images. ngh-magmﬁcatwn AQ images revealed that the clusters
of hyperreflective signals consisted of circular spots that are sxmnlar to the signals of cone photoreceptors. Most of these circular
spots were detected in healthy areas in the FAF i 1magcs There isa possﬂ)ﬂxty that circular spots observed by AO are residual cone

photoreceptors located over the crystals.

1. Introditction

Bietti crystalline dystrophy (BCD) is an autosomal recessive
retinal degeneration characterized ophthalmoscopxcally by
many glistening intraretinal dots scattered throughout the
posterior pole of the eye. This retinal degeneration was first
described in three patients, two of whom were brothers, by
Bietti in 1937 He reported the presence of crystalline deposits
in the retina and in the stroma of the limbal cornea [1]. In
1968, Bagolini and Ioli-Spada published a follow-up study
on the three patients described by Bietti’s and also on 6
additional patients with BCD [2]. They reported that BCD
was a progressive retinal degeneration with sclerosis of the
choroidal vessels ultimately resulting in night blindness and
visual field constriction in the third to fourth decade of life.

BCD is a worldwide disease but it is most common in
East Asia especially in the Chinese and Japanese populations.
It has been estimated to account for 3% of all nonsyndromic
retinitis plgmentosa cases and 10% of all autosomal recessive
retinitis pigmentosa cases [3,4].

“The gene responsible for BCD, CYP4V2, is expressed
in the heart, brain, ‘placenta, lung, liver, retina, and retinal
pxgmem eplthehum (RPE) in humans [5]. This g gene codes for
a member of the cytochrome p-450 family whose structure
suggests that it may play a role in the metabolism of fatty
acids. Biochemical studies showed that patients with BCD
have abnormal lipid metabolism, and the biochemical anal-
ysis of CYP4V2 showed that it is a fatty acid omega hydrox-
ylase [6, 7]. Histopathology of the retina of a BCD patient
showed advanced pan-chorioretinal atrophy with crystals



and complex lipid inclusions in the choroidal fibroblasts,
corneal keratocytes, conjunctival and skin fibroblasts, and
circulating lymphocytes [8]. These findings suggested that
BCD may result from a systemic abnormality of the lipid
metabolism.

In the early stages of the BCD disease process, the RPE-
choriocapillaris complex is affected while the functions of
rods and cones are well preserved. With the progression
of the atrophy of the RPE-choriocapillaris and choroidal
sclerosis, there is an alteration of the electroretinograms
(ERGs) and progressive constriction of the visual fields. At
the late stage, the best-corrected visual acuity (BCVA) is
markedly decreased [9].

At present, the origin and biochemical make-up of the
crystalline deposits in BCD patients have not been deter-
mined. Several spectral domain optical coherence tomo-
graphic (SD-OCT) analyses of the eyes of patients with BCD
showed that many hyperreflective spots of varying sizes were
present in all layers of the retina in patients with BCD [10~
16]. The fundus photographs and SD-OCT images of BCD
patients clearly showed that the crystalline deposits were
mainly located on the retinal side of the RPE [12].

Adaptive optics (AO) technology has enabled clinicians
to view the retina with microscopic lateral resolution [17,
18]. Although this technique has been used to analyze the
cone photoreceptor mosaic in eyes with inherited retinal
degenerations [19, 20], it has not been used to analyze the eyes
of patients with BCD.

Thus, the purpose of this study was to determine the rela-
tionship between the retinal morphology and the crystalline
deposits. To accomplish this, we studied three patients with
BCD by high-resolution imaging including SD-OCT and AO
retinal imaging,

2. Methods

The protocol of this study conformed to the tenets of the
Declaration of Helsinki and was approved by the Institutional
Review Board of the Nippon Medical School. A written
informed consent was obtained from the three patients after
an explanation of the nature and possible complications of the
study.

2.1. Clinical Examinations. The ophthalmological examina-
tions included measurements of the best-corrected visual
acuity (BCVA), determination of the refractive error (spher-
ical equivalent), slit-lamp biomicroscopy, ophthalmoscopy,
fundus photography, perimetry, SD-OCT, infrared and fun-
dus autofluorescence imaging, and full-field and multifocal
ERGs. The visual fields were obtained by Goldman perimetry
and Humphrey Visual Field Analyzer (Model 745i; Carl Zeiss
Meditec, Inc., Dublin, California). The Swedish interactive
threshold algorithm standard strategy was used with program
30-2 of the Humphrey Visual Field Analyzer. The autoflu-
orescence images were acquired with the TRC-NW8Fplus
(TOPCON, Tokyo, Japan). The OCT and infrared images
were acquired with a Cirrus HD-OCT (Carl Zeiss Meditec).
Full-field scotopic and photopic ERGs were recorded using
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an extended testing protocol incorporating the International
Society for Clinical Electrophysiology of Vision (ISCEV)
standards {21]. The mfERGs were recorded using a com-
mercial mfERG system (VERIS Jr. Science; Mayo, Aichi,
Japan). 'This system uses basically the same technology as the
Visual Evoked Response Imaging system [22, 23]. The mean
luminance of stimulus was 103 cd/m* and the contrast was
95%. The overall stimulus area subtended approximately 20°,
and the frame rate was 75 Hz. The ]fseudorandom stimulus
presentation, the m-sequence, was 2'* — 1, and each run was
divided into eight equal segments with a total recording time
of about 4 min.

2.2. Genetic Testing. Blood samples were collected from the
patients and genomic DNA was isolated from peripheral
white blood cells with a blood DNA isolation kit (NucleoSpin
Blood XL; Macherey Nagel, Germany), The DNA was used as
a template to amplify the CYP4V2 gene. The coding regions
and flanking introns of the CYP4V2 gene were amplified by
polymerase chain reaction (PCR) with published primers [5].
The PCR products were purified (ExoSAP-IT; USB Corp.,
USA) and both strands of the gene were sequenced with an
automated sequencer (Bio Matrix Research; Chiba, JAPAN).

2.3. Adaptive Optics Flood Illumination Image Acquisition,
Fundus images with microscopic resolution were obtained
using the flood-illuminated AO retinal camera (rtxl, Imag-
ine Eyes, Orsay, France) [24]. This system was used in
earlier investigations to obtain images of individual cone
photoreceptors [18, 20, 25, 26] and other retinal structures
(18, 27, 28]. The AO fundus camera illuminates a 4-degree
square field with 850 nm infrared flashes to acquire en face
images of the retina with a transverse optical resolution
of 250 line pairs/mm. Successive AO images were taken
at adjacent retinal locations with an angular spacing of
2 degrees in the horizontal and vertical directions. This
procedure allowed an overlap of at least 2 degrees of the
horizontal and vertical images. Prior to each acquisition,
the focus depth was adjusted to the region corresponding
to the ellipsoid and interdigitation zones (formerly called
the inner segment/outer segment (IS/OS) junction and cone
outer segment tip (COST) line [29, 30)) in the OCT images.
The resulting images were stitched together by superimposing
retinal vessel landmarks with an image editing software
(Photoshop, Adobe Corporation, Mountain View, CA; GIMP,
The GIMP Development Team; Image J, National Institute
of Health, Bethesda, MD). The pixel size of the images was
typically 0.8 um when calculated at the retinal plane and the
value was adjusted for individual variations in the axial length
of the eye [31].

3. Results

3.1.Clinical Findings. Patient1was a 48-year-old woman who
was referred to our department for a differential diagnosis of
possible retinitis pigmentosa. She had night blindness since
her early forties. Patients 2 and 3 were 42- and 40-year-old
sisters. The BCVA of the three patients are shown in Table 1.
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Figure 1: Continued. :



