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PURPOSE. To report the ocular characteristics of neuronal intranuclear inclusion disease
(NIID)–related retinopathy with expansion of the CGG repeats in the NOTCH2NLC gene.

METHODS. Seven patients from six families (aged 66–81 years) diagnosed with adult-onset
NIID were studied. Ophthalmologic examinations, including the best-corrected visual
acuity (BCVA), Goldmann perimetry, fundus photography, fundus autofluorescence (FAF)
imaging, optical coherence tomography (OCT), and full-field electroretinography (ERGs),
were performed. The expansion of the CGG repeats in the NOTCH2NLC gene was deter-
mined.

RESULTS. All patients had an expansion of the CGG repeats (length approximately from
330–520 bp) in the NOTCH2NLC gene. The most common symptoms of the five symp-
tomatic cases were reduced BCVA and night blindness. The other two cases did not have
any ocular symptoms. The decimal BCVA varied from 0.15 to 1.2. Goldmann perimetry
was constricted in all four cases tested; physiological blind spot was enlarged in two of
the cases. The FAF images showed an absence of autofluorescence (AF) around the optic
disc in all cases and also showed mild hypo-AF or extinguished AF in the midperiphery.
In all cases, the OCT images showed an absence of the ellipsoid zone of the photore-
ceptors in the peripapillary region, and hyperreflective dots were also present between
the retinal ganglion cell layer and outer nuclear layer. The macular region was involved
in the late stage of the retinopathy. The full-field ERGs showed rod-cone dysfunction.

CONCLUSIONS. Patients with adult-onset NIID with CGG repeats expansions in the
NOTCH2NLC gene had similar ophthalmologic features, including rod-cone dysfunction
with progressive retinal degeneration in the peripapillary and midperipheral regions. The
primary site is most likely the photoreceptors. Because the ocular symptoms are often
overlooked due to dementia and occasionally precede the onset of dementia, detailed
ophthalmological examinations are important for the early diagnosis of NIID-related
retinopathy.

Keywords: neuronal intranuclear inclusion disease, retinal dystrophy, CGG repeat,
NOTCH2NLC/NBPF19 gene, dementia

The expansion of trinucleotide repeats in the DNA is
a major cause of neurologic and neuromuscular disor-

ders,1–4 and some of these cases have been known to cause
retinal disorders, that is, macular degeneration in spinocere-
bellar ataxia types 1 and 75–7 and pigmentary changes in
myotonic dystrophy type 1.8 Neuronal intranuclear inclu-
sion disease (NIID) is a slowly progressive neurodegener-
ative disorder characterized by eosinophilia and ubiquitin-
positive intranuclear inclusions in various organs.9,10 The
onset of NIID varies from infancy to old age, and there are

three forms based on the age of onset: infantile, juvenile,
and adult. Two-thirds of patients with NIID are said to be
the infantile or juvenile forms.9 Various clinical manifesta-
tions have been reported.9,10 In adult-onset NIID, dementia
is the main symptom in sporadic cases and elderly famil-
ial cases.10 In relatively young adult familial cases, muscle
weakness is the main symptom.10 Other symptoms include
peripheral neuropathy that develops at various ages.9,10

NIID is also known to have several ophthalmologic mani-
festations, such as miosis, night blindness, and reduced
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electroretinographic (ERG) responses, and retinal degener-
ative changes with onset at various ages.11–15 Adult-onset
NIID is often accompanied by miosis, and part of infantile- or
juvenile-onset NIID is reported to be associated with nystag-
mus and eye movement disorders.11 Although there are few
reports on the retinal findings including the ERG findings,
ERG abnormalities have been reported in all age groups.
However, detailed phenotypic and genetic characteristics of
NIID retinopathy have not been investigated in detail.

Very recently, an expansion of the CGG repeats in the 5′

UTR of the NOTCH2NLC (previously called NBPF19) gene
has been determined to be the cause of adult-onset
NIID.16–18

The purpose of this study was to determine the ophthal-
mologic characteristics of this newly identified retinal disor-
der, NIID-related retinopathy with expansions of CGG
repeats in the NOTCH2NLC gene. To accomplish this, we
have performed comprehensive ophthalmologic examina-
tions on seven patients from six families who were neuro-
logically diagnosed with NIID and found to have expanded
CGG repeats in the NOTCH2NLC gene. We shall show that
all of the patients had retinal degeneration in the peri-
papillary and midperipheral regions by multimodal imag-
ing. The full-field ERGs showed rod-cone dysfunction, with
electronegative configuration to bright flash scotopic stimuli
(10 cd·s/m2) in two cases. The results of multimodal imag-
ing and full-field ERGs indicated that the primary site of the
lesions was the photoreceptors, but synaptic or inner retinal
dysfunction may also be involved.

PATIENTS AND METHODS

The procedures used adhered to the tenets of the Declara-
tion of Helsinki and were approved by the Ethics Commit-
tee of The University of Tokyo, Tokyo, Japan. An informed
consent was received from all patients for the examinations
(reference: G1396).

Participants

We studied the medical records of nine patients who were
diagnosed with adult-onset NIID by the Department of
Neurology of the University of Tokyo between June 2009
and November 2018. They were referred to the Depart-
ment of Ophthalmology for the screening of visual involve-
ment. The diagnostic criteria of adult-onset NIID were pres-
ence of dementia, characteristic magnetic resonance imaging
findings (e.g., high-intensity lesions in the corticomedullary
junction in the brain diffusion-weighted images), and/or
eosinophilic- and ubiquitin-positive intranuclear inclusions
by skin biopsy.17 Two of the nine patients could not undergo
fundus examinations due to severe dementia and were
excluded from this study. In the end, seven patients under-
went the comprehensive ophthalmologic examinations.

Clinical Investigations

A detailed medical history including the visual symptoms
and the onset of the symptoms was obtained from the
patients and their family members. We defined the begin-
ning of NIID as the onset of dementia because it was the
most frequent sign of adult-onset NIID.10 For patients whose
ocular symptoms could not be precisely documented due to

dementia, we questioned the family members about when
and what kinds of ocular symptoms appeared in the patients.

Comprehensive ophthalmic examinations were
performed, including measurements of the decimal
best-corrected visual acuity (BCVA), ophthalmoscopy,
Goldmann perimetry, fundus photography (Optos 200Tx;
Optos, Dunfermline, UK), fundus autofluorescence (FAF;
Optos 200Tx [Optos] and HRA 2 [Heidelberg Engineering,
Heidelberg, Germany]), spectral-domain optical coherence
tomography (OCT; Spectralis; Heidelberg Engineering), and
full-field ERG (LE4000; Tomey Corporation, Aichi, Japan).
The ERGs were recorded based on the International Society
of Clinical Electrophysiology and Vision standard protocol
to evaluate the retinal function under both scotopic and
photopic conditions.19

Genetic Analyses

All seven patients with NIID were evaluated by repeat-
primed PCR analysis to confirm the expanded CGG repeats
in the NOTCH2NLC gene. To determine the number of the
expanded repeats, Southern blot hybridization analysis of
the cDNAs was performed in all seven patients. Some of the
clinical findings in all seven patients were reported earlier.17

RESULTS

Clinical Findings of Patients

The clinical characteristics and the results of ocular exam-
inations are presented in Tables 1 and 2. There were four
women and three men (Table 1). Four patients (patients 3,
4, 5, and 6) had family history compatible with an auto-
somal dominant mode of inheritance, and three patients
(patients 1, 2, and 7) were sporadic. Patient 4 was the aunt of
patient 5.

The median age at the time of examination was 75 years
with a range of 66 to 81 years. The median age of the onset of
visual symptoms was 66 years with a range of 63 to 75 years,
and the median interval from the onset of visual symptoms
to the last examination was 7 years with a range of 0 to
12 years.

All patients had ocular abnormalities in both eyes. Five
patients had ocular symptoms: night blindness (3/7, 42.9%),
reduced visual acuity (3/7, 42.9%), and photophobia (1/7,
14.3%). Patient 5 and patient 7 had ocular symptoms before
developing dementia. Patient 1 and patient 2 did not have
any ocular symptoms.

The pupillary diameters of all patients were <2.0 mm.
The decimal BCVA varied from 0.15 to 1.2.

Three patients had mild senile cataract in both eyes, and
four patients had undergone intraocular lens implantation in
both eyes before our examinations (Table 1). Patient 7 had
band keratopathy in both eyes of unknown origin. Patient 6
had diabetic mellitus but did not have diabetic retinopathy.
The other patients did not have any systemic disorders that
could have affected the visual function other than NIID.

Visual field testing was performed on four patients by
Goldmann perimetry. A concentric constriction of the I-4
isopter was detected in all four cases, and the other isopters
also showed significant constrictions. An enlargement of the
physiological blind spot was detected in patients 4 and 7
(Fig. 1).

Ophthalmoscopic examinations showed that all 14 eyes
had chorioretinal atrophy (CRA) in the peripapillary regions
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FIGURE 1. Results of Goldmann perimetry of four cases of NIID-related retinopathy with CGG repeat expansions in the NOTCH2NLC gene.
Concentric contraction of the I-4 isopter is present in all four cases. The physiological blind spot is also enlarged in patients 4 and 7.

(Fig. 2, Table 2). The region of peripapillary CRA was less
than 1.0-disk diameter in all patients except patient 7. The
CRA extended to the macula in patient 7. In the periph-
eral retina, all patients showed abnormalities in the color
of the retinal pigment epithelium (RPE) and diffuse CRA in
patient 7. Fine white dots were detected in the posterior pole
or peripheral regions in all cases except patient 4.

FAF imaging did not detect any autofluorescence (AF)
around the optic disk in all cases (Fig. 2, Table 2). The
regions of extinguished AF corresponded to the regions
of the CRA in the ophthalmoscopic images. In the midpe-
riphery, mild hypo-AF was observed along the equator in
patients 1, 5, and 6 and absent AF in patient 7. In patient
7, the regions of extinguished AF corresponded with the
scalloped regions due to the CRA in the ophthalmoscopic

images. There were hyper- and hypo-AF spots in the poste-
rior polar region in all cases except in patient 1.

The spectral-domain OCT images showed abnormalities
in the outer retina in all patients (Fig. 3, Table 2). In the
peripapillary region, the ellipsoid zone (EZ) of the photore-
ceptors was absent in all cases. The extent of the absence of
the EZ varied among the cases (region between two yellow
arrows in Fig. 3), and the EZ in patient 7 was not detected
in the entire posterior pole.

The foveal microstructures were relatively well preserved
in all cases. Both the EZ and interdigitation zone (IZ) of the
photoreceptors were well preserved at the fovea in patients
1, 2, and 3, but only a disrupted EZ was observed at the
fovea in patient 7. The RPE and choroid were especially thin
in the entire posterior pole in patient 7.
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FIGURE 2. Fundus photographs and FAF images of patients with NIID. (A) Ultra-widefield photographs and FAF images. CRA in the peri-
papillary regions was observed in all cases. In patient 7, the CRA extended to close to the macula. All patients showed abnormalities of the
color of the RPE in the peripheral regions. In patient 7, diffuse CRA in the peripheral region was observed. Fine white dots were detected in
all the cases except in patient 4 either in the posterior pole or peripheral regions (white arrowhead). Widefield FAF images show absence of
AF around the optic disk in all cases. In the midperiphery, mild-hypo AF was observed along the equator in patients 1, 5, and 6 and diffuse
absence of AF in patient 7. (B) Posterior FAF images showed hyper- and hypo-AF spots in the posterior polar region.

The inner retinal structures—namely, the nerve fiber layer
(NFL) and retinal ganglion cell layer (GCL)—were preserved,
but high-reflectivity fine spots were observed between the
GCL and outer nuclear layer (ONL) in all cases (white arrow-
heads in Fig. 3).

The scotopic full-field ERGs were severely reduced or
extinguished in all cases (Fig. 4). The amplitudes of the b-
wave of the dark-adapted 0.01 ERG and the a- and b-waves
of the dark-adapted 10.0 ERG were reduced in patients 1
through 6, except for patient 3, whose ERG had not been
performed. The b-/a-wave ratio in patient 1 was slightly
lower but not a negative waveform (b/a ratio: 1.17) than
the same age group. Two patients (patients 4 and 5) had
a slightly electronegative waveform (b/a ratio: 0.79 and
0.94, respectively). The results of the analyses of the b/a
ratio are shown in Supplementary Table S1. The amplitudes
of the a- and b-waves of the light-adapted 3.0 ERG were
moderately reduced in patients 1, 2, and 5 and severely
reduced in patients 4 and 6. The amplitudes of the flicker
ERG were reduced in patients 1 through 5. In patient 7,

all dark-adapted and light-adapted responses were extin-
guished. Thus, the ERGs indicated a rod-cone dysfunction
in all the cases except for patient 7 who had extinguished
scotopic and photopic ERGs.

CGG Repeat Expansion in the NOTCH2NLC Gene

All seven patients were confirmed to have CGG repeat
expansions in the NOTCH2NLC gene by repeat-primed PCR
analysis. The Southern blot hybridization analysis of seven
patients revealed that the length of expanded repeats ranged
from approximately 330 to 520 bp, corresponding to 110
to 173 repeat units (Table 1). Patient 7 showed a smearing
pattern in the Southern blot analysis with the highest signal
intensity located at 500 bp (corresponding to 167 repeat
units). This smearing indicated marked somatic instability of
the expanded repeats, which made it difficult to determine
the exact repeat length in this patient.
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FIGURE 3. OCT images of six patients. The EZ is absent in the peripapillary regions in all cases. The regions of absent EZ are shown by two
yellow arrows, and their size varies among the cases. In patient 7, the EZ is absent in the entire posterior pole region. The foveal EZ was
relatively preserved in all the cases. A thinning of the ONL is present in the peripapillary region in all cases except patient 1. A thinning of
the RPE and choroid is observed in the peripapillary region in patients 3, 4, and 6 and in the entire posterior pole region in patient 7. The
inner retinal structures (i.e., NFL and retinal GCL) are normally preserved, and high-reflectivity fine spots can be seen between the GCL and
ONL in all cases (white arrowheads).

DISCUSSION

This is the first report on the ophthalmologic characteristics
of adult-onset NIID with expansions of the CGG repeats in
the NOTCH2NLC gene.9,10,20 All of the cases were neurologi-
cally diagnosed with NIID, and all had ocular abnormalities.
The symptoms, retinal findings of the multimodal images,
and ERGs were similar. We have named this disorder NIID-
related retinopathy.

Ocular Symptoms

All but two patients complained of night blindness and/or
reduced visual acuity in their seventh or eighth decade
of life. There were only two patients, patients 5 and 7,
who noticed their visual disturbance before they were diag-
nosed with NIID. Because the initial sign of adult-onset
NIID is dementia,10 the exact age of the onset of the
ocular symptoms was difficult to determine accurately. The
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FIGURE 4. Full-field ERGs recorded under scotopic and photopic conditions. The scotopic ERGs are severely reduced or extinguished in all
cases. The amplitudes of the a-wave and b-wave of the dark-adapted 10.0 and light-adapted 3.0 ERGs are reduced with prolonged implicit
times. All the responses were nonrecordable in patient 7.

relatively well-preserved foveal microstructures in all cases
(Fig. 3) is probably the reason why the patients did not
notice any symptoms until their photoreceptor function in
the fovea was severely impaired. However, patient 6 had
severely reduced visual acuity compared to the relatively
well-maintained foveal structure in the OCT images. Patients
with adult-onset NIID have dementia, so there is also a gap
between the results of the subjective and objective exami-
nations. Yamada et al.13 reported on a patient with adult-
onset NIID who had no ocular symptoms despite a rod-cone
dysfunction of the ERGs. All of our patients had moderate to
severe rod-cone dysfunction, and only two did not complain

of any ocular symptoms. Thus, it is important in individuals
with adult-onset NIID to investigate whether they have night
blindness or constricted visual field and to perform fundus
examinations.

Retinal Abnormalities

All patients had similar abnormalities in the multimodal reti-
nal images, namely, CRA in the peripapillary region although
the CRA of patient 6 was slight. The RPE abnormalities in
the midperiphery were slight to severe in all seven patients
and fine white dots in the posterior pole and midperipheral
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regions in six of seven patients. Considering the distribu-
tion patterns of the affected regions in the individual cases,
it is possible that the CRA appeared in the peripapillary
region in the early stage, which then expanded centrifugally
toward the macula (Figs. 2 and 3). Moreover, the concentric
contraction of the visual fields (Fig. 1), mild hypo-AF in the
midperipheral regions (Fig. 2), and rod-cone dysfunction of
the ERGs (Fig. 4) indicated that an early retinal dysfunction
and degeneration in NIID-related retinopathy may appear
first in the midperiphery. Taken together, both peripapil-
lary and midperipheral retinal regions could be the initial
sites of the defects in NIID-related retinopathy, although this
needs to be confirmed by longitudinal studies. Patient 7 was
examined 18 years after the onset of visual symptoms, and
this case had the longest follow-up period. The case with
an expanded CRA in the peripapillary, midperipheral, and
macular regions is thought to be a representative case of
advanced-stage NIID-related retinopathy (Figs. 2 and 3).

The OCT images showed that the outer retinal
structures—namely, the EZ, IZ, and RPE—were disrupted in
all cases (Fig. 3). Six OCT images are shown consecutively
according to the size of lesions (yellow arrows in Fig. 3).
These images indicated that the early photoreceptor abnor-
malities appeared in the EZ and IZ, followed by the RPE
and choroid. This pattern indicates that the photoreceptor
outer segments are possibly the primary site of the defects
in NIID-related retinopathy.

The FAF findings in patient 7 and the reduced full-
field ERGs in all patients suggested a widespread degen-
eration was present in the midperiphery even at an early
stage. Yamada et al.13 reported that the ERGs recorded from
a patient with NIID were the electronegative-type ERGs,
which suggested inner retinal dysfunction. Electronegative-
type ERGs were observed in two of our cases (Fig. 4). It
was not possible to identify abnormalities in the peripheral
region by OCT, but we cannot exclude the possibility that
the inner retina was the primary site in this disorder.

Another feature of the OCT images was the fine, highly
reflectivity spots that appeared between the GCL and ONL
layers (white arrowhead in Fig. 3). These fine white dots
were also observed ophthalmoscopically (Fig. 2). Fine hyper-
reflective spots in the OCT images may be seen in normal
eyes, but those observed in our cases were observed more
clearly. These findings may be specific to NIID, but a corre-
spondence of these spots in the OCT images and ophthal-
moscopic images could not be confirmed. Further investi-
gations are needed to determine the underlying pathologic
mechanism for these white spots in the retina.

Histologic Studies

The histopathologic studies of the retina of a patient with
juvenile-onset NIID were reported by Haltia et al.11 They
showed a loss of the NFL and GCL, and many of the remain-
ing retinal ganglion cells had intranuclear inclusion bodies.
On the other hand, there were no intranuclear inclusion
bodies in the bipolar cells, photoreceptors, and RPE cells.
These findings are not consistent with our suggestion that
the photoreceptors were the primary site of the pathol-
ogy of the adult-onset NIID. However, their patient did not
have adult-onset NIID retinopathy, and the genetic cause of
their case was not determined. Considering that intranuclear
inclusion bodies in fragile X tremor/ataxia syndrome are
formed by repeat-associated non-AUG-initiated translation
(RAN translation) of CGG repeats in FMR1,21 the intranu-

clear inclusion bodies in NIID are presumably formed by a
similar mechanism.

There can be a negative correlation between the
frequency of neuronal inclusions and neuronal loss, as
reported by Takahashi-Fujigasaki.9 Thus, the relationship
between the presence of neuronal inclusion bodies and
inner/outer retinal function is not completely understood,
and further investigations, including retinal histopathologic
studies of adult-onset NIID eyes, are needed to resolve these
conflicting observations.

Role of Noncoding CGG Repeat Expansions in
NOTCH2NLC Gene and Possibility of Similar
Repeat Expansions in Other Retinal Diseases

The function of the NOTCH2NLC gene has not been defini-
tively determined, and the mechanism of how the CGG
repeat expansion mutations affect neuronal and retinal func-
tion remains unknown. A possible hypothesis is that a gain-
of-toxic function of the CGG repeats plays an important
role in the pathogenesis of NIID, rather than haploinsuffi-
ciency of the NOTCH2NLC gene.17,22 In some repeat expan-
sion diseases such as CAG repeat disorders, the lengths of
the expanded repeats are significantly correlated with the
age at onset and severity. Only a few studies have been
performed for NIID, but one study has reported that there
was no significant correlation between the lengths of the
CGG repeats and the age at onset or severity of the disease.16

Hayashi et al.23 reported one patient with early onset
NIIID who had CGG repeat expansions in the NOTCH2NLC
gene. The patient was a 49-year-old woman with an initial
symptom of childhood night blindness, and the main symp-
tom was muscle weakness. The number of her repeat expan-
sion in the gene was 434 and this was not so different from
our patients, and the part of phenotypes were similar in that
the outer retinal layer was atrophied and the inner retinal
layer was preserved. However, the other signs and symp-
toms, the age of onset, the main symptoms, and the rod
response with prolonged latency despite maintained ampli-
tude were different. It is not known why such phenotypic
variations are present.

In patients 5 and 7, the visual reduction began before the
onset of dementia. Thus, patients with chorioretinal degen-
eration should be evaluated for expanded CGG repeats in
NOTCH2NLC even though they do not have dementia. If the
gain-of-toxic function of expanded CGG repeats plays an
essential role in the pathogenesis of NIID-related retinopa-
thy, repeat expansion mutations with similar motifs in other
genes could possibly cause similar retinal phenotypes. Thus,
the results of this study also suggest the importance of
searching for repeat expansion mutations in hereditary reti-
nal degenerations of unknown cause.

Limitations

There are limitations in this study. We could not follow each
patient for a long duration due to the poor prognosis in
cases with adult-onset NIID. In addition, the ocular symp-
toms were not accurately determined due to the demen-
tia. To accurately determine the phenotypic features and
etiology of NIID-related retinopathy, systematic longitudi-
nal studies incorporating electrophysiologic and multimodal
imaging assessments in a larger cohort will be needed.
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In conclusion, we report for the first time, the detailed
clinical characteristics of adult-onset NIID-related retinopa-
thy with CGG repeat expansions in the NOTCH2NLC gene.
Although the effect of the gene mutation on retinal func-
tion was not determined, these findings will facilitate under-
standing the etiology and clinical diagnosis of this rare form
of progressive neurodegenerative disease.
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