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Neuronal intranuclear inclusion disease (NIID) is a slowly progressive neurodegenerative disease characterized by eosinophilic

hyaline intranuclear inclusions in the central and peripheral nervous system, and also in the visceral organs. NIID has been

considered to be a heterogeneous disease because of the highly variable clinical manifestations, and ante-mortem diagnosis has

been difficult. However, since we reported the usefulness of skin biopsy for the diagnosis of NIID, the number of NIID diagnoses

has increased, in particular adult-onset NIID. In this study, we studied 57 cases of adult-onset NIID and described their clinical and

pathological features. We analysed both NIID cases diagnosed by post-mortem dissection and by ante-mortem skin biopsy based

on the presence of characteristic eosinophilic, hyaline and ubiquitin-positive intanuclear inclusion: 38 sporadic cases and 19

familial cases, from six families. In the sporadic NIID cases with onset age from 51 to 76, dementia was the most prominent

initial symptom (94.7%) as designated ‘dementia dominant group’, followed by miosis, ataxia and unconsciousness. Muscle

weakness and sensory disturbance were also observed. It was observed that, in familial NIID cases with onset age less than 40

years, muscle weakness was seen most frequently (100%), as designated ‘limb weakness group’, followed by sensory disturbance,

miosis, bladder dysfunction, and dementia. In familial cases with more than 40 years of onset age, dementia was most prominent

(100%). Elevated cerebrospinal fluid protein and abnormal nerve conduction were frequently observed in both sporadic and

familial NIID cases. Head magnetic resonance imaging showed high intensity signal in corticomedullary junction in diffusion-

weighted image in both sporadic and familial NIID cases, a strong clue to the diagnosis. All of the dementia dominant cases

presented with this type of leukoencephalopathy on head magnetic resonance imaging. Both sporadic and familial NIID cases

presented with a decline in Mini-Mental State Examination and Frontal Assessment Battery scores. Based on these clinicopatho-

logical features, we proposed a diagnosis flow chart of adult-onset NIID. Our study suggested that the prevalence rate of adult-

onset NIID may be higher than previously thought, and that NIID may be underdiagnosed. We should take NIID into account for

differential diagnosis of leukoencephalopathy and neuropathy.
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Introduction
Neuronal intranuclear inclusion disease (NIID), also known

as neuronal intranuclear hyaline inclusion disease (NIHID)

or intranuclear inclusion body disease (INIBD), is a slowly

progressive neurodegenerative disease characterized by eo-

sinophilic hyaline intranuclear inclusions in the central, per-

ipheral and autonomic nervous system cells, and also in

visceral organs cells.

The first case of NIID was reported in 1968 (Lindenberg

et al., 1968). Since then, many NIID cases have been re-

ported after post-mortem examination (Schuffler et al.,

1978; Michaud and Gilbert, 1981; Patel et al., 1985;

Munoz-Garcia and Ludwin, 1986; Oyer et al., 1991;

Weidenheim and Dickson, 1995; Takahashi-Fujigasaki,

2003; Liu et al., 2008). The onset of disease varies from

infancy to the sixties, but two-thirds of them were infantile

or juvenile cases (Funata et al., 1990; Zannolli et al., 2002;

Takahashi-Fujigasaki, 2003). Information on the clinical

manifestations of adult-onset NIID is lacking, and there is no

established clinical picture of it yet. A wide range of clinical

manifestations has been reported: pyramidal and extrapyram-

idal symptoms, cerebellar ataxia, dementia, convulsions, neur-

opathy, and autonomic dysfunction. This wide range of clinical

phenotypes makes ante-mortem diagnosis of NIID difficult,

especially in adult-onset NIID cases. Until 2011, the number

of reported NIID cases was limited to about 40 cases. One of

the reasons for this is surely the small chance of diagnosis of

NIID, due to it being limited to post-mortem dissection.

Some reports have described an ante-mortem diagnosis

of NIID by rectal biopsy or gastrointestinal specimen

removed by operation (Schuffler et al., 1978; Goutieres

et al., 1990; Barnett et al., 1992; Zannolli et al., 2002;

Kulikova-Schupak et al., 2004) and sural nerve biopsy

(Sone et al., 2005). Both rectal and sural nerve biopsy

cause significant physical stress, limiting their use. Rectal

biopsy requires submucosal dissection to pick up myenteric

plexus neurons, which carries a risk of perforation

(Mizushima et al., 2015). Moreover, one autopsy-diag-

nosed NIID case reported that rectal biopsy failed to iden-

tify intranuclear inclusion ante-mortem (Wiltshire et al.,

2010). Endoscopic submucosal dissection, therefore,

cannot be used as a screening test for NIID, as for other

neurodegenerative disease.

Recently, we reported the usefulness of skin biopsy and

detection of intranuclear inclusions exactly identical, both

morphologically and immunohistochemically, to those found

in the central nervous tissues for the ante-mortem diagnosis of

both sporadic NIID cases (Sone et al., 2014) and familial

NIID cases (Sone et al., 2011). After these reports, the

number of NIID cases that have been diagnosed with skin

biopsy has increased (Kitagawa et al., 2014; Sasaki et al.,

2015; Toyota et al., 2015). In addition, a characteristic high

intensity signal in the corticomedullary junction in diffusion-

weighted imaging (DWI) of head MRI has become another

clue to NIID diagnosis (Sone et al., 2014), as this MRI image

has been seen restricted to the cases with positive skin biopsy

with intranuclear inclusions or those with post-mortem histo-

pathological confirmation (Sone et al., 2014). In particular,

diagnosis of adult-onset NIID cases with leukoencephalopathy

and dementia are increasing, suggesting that the prevalence

rate of the adult onset form is higher than we believed.

In this study, we analysed clinicopathological features of

57 cases of adult-onset NIID, both sporadic and familial.

Most of these cases were diagnosed with skin biopsy trig-

gered by DWI high intensity signal in corticomedullary
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junction on head MRI. We characterized clinical manifest-

ations, MRI findings and pathological features of these

adult-onset NIID cases, and proposed a diagnosis flow

chart of adult-onset NIID.

Materials and methods

Cases and clinical assessment

We included the cases as NIID based on the diagnosis by post-
mortem dissection, and by ante-mortem skin biopsy with the
detection of characteristic intranuclear inclusions identical to
those in the CNS tissues. One NIID case was first diagnosed by
skin biopsy and confirmed by post-mortem dissection. We per-
formed skin biopsy on the NIID suspected cases with DWI
high intensity signal in corticomedullary junction on head
MRI, and familial suspected cases with the same clinical fea-
tures with histopathologically diagnosed NIID case in the same
family. The DWI high intensity in the corticomedullary junc-
tion in MRI is highly restricted to the cases with intranuclear
inclusions in the skin biopsy or post-mortem brain pathology.
Thus, this particular DWI high intensity is the possible diag-
nostic marker of NIID. Intranuclear inclusions in the skin
biopsy samples were confirmed on 37 sporadic NIID cases
and 15 familial NIID cases from six families studied in this
study, including cases we reported previously (Sone et al.,
2005; Kitagawa et al., 2014; Sone et al., 2014). We also exam-
ined 52 neurologically normal control cases: 16 cases for the
histopathological study (between 54 and 84 years of age, aver-
age 70.4), and 36 cases for head MRI study (between 49 to 91
years of age, average 66.6).
In this study, we defined familial NIID cases as: at least one

NIID patient was diagnosed histopathologically in one family,
and the other patient presented with DWI high intensity signal
in corticomedullary junction in MRI findings, or medical
examination of neurologist confirmed the same phenotype
with histopathologically diagnosed NIID patient in the same
family. We defined cases that did not meet the above familial
NIID definition as sporadic NIID cases, even if the patient had
a family history of dementia or neuropathy when these family
members were not diagnosed by histopathological evaluation
or MRI evaluation.
The detailed clinical data on the patients were obtained from

each patient and patient’s families or from clinical records.
Neurological examinations were performed repetitively by
neurologists. Muscle strength, sensory impairment and auto-
nomic symptoms were assessed. Presence of dementia was as-
sessed by the interviewing of the patient or patient’s family
about the presence of forgetfulness or difficulty and mistakes
in daily routine tasks. Patients were also screened for executive
and cognitive functions using the Mini-Mental State
Examination (MMSE) and/or Frontal Assessment Battery
(FAB). We used a score of 24 as the MMSE as in previous
reports (Folstein et al., 1975; Diniz et al., 2007), and the pub-
lished age-matched average as the cut-off score for the FAB
(Dubois et al., 2000; Appollonio et al., 2005) for impaired
cognitive function. Appearance of abnormal behaviour includ-
ing irritability, cryptic speech, gambling addiction, behavioural
apraxia, uninvited behaviour and others were assessed by
examining the patient or interviewing patient’s family.

Episodes of generalized convulsion, unconsciousness and the

appearance of an encephalitic episode such as subacute onset

of unconsciousness with fever, headache and vomiting were

also assessed by examining the patient or interviewing

family. Patients received head MRI, single photon emission

computer tomography (SPECT), routine blood chemistry, urin-

alysis, CSF examination, and nerve conduction studies.
This study was performed with ethical approval of the Ethics

Review Committee of Nagoya University School of Medicine.

Written informed consent was obtained from all patients.

Electrophysiological assessment

Motor and sensory conduction was measured in the median,

tibial and sural nerves, using a standard method with surface

electrodes for stimulation and recording (Kimura, 2001a, b).

Control values of nerve conduction velocity and amplitude

were obtained from our previous report (Koike et al., 2003).

We defined the slowing conduction velocity when conduction

velocity of each case showed below the value of control mean

–2 standard deviations (SD). In the same way, we defined

compound muscle action potential or sensory nerve action po-

tential reduction as when either compound muscle or sensory

nerve action potentials showed below the value of control

mean �2 SD.

Pathological assessment of autopsied
cases and skin biopsy

At autopsy, brain, spinal cord and other organs were fixed in

10% formalin solution. Samples of the main representative

regions of each organ were embedded in paraffin and sectioned

in 6 -mm thickness, and stained with haematoxylin and eosin

and Klüver-Barrera. Skin biopsy, and following immunostain-

ing and immunofluorescence staining were performed as

described previously (Sone et al., 2011) with anti-ubiquitin

antibody (Z0458, Dako) and anti-p62 antibody (sc-28359,

Santa Cruz Biotechnology). For assessment of intranuclear in-

clusion frequency, we prepared a coronal section of cerebral

hemisphere, including basal ganglia, stained with anti-p62

antibody using the LSAB Kit (Dako). We selected five

random microscopic fields under a �20 objective lens in

each gyrus or basal ganglion, counted the number of neurons,

astrocytes and p62-positive intranuclear inclusions and as-

sessed the frequency of intranuclear positive neurons and

astrocytes. Samples for electron microscopic study were pre-

pared as described previously (Koike et al., 2007).

FMR1 gene analysis

As the case with FMR1 premutation shows the symptoms and

intranuclear inclusions as NIID, we performed FMR1 gene

analysis. Genomic DNA was isolated from peripheral blood

leucocytes using standard methods. Southern blotting was per-

formed as described previously (Maddalena et al., 2001). We

defined normal alleles as range of 5 to 44 CGG repeats, and

premutation alleles as 55 to 230 CGG repeats.

3172 | BRAIN 2016: 139; 3170–3186 J. Sone et al.
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Results

Histopathological assessment for the
diagnosis of neuronal intranuclear
inclusion disease

We analysed 38 sporadic NIID cases, 19 familial NIID

cases from six families and 16 neurologically normal con-

trols (Fig. 1, Tables 1 and 2, and Supplementary Tables

1–3). Of the sporadic NIID cases, Subject S-5 was diag-

nosed by autopsy, Subject S-31 was diagnosed by both

autopsy and skin biopsy, and the others were diagnosed

by skin biopsy. Of the familial NIID cases, Family 1 and

Family 2 cases were diagnosed by post-mortem dissection

and skin biopsy, the other familial cases were diagnosed by

skin biopsy.

Histopathological findings of autopsied NIID cases

showed that eosinophilic intranuclear inclusions were

widely observed in the CNS: in the cerebral cortex, basal

ganglia, brainstem and spinal cord, and both in neurons

and astrocytic glial cells (Table 1 and Fig. 2).

Intranuclear inclusions were also observed in the peripheral

nervous system cells and somatic cells of a wide variety of

organs except skeletal muscle and hepatocytes (Fig. 2E, F,

M, N and Table 1). These inclusions were round-shaped

with a diameter of 1.5–10 mm, located in the vicinity of the

nucleolus (Fig. 2A–F and I–N). The inclusions were ubiqui-

tin-positive (Fig. 2B, C, E, F, J, M and N), p62-positive

(Fig. 2K) and were composed of dense filamentous mater-

ials without membrane structure under electron microscopy

(Fig. 2D and L).

Skin biopsy samples of NIID cases showed eosinophilic

ubiquitin-positive and p62-positive intranuclear inclusions

in adipocytes, fibroblasts and sweat gland cells (Fig. 2G

and O), round-shaped with diameter of 1.5–3 mm.

Electron microscopy imaging showed dense filament mater-

ial without membrane (Fig. 2H and P). Light and electron

microscopic features of these inclusions in the skin were

almost identical to those of intranuclear inclusions in the

CNS. Furthermore, the light and electron microscopic fea-

tures of intranuclear inclusions on autopsy and in the skin

biopsy samples mentioned above were almost identical be-

tween sporadic and familial NIID (Table 1 and Fig. 2).

These identical histopathological features among the inclu-

sion in the skin and central nervous tissues form the back-

ground of the diagnosis of NIID with skin biopsy findings.

We also investigated the frequency distribution of intra-

nuclear inclusion-positive neurons and astrocytes in the

cerebral cortex, hippocampus and basal ganglia of Subject

S-5: sporadic NIID case, and Subject F1-2: familial NIID

case (Fig. 3). The frequency of intranuclear inclusion in

Figure 1 Family trees and major clinical phenotype of familial NIID.
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neurons was �5–30% in the cerebral cortex and basal

ganglia, with a slightly lower frequency in the hippocam-

pus. Frequencies of astrocytes in both cases were similarly

between 10% and 30%. Thus, the frequency distribution of

intranuclear inclusion of neurons and astrocytes was simi-

lar among sporadic and familial NIID cases.

We also studied 16 neurologically normal control sam-

ples of the frontal lobe, cerebellum, gastro intestinal tract

and kidney, and did not find any intranuclear inclusions in

these normal samples.

Sporadic neuronal intranuclear
inclusion disease

Clinical manifestations

Details of clinical manifestations of NIID cases are sum-

marized in Table 2 and Supplementary Tables 1 and 2.

The onset age of sporadic NIID cases was between 51

and 76. Disease duration ranged from 1 to 19 years.

Most sporadic NIID cases presented with dementia as the

initial and main clinical manifestation. Dementia was

observed in almost all the cases (94.7%). Autonomic im-

pairment of miosis and bladder dysfunction manifesting as

urinary incontinence was frequently seen (Table 2 and

Supplementary Table 1). Muscle weakness (27%) and sen-

sory disturbance (28.6%) were also observed but not as

frequently as in familial cases. Muscle weakness presented

with mild extent in the extremities. Sensory disturbance

presented with light deterioration of vibratory sense, and

sometimes distal dominant numbness in the lower extremi-

ties. Tremor, rigidity and ataxia were also observed.

In 26.3% of sporadic NIID cases, patients presented with

abnormal behaviour (Table 2 and Supplementary Table 2)

such as irritability, cryptic speech, apraxia (e.g. trying to

wear shirts as trousers), gambling addiction, disinhibition

(such as smoking in non-smoking areas), and some other

abnormal behaviours: putting clothes in the refrigerator and

complaining ‘I cannot understand everything’, as examples.

Generalized convulsions were observed in 13.2% of spor-

adic cases. Disturbance of consciousness was often

observed (39.5%). The duration of the disturbance varied

from a few hours to several days.

Table 1 Distributions of intranuclear inclusions in autopsied adult onset NIID patients

Histological position, cell Sporadic cases Familial cases

S-5 S-31 F1-1 F1-2 F2-1

CNS Frontal lobe N I + + + + +

A I + + + + +

Precentral gyrus N I + + + + +

A I + + + + +

Temporal lobe N I + + + + +

A I + + + + +

Occipital lobe N I + + + + +

A I + + + + +

Hippocampus N I + + + + +

A I + + + + +

Putamen N I + + + + �

A I + + + + +

Hypoglossal nucleus N I � � + + +

A I + + + + +

Cerebellum P I + + + + +

A I + + + + +

Spinal cord anterior horn N I n.a. + + + +

A I n.a. + + + +

PNS Sympathetic ganglia N I n.a. + + + +

Dorsal root ganglia N I n.a. + n.a. + +

Myenteric ganglia N I + + + + +

Schwann cell inclusion + + + + +

Somatic cells Adipocyte (skin) + + + + n.a.

Adrenal mudulla + n.a. + n.a. +

Renal tubule + + + + +

Cadiomyocyte n.a. + + + n.a.

Skeletal muscle cell � � � � n.a.

Smooth muscle cell + + + + +

Hepatocyte n.a. � � � n.a.

Spongiosis of cereberum white matter + + + + +

N I = neuronal intranuclear inclusion; A I = astrocyte intranuclear inclusion; P I = purkinje cell intranuclear inclusion; n.a = not available; + = intranuclear inclusion present;

– = intranuclear inclusion absent.

3174 | BRAIN 2016: 139; 3170–3186 J. Sone et al.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/b
ra

in
/a

rtic
le

/1
3
9
/1

2
/3

1
7
0
/2

6
2
9
9
9
9
 b

y
 g

u
e
s
t o

n
 2

0
 A

u
g
u
s
t 2

0
2
2

http://brain.oxfordjournals.org/lookup/suppl/doi:10.1093/brain/aww249/-/DC1
http://brain.oxfordjournals.org/lookup/suppl/doi:10.1093/brain/aww249/-/DC1
http://brain.oxfordjournals.org/lookup/suppl/doi:10.1093/brain/aww249/-/DC1
http://brain.oxfordjournals.org/lookup/suppl/doi:10.1093/brain/aww249/-/DC1


Table 2 Summary of clinical features of NIID cases

Sporadic

cases

n = 38

Familial cases

Total n = 19 Total n = 19

Limb weakness

(Family 1–3)

n = 11

Dementia

(Family

4–6) n = 8

Diagnosis

Skin biopsy 37 (97.4%) 15 (78.9%) 8 (72.7%) 7 (87.5%)

Autopsy 2 (2.6%) 3 (15.8%) 3 (37.5%) 0 (0%)

Average onset age (range) 63.6 (51–76) 39.6 (16–68) 27.5 (16–39) 56.2 (43–68)

Average disease duration (range) 5.3 (1–19) 15.4 (1–44) 21.1 (3–44) 7.6 (1–15)

Sex ratio (male/female) 13/25 6/13 5/6 1/7

Clinical manifestations

Muscles weakness 10/37 (27%) 18/19 (94.7%) 11/11 (100%) 7/8 (87.5%)

Sensory disturbance 10/35 (28.6%) 13/18 (72.2%) 9/11 (81.8%) 4/7 (57.1%)

Autonomic impairment

Vomiting 6/38 (15.8%) 6/19 (31.6%) 5/11 (45.5%) 1/8 (12.5%)

Bladder dysfunction 12/36 (33.3%) 10/16 (62.5%) 7/11 (63.6%) 3/5 (60%)

Syncope 3/37 (8.1%) 0/19 (0%) 0/11 (0%) 0/8 (0%)

Miosis 17/18 (94.4%) 7/11 (63.6%) 3/5 (60%) 4/6 (66.7%)

Dementia 36/38 (94.7%) 9/19 (47.4%) 1/11 (9.1%) 8/8 (100%)

Tremor 9/38 (23.7%) 3/19 (15.8%) 0/11 (0%) 3/8 (37.5%)

Rigidity 7/38 (18.4%) 3/18 (16.7%) 0/11 (0%) 3/7 (42.9%)

Ataxia 19/36 (52.8%) 1/18 (5.6%) 0/11 (0%) 1/7 (14.3%)

Abnormal behaviour 10/38 (26.3%) 2/19 (10.5%) 0/11 (0%) 2/8 (25%)

Generalized convulsion 5/38 (13.2%) 1/19 (5.3%) 0/11 (0%) 1/8 (12.5%)

Disturbance of consciousness 15/38 (39.5%) 5/19 (26.3%) 1/11 (9.1%) 4/8 (50%)

Encephalitic episode 8/38 (21%) 1/19 (5.3%) 0/11 (0%) 1/8 (12.5%)

Head-MRI

Leukoencephalopathy 37/38 (97.4%) 10/13 (76.9%) 2/5 (40%) 8/8 (100%)

DWI U-fibre high 38/38 (100%) 9/11 (81.8%) 1/3 (33.3%) 8/8 (100%)

Ventricular distension 37/38 (97.4%) 10/13 (76.9%) 2/5 (40%) 8/8 (100%)

SPECT

Hypoperfusion in cerebral cortex 23/24 (95.8%) 4/5 (80%) 2/2 (100%) 2/3 (66.6%)

Executive function tests

MMSE (524) 18/33 (54.5%) 0/8 (0%) 0/3 (0%) 0/5 (0%)

FAB (5age matched average) 18/19 (94.7%) 3/3 (100%) 2/2 (100%) 1/1 (100%)

Laboratory data

Serum CK (male: 4260 IU/l, female: 4170 IU/l) 3/33 (9.1%) 8/14 (57.1%) 7/8 (87.5%) 1/6 (16.6%)

CSF

Cell (45/mm3) 5/29(17.2%) 0/10 (0%) 0/3 (0%) 0/7 (0%)

Protein (445mg/dl) 19/29 (65.5%) 4/10 (40%) 1/3 (33.3%) 3/7 (42.9%)

Glucose (550mg/dl) 0/29 (0%) 0/8 (0%) 0/3 (0%) 0/5 (0%)

HgbA1c (NGSP) (56.2%) 7/33 (21.2%) 2/10 (20%) 2/6 (33.3%) 0/4 (0%)

FMR1 premutation 0/27 (0%) 0/9 (0%) 0/7 (0%) 0/2 (0%)

Nerve conduction

Motor

MCV slowing 30/31 (96.7%) 10/12 (83.3%) 8/8 (100%) 2/4 (50%)

CMAP reduction 6/31 (19.4%) 5/11 (45.5%) 5/7 (71.4%) 0/4 (0%)

Sensory

SCV slowing 23/31 (74.2%) 10/12 (83.3%) 8/8 (100%) 2/4 (50%)

SNAP reduction 4/31 (12.9%) 6/11 (54.5%) 5/7 (71.4%) 1/4 (25%)

Except for diagnosis, average onset age, average disease duration and sex ratio, we described each value as the number of incidence cases / the number of available cases (%).

We calculated incidence rates (%) for each value with available case number for each item (Supplementary Tables 1–3). We adopted 24 as the cut-off score for MMSE as in previous

reports (Folstein et al., 1975; Diniz et al., 2007), and published age-matched average as cut-off score for FAB score of each case (Dubois et al., 2000; Appollonio et al., 2005). Motor

nerve conduction velocity slowing, sensory nerve conduction velocity slowing, compound muscle- and sensory nerve action potential reduction were determined that each value

below control average value �2 SD (Koike et al, 2003). We treated Subject F3-1 as limb weakness based on their initial symptom. NGSP = national glycohaemoglobin standardization

program; CK = creatine kinase; MCV = motor nerve conduction velocity; CMAP = compound muscle action potential; SCV = sensory nerve conduction velocity; SNAP = sensory

nerve action potential.
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In 21% of sporadic NIID cases, patients presented with

characteristic symptoms of subacute onset encephalitic epi-

sodes: fever, headache, vomiting and disturbance of con-

sciousness. These NIID cases with encephalitic episodes

were admitted to the hospital via emergency visit and had

a normal titre of antibody against viruses. No pleocytosis

of CSF ruled out bacterial or viral meningitis and

encephalitis (Table 2 and Supplementary Table 3).

Some of the cases with an encephalitic episode presented

with focal brain oedema with gadolinium enhancement

(Fig. 4). High dose steroid administration (1000mg pred-

nisolone per day intravenously for 3 days) often improved

encephalitic symptoms and diminished the brain oedema

and gadolinium enhancement, while executive function

Figure 2 Histopathological findings of NIID cases. (A–H) Sporadic NIID cases. (I–P) Familial NIID cases. (A and I) Haematoxylin and

eosin stain of sympathetic ganglion of Subject S-31(A) and spinal cord motor neuron of Subject F2-1 (I). (B, C, E, F, J and M–O) Immunostained

samples with anti-ubiquitin antibody of temporal cortex neuron of Subject S-31 (B), cingulate gyrus astrocyte of Subject S-5 (C), dorsal root

Schwann cells of Subject S-31 (E), renal tubule cells of Subject S-5 (F), Perkinje cell of Subject F1-2 (J), myenteric plexus neuron of Subject F1-1

(M), renal tubule cells of Subject F2-1 (N), adipocyte of Subject F3-1 (O). (G and K) Immunostained samples with anti-p62 antibody of adipocyte

of Subject S-1 (G) and astrocytes of Subject F1-2 (K). (D,H, L and P) Electron microscopic images of astrocyte of Subject S-31 (D), skin fibroblast

of Subject S-31 (H), astrocyte of Subject F1-2 (L), and skin fibroblast of Subject F5-1(P). Scale bars in A–C, E–G, I–K andM–O = 10 mm; inD,H,

L and P = 1 mm.
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deteriorated slowly and a state of akinetic mutism often

developed in some cases.

Laboratory data

Laboratory data are shown in Table 2 and

Supplementary Table 3. Three cases (9.1%) of sporadic

NIID cases showed elevated serum creatine kinase levels.

Elevation of CSF protein level was frequently observed

(65.5%). Approximately 20% of cases showed elevated

glycated haemoglobin (HgbA1c). Almost all sporadic

cases, except Subject S-16, presented abnormal findings

of motor or sensory nerve conduction to a variable

extent. Motor nerve conduction velocity slowing was

most frequently observed in the median and tibial

nerves. The distribution of peripheral nerve damage

was polyneuropathy type, being distally predominant in

four extremities.

Neuroradiological findings

Findings of head MRI and SPECT are shown in Table 2,

Fig. 4 and Supplementary Table 3.

Head MRI findings, showed obvious leukoencephalopa-

thy in T2 and fluid attenuated inversion recovery (FLAIR)

image (Fig. 4A–H). A high intensity area was widely

observed from the corticomedullary junction to around

the root of gyrus. These white matter abnormalities were

confluent and bilaterally symmetrical in T2 image, but in

FLAIR image, the edge of the high intensity area appeared

rather dimly and generally prominent in the frontal lobe. It

was also observed in the external capsule. The area that

showed quite high intensity in the T2 image presented a low

intensity signal in the T1 image (Fig. 4A).

On DWI, high intensity signal along the corticomedullary

junction was observed in all sporadic NIID cases (Fig. 4D

and G), and spread along the corticomedullary junction

Figure 3 Frequency of intranuclear inclusion in the NIID brain. (A–C) Sporadic NIID Subject S-5. (D–F) Familial NIID case Subject

F1-2. (A and D) Klüver-Barrera stain of coronal section of cerebral hemisphere. White matter of frontal lobe in both samples showed evident

demyelination. (B, C, E and F) Schematic diagrams of frequency and distribution of intranuclear inclusion of neurons (B and E) and astrocytes

(C and F) in cerebral cortex, basal ganglia and hippocampus. Frequencies were assessed in serial section of Klüver-Barrera slide with immu-

nohistochemistry with anti-p62 antibody. In Subject F1-2, hippocampus was not included in large coronal section, we analysed frequencies with

other hippocampus slide separately. (G and H) p62 immunostaining of cerebral cortex of frontal lobe of Subjects S-5 (G) and F1-2 (H). Green

arrow shows intranuclear inclusion positive neuron and red arrowhead shows intranuclear inclusion positive astrocyte. Scale bar = 50 mm.
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Figure 4 The results of NIID head MRI and SPECT. Head MRI findings of Subject S-31 (sporadic NIID) (A–D), Subject S-25 (sporadic

NIID) (E–H), Subject F3-1 (familial NIID) (I–L) and Subject F5-2 (familial NIID) (M–P). (A and M) T1-weighted image. (B, E and N) T2-weighted

image. (C, F, I–K and O) FLAIR image. (D, G, L and P) DWI image. (H) Gadolinium-enhanced T1-weighted image. (A–D) Head MRI findings of

Subject S-31 at age 72 years, almost akinetic mutism state. Prominent leukoencephalopathy, DWI high intensity signal in corticomedurally junction

and ventricular distention were observed (D). (E–H) Head MRI findings at the presence of encephalitic symptom of Subject S-25. On T2 (E) and

FLAIR (F) image, brain oedema is observed (blue arrowhead). On DWI, oedematous portion showed slightly high intensity but weaker than

corticomedurally junction high intensity signal (yellow arrow) (G). Oedematous portion showed high intensity on gadolinium enhanced T1 image

(red arrow head) (H). (I–L) Progress of leukoencephalopathy in familial NIID Subject F3-1 at age 53 (I), age 58 (J) and age 64 (K and L). High

intensity area of FLAIR image extended remarkably. (M–P) Head MRI findings of familial NIID Subject F5-2 presented dementia dominantly.

Findings are almost identical to sporadic case. (Q and R) The results of easy Z-score imaging system (eZIS) analysed data of 99mTc-ECD SPECT.

Subject S-9 showed severe regional cerebral blood flow decline and Subject F2-2 eZIS data showed light regional cerebral blood flow decline.
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with advancement of the disease. At the early stage, the

DWI high intensity signal was slightly observed in a small

regional portion of the corticomedullary junction in the

frontal lobe. As the disease worsened, the DWI high inten-

sity signal extended only along the corticomedullary junc-

tion of the cerebrum but did not expand into deep white

matter even in the extremely advanced stage of akinetic

mutism showing widely expanded leukoencephalopathy in

MRI T2 image (Fig. 4A–D). Such a DWI high intensity

signal mentioned above was not observed in the 36 neuro-

logically normal cases.

It is noteworthy that Subject S-25 showed focal brain

oedema on head MRI simultaneously with the emergence

of encephalitic symptoms (Fig. 4E–H). These brain oedemas

were focal and not symmetrical in T2 and FLAIR. The oe-

dematous portion of the brain was not high intensity on

DWI (Fig. 4G), and was enhanced by gadolinium (Fig. 4H).

As for SPECT findings, Subject S-9 showed decreases in

regional cerebral blood flow (Fig. 4Q). Most of the spor-

adic NIID cases showed this regionally decreased cerebral

blood flow on SPECT (Table 2).

FMR1 CGG repeat analysis

We analysed the CGG repeat length of the FMR1 gene of

cases, with written consent, to exclude fragile X-associated

tremor/ataxia syndrome (FXTAS). All cases with analysed

FMR1 showed a normal range of CGG repeats (544 re-

peats) (Table 2 and Supplementary Table 3).

Executive function tests

Results of MMSE and FAB are summarized in Table 2 and

Supplementary Table 2. Almost half of the cases showed

decreased MMSE below cut-off score 24 (Folstein et al.,

1975; Diniz et al., 2007), and 490% of cases were im-

paired in FAB scores of published age-matched average

(Dubois et al., 2000; Appollonio et al., 2005). The decline

of FAB scores was more prominent than those of MMSE

scores. Subject S-9 showed marked definitive decline of

both FAB and MMSE scores with extensive decline of re-

gional cerebral blood flow in SPECT.

Case reports of sporadic NIID

Subject S-7

Subject S-7 consulted a neurologist due to forgetfulness re-

ported by family members. She was aged 69 and had no

family history or past history of neurological or psycho-

logical disease. Neurological examination revealed miosis,

with a pupil size of 2mm/2mm and prompt light reflex.

She did not present weakness on the manual muscles testing

nor sensory disturbance, tremor, rigidity, ataxia or urinary

incontinence. Tendon reflex showed diffuse hyporeflexia.

Executive function was declined (MMSE 19/30 and FAB

6/18). Head MRI T2 image showed symmetrical, confluent

and frontal dominant leukoencephalopathy. DWI showed

high intensity signal along the corticomedullary junction.

Skin biopsy revealed abundant intranuclear inclusions.

Subject S-9

Subject S-9 presented with a subacute progressive encephalitic

episode with fever (38�C), headache, disorientation, dyscal-

culia and disturbance of consciousness at age 55. He had no

family history or past history of neurological or psychological

disease. Head MRI showed symmetrical, confluent leukoen-

cephalopathy and DWI showed high intensity signal along

the corticomedullary junction. Repeated CSF tests showed no

pleocytosis with only mild protein elevation, therefore intra-

cranial infection was excluded. Fever and disturbance of con-

sciousness lasted for 3 weeks and deteriorated, with no

evident infectious focus in the whole body and no response

to antibiotics therapy. Steroid pulse therapy (intravenous in-

jection of methylprednisolone 1000mg/day for 3 days) re-

sulted in improved consciousness. MMSE score was 20 at

the time of testing, but deteriorated slowly thereafter.

Intranuclear inclusions were demonstrated by skin biopsy.

Familial NIID

Clinical manifestations

Families 1–3

The onset age of Families 1–3 was between 16 and 39, and

disease duration was from 3 to 44 years (Fig. 1, Table 2

and Supplementary Table 1). Main and initial clinical

manifestations were limb weakness (100%), sensory dis-

turbance and autonomic symptoms like urinary incontin-

ence. Deterioration was slow. Over 20 years after onset,

clinical symptoms became serious (Sone et al., 2005).

Subject F3-1, onset age of 39, presented with dementia

and leukoencephalopathy at the age of 58, but other

cases did not report dementia. Diffuse limb muscle weak-

ness was seen in all cases (Table 2), and distally dominant

sensory disturbance (81.8%), autonomic symptoms of

vomiting, bladder dysfunction and miosis were frequently

observed. While dementia was rarely seen, ataxia, abnor-

mal behaviour, convulsion and encephalitic episode were

not seen (Table 2 and Supplementary Table 1). In labora-

tory data, serum creatine kinase was elevated in 87.5% of

examined cases. Motor and sensory nerve conduction ab-

normality was present in most cases (Table 2 and

Supplementary Table 2).

Families 4–6

The onset age was between 43 and 68, and disease dur-

ation was from 1 to 15 years. The main and initial clinical

manifestation was dementia (100%). Cases of these three

families did not complain of weakness as the chief and

initial symptom but it became evident on medical examin-

ation by the neurologist. Autonomic impairment of vomit-

ing, bladder dysfunction and miosis were observed in

similar extent to those of Families 1–3 (Table 2 and

Supplementary Table 1). Tremor, rigidity, ataxia, abnormal

behaviour, disturbance of consciousness and encephalitic

episode (Subject F5-1) were similar to the sporadic cases

(Table 2 and Supplementary Table 1). In laboratory data,
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serum creatine kinase elevation was only seen in one of six

cases (16.6%). Motor and sensory conduction impairment

was mild but present in half of the patients.

Neuroradiological findings

Families 1 and 2

Among familial NIID cases of Families 1 and 2, head MRI

showed in one case of Family 1 (Subject F1-1), with disease

duration of 37 years, a mild leukoencephalopathy around

the frontal and occipital horn of the lateral ventricle, and

ventricular distention (Supplementary Table 2). DWI was

not evaluated in Subject F1-1. Other NIID cases of Families

1 and 2 with duration of less than 30 years did not show

leukoencephalopathy or ventricular distention. On SPECT

finding, familial NIID Subject F2-2 showed mild decreases

in regional cerebral blood flow (Fig. 4R).

Families 3–6

Head MRI of familial NIID cases in the Families 3–6, showed

obvious leukoencephalopathy in T2 and FLAIR image in all

examined cases (Fig. 4I–P and Supplementary Table 2). DWI

high intensity signal along the corticomedullary junction was

also observed (Fig. 4L and P) in all the cases. The high inten-

sity area of FLAIR image extended as the disease progressed

(Fig. 4I–K). Subject F5-1 showed focal brain oedema on head

MRI simultaneously with the emergence of encephalitic symp-

toms, like some sporadic NIID cases.

FMR1 CGG repeat analysis

Some NIID cases with written consent, in Families 1–5, had

FMR1 analysed, which showed a normal range of the

number of CGG repeats (544 repeats) (Table 2 and

Supplementary Table 3).

Executive function tests

Familial NIID cases presented with a slight decline of

MMSE scores but were above the cut-off score of 24.

While FAB scores were almost equal, or slightly below

the scores of published age-matched averages (Dubois

et al., 2000; Appollonio et al., 2005; Diniz et al., 2007)

(Supplementary Table 2), predominantly in cases with age

of onset over 40 years of age.

Case reports of familial NIID

Subject F3-1

Difficulty in jumping was the first symptom noticed by this

case, at age 39. She deteriorated slowly. Her younger sister

presented with distal dominant muscle weakness and

hyporeflexia. At age 49, she presented with mild muscle

weakness, hypotonia and hyporeflexia diffusely distributed

in all four extremities. Nerve conduction studies showed

slowing of motor nerve conduction velocity. At age 53,

she complained of dysarthria, and head MRI showed a

slight high intensity area around the anterior horn of

the lateral ventricle resembling chronic ischaemic change

(Fig. 4I), and at age 58, the high intensity area of head

MRI extended a little (Fig. 4J). At age 60, 21 years after

disease onset, walking became difficult and the patient

required a wheelchair. At age 64, head MRI showed evi-

dent leukoencephalopathy (Fig. 4K) and DWI high intensity

signal in the corticomedullary junction (Fig. 4L).

Forgetfulness and defect of working memory while cooking

became evident and MMSE was assessed. Decline in the

score (25/30) was observed (Supplementary Table 2). Skin

biopsy showed intranuclear inclusions.

Subject F5-2

Subject F5-2 presented with complaints of forgetfulness, dys-

arthria, gait disturbance and urinary incontinence at age 54.

She sometimes reported dysaesthesia in the face and upper

extremities. Screening head MRI showed leukoencephalopa-

thy and NCV showed sensory-motor polyneuropathy. Her

younger brother presented with irritability and leukoence-

phalopathy, and was diagnosed with NIID by skin biopsy.

At age 59, neurological examination revealed mild dysarth-

ria, hyporeflexia, and a mild disturbance in pain and tem-

perature sensation in the lower extremities. She could not

perform tandem walking nor stand on one leg. FAB score

showed definitive decline (14/18), but MMSE score was

almost normal (28/30) (Supplementary Table 2). Head

MRI showed ventricular distention, leukoencephalopathy in

the T2 image and high intensity signal along the corticome-

dullary junction in DWI (Fig. 4M–P).

Clinical phenotype subgroups with
dementia-dominancy and limb weak-
ness-dominancy

As a consequence of this study, adult-onset NIID cases can

be subgrouped into dementia-dominant and limb weakness-

dominant phenotypes (Fig. 5).

The dementia-dominant NIID group had an onset age

over 40, and in most cases, dementia was the first symptom

and was the reason for consulting a neurologist. Some cases

also presented with mild autonomic dysfunction, such as

bladder dysfunction and miosis, ataxia, tremor and rigidity

(Table 2 and Supplementary Table 1). Most of them did

not complain of weakness and sensory disturbance, but

subclinical neuropathy was detected by neurological exam-

inations and nerve conduction study, we thus suppose that

subclinical neuropathy related to NIID is present.

The limb weakness-dominant group was relatively young

at age of onset, 16 to 39 years, and weakness of the lower

limbs was the first symptom. This group consists of familial

cases with the onset age less than 40 years. As the patients

became older, limb weakness worsened slowly and sensory

disturbances and autonomic dysfunction developed.

Dementia and leukoencephalopathy was relatively mild

and did not present before 20 years of disease duration.

In some cases of this group, dementia did not present

throughout disease duration. However, MMSE and FAB

revealed mild decline of these scores, and sponsiosis of

white matter was observed in autopsied cerebrum specimens

(Fig. 3D). Ataxia, tremor or rigidity was not observed.
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Familial NIID Subject F3-1 is of interest, because this

patient presented with both clinical manifestations of the

weakness-dominant and dementia-dominant phenotypes.

This patient presented with limb weakness at age 39, and

20 years after disease onset, at age 58, presented with de-

mentia and obvious leukoencephalopathy (Fig. 4I–L). This

case is an example that NIID can present with both limb

weakness with polyneuropathy and dementia in one patient

with a variable extent of these dominancy.

Discussion

Diagnosis of adult-onset neuronal
intranuclear inclusion disease

The diagnosis of NIID was made histopathologically by

autopsy in five cases and by skin biopsy in the other

cases. Histopathological features of intranuclear inclusions

of skin biopsy and post-mortem CNS tissue were very simi-

lar. The distribution of ubiquitin-positive intranuclear in-

clusions in all five autopsied cases was almost identical,

observed in both neurons and astrocytes, and widely in

CNS, peripheral nervous systems and somatic cells, includ-

ing the skin. In particular, Subject S-31 was diagnosed as

NIID by skin biopsy ante-mortem and then confirmed by

post-mortem histopathological examination. This case

(Subject S-31) is the first NIID case in which eosinophilic

ubiquitin-positive intranuclear inclusion was confirmed in

both skin biopsy specimen and autopsy examination and

presented with leukoencephalopathy and DWI high inten-

sity signal in the corticomedullary junction. This case again

confirmed the view of diagnostic usefulness and depend-

ability of skin biopsy (Sone et al., 2011, 2014). Based on

these observations, we thought that the presence of charac-

teristic intranuclear inclusions in the biopsied skin could be

used as the major diagnostic criteria for NIID.

The light microscopic features of intranuclear inclusion of

NIID somewhat resemble Marinesco bodies, which are also

stained by eosin, anti-ubiquitin antibody and anti-p62

antibody (Dickson et al., 1990; Kuusisto et al., 2008;

Odagiri et al., 2012; Grigoriev et al., 2015). The electron

microscopic findings of Marinesco bodies, however, show

aggregation of finely granular materials and a filamentous

lattice-like structure (Leestma and Andrews, 1969;

Okamoto and Hirai, 1981), which is different to those of

NIID cases in this study and previous reports (Lindenberg

et al., 1968; Takahashi-Fujigasaki, 2003). We therefore

consider that the nature of Marinesco bodies differs from

intranuclear inclusion of NIID as previously reported

(Janota, 1979; Sung, 1980; Oyer et al., 1991).

The histopathological features of NIID partially resemble

those of FXTAS. Some cases of FXTAS present with

Figure 5 Sporadic and familial NIID and phenotypic subgroup.
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dementia and leukoencephalopathy (Kasuga et al., 2011),

and eosinophilic ubiquitin-positive intranuclear inclusions

are observed in FXTAS in neurons, glial cells and somatic

cells, similar to NIID (Gokden et al., 2009; Hagerman,

2013; Buijsen et al., 2014). There is no literature on the

skin pathological or electron microscopic findings of intra-

nuclear inclusions in FXTAS. Therefore, at present, it is

difficult to distinguish NIID from FXTAS with only the

histopathological findings. Clinical features such as psychi-

atric problems like depression and anxiety, family history

of Fragile X syndrome, and genetic evaluation of FMR1

premutation are important for the differential diagnosis of

NIID and FXTAS. For this reason, we performed gene ana-

lysis for FXTAS, and confirmed that this gene mutation

was not present in our case series.

Clinicopathological continuity among
dementia-dominant and limb weak-
ness-dominant subgroups

Until now, NIID has been described as a heterogeneous

disease entity because of the variety of clinical features

and pathological findings (Munoz-Garcia and Ludwin,

1986; Takahashi-Fujigasaki, 2003) with little information

about adult-onset NIID cases.

In this study, we described adult-onset NIID cases and

divided them into two sub-phenotype groups of dementia-

dominant and limb weakness-dominant, based on the early

phase of clinical phenotypes. We consider, however, that

these two NIID subgroups are not two separate disease

entities, but belong to one large disease entity that presents

with both dementia with leukoencephalopathy, and limb

weakness with polyneuropathy. The clinical manifestations

of both groups overlapped (Fig. 5), and pathological fea-

tures of intranuclear inclusions such as the distribution,

immunoreactivity, frequency, white matter damage in

Klüver-Barrera stain and electron microscopic findings are

identical.

Furthermore, we reported that, in this study, tremor, ri-

gidity and general convulsions were rarely observed in

adult-onset NIID (Table 2), and these manifestations were

frequently reported in infantile and juvenile NIID cases

(Sung et al., 1980; Haltia et al., 1984; Funata et al.,

1990; Sloane et al., 1994; O’Sullivan et al., 2000;

Paviour et al., 2005). Clinical features of infant, juvenile

and adult NIID are different, but some clinical manifest-

ations are common to them. Such a variety of NIID clinical

manifestations depending on disease onset ages may resem-

ble Alexander disease that is a white matter disease caused

by GFAP (glial fibrillary acidic protein) gene mutation and

clinical phenotype is different by onset age (Sawaishi, 2009;

Prust et al., 2011).

We need to identify the genetic background of NIID,

particularly of familial cases, to solve and confirm the clin-

ical entity of NIID. However, in view of the above, we

consider that NIID may be one large disease entity with

the same histopathological background, and subdivided it

into some groups by clinical phenotypes. Based on our re-

sults on adult-onset NIID, it is necessary to study the head

MRI DWI and skin biopsy of infantile and juvenile NIID

cases to extend our understanding of NIID.

Characteristic symptoms and signs in
adult-onset neuronal intranuclear
inclusion disease

Head MRI findings

Head MRI examination detected remarkable leukoencepha-

lopathy and DWI high intensity signal in the corticomedul-

lary junction in the dementia-dominant group. The DWI

high intensity signal is a characteristic finding of NIID pa-

tients (Kitagawa et al., 2014; Sone et al., 2014; Sasaki

et al., 2015; Toyota et al., 2015) and we could not find

such findings in 36 normal controls. In this study, we found

that the DWI high intensity signal extended along the cor-

ticomedullary junction, but did not expand into the deep

white matter, even in the advanced stage. This finding may

be a strong clue to the diagnosis of NIID, and we per-

formed skin biopsy on the NIID-suspected patients with

these DWI high intensity signals.

Subacute encephalitic episode

Nine cases of the dementia-dominant group presented with

a subacute encephalitic episode and some of these cases

presented with focal brain oedema simultaneously with

gadolinium enhancement. However, subacute encephalitic

episodes have not been reported as a NIID symptom.

Martin and Banker (1969) reported a case that resembled

subacute leukoencephalopathy with intranuclear inclusion.

Clinical manifestations and features of intranuclear inclu-

sions of this case were fairly similar to our NIID cases.

Langford (1994) also reported on a patient, age 38, who

presented with headache, progressive weakness, and

two brain lesions with oedema and MRI enhancement.

A brain biopsy sample revealed selective loss of myelin,

reactive astrocytes and glial intranuclear inclusions looking

like those of NIID under electron microscopy (Langford,

1994). The authors of both case reports discussed the simi-

larity of clinical and histopathological features of these

cases to those of NIID. There are, however, no data on

DWI and ubiquitin immunohistochemistry. We con-

sider that these two cases were NIID because of the simi-

larity of intranuclear inclusion and distribution, and thus

such an encephalitic episode is one of the NIID

manifestations.

To treat these encephalitic episodes, steroid pulse therapy

may be effective to some extent to reduce brain oedema

and improve consciousness in the short term. Long-term

efficacy of steroid pulse therapy is unknown because the

number of steroid treated NIID cases is still limited.
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Impaired cognitive function

In neurobehavioural evaluations, FAB scores more obvi-

ously declined than MMSE scores, particularly in the de-

mentia-dominant group. MMSE is useful in the assessment

of cortical function, such as language, and relatively in-

sensitive to the executive dysfunction of white matter de-

mentia (Filley, 2012). FAB has been found to be sensitive to

white matter dysfunction (Kanno et al., 2011). White

matter dementia is distinguished from cortical dementia,

like Alzheimer’s disease, by relative normalcy of language

function and declarative memory encoding while cognitive

speed, executive function, and sustained attention are im-

paired (Filley, 1998; Prins et al., 2005). The FAB score

decline of NIID cases may reflect the white matter

damage, and this pattern of decline is similar to other

neurological diseases with white matter damage, such as

cerebral autosomal dominant arteriopathy with subcortical

infarcts and leukoencephalopathy (CADASIL) and FXTAS

(Filley et al., 1999; Schmahmann et al., 2008; Chabriat

et al., 2009; Kasuga et al., 2011).

Neuronal intranuclear inclusion dis-
ease diagnostic flowchart

As the outcome of this study, we propose the diagnostic

flow chart of adult-onset NIID (Fig. 6). In dementia-

dominant patients, most of the NIID cases present with

leukoencephalopathy and symptoms related to white

matter damage. Therefore, the nature of dementia may be

different from cortical dementia such as Alzheimer’s disease

and subcortical dementia such as Huntington’s disease

(Filley, 2012). Some NIID cases did not present with leu-

koencephalopathy in MRI T2 image in our study, and we

selected the high intensity signal of corticomedullary junc-

tion in the DWI as the strongest and easiest indicator of

NIID, regardless of the nature of dementia. Investigation of

skin biopsy sample is recommended when DWI high signal

of corticomedullary junction is observed.

In case of DWI high negative, the nerve conduction study

should be assessed because over 90% of NIID cases present

with subclinical neuropathy. Among cases without either

DWI high or nerve conduction study abnormal results,

miosis or protein elevation of CSF may suggest NIID, be-

cause over 50% of NIID cases present these findings, and

skin biopsy is worth consideration.

In weakness-dominant patients, nerve conduction must

be studied and motor and/or sensory nerve damage is de-

finitive. Suspect NIID if manifestations of autonomic dys-

function, such as miosis or bladder dysfunction are

observed. In case of severe sensory nerve damage applicable

to sural nerve biopsy, nerve biopsy should be examined,

and other neuropathies, such as Charcot-Marie-Tooth

Figure 6 Proposed flowchart of adult-onset NIID diagnosis. DWI = diffusion-weighted imaging; FAP = familial amyloid polyneuropathy;

NCV = nerve conduction velocity.
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disease and familial amyloid polyneuropathy, must be ruled

out. On the other hand, in case sural nerve biopsy is im-

practicable, proceed to the evaluation of head MRI DWI

image in the dementia-dominant group flow chart and

follow from there.

Skin biopsy and immunohistochemistry procedures are

described previously (Sone et al., 2011). We propose that

the favourable region of skin biopsy for NIID is 10 cm

above lateral malleolus, because of the appropriate density

of sweat glands and adipocytes, to evaluate intranuclear

inclusions of adipocytes, fibroblasts and sweat gland cells

in one biopsy specimen.

In cases with ubiquitin-positive intranuclear inclusions in

adipocytes, fibroblasts and sweat gland cells, we suggest

genetic testing for FMR1 CGG repeat expansion to rule

out FXTAS. Cases without FMR1 CGG premutation are

finally diagnosed NIID ante-mortem.

In this study, dementia and DWI high signal triggered

skin biopsy for most of the NIID cases. However, consider-

ing the systemic-wide distribution of intranuclear inclusion

and neuronal loss in reported NIID cases (Lindenberg et al.,

1968; Patel et al., 1985; Funata et al., 1990; Takahashi-

Fujigasaki, 2003; Woulfe, 2007; Liu et al., 2008), we

should be aware of the possibility of another phenotype

of NIID (neither dementia nor weakness) and accumulate

histopathologically-diagnosed NIID cases to refine the

whole NIID clinical picture.

Conclusion
Here, we report on a large number of adult-onset NIID

cases and describe its clinicopathological picture for the

first time. The morbidity rate of adult-onset NIID may be

larger than previously thought, as many cases may remain

undiagnosed. We must consider NIID as a differential diag-

nosis of leukoencephalopathy and neuropathy, using the

NIID diagnostic flowchart to gather adult-onset NIID

cases and promote research to identify a causative gene.
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