tomography revealed muscle atrophy in the bilat-
eral lower legs (Fig. 1B). Sural nerve biopsy
revealed a moderate decrease in myelinated fiber
density, predominantly large myelinated fibers
(3410 fibers/ 1111112), axonal atrophy, and redundant
myelin loops (Fig. 1C). We did not detect vasculitis
or infiltration of inflammatory cells, or amyloid
deposition in the endoneurium, which would have
been be revealed by Congo red staining. The fre-
quency of segmental demyelination and tomacula
in teased-fiber preparations was 12.5% and 10.8%,
respectively (Fig. 1D). Widely spaced myelin
(WSM) was detected by electron microscopy, and
the frequency of one in the myelinated fibers was
17.2% (Fig. 1E). Indirect immunofluorescence for
human IgM antibody was positive on myelinated
fibers (Fig. 1F).

Based on the laboratory, electrophysiological,
and pathological findings, we diagnosed our patient
with anti-MAG neuropathy. He was treated with in-
travenous immunoglobulin (IVIg) therapy and
showed clinical improvement. Although he could
not remain standing without support prior to IVIg
therapy, he was able to walk with a cane thereafter.

DISCUSSION
In this case report we have presented a patient with
anti-MAG neuropathy that manifested predominant
muscle weakness and extensive muscle atrophy of
the lower legs, which is a rare form in this neuropa-
"thy. Although muscle weakness is often observed in
the distal portion of the lower limbs in patients
with anti-MAG neuropathy, it rarely overshadows
the sensory features and gait disturbance usually
dependent on the sensory ataxia.®®!? Sensorimotor
neuropathy with severe weakness in the presence of
IgM MGUS was described by Ellie et al.” However,
all of their patients had severe sensory ataxia and a
high ataxic score in addition to muscle weakness,
whereas the impairment of deep sensation in our
case was mild. Predominant motor symptoms may
characterize the features of CMT, chronic inflam-
matory  demyelinating  polyradiculoneuropathy
(CIDP), and lumbosacral plexopathy. The charac-
teristic features of nerve conduction studies in anti-
MAG neuropathy include marked prolongation of
distal motor latencies disproportionate to proximal
segment conduction velocities, indicating predomi-
nantly distal demyelination in contrast to CIDP and
CMT."” In addition, muscle atrophy was observed
in the distal, but not proximal, portion of the lower
extremities, and painful symptoms were also not
reported. These findings are atypical in lumbosac-
ral plexopathy.'* Pathological findings further sup-
port the view that the pathogenesis of neuropathy

Short Reports

in this patient was due to IgM monoclonal gamm-
opathy for the antibody against MAG/SGPG.
Previous reports have revealed that the IgM
from patients with neuropathy associated with IgM
monoclonal gammopathy could recognize a shared
epitope between MAG and glycoconjugates such as
SGPG.'!® Crossreactivity between anti-MAG anti-
body with HNK-1 epitope and other glycoconju-
gates may be responsible for wide immunoreactivity
and may be the reason for the differing clinical
manifestations. Predominant motor symptoms and
muscle atrophy can be one of the clinical manifes-
tations of anti-MAG neuropathy. Consequently,
careful differential diagnosis is necessary for
patients with predominant motor neuropathy, espe-
cially those with IgM monoclonal gammopathy.
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1. Introduction

The organic solvent n-hexane is a well-described causal agent in

polyneuropathy. Although most cases of n-hexane polyneuropathy
result from industrial exposure to glues containing the chemical,

some are caused by addictive inhalation. In abuse cases, neuro-.

logical manifestations are generally severe because of the high
intensity of exposure.

n-Hexane polyneuropathy has two characteristic electrophysi- '

ological features: conduction block and conduction slowing. Nerve
biopsy specimens show primarily axonal swelling as well as sec-
ondary paranodal myelin retraction and myelin thinning, which
may underlie the electrophysiological features [1]. In contrast to
toluene toxicity, the damage caused by n-hexane has been con-
sidered to be mostly restricted to peripheral nerves [2]. Although
many cases of peripheral neuropathy due to n-hexane toxicity have
been reported, central nervous system (CNS) involvement has not

been fully described in humans, although it has been observed in -

animal models [3]. A previous electrophysiological study suggested
the presence of CNS lesions by evoked potential abnormalities [4].

* Corresponding author. Tel.: +81 52 744 2385; fax: +81 52 744 2384.
E-mail address: sobueg@med.nagoya-u.ac.jp (G. Sobue).

0303-8467/3 - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.clineuro.2011.01.008

~In the present report, we describe a patient with n-hexane
polyneuropathy with CNS lesions using magnetic resonance imag-

ing (MRI) and proton magnetic resonance spectroscopy (1H MRS).

2. Casereport

A 51-year-old woman complained of difficulty rising up from a
seated position and climbing stairs for six months prior to admis-
sion to our hospital. Her symptoms gradually worsened until she
could not rise up at all for the month before admission. She had
no past or family history of neurological disorders. A neurologi-
cal examination disclosed no impairment of consciousness. Cranial
nerves were normal. Severe bilateral muscle weakness was present.

.Her grip power was almost zero in both hands. Although touch,

pain, and temperature sensations were nearly normal objectively,

- she felt discomfort described as “walking on sand” on the soles

of her feet. Vibration sensations in her lower legs were moder-
ately decreased. Deep tendon reflexes were absent in the upper
and lower extremities. Plantar responses were flexor on both
sides.

All routine hematological, serological and biochemical exam-
inations were normal. Cerebrospinal fluid examination revealed
no abnormalities in cell count or protein level, including myelin
basicprotein and oligoclonal band. A nerve conduction study (NCS)
revealed conduction slowing with conduction block in both motor
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Fig. 1. Sural nerve specimen, head MRI, and proton MR spectroscopy. (A) Light micrograph of transverse section of a sural nerve biopsy specimen showing swollen axons
with no or extremely thin myelin (arrow). (B) Electron micrograph showing a giant axon with extremely thin myelin caused by accumulating neurofilaments (arrow). (C)
Head T2-weighted MRI image showing a high intensity area of white matter around the cornua of the lateral ventricle. The open white square denotes the region of interest
for proton magnetic resonance spectroscopy (*H MRS). (D) 'H MRS showing an abnormal lactate peak (arrow). Although the high intensity area of white matter remained at
about the same level (E), the abnormal lactate peak returned to normal in the 'H MRS (F).
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and sensory nerves. The compound muscle potential (CMAP), the
distal latency (DL), and the motor conduction velocity ( MCV) on
tibial nerve were 0.6mV, 10ms, and 25m/s, respectively. Sural
nerve response could not be elicited. Electromyograms of left tib-
ialis anterior muscle revealed many polyphasic and long duration
waveforms. No abnormalities were detected in cervical, thoracic,
and lumbar MRI scans.

A nerve biopsy was performed on the left sural nerve. A trans-
verse section of the specimen showed conspicuously swollen
axons (Fig. 1A). Although a light microscopic examination did not
show any myelin on these swollen axons, electron micrographs
revealed an extremely thin myelin layer (Fig. 1B). In addition, a
marked accumulation of neurofilaments was observed in the axons.
Teased fibers also showed axonal swelling with demyelination or
extremely thin myelin. Based on these clinical, electrophysiolog-
ical, and nerve pathological findings, we suspected the patient as
having n-hexane polyneuropathy.

A careful interview with the patient revealed that she bought
large amounts of stain remover that contained n-hexaneandits iso-
mer (n-hexane 62%, isohexane 25%, metylcyclopentane 13%, others
<1%). She had inhaled the solvent addictively for numerous years.
She used no other organic solvents. The result of gas chromato-
graph/mass spectrometry (GC/MS) showed no detectable level of
toluene or ethylbenzene.

The patient then underwent cranial MRI and single-voxel 'H
MRS on a 1.5-T system (General Electric Signa Infinity HiSpeed
SR77, Block Imaging International, Lansing, MI, USA), equipped
with a circularly polarized head coil. The MRI protocol included
sagittal T1-weighted fluid attenuated inversion recovery (FLAIR;
TR, 10,000 ms; TI, 560 ms; TE, 85ms) and axial T2-weighted fast
spin echo (FSE; TR, 4250 ms; TE, 190ms; ETL, 24 ms) images. Slice
thickness was 4 mm, field of view was 24 cm x 24 cm, and matrix
size was 320 x 256. 'H MR spectroscopy provided spectra peak
areas at 2.0, 3.0, and 3.2 ppm, corresponding to n-acetylaspartate
(NAA), creatine (Cr), and choline (Cho). The NAA/Cr, NAA/Cho, and
Cho/Cr ratios were analyzed using SAGE (GE Medical Systems,
Waukesha, WI, USA). Brain MRI T2-weighted images revealed a
high intensity area of white matter around the cornua of the lateral
ventricle (Fig. 1C). 'H MRS demonstrated a significant increase in
the lactate peak (Fig. 1D). In a brainstem auditory evoked poten-
tial (BAEP) study, absolute latencies of I, III, and V were 1.66 ms,
4.16ms, and 6.36ms, respectively (normal values [meanz+ SD]:
1.7+0.15, 3.9+0.19, and 5.7+ 0.25, respectively). Thus, the I-III,
-V, and |-V interpeak latencies were 2.50ms, 2.20ms, and
4.70ms, respectively (normal values: 2.1+0.15, 1.9+£0.18, and
4.0£0.23, respectively). In a visual evoked potentials (VEPs) study,
right and left P100 latency were also prolonged to 122 ms and
117 ms, respectively (normal values: 102.345.1). Central nervous
conduction times calculated by these results were mildly pro-
longed.

With no treatment, the patient’s muscle strength gradually
improved after admission. One month later, she could rise up by
herself and her grip power recovered to 5-10kg W. Although the
discomfort in her soles continued to worsen for two mare months,
it began to improve thereafter. Six months later, the deep tendon
reflexes in her lower extremities returned to the normal range. The
NCS findings also gradually recovered. CMAP, DL, and MCV on tib-
ial nerve of 10 months after cessation of inhalation were 6.6mV,
5.0ms, and 35m/s, respectively. The sensory nerve action poten-
tialand the sensory conduction velocity of sural nerve were 10.1 wv
and 44 m/s, respectively. Although the high intensity area of white
matter seen in the brain MRI T2-weighted images remained at
about the same level six months later (Fig. 1E), the abnormal lactate
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peak returned to almost normal in the 'H MRS during the clinical
discovery (Fig. 1F). :

3. Discussion

In this report, we described a patient with a CNS lesion prob-
ably due to n-hexane polyneuropathy. The axonal swelling seen
in the sural nerve biopsy specimen, the characteristic nerve con-
duction studies showing both conduction block and conduction
slowing, and the improvement of symptoms upon cessation of
inhalation, all point to addictive inhalation of n-hexane as the cause
of this patient’s polyneuropathy. The CNS lesion demonstrated by
TH MRS also showed clear improvement after n-hexane inhalation
was stopped. The use of other organic solvents such as toluene,
which can induce CNS lesions, was ruled out based on the GC/MS
results. 4

The most striking aspect of this case was the CNS involvement.
The cerebral MRI T2-weighted images showed an abnormally high-
intensity area around the lateral ventricle. In addition, 'H MRS
revealed abnormal, but reversible, lactate peaks. Multiple sclero-
sis and age-related factors should be considered in the differential
diagnosis. However, the patient did not showan elevation of myelin
basic protein or oligoclonal band in the cerebrospinal fluid or inany
MRIfindings inthe spinal cord. In addition, anincrease in the Cho/Cr
ratio or the presence of a lactate peak has not been reported to occur
in the white matter of the ageing brain. For these reasons, we con-
clude thatthe observed CNS changes were due to n-hexane. The fact
that six months after ceasing n-hexane inhalation, the abnormal
lactate peaks disappeared strongly supports this conclusion.

Several other reports have suggested CNS effects due to n-
hexane inhalation. Oge et al. described a central nerve conduction
delay using the electrophysiological method of transcranial mag-
netic stimulation [5]. Moreover, studies using patterned visual
evoked potential (pVEP), brainstem auditory evoked potential
(BAEP), and somatosensory evoked potential (SEP) have suggested
subclinical central nerve involvement in n-hexane neuropathy [2].
They concluded that there were chronic neurotoxic effects of n-
hexane onthe CNS, including the cerebrum, the brainstem, and the
spinal cord. In addition, Spencer et al. demonstrated a pathologi-
cal change in the CNS in experimental animals [3]. They reported
that light microscopic observation of CNS tissue obtained from rats
and cats revealed abnormally large fibers with swollen axons and
myelin sheaths inappropriately thin for their diameter. If similar
pathological change occurred in the CNS of our patient, the CNS
findings demonstrated by MRI or MR spectroscopy we obtained
were explainable.

The present case study represents a new line of evidence of CNS
involvement in n-hexane polyneuropathy.
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Skin blopsy is useful for the antemortem

diagnosis of neuronal intranuclear

inclusion disease
-~

ABSTRACT

Background: Neuronal intranuclear inclusion disease (NIID) is a progressive neurodegenerative
disease characterized by eosinophilic hyaline intranuclear inclusions in neuronal and somatic
cells. Because of the variety of clinical manifestations, antemortem diagnosis of NIID is difficult.

Methods: Seven skin biopsy samples from patients with familial NIID were evaluated histochemi-
cally, and the results were compared with those of skin samples from normal control subjects and
from patients with other neurologic diseases. We also examined skin biopsy samples from pa-
tients with NIID by electron microscopy.

Results: In NIID skin biopsy samples, intranuclear inclusions were observed in adipocytes, fibro-
blasts, and sweat gland cells. These inclusions were stained with both anti-ubiquitin and anti-
SUMO1 antibodies. Electron microscopy revealed that the features of the intranuclear inclusions in
adipocytes, fibroblasts, and sweat gland cells were identical to those of neuronal cells. Approximately
10% of adipocytes showed intranuclear inclusions. No intranuclear inclusions were identified in the
skin samples from normal control subjects and patients with other neurologic diseases.

Conclusions: Skin biopsy is an effective and less invasive antemortem diagnostic tool for NIID.
Neurology® 2011;76:1372-1376

GLOSSARY

ALS = amyotrophic lateral sclerosis; CMT = Charcot-Marie-Tooth; DAPI = 4’ 6-diamidino-2-phenyindole di-lactate;
DRPLA = dentatorubral pallidoluysian  atrophy; FAP = familial amyloid polyneuropathy; HD = Huntington disease; H&E =
hematoxylin & eosin; MSA = multiple system atrophy; NIID = neuronal intranuclear inclusion disease; PD = Parkinson dis-
ease; PSP = progressive supranuclear palsy; SBMA = spinal and bulbar muscular atrophy; SCA3 = spinocerebellar ataxia 3.

Neuronal intranuclear inclusion disease (NIID), also known as neuronal intranuclear hyaline
inclusion disease, is a progressive neurodegenerative disease characterized by eosinophilic hya-
line intranuclear inclusions in neuronal and visceral organ cells.!4 Clinical manifestations of
NIID are highly variable and can include pyramidal and extrapyramidal symptoms, cerebellar
ataxia, dementia, convulsion, neuropathy, and autonomic dysfunction.!® Both sporadic and
familial cases have been reported, and the onset of disease varies from infantile stages to late
middle age.!* The antemortem diagnosis of NIID is difficult, and most of the reported cases of
NIID are diagnosed by postmortem histopathologic examination. Some reports have described
antemortem diagnosis of NIID by rectal biopsy>¢ and sural nerve biopsy.2 However, rectal
biopsy has a risk of perforation,” and sural nerve biopsy is applicable only in patients with
sensory disturbance.? To avoid the difficulty of antemortem diagnosis of NIID by rectal or
sural nerve biopsy, we investigated skin biopsy samples from patients with familial NIID and
compared the findings with those of samples from normal control subjects and from patients
with other neurodegenerative diseases. Our results suggest that skin biopsy is a useful and safe
tool for the antemortem diagnosis of NIID.

e-Pub ahead of print on March 16, 2011, at wwow. n(uralog.arg.
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METHODS Subjects. Skin tissue samples were collected from
autopsy samples, and skin biopsy samples were collected from pa-
tients at Nagoya University Hospital and from normal volunteers.
Overall, skin biopsy samples from 7 patients with familial NIID
from 2 pedigrees, as we reported previously;? were analyzed. Patients
with sporadic NIID were not included. For other neurodegenera-
tive diseases, 3 biopsy samples from patients with Charcot-Marie-
Tooth (CMT) disease with PMP22 duplication, 2 autopsy samples
and one biopsy sample from patients with familial amyloid polyneu-
ropathy (FAP), one biopsy sample from a patient with genetically
diagnosed Huntington disease (HD), 3 biopsy samples from pa-
tients with spinocerebellar ataxia 3 (SCA3), 3 biopsy samples from
patients with dentarorubral pallidoluysian atrophy (DRPLA), 2 au-
topsy samples and one biopsy sample from patients with spinal and
bulbar muscular atrophy (SBMA), 3 autopsy samples from patients
with sporadic amyotrophic lateral sclerosis (ALS), 2 autopsy samples
and one biopsy sample from patients with Parkinson disease (PD),
one autopsy sample and 2 biopsy samples from patients with multi-
ple system atrophy (MSA), 2 autopsy samples and one biopsy sam-
ple from patients with progressive supranuclear palsy (PSP), and 8
samples from normal volunteers were analyzed. All the patients with
CMT, FAP, SCA3, DRPLA, and SBMA were assessed genetically.

Standard protocol approvals, registrations, and patient
consent. The study was performed with approved protocols
and informed consent in accordance with the institutional re-
view board-of Nagoya-University-School-of Mediciner Written—
informed consent was obtained from all patients and normal

volunteers.

Skin biopsy, immunohistochemistry, and electron mi-
croscopic study. After local anesthesia, a 3-mm-diameter
punch biopsy specimen was obtained at 10 cm above the lateral
malleolus. All samples were fixed in 10% formalin. Sections of
all samples (4 wm) were stained by hematoxylin & eosin (H&E),
and immunohistochemical analysis was performed using a Ven-
tana DISCOVERY system (Ventana Medical Systems, Tucson,
AZ). Sections were incubated with anti-ubiquitin antibody
(Z20458; DAKO, Glostrup, Denmark) and ant-SUMO! anti-
body (sc-5308; Santa Cruz Biotechnology, Santa Cruz, CA) us-

ing the Ventana DAB Map kit. For immunofluorescence —

staining, sections were blocked with 4% goat serum and incu-
bated in anti-ubiquitin antibody (P4D1; Santa Cruz Biotechnol-
ogy). Bound anti-ubiquitin antibody was visualized using
antimouse goat immunoglobulin G coupled with Alexa Fluor
488 (Molecular Probes, Eugene, OR). Nuclei were stained with
1.5 pg/mL 4',6-diamidino-2-phenyindole di-lactate (DAPI).
Samples for electron microscopy were fixed in glutaraldehyde in
cacodylate buffer and embedded in epoxy resin.?

RESULTS We performed more than 30 skin biop-
sies with no adverse reaction or accident. H&E-
stained sections from patients with NIID demonstrated
eosinophilic intranuclear inclusions in adipocytes, fi-
broblasts, and sweat gland cells in the dermis (figure
1, A-C). The nuclei of these cells were strongly
stained basophilic, which made it difficult to observe
inclusions in such small, dark-stained nuclei (figure
1, A-Q). In anti-ubiquitin-stained sections using
the DAB technique (figure 1, D-F), intranuclear
inclusions were identified easily in all 7 NIID sam-
ples. However, erythrocytes and some secreted
materials from the sweat glands were strongly
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stained with the anti-ubiquitin antibody, which
made it difficult to distinguish these materials
from intranuclear inclusions.

By examination using electron microscopy, in-
tranuclear inclusions in adipocytes, fibroblasts, and
sweat gland cells showed common features (figure 1,
G-L). These inclusions were composed of filamen-
tous material and showed no limiting membrane.
The nuclei of adipocytes were observed as entirely
electron dense, but we were able to identify inclu-
sions in'the nuclei of adipocytes (figure 1, G and J).
The nuclei of fibroblasts were less electron dense
than those of adipocytes, and inclusions were recog-
nized easily as electron-dense spherical bodies and
filaments arranged in turbinate fashion (figure 1, H
and K). In the sweat gland cells, intranuclear inclu-
sions were observed as electron light material in the
nucleus (figure 1, I and L).

We also examined anti-SUMO1 antibody immu-
noreactivity. SUMO1 is a small ubiquitin-like modi-
fier protein that covalently conjugates to various
intracellular target proteins to alter their cellular dis-
tribution, function, and metabolism. Neuronal in-
tranuclear inclusions of patients with NIID are
immunoreactive for SUMOI1.? Intranuclear inclu-
sions in the dermal cells showed anti-SUMO1 im-
munoreactivity (figure 1, M—-O), similar to results
previously reported for NIID neuronal cells.»?

These features of inclusions are identical to those
of neuronal inclusions in patients with NIID (figure

1,P-T)2

Frequency of intranuclear inclusions. We investigated
the frequency of intranuclear inclusions in adi-
pocytes, fibroblasts, and sweat gland cells using anti-
ubiquitin antibody and DAPI for the purpose of
distinguishing intranuclear inclusions from other
ubiquitin-positive materials. Intranuclear inclusions
were recognized readily as ubiquitin-positive inclu-
sions within DAPI-positive nuclei under merge view
(figure 2A). The frequency of intranuclear inclusion—
positive adipocytes in NIID skin samples was ap-
proximately 10%, which represented the highest
frequency among the 3 cell types (table).

Immunofluorescence examination in NIID and a wide
range of neurodegenerative diseases. T'o examine the
specificity of skin biopsy for the diagnosis of NIID,
we investigated adipocytes in sections of skin samples
from patients with NIID and other neurodegenera-
tive diseases that were double-stained with anti-
ubiquitin antibody and DAPI (figure 2, A and B).
Intranuclear inclusions were not observed in normal
control samples (figure 2C). No inclusions were ob-
served in adipocytes from patients with CMT disease
and FAP, who show clinical symptoms similar to
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[ Figure1 Histopathologic features of neuronal intranuclear inclusion disease (NIID) cells ]

r

(A-C) Hematoxylin & eosin (H&E) stain of adipocytes (A), fibroblasts (B), and sweat gland cells (C). (D-F) Immunostained samples of adipocytes (D), fibro-
blasts (E), and sweat gland cells (F) with anti-ubiquitin antibody using the DAB technique. (G-L) Electron microscopic images of adipocytes (G, J), fibroblasts
(H, K), and sweat gland cells (I, L). {(G-I) Lower magnification view of intranuclear inclusion (arrow). (J-L) Higher magnification view of each intranuclear
inclusion. (M-0) Immunostaining with anti-SUMO1 antibody using the DAB technique of adipocytes (M), fibroblasts (N), and sweat gland cells (). (P-T)
Histopathologic features of intranuclear inclusion of neuronal cells of patients with NIID2 H&E stain of sympathetic ganglion neuron (P); immunostaining
with anti-ubiquitin antibody of dorsal root ganglion neuron (Q); electron microscopic images of astrocyte of anterior horn in lower magnification (R) and
higher magnification (S); and immunostaining with anti-SUMO1 antibody of sympathetic ganglion neuron (T). (A-F, M-Q, T) Scale bar = 10 um. (G-1,R) Scale
bar = 2.0 um. (J-L, S) Scale bar = 500 nm.

vealed intranuclear inclusions more distinctly than

those of patients with NIID? (figure 2, D and E), or
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in patients with triplet-repeat diseases (HD, SCA3,
DRPLA, and SBMA), ALS, PD, MSA, or PSP (fig-
ure 2, F-M). No intranuclear inclusions were ob-
served in fibroblasts and sweat gland cells from
normal control subjects and from patients with other
neurologic diseases (data not shown).

DISCUSSION In H&E-stained sections from pa-
tients with familial NIID, we observed intranuclear
inclusions in adipocytes, fibroblasts, and sweat gland
cells, but difficulty in observing the inclusions was
encountered because of the size and density of the
nuclei. Immunohistochemical analysis using anti-

ubiquitin antibody with a DAB-based technique re-
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H&E staining. These results suggest that double flu-
orescence staining with anti-ubiquitin antibody and
DAPI is a more reliable method to detect intranu-
clear inclusions in skin samples from patients with
NIID, and we recommend this method for the diag-
nosis of NIID.

Intranuclear inclusions detected in adipocytes, fi-
broblasts, and sweat gland cells in skin samples were
visible in H&E-stained sections, were positive for
anti-ubiquitin antibody and anti-SUMO1 antibody,
and showed filamentous materials and no limiting
membrane. These features of inclusions are identical

to those reported for NIID inclusions in neuronal
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Figure 2 Immunofluorescence examination of skin samples from patients with neuronal intranuclear
inclusion disease (NIID) and other neurodegenerative diseases

A
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. .
(A) Double immunofluorescence staining with anti-ubiquitin antibody and 4' 6-diamidino-2-phenyindole di-lactate (DAPI) in
NIID skin samples from family 1.2 Intranuclear inclusions were stained with anti-ubiquitin antibody (green) and these inclu-
sions are included in the DAPI-positive nuclei in the merged view. Scale bar = 10 um. (B-M) Double fluorescence staining for
adipocytes in dermis with anti-ubiquitin antibody and DAPI in NIID family lI2 (B), normal control {C), Charcot-Marie-Tooth
disease (D), familial amyloid polyneuropathy (E), Huntington disease (F), spinocerebellar ataxia 3 (G), dentatorubral pallidol-

uysian atrophy (H), spinal and bulbar muscular atrophy (l), amyotrophic lateral sclerosis (J), Parkinson disease (K), multiple
system atrophy (L), and progressive supranuclear palsy (M). Scale bars = 10 ym.
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Table Frequency of intranuclear inclusions in adipocytes, fibroblasts, and sweat gland cells in patients
with NIID>
: Adipocytes Fibroblasts Sﬁeatgland cells
. No.of Naof  %lnclusion+ No.of No.of  %lnclusion+ No.of No.of  %lnclusion +

Patients nuclei’ inclusions nuclei - nuclei inclusions nuclei nuclei inclusions nuclei

1 204 - 15 7.4 493 33 6.7 366 13 3.6
2 188 19 101 381 18 46 195 11 56

é " 4-4 15.9 ‘ 215 30 14 111 8 7.2

4 38 ‘132 ase 29 64 200 12 41

5 59 119 ‘ 287 22 » ’ 7.7 318 14 4.4

6 103 @ 87 az7 a7 8.7 st 6 66

-7 ‘ ‘ 12 ) >8.7 397 . 40' V 101 243 ' 29
’ .Average ssh ' 10830 T 8331 49:16

Abbreviations: DAP| =

4',6-diamidino-2-phenyindole di-lactate; NIID = neuronal intranuclear inclusion disease.

8 All patients had familial NIID and were from 2NIID families that we reported previously.2 The number of nuclei of each cell
type was counted as DAPI-positive nuclei under double immunoflucrescence staining. The number of intranuclear inclu-
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sions was counted in 2 merged view of ubiquitin immuno_fluorescence and DAPI staining {figure 2A).

cells (figure 1).149 We suggest that the intranuclear
inclusions in dermal cells have a pathologic back-
ground similar to that of neuronal cells and are useful
for NIID diagnosis. Furthermore, because no in-
tranuclear inclusions were observed in dermal cells
from normal control samples and other neurodegen-
erative disease skin samples, skin biopsy is a powerful
tool for the differential diagnosis of NIID from other
neurologic diseases.

The examination of a few slides of double-
immunostained skin samples may be sufficient for
the diagnosis of NIID because the frequency of in-
tranuclear inclusions in adipocytes was approxi-
mately 10%. Skin biopsy is an accepted and
established technique.® It requirés only local anes-
thesia and is safer and easier and presents less stress to
patients than rectal biopsy or sural nerve biopsy.
Taken together, our results suggest that skin biopsy is
an acceptable and less invasive tool for the antemor-
tem diagnosis of NIID.
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* A nationwide survey on actual conditions in patients with Charcot Maie-Tooth disease: a preliminary

report.
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* Brachial plexus neurolymphomatosis: A case report.
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Charcot-Marie-Tooth# (LA, CMTERE) 2,
ROBEF(MR) Y ¥ > _VF M EIRITR
5 TEREVHERBOERL L T 2880
BE) - BE=2—-0/NF—T&5. Hereditary
motor and sensory neuropathy (HMSN) % |3 F[F]
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* Genetic diagnosis in Charcot-Marie-Tooth disease.

** Hiroshi TAKASHIMA, M.D., Ph.D.: BLR B kS K2 E 4 A F 5kl miE s FREWENR - BEREHT
(2890-8520 BE)EBIRFEEETTH » £8-351) ; Department of N eurology and Geriatrics, Kagoshima University
Graduate School of Medical and Dental Sciences, Kagoshima 890-8520, Japan.
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17p12 duplication 79
GJB1 mutation (CX32) 11
MPZ mutation 5
PMP22 mutation 5
EGR2 mutation 1
PRX mutation 1
MTMR2 mutation 0
NEFL mutation 1
No mutation 50
/153 A\ eh*

. 065% 51 ; 2002. **Hattori, Yamamoto, et al.
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3.3%  /205f5dh BRI & D F  +*
0.65% AER1F) 2156451
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0%

*Boerkoel, Takashima, et al, Ann Neurol
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