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LETTER

Presence of colocalised
phosphorylated TDP-43 and
TFG proteins in the
frontotemporal lobes

of HMSN-P

INTRODUCTION

Hereditary motor and sensory neuropathy
with proximal dominance (HMSN-P) was
originally reported in the Okinawa' and
Shiga® prefectures of Japan. Some families
carrying the disease immigrated abroad to
countries such as Brazil.” The causative
gene has been identified as the TRK-
fused gene (TFG)." TFG is localised to the
endoplasmic reticulum exit sites and plays
an important role in protein secretion.’
HMSN-P is inherited in an autosomal
dominant manner. Its symptoms include
weakness and atrophy of the limb, which
start from the proximal muscles. Muscle
atrophy expands to the tongue and respira-
tory muscles, and patients develop bulbar
palsy and respiratory failure. Additionally,
they do not usually develop pyramidal
tract signs, and sensory symptoms are
minimal. The natural course lasts approx-
imately 20 years or longer. There is only
one single case report in which immuno-
histochemistry using anti-TFG antibody
was performed.* According to that report,
cytoplasmic inclusion containing TFG
was found in neurons of the precentral
gyrus, spinal anterior horn and dorsal root
ganglion (DRG). We present the case of a
patient with HMSN-P who died of respira-
tory failure within 4 years after onset. Part
of his clinical course has been described
previously.” We herein report the findings
of his pathological examination.

CASE REPORT

A 38-year-old man presented with weak-
ness in his left upper limbs. He worked
as a course maintainer in a golf field. His
mother, who had the same symptoms,
developed to respiratory failure and died
in her 40s. His maternal uncle also had the
same disease. He was case V-4 of Family 2
described in Ishiura et al’s report.” Patients
with HMSN-P in his family, including him,
had a heterozygous missense mutation,
c.854C>T (p.Pro285Leu), in TFG. His
external ocular movement was normal.
There was neither facial weakness nor
bulbar palsy. The strength of his deltoid
muscle was decreased to 5/4 (right/left)
and his left deltoid muscle had atrophied.

Moreover, fasciculation was observed in
his major pectoris muscle, and the muscle
strength of his lower limbs was normal.
The tactile and temperature sensations
were normal, but vibration sensation
in his ankles was decreased. The deep
tendon reflex was generally depressed.
No pathological reflex was evoked. In the
nerve conduction study at the first visit,
the sensory nerve action potentials had
decreased amplitude; however, the motor
conduction was normal. Within 3 years,
he became incapable of moving his arms.
Fourteen weeks after that, he complained
of dyspnoea during conversation. Arterial
gas analysis revealed remarkable elevation
of carbon dioxide. He refused intubation
and artificial ventilation and died at the
age of 42 years. Since he did not develop
dementia, brain MRI or neuropsycho-
logical examination was not performed.
His wife signed informed consent for the
autopsy.

NEUROPATHOLOGY

Autopsy was performed 5.5 hours after
his death. The whole brain weight was
1350 g. Macroscopically, no obvious
atrophy was observed in the cerebrum and
cerebellum. However, the brainstem and
spinal cord was slightly and severely atro-
phied, respectively. The posterior columns
(figure 1A) were pale on Kliiver-Barrera
(KB) staining. Conversely, the pyramidal
tract including the posterior limbs of the
internal capsules and the lateral funiculus
(figure 1A) were normal on KB staining.
We performed immunohistochemistry
of neurofilament and CDé68 using the
spinal cord. The staining pattern of
neurofilament was similar to that of KB
staining. The posterior columns were
heavily damaged. However, aggregates
of macrophages positive for CD68 were
focally detected in corticospinal tracts
as well as the posterior columns. It was
suggested that the damage of the axon and
myelin sheath was not rapid but gradually
occurred. Bunina bodies were not found
and neuronal loss was obvious in the ante-
rior horns at all levels of the spinal cord.
Group atrophy was found in the iliopsoas
muscle (figure 1B), suggesting neuropathic
change.

Immunohistochemistry was performed
using the anti-phosphorylated TAR DNA-
binding protein of the 43 kDa (pTDP-43)
antibody (Ab) and/or the anti-TFG Ab as
described previously.* Surviving neurons in
the hypoglossal nucleus (figure 1C), ante-
rior horn of the spinal cord (figure 1D)
and the sensory neurons in the DRG
(figure 1E) had TFG-immunopositive

Figure 1 Neuropathological features. (A)
Severe myelin pallor of the posterior columns of
the cervical cord (KB staining). (B) Remarkable
group atrophy of the iliopsoas muscle (H&E
staining). (C—I) Immunohistochemistry using anti-
TFG antibody coloured by DAB: (C) hypoglossal
nucleus; (D) anterior horn of the thoracic

spinal cord; (E) DRG; (F) precentral gyrus; (G)
postcentral gyrus; (H) middle frontal gyrus; and (1)
hippocampus. Aggregated pattern (cytoplasmic
inclusions (C—G) and granular pattern (H, 1) were
observed. ()J-M) Double immunohistochemistry
using anti-TFG (green) and anti-phosphorylated
TDP-43 (red), nuclear staining by DAPI (blue)
and merged images (J-M-4). (J) Inferior olivary
nucleus; (K) DRG; (L) middle frontal gyrus; (M)
hippocampus. Scale bars=500 pym (B); 100

pm (C—I, L, M); 50 um (J); 200 pm (K). DAB,
3,3’-diaminobenzidine; DAPI, (4’,6-diamidino-
2-phenylindole); DRG, dorsal root ganglion; KB,
Kliver-Barrera; TFG, TRK-fused gene.

cytoplasmic inclusions. In the cerebrum,
a small number of neurons (figure 1F) in
the precentral gyrus were immunopositive
for anti-TFG Ab. Interestingly, aggregated
TFG was also discovered in the postcen-
tral gyrus (figure 1G). Cytoplasmic gran-
ular staining was found in the middle
frontal gyrus (figure 1H) and the hippo-
campus (figure 11). Colocalisation of TFG
(figure 1J-2, K-2, L-2 and M-2) and
pTDP-43 (figure 1J-3, K-3, L-3, and M-3)
was examined by confocal microscopy
using fluorescence Abs. pTDP-43 and TFG
were clearly colocalised in the cytoplasm
of some neurons in the inferior olivary
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nucleus (figure 1J-4), DRG (figure 1K-4),
middle frontal gyrus (figure 1L-4), and
hippocampus (figure 1M-4). TFG and
pTDP-43 inclusions were also found in
small oligodendrocytes as well as neurons.
Neurons in the substantia nigra and oculo-
motor nucleus were positive for TFG, but
negative for pTDP-43 (data not shown).
We also performed immunohistochem-
istry of muscles (tongue and iliopsoas
muscles) using the same antibodies for
pTDP-43 and TFG; however, no positive
staining was obtained by these antibodies
(data not shown).

DISCUSSION

The pathological approach to HMSN-P
after identification of its causative gene
is limited to only one patient as reported
by Ishiura et al.* Cytoplasmic aggregation
of TFG was shown in the upper motor
neurons in the precentral gyrus, the lower
motor neurons in the brainstem and the
anterior horn of the spinal cord and the
sensory neurons in the DRG. TFG was
colocalised with pTDP-43. The previously
mentioned report® clarified the possible
overlapping pathogenesis of neurodegen-
eration to that of amyotrophic lateral scle-
rosis (ALS). Actually, the fact of neuronal
loss in the anterior horn of the spinal
cord and DRG suggests that HMSN-P is a
neuronopathy, not a neuropathy. In addi-
tion, mild loss of Betz cells and gliosis in
the precentral gyrus with degeneration of
the corticospinal tract were observed in a
patient with HMSN-P° Together with the
clinical course of progressive muscular
atrophy leading to respiratory failure,
HMSN-P could be considered as one of
the motor neuron diseases. The distribu-
tion of TFG pathology within the central
nervous system (CNS) has not been fully
clarified. We considered the possibility
that TFG pathology might be more widely
spread than previously expected in the
CNS, since another patient with HMSN-P
showed semantic dementia with atrophy
of the left temporal pole (V-3 of Family 1
in Ishiura et al’s report,* personal obser-
vation) and some patients with TDP-43
proteinopathy show cognitive dysfunction
as well as motor symptoms.”

The pathological examination of
our patient revealed that neurodegen-
erative processes occurred beyond the
upper and lower motor systems and
the peripheral sensory system. The
3,3’-diaminobenzidine-staining  pattern,
in the frontal gyrus and hippocampus
(granular), differed from that seen in the
tissues classically involved in HMSN-P
(aggregated). Although granular staining
was observed in a patient who was non-
HMSN-B* clear colocalisation of TFG
and pTDP-43 suggests pathogenicity. This
pathogenicity was proven by experiments
using cultured cells expressing mutant
TFG." Normally, TDP-43 is localised in
the nucleus, while in patients with ALS,
pTDP-43 is translocated to the cytoplasm
and forms an inclusion body. As our patient
died within 4 years after disease onset, the
neurons showing granular staining may
have formed an aggregated pattern over a
long period.” Although there is no report
of patient with demented HMSN-B® FTD
could be present in patients with long
survival.

Patients with HMSN-P rarely develop
pyramidal tract signs during their lifetime
unlike those having homozygous muta-
tions of TFG. Although severe neuronal
loss in the anterior horn could hide any
pyramidal tract signs, lower disturbance
of the degenerating neurons in the precen-
tral gyrus could also be responsible for
the lack of such signs. Similarly, cortical
sensory disturbance can only be confirmed
postmortem, since elementary sensory
functions are disturbed at the peripheral
levels.

In contrast, patients with HMSN-P
never show Parkinsonism. Although we
have to consider the patient’s brief disease
duration (4 years), it could be suggested
that cytoplasmic inclusions containing
both TFG and pTDP-43 might be neces-
sary for neurodegeneration in HMSN-P.
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The patient was a 41-year-old woman, who had been pre-
viously reported to have beta-propeller protein-associated
neurodegeneration (BPAN) caused by autophagy gene
WDR45 mutation (1). She had been born normally, however,
she developed convulsions nine months after birth. She
could speak only a few words. She had dystonia, rigidity,
and tremors. Her cognitive function started to decline at 19
years of age. She became bedridden by 25 years of age.
BPAN is one type of neurodegeneration with brain iron ac-
cumulation. Iron deposition is found at the bilateral globus
pallidus and substantia nigra. T1-weighted magnetic reso-
nance imaging (MRI) showed hyperintensity with central
hypointensity in these lesions (Picture, upper panels, arrow:
substantia nigra, arrowhead: globus pallidus). The substantia
nigra and globus pallidus are physiologically hypointense on
T2-weigthed MRI. In BPAN, these lesions are more hypoin-
tense (Picture, middle panels). T2 star-weighted MRI (Pic-
ture, lower panels) shows these lesions much more clearly
than usual T2-weighted MRI. T2 star-weighted MRI is supe-
rior in detecting iron deposition and therefore is useful for
diagnosing BPAN as well as the occurrence of occult mi-
crobleeds.
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Neuropathology of the spinal nerve roots, spinal cord,
and brain in the first autopsied case of

Charcot—Marie-Tooth disease 4F with a D651N
mutation in the periaxin gene
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Charcot—Marie-Tooth disease (CMT) 4F is an autosomal
recessive, hereditary peripheral neuropathy, mostly caused by
mutations in the periaxin gene (PRX). This article reports
neuropathological findings of the spinal nerve roots, spinal
cord, and brain of a patient with CMT4F and a D651N mis-
sense mutation in PRX. The patient was a 74-year-old
woman who had a history of peripheral neuropathy with
onset at the age of 30 years. She also had a history of infan-
tile paralysis at the age of 18 months. The most pronounced
autopsy finding was diffuse enlargement of anterior and pos-
terior nerve roots, accentuated at the lumbo-sacral levels.
On microscopy, the swollen nerve roots showed a loss of
large-diameter myelinated fibers and formation of numerous
onion bulbs. Most of the onion bulbs lacked the central, reg-
enerating thin myelin sheaths, and in large-diameter nerve
fibers whose axons had been lost, collagen fibers occupied
the center of the onion bulbs. Some nerve roots formed glial
bundles at the proximal end. The spinal cord showed degen-
eration of the gracile fascicles, and the lumbar segment
anterior horn showed an asymmetric neuronal loss with rar-
efaction of the neuropil. The brain did not show any notable
changes except for multiple foci of a radial microcolumnar
arrangement of neurons in the cerebral cortex. Degenera-
tion of the lumbar segment anterior horn is most likely sec-
ondary to the anterior radiculopathy, but a localized
circulatory disturbance is another possibility.

Key words: anterior horn, Charcot-Marie-Tooth disease
4F, neuronal loss, onion bulb lesion, spinal nerve roots.
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INTRODUCTION

Charcot-Marie-Tooth disease (CMT) is a heterogeneous
group of hereditary sensory and motor neuropathies that are
subdivided into demyelinating (CMT1, CMT4, and CMTX)
and axonal (CMT2) forms based on the patterns of inheri-
tance and electrophysiological findings.' CMT4 shows auto-
somal recessive inheritance and consists of several subtypes,
from CMT4A to CMT4H.>>Among them, CMT4F, which is
mostly caused by putative loss-of-function mutations in the
periaxin gene (PRX),>*% is a rare disorder and comprises
only about 2% of genetically diagnosed cases of CMT.”

Tokunaga et al. reported three clinical cases of CMT4F
with an extensive survey of PRX profiles.'” In one of the
three cases, a novel missense homozygous aspartate (Asp)
to asparagine (Asn) substitution at codon 651 (D651N) in
PRX was detected.'” The patient died after this report was
published at the age of 74 years. Although clinical findings,
genetic profiles, and pathological findings of peripheral
nerves of the patient have already been reported,'®'! herein
we present some neuropathological findings of the spinal
nerve roots, spinal cord, and brain of this first autopsied
case of CMT4F with D651N mutation in PRX.

Although several review articles on the pathological find-
ings of peripheral nerves in CMT have been published,'*'
detailed descriptions of neuropathological findings of the
spinal nerve roots and the central nervous system (CNS) in
CMT are scarce except for reviews by Hughes and
Brownell' and Smith et al.', partly because the disease is
not fatal by itself, despite the often very long clinical course.

CLINICAL SUMMARY

Because the clinical history was documented in a previous
article (case 1), only a brief summary is provided here.
The patient was a 74-year-old woman at the time of death,
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and had a past history of infantile paralysis at the age of 18
months although details are unknown. She developed mus-
cle weakness of the legs and distal dominant sensory impair-
ment at the age of 30 years, and the symptoms progressed
very slowly thereafter. She became wheelchair-bound when
she was 65 years old and died of suffocation due to aspira-
tion of food at the age of 74 years. Throughout the clinical
course spanning about 44 years, she did not exhibit any cra-
nial nerve symptoms, cerebellar symptoms, or cognitive
impairment. She had never complained of dyspnea, dysar-
thria, or dysphagia. The chief general pathological findings
at autopsy, performed 44 h postmortem, were acute pulmo-
nary edema associated with aspirated materials within the
bronchial trees, diffuse adenomatous goiter with chronic
lymphocytic thyroiditis (the thyroid gland weight: 43 g), and
chronic cystitis. No apparent pathological alterations were
noted in peripheral autonomic nerves within the thoracic
and abdominal viscera. The diaphragm showed mild neuro-
genic atrophy.

NEUROPATHOLOGICAL FINDINGS
Spinal nerve roots and spinal cord

The most pronounced finding was diffuse enlargement of
both anterior and posterior nerve roots called hypertro-
phic radiculopathy which was accentuated at the lumbo-
sacral levels where the diameters of nerve roots reached
approximately 3 mm (Fig. 1). The proximal end of nerve

M Shintaku et al.

roots, ranging from 5 to 7 mm, was slightly thinner than
the more distal portion. On microscopic examination,
nerve fibers composing the roots exhibited marked con-
centric arrangement and proliferation of Schwann cells
associated with an increase in endoneurial collagen fibers,
forming onion bulb lesions (Figs 2, 3A). On staining with
Luxol fast blue (LFB)-periodic acid-Schiff (PAS), a large
proportion of both large- and small-diameter fibers
showed demyelination, but the distribution of areas show-
ing myelin loss was not uniform and varied among sites. In
the most severely affected areas, almost no myelin sheaths
remained (Fig. 3B). In many large-diameter fibers, the
axons were lost, and the center of the onion bulbs was
occupied by collagen fibers, called denervated onion bulbs.
On immunohistochemistry for phosphorylated neu-
rofilament protein (p-NFP) (mouse monoclonal, clone
SMI31; BioLegend, San Diego, CA, USA; 1:500), the pau-
city of large-diameter myelinated fibers could be clearly
demonstrated (Fig. 3C), and large-diameter fibers devoid
of axons tended to form loose aggregates (Fig. 3D).
Immunohistochemistry for glial fibrillary acidic protein
(GFAP) (mouse monoclonal, clone EP672Y; Roche Diag-
nostics, Rotkreuz, Switzerland; prediluted) revealed the
formation of glial bundles at the proximal end of some
anterior and posterior nerve roots (Fig. 4). No
lymphoplasmacytic infiltration was detected within the
nerve roots. Although upper segments of the cervical cord
were not available for examination, the anterior roots at

Fig1 Gross findings of the spinal cord. The dorsal aspect of the formalin-fixed lumbo-sacral segments show diffuse enlargement of both
anterior and posterior nerve roots. Note that the most proximal portion of each root is slightly thinner than the more distal portion.
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Nerve root lesions in CMT4F 3

Fig 2 A cross section of a lumbar ante-
rior root. Numerous onion bulbs are
observed there. HE staining. Scale bar:
200 pm.

these levels were considered to be involved, based on the blocks, the formation of numerous onin bulbs and a marked
fact that the diaphragm showed mild neurogenic atrophy. loss of large-diameter myelinated fibers were observed

On toluidine blue-stained semithin sections of glutaralde- (Fig. 5A). Regenerating thin myelin sheaths at the center of
hyde-fixed, osmium tetroxide-postfixed, Epon-embedded the onion bulbs were often absent, and the central region

Fig 3 Cross sections of a lumbar anterior root. (A) Marked onion bulbs are seen. The center of some onion bulbs is deeply eosino-
philic, suggesting that axonal loss and the replacement by collagen fibers. (B) In this area, myelin sheaths are almost completely lost.
(C) The paucity of large fibers is evident. Small nerve fibers are relatively preserved. (D) Many large fibers, whose axons are lost, form
loose aggregates. Some denervated onion bulbs are indicated by small arrows. HE (A), LFB-PAS (B), immunohistochemistry for p-
NFP (C, D). Scale bars: 50 pm (A, B, D), 100 pm (C).

© 2021 Japanese Society of Neuropathology
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was occupied by a demyelinated axon or, when the axons
were lost, replaced by dense accumulates of collagen fibers
or basal lamina materials (Fig. 5B). It was difficult to iden-
tify a border between axons and collagen fibers on the tolui-
dine blue-stained semithin sections. No evidence of the
ongoing myelin breakdown, evidenced by myelin ovoid, was
observed. Some small fibers showed simple thickening of
the myelin sheaths, but no apparent myelin infolding or out-
folding was observed. In the areas where most nerve fibers
had been lost, cytoplasmic processes of Schwann cells
appeared to form fine reticular structures.

The spinal cord showed bilateral degeneration of the
posterior columns, especially gracile fascicles. The lumbar
cord showed asymmetrical atrophy of the anterior horn
that had produced a deformity of the contour of the cord
(Fig. 6A). The more severely atrophic side showed a mar-
ked loss of anterior horn cells, rarefaction of the neuropil,

M Shintaku et al.

Fig 4 Immunohistochemical observa-
tions of GFAP in a spinal nerve root.
GFAP-immunoreactive glial bundles are
seen at the proximal end of of the root.
Scale bar: 200 pm.

and the infiltration of macrophages, but reactive
astrocytosis was mild (Fig. 6B). None of the chromatolytic
neuron, microglial nodule, perivascular lymphocytic infil-
trate, or plaque-like gliotic scar was observed. As an inci-
dental finding, a small, round focus of heterotopic gray
matter was found in the anterior columns of the upper
thoracic cord. Neurons in the dorsal root ganglia (DRG)
were well preserved, and no Nageotte’s nodule was seen.

Brain

The brain weighed 1290 g and showed no marked change
on gross examination. Enlargement of cranial nerves was
not observed. On microscopy, neurons in the cerebral cor-
tex multifocally showed a radial microcolumnar arrange-
ment mainly in the broad crown areas of the cerebral gyri
in the frontal, temporal, and occipital lobes (Fig. 7A).

Fig 5 Toluidine blue-stained cross semithin sections of a nerve roots. (A) In the posterior root, myelinated, particularly large-diameter
fibers are markedly lost, and numerous onion bulbs are formed. (B) In some large fibers of the anterior root, the axons are lost and rep-

laced by collagen fibers. Scale bars: 50 pm (A, B).
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Nerve root lesions in CMT4F

Fig 6 Microphographs of the spinal cord sections stained with LFB-PAS. (A) The lumbar segment demonstrates asymmetric atrophy and
degeneration of the anterior horns as well as bilateral degeneration of the posterior columns are observed. (B) The lumbar anterior horn
demonstrates a marked neuronal loss with rarefaction of the neuropil. Reactive astrocytosis is mild. Scale bars: 2 mm (A), 200 pm (B).

The polarity of each neuron was well oriented (Fig. 7B),
and neither dysmorphic nor ballooned neurons were
observed. No heterotopic neurons were present in the sub-
cortical white matter. Mild microvacuolar changes of the
neuropil associated with hypertrophic astrocytosis were
found in the superficial layers of the parietal and occipital
cortices. Neither hypoxic nor senile changes were observed.
The basal ganglia, thalamus, and cerebellum showed no sig-
nificant abnormalities, and the cranial nerve nuclei in the
brainstem appeared normal.

DISCUSSION

CMTA4F is an autosomal recessive disorder, mostly caused by
mutations in PRX located on chromosome 19q13 that
encodes periaxin.>>%!% Periaxin is a 147 kDa protein that
interacts with dystroglycan complex 2 and links Schwann cell
cytoskeleton to the extracellular matrix including the basal
lamina.”">'® It is expressed in myelinating Schwann
cells,*'>!7 and its localization dynamically shifts from the
adaxonal membranes to the abaxonal membranes, Schmidt—
Lanterman incisures, and paranodal membranes during

normal myelination as well as remyelination following demy-
elination.>'>!” Mutations in PRX cause dissociation of the
terminal myelin loops from the axons and loss of transverse
bands as the initial changes.’

Patients with CMTA4F display a variety of distal sensory
disturbances, in addition to motor dysfunctions, and the
clinical course is usually very prolonged.>*®*'° Some
patients with PRX mutation show a clinical phenotype
consistent with Dejerine-Sottas neuropathy.”'® In periph-
eral nerves, onion bulb formation, focal myelin thickening,
and hypermyelinated outfoldings associated with axonal
compression are described as the characteristic find-
ings. %Y The number of myelinated nerve fibers is mark-
edly reduced, and periaxin is not immunohistochemically
detected in the affected nerve fibers, whereas it is present
in control samples.® However, to the best of our knowl-
edge, pathological findings of the spinal nerve roots or
CNS lesions in CMTA4F have never been documented in
the literature.

The present case is the first autopsied case of CMT4F
in which a missense D651N mutation in PRX is demon-
strated.'” Previously reported mutations in PRX were of

Fig 7 Histological findings of the cerebrum. (A, B) Cortical neurons shows a radial microcolumnar arrangement in some areas of the
occipital (A) and frontal (B) lobes. HE ataining (A), Nissl staining (B). Scale bars: 200 pm (A, B).

© 2021 Japanese Society of Neuropathology
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the nonsense or frameshift type, and a missense mutation
such as seen in our case has not been documented.”'’ In
our case, the age at disease onset was late, and the clinical
phenotype was milder compared with other patients with
CMT4F.>!"° The main autopsy finding was hypertrophic
radiculopathy involving both anterior and posterior roots.
Spinal nerve roots showed grossly marked diffuse enlarge-
ment and florid concentric arrangement and proliferation
of Schwann cells associated with endoneurial fibrosis
that formed typical onion bulb lesions. Many large-
diameter axons were lost, and axons with regenerating,
very thin myelin sheaths were scant. These findings most
likely reflect the very long clinical course from the disease
onset to death (about 44 years).

CMT is a distal dominant neuropathy, and prominent
onion bulb formation in the spinal nerve roots is a rare
event. Hughes and Brownell'® reported four autopsy cases
of CMT, in which a marked neuronal loss of the anterior
horn and DRG and a secondary degeneration of the pos-
terior column were noted. Although they reported the loss
of axons and myelin sheaths associated with fibrosis of the
nerve roots, they did not mention the formation of onion
bulbs in the spinal nerve roots.">!” Onion bulb formation
of the spinal nerve roots in CMT was first described by
Smith er al.'* in two cases, which accompanied the forma-
tion of glial bundles in one case. Onion bulb formation of
the nerve roots has also been reported in a few cases of
motor neuron disease?*?! and, in rare instances, in neuro-
logically normal patients.””> Whether the hypertrophic
radiculopathy is a characteristic finding of CMT4F, with
this unique mutation in PRX (D651N), remains to be elu-
cidated by the further accumulation of similar cases.

The lesions in the lumbar anterior horn in the present
case mainly were characterized by asymmetric neuronal
loss, which we interpreted to be secondary to severe ante-
rior hypertrophic radiculopathy.'>!'*!” Another possibility
can be considered; these lesions represent healed chronic
anterior poliomyelitis* or postpolio syndrome,** based on
the fact that the patient had a past history of infantile
paralysis, and the anterior horn lesions showed distinct
asymmetry. However, the lesions lacked a typical plaque-
like focal loss of motor neurons and the neuropil alter-
ation associated with densely fibrous glial scar formation,
which characterizes postpolio syndrome.**** Another pos-
sibility is that the lesions represent an ischemic injury
affecting the lumbar anterior horn.*>

Degeneration of the posterior column, especially the
gracile fascicle, is a finding commonly observed in autopsy
cases of CMT and is considered to be Wallerian degenera-
tion secondary to neuronal loss of DRG.'*!" In the pre-
sent case, however, neurons in DRG were well preserved.
In the central-peripheral transition zone of spinal nerve
roots, peripheral nerve fibers and central nerve fibers
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occupy the outer (surrounding) and inner (axial) compart-
ments, respectively.® Given this structure in the transition
zone, we supposed another possibility on the pathogenesis
of posterior column degeneration; a marked onion bulb
formation of the outer compartment of nerve roots
resulted in compressing the inner central nerve fibers and
vasa nervosum, and caused ischemia at the transition zone
and the subsequent Wallerian degeneration of the poste-
rior column.

The brain showed no significant pathological alterations
except for a multifocal, radial microcolumnar arrangement
of neurons in the cerebral cortex. Radial microcolumnar
arrangement is seen in the isolated form or in association
with various types of congenital malformations or genetic
disorders involving the CNS.?” It is a potentially epilepto-
genic lesion and corresponds to focal cortical dysplasia
type 1a.%% It is considered to be a feature suggesting matu-
ration arrest in the histogenesis of the neuronal plate and
is usually not accompanied by fibrillary astrocytosis.”’
Although it is a normal but transient feature during the
development of the cerebral cortex, it can persist to a mild
degree in the normally matured brain, especially in areas
where the cortex is tightly curved, such as in the margins
of the crowns of gyri or deep in the sulci.*’” In the present
case, this finding is most likely not pathological but only
represents a normal variation not related to CMTA4F,
because it did not cause any symptoms, and the expression
of PRK is restricted to Schwann cells."> The possibility
that it may represent a mild form of maturation arrest of
the cerebral cortex remains.
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Case Report

Dystypia Associated with Diaschisis of the Middle Frontal Gyri
after Left Angular Infarction

Kengo Maeda, MD, PhD, T Yutaka Yamamoto, Mp,* Tomoyuki Shiraishi, st,t and
Eriko Fujioka, stt'

Dystypia without aphasia, agraphia, or apraxia is a rare symptom and has been
suggested to result from a lesion in the left middle frontal cortex. We herein
describe a man with dystypia with agraphia due to infarction of the left angular
gyrus. His dystypia seemed to result from the convergence failure of the kana into
the alphabetical spellings. During dystypia, hypoperfusion of the bilateral middle
frontal cortices was discovered. However, after his symptoms improved, blood
flow in the middle frontal cortices returned to normal. This case suggests that the
middle frontal cortex is downstream of the angular gyrus in the dictating pathway
and a lesion in the left middle frontal cortex could cause pure dystypia.

Key Words: Dystypia—Middle frontal gyrus—Angular gyrus—Diaschisis

© 2021 Elsevier Inc. All rights reserved.

Case report

A left-handed 53-year-old man presented with convulsion
starting from his right hand and spreading to the whole
body. Although he could type in a blind touch manner pre-
viously, since the day before his admission, he experienced
a fluctuating difficulty in typing. He was alert on arrival.
There was neither hemiparesis, sensory disturbance, cerebel-
lar ataxia, nor apraxia. Although he did not show aphasia or
alexia in standard language test of aphasia, he could not reg-
ister words in the Japanese or English languages. He also
showed difficulty in converting Japanese kana (syllabogram)
to alphabetical spellings, which is necessary for typing Japa-
nese words on a computer. When he types Japanese, he uses
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‘alphabetic input’. For example, when the kana character
‘ha’ is produced, he types ‘" followed by ‘a’ (see the Table 1
of the Ref. [1]). He could not answer easy mathematical cal-
culations correctly. Diffusion-weighted magnetic resonance
(MR) imaging revealed a subcortical hyperintense lesion on
the left angular gyrus (Fig. 1A). MR angiography showed
moderate stenosis of the left middle cerebral artery (Fig. 1B).
Single-photon emission computed tomography (SPECT) on
the fifth day showed hyperperfusion of the left angular
gyrus (Fig. 1C) and hypoperfusion of the bilateral middle
frontal gyri (Fig. 1D). His symptoms (agraphia, dystypia,
and acalculia) improved within 10 days. Abnormalities in
SPECT disappeared one month after onset (Fig. 1E, F).

Discussion

In this case, the left angular infarction caused early con-
vulsions, agraphia, acalculia, and dystypia. Hyperperfu-
sion of the left angular lesion suggested reperfusion.
Diaschisis of the bilateral middle frontal gyri by a left
angular lesion has not been reported previously. How-
ever, fiber connection between them is supported by
another case.” According to the hypothesis of the dictating
pathway,” the phonological stimulations are conveyed
from the primary auditory cortex to the left angular gyrus.
This information is further transported to the left premo-
tor hand area probably via the arcuate fasciculus.

Journal of Stroke and Cerebrovascular Diseases, Vol. 30, No. 7 (July), 2021: 105803 1
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Fig. 1. A: Diffusion-weighted magnetic resonance imaging of the patient. A subcortical hyperintense spot is found at the left angular gyrus. B: Magnetic reso-
nance angiography of the intracranial arteries. Stenosis of the left middle cerebral artery was observed (arrow). C—F: Single photon emission computed tomogra-
phy using N-isopropyl-p-["**Iliodoamphetamine performed on day 5 of hospital stay (C, D) and one month after onset (E, F). Data are analyzed with the Easy
Z-score imaging system. Hyperperfusion with Z-score >2 (C, E) and hypoperfusion with Z-score >2 (D, F) are colored.

Meanwhile, dystypia without aphasia, agraphia, or
apraxia was reported in a case of left cerebral infarction
involving the foot of the second frontal convolution and
frontal operculum.” The shared lesion topography of six
cases presenting dystextia or dysptypia was reported to be
the left posterior upper insular cortex and superior longitu-
dinal fasciculus.” In our case, typing impairment was due to
disturbed conversion of kana to alphabetical spelling.” How-
ever, if the middle frontal gyrus is downstream of the left
angular gyrus in the dictating pathway, and the handwrit-
ing and typing pathways are branched from the middle
frontal gyrus, a small frontal lesion could cause dystypia

without agraphia. Unlike writing by hand, typing requires
bilateral hand movement. The signal for typing would be
transferred to the non-dominant hemisphere at the level of
the middle frontal gyrus via the corpus callosum.
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Pathological evidence of demyelination in the recurrent laryngeal, phrenic, and oculomotor

nerves in Charcot-Marie-Tooth disease 4F

ARTICLE INFO ABSTRACT
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We present pathology of the peripheral nerves of a patient with Adult-onset Charcot-Marie-Tooth disease 4F
caused by periaxin gene mutation p.D651N. The patient was a 72-year-old woman. She had hoarseness and
underwent continuous positive airway pressure therapy at night due to sleep apnea. The patient died abruptly.
Remarkable demyelination with tomacula formation was found in the phrenic nerve, vagal nerve, recurrent
laryngeal nerve, and oculomotor nerves. The cause of death could have been insufficient reactivity to the
aspiration or sudden onset of bilateral vocal cord palsy. We must pay attention to respiratory function and cranial

nerve palsies in hereditary demyelinating neuropathies.

1. Introduction

Weakness and sensory disturbance of the limbs are well recognized
in Charcot-Marie-Tooth disease (CMT). However, its complications
affecting the respiratory function such as vocal cord paralysis are not so
emphasized despite that impairment of these nerves is sometimes life-
threatening. One reason for that is that electrophysiological assess-
ment and histological examination of cranial nerves is difficult or
impossible until death. Here, we describe a case of a female elderly
patient with CMT4F accompanied by periaxin gene mutation who died
suddenly. The pathological findings of the peripheral nerves including
the oculomotor, recurrent laryngeal, vagal, and phrenic nerves are
discussed.

2. Case report

The patient was a 72-year-old woman. She was transferred from a
nursing home to our hospital due to cardiopulmonary arrest. Approxi-
mately 2 h after she took a lunch, she was discovered unconscious. A
small amount of food was observed in the trachea, indicating that she
vomited, but the airway was not obstructed. Intracranial bleeding and
rupture of the aorta were ruled out after computed tomography.
Consolidation was found in her lower lung fields. Despite cardiopul-
monary resuscitation, she died.

Her clinical symptoms before death had been described previously
[1]. Briefly, she was the third child of healthy non-consanguineous
parents. She had contracted infantile paralysis at the age of 18
months. She noticed a distal lower limbs weakness and sensory
impairment at the age of 30. She was diagnosed as having Charcot-
Marie-Tooth disease when she was 40 years old. At that time, she un-
derwent a sural nerve biopsy. Although remarkable fiber loss of
myelinated and unmyelinated nerve fibers was observed, typical onion
bulb formation was not found. She came to our hospital at the age of 65.
She was intellectually normal. She suffered from hoarseness with vocal
cord paralysis. A wheelchair was needed to move. Although she

https://doi.org/10.1016/j.ensci.2021.100358

underwent continuous positive airway pressure therapy at night due to
sleep apnea, she never complained of dyspnea, dysarthria, or dysphagia
during daytime. There was no medical history of aspiration pneumonia
or diplopia. No compound muscle action potential or sensory nerve
action potential was derived in nerve conduction study of the median,
ulnar, tibial, and sural nerves. Electromyography and neuroimaging
study for the peripheral nerve or nerve roots were not done. Under
informed consent, we performed genetic analysis. It revealed homozy-
gous mis-sense mutation in periaxin gene (p.D651N, CMT4F).

Autopsy was performed according to her living will 44 h after her
death. Macroscopically, congestion of the lungs, liver, kidney, and
spleen was found. Coronary arteries were patent. The brain weight was
1290 g. The spinal roots were enlarged remarkably. In the peripheral
nervous system, the oculomotor nerve adjacent to the midbrain, the
phrenic and vagal nerves at the thoracic level, and the recurrent
laryngeal nerve were dissected out with other somatic nerves including
the anterior and posterior spinal nerve roots and the sciatic nerve. After
fixation with 2.5% glutaraldehyde and 2% paraformaldehyde, osmica-
tion, and embedding in epoxy resin, these tissues were stained in tolu-
idine blue. Teased fiber technique was also performed.

In all nerves, myelinated nerve fiber loss and thinning of the myelin
were remarkable (Fig. 1A-F). Onion-bulb formation was observed in the
sciatic, phrenic, vagal nerves, and the anterior and posterior spinal
roots. Teasing of the myelinated fibers was technically difficult, but the
remnant fibers showed demyelination pattern (Fig. 1G-K). In some
nerves, tomacula formation (focal myelin thickening) was observed
(Fig. 1G-K arrowheads), which were compatible with the pathological
report of patients having periaxin mutations [2]. These nerves showed
no cellular infiltration or thickening of the perineurium in these nerves.

Generalized neuronal loss was not found in the anterior horn of the
spinal cord, the dorsal root ganglion, sympathetic ganglion, or oculo-
motor nucleus. Grouped atrophy was observed in the diaphragm muscle
on HE stains [3].
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Fig. 1. Toluidine blue staining of the anterior spinal nerve root (A), the posterior spinal nerve root (B), the recurrent laryngeal nerve (C), the vagal nerve (D), the
phrenic nerve (E), and the oculomotor nerve (F). Bars in the bottom right corners represent 20 pm. Teased fibers of the anterior spinal nerve root (G), the posterior
spinal nerve root (H), the recurrent pharyngeal nerve (I), the vagal nerve (J), and the phrenic nerve (K). The bar in the bottom represents 100 pm. Tomacula
formation (focal myelin thickening) is observed in these nerves (arrowhead). (For interpretation of the references to colour in this figure legend, the reader is referred

to the web version of this article.)
3. Discussion

The likely cause of her death included asphyxia by food aspiration or
acute respiratory failure by the bilateral recurrent laryngeal nerve palsy.
Although she had no dyspnea in daytime, there was evidence of aspi-
ration pneumonia. The strength of cough might have been insufficient
due to the latent demyelination of the phrenic nerve. Decreased
pharyngeal reflex might have been associated with her aspiration.

Periaxin is a protein expressed by Schwann cells. Homozygous mu-
tations of this gene cause demyelinating polyneuropathy. Nonsense or
frameshift mutation of this gene results in early onset CMT4F or
Dejerine-Sottas neuropathy [2]. The pathological evidence of phrenic
nerve involvement in Dejerine-Sottas disease has been reported [4].
Electrophysiological report on the phrenic nerve has been also published
in other type CMT [5]. Vocal cord paresis due to dysfunction of the
recurrent laryngeal nerve has been reported in CMT2 with mitofusin-2
mutation, CMT2C with transient receptor potential cation channel
subfamily V member 4 mutation, CMT4A with ganglioside-induced
differentiation-associated protein 1 mutation, and CMT4B1 with
myotubularin-related protein 2 mutation [6]. Although the recurrent
laryngeal nerves would undergo pathological change in CMT as well as
the nerves innervating limbs, there has been no pathological evidence of
this nerve to the best of our knowledge. Dysfunction of these nerves
causes hoarseness or dyspnea.

Oculomotor nerve palsy has been reported in a patient with CMT1A
[7]. It is difficult to evaluate oculomotor nerves electrophysiologically,
and pathological changes of oculomotor nerves in CMT is rarely re-
ported. Demyelination of the oculomotor nerve in our patient was
obvious compared to those of patients without CMT [8].

4. Conclusion

In conclusion, we must pay attention to respiratory function and
cranial nerve palsies in hereditary demyelinating neuropathies.

Grant support

This report received no specific grant from any funding agency in
public, commercial, or not-for-profit sector.
Declaration of Competing Interest

None.

Acknowledgement

The authors would like to thank Editage (www.editage.jp) for the
English language review.

References

[1] S. Tokunaga, A. Hashiguchi, A. Yoshimura, K. Maeda, T. Suzuki, H. Haruki,

T. Nakamura, Y. Okamoto, H. Takashima, Late-onset Charcot-Marie-Tooth disease
4F caused by periaxin gene mutation, Neurogenetics 13 (2012) 359-365, https://
doi.org/10.1007/s10048-012-0338-5.

[2] H. Takashima, C.F. Boerkoel, P. De Jonghe, C. Ceuterick, J.J. Martin, T. Voit, J.
M. Schroder, A. Williams, P.J. Brophy, V. Timmerman, J.R. Lupski, Periaxin muta-
tions cause a broad spectrum of demyelinating neuropathies, Ann. Neurol. 51 (2002)
709-715, https://doi.org/10.1002/ann.10213.

[3] M. Shintaku, K. Maeda, M. Shiohara, T. Namura, R. Kushima, Neuropathology of the
spinal nerve roots, spinal cord, and brain in the first autopsied case of Charcot-
Marie-Tooth disease 4F with a mutation (D651N) of the periaxin gene, Neuropa-
thology (2021), https://doi.org/10.1111/neup.12731 (in press).

[4] K.J. Felice, J.D. Fratkin, E.L. Feldman, A.A. Sima, Phrenic nerve involvement in
Dejerine-Sottas disease: a clinicopathological case study, Pediatr. Pathol. 14 (1994)
905-911.

[5] L. Sagliocco, G. Orlandi, R. Calabrese, A. Pellengrinetti, O. Baglini, F. Castelli,

F. Baldinotti, F. Sartucci, Electrodiagnostic evidence of phrenic nerve demyelination
in Charcot-Marie-Tooth disease 1A, Am. J. Phys. Med. Rehabil. 82 (2003) 754-759,
https://doi.org/10.1097/01.PHM.0000087453.94529.0D.

[6] A.A. Zambon, M.G.N. Sora, G. Cantarella, F. Cerri, A. Quattrini, G. Comi, S.

C. Previtali, A. Bolino, Vocal cord paralysis in Charcot-Marie-Tooth type 4b1 disease
associated with a novel mutation in the myotubularin-related protein 2 gene: a case
report and review of the literature, Neuromuscul. Disord. 27 (2017) 487-491,
https://doi.org/10.1016/j.nmd.2017.01.006.

[71 A. Posa, A. Emmer, M.E. Kornhuber, Unilateral oculomotor palsy in Charcot-Marie-
Tooth disease 1A (CMT1A), Clin. Neurol. Neurosurg. 155 (2017) 20-21, https://doi.
org/10.1016/j.clineuro.2017.02.004.

[8] K. Maeda, H. Yasuda, Histological background of susceptibility of oculomotor nerve
to ischemia, J. Neurol. Disord. Stroke 3 (2014) 1092.

Kengo Maeda®™", Yutaka Yamamoto®, Masatsugu Ohuchi®,

Takuto Sakashita®, Masanori Shiohara“, Tomo Namurad,

Masayuki Shintaku®, Eiji Matsuura’, Hiroshi Takashima’

2 Department of Neurology, National Hospital Organization Higashi-ohmi
General Medical Centre, Higashi-ohmi, Shiga, Japan

b Department of General Thoracic Surgery, National Hospital Organization
Higashi-ohmi General Medical Centre, Higashi-ohmi, Shiga, Japan

¢ Department of Respiratory Medicine, National Hospital Organization
Higashi-ohmi General Medical Centre, Higashi-ohmi, Shiga, Japan

4 Division of Diagnostic Pathology, Shiga University of Medical Science
Hospital, Otsu, Shiga, Japan

¢ Department of Pathology, Hikone Municipal Hospital, Hikone, Shiga,
Japan

— 122 —



K. Maeda et al. eNeurologicalSci xxx (3xxx) xxx

f Department of Neurology and Geriatrics, Kagoshima University Graduate * Corresponding author at: Department of Neurology, Vories Memorial
School of Medical and Dental Sciences, Kagoshima, Japan Hospital, 492 Kitanosho, Omi-hachiman, Shiga 523-8523, Japan.
E-mail address: maeda@vories.or.jp (K. Maeda).

— 123 —



WLl



R2EEEH)

BB EICET A5
1 BHER BREEH ERER FHERBH

) Bt B EHR Ehc B EHERB
=3
2R - - :
8 T Y=¥-18 g8 £ 8 =115 g8 3 =118
N # 3 3 6 55 108 163 18.3 36.0 27.2
fEIR ATt 59 83 142 3,159 | 4,065 7,224 53.5 490 50.9
O 25 %l 57 59 116 1,842 2996 | 4,838 32.3 50.8 41.7
JHIEESFL 84 88 172 2185 2937 5122 26.0 33.4 29.8
MHEAFT 83 100 183 6,230 | 4,872 | 11,102 75.1 48.7 60.7
BT 7E 114 111 225 1,693 2,205 3,898 14.9 19.9 17.3
o phEE S 115 187 302 | 7,993 | 12532 | 20,525 69.5 67.0 68.0
& & 515 631 1,146 | 23,157 | 29,715 | 52,872 450 471 46.1

X ARTOFHERBRE IZRFHREECOFHERBHATHY.
BEEED ERBHBOEEHREEEH TROBHTHS.
WoT. R E]I TOFHERBREFELD,

FERETO  _ GIRBEEAK
Ti97%RE A FAREE +RRAS) 2

— 124 —




(R2 FEEERH)
2. ZEEA AR REEEH

ZRE ##H|4A |5A |6A | 7A | 8A | 9A |10R|11A|12A| 1R | 2A | 3R

it 1146 97 80 97| 102 89| 111| 115 86 96 99 93 81

£ ®lEB 515 34 35 46 53 48 56 42 36 44 41 45 35
X 631] 63| 45| 51) 49| 41| 55 73] 50| 52| 58] 48] 46

A 6 1 0 1 2 1 1 0 0 0 0 0 0

fEiREsH 142 10 6 12 13 9 20 17 13 9 15 5 13

B8N E S 116 12 16 4 17 7 11 5 6 12 12 10 4

HIESBH 172 12 8 22 17 16 13 18 14 12 11 19 10

HERH 183 8 8 11 10 12 17 23 15 26 20 17 16

®NT7 225 20 17 18 20 23 21 21 19 18 18 18 12

IS EL | 302 34 25 29 23 21 28 31 19 19 23 24 26

A m 263 21 25 21 26 19 26 23 16 26 27 19 14

3. ZHEREA RIEEER B

927 %4 b

2
1%

‘ . EREN

AR ALY

26%

& 7R
20%

HEAE
16%

sy B e ERSEN s FRSER wOHARR s@EAR =& 7R e RRRAR

— 125 —



(RH2EEEH)
mmICBE T SfET
LEE
takm RiREE#H HEREB#H FHERBHK

RE& (o102 7H % 6B &SR B ] % | &F

2BV RRPRIA - R FRtE A HHEEZZL (E119) 2 0 2| 30 0| 30| 150 00| 150

"N M @I FFIRA £ (J961) 1 1 2| 25 7| 32| 250 70| 160
BEkE (K222) 0 2 2[ o] 101| 101 00| 505| 505

KBER)—7 (K635) 17 2 19| 50 4| 54 29 20 28

HiEHRH B&(C169) 4 6| 10 53| 117| 170 133| 195| 170
Fit 7k fE (E86) 4 5 9| 123| 41| 164| 308| 82| 182

A2 (1509) 4 9] 13| 52| 306| 358| 130| 340| 275

AR SMEEEX(N10) 4 3 7| 171 | 215| 386| 428| 71.7| 551
Fit 7k fE (E86) 1 6 71 1| 118 119 10| 197| 170

fiig¢ (J189) 3 5 8| 79| 128 | 207| 263| 256| 259

e E o L ZEmfE (C341) 10 o| 10| 331 0| 331| 331 00| 331
FRE 1 fifi ¢ (J690) 5 3 8| 121 87| 208| 242| 290| 260

R—F2U 9% (G20) 11| 18] 29| 1633 | 592 | 2225| 1485| 329| 76.7

MENE 7T a—LIMigtERKEZE (1633) 8 6| 14| 671 | 579 | 1250 839 | 965| 893
4% 2 (1635) 7 3| 10| 530| 227 757 757| 7157| 757

B#&(C169) 12| 14| 26| 220| 228 | 448| 183| 163| 172

BHNTr7H B (C259) 10| 15| 25| 109| 239 348| 109| 159| 139
EZEME (C341) 7 3| 10| 58| 183 241 83| 610 241

KB B FH(S7200) 6| 18] 24| 3641096 | 1460 | 60.7| 609 | 653

R o KRBEFEHBRH(S7210) 11| 44| 55 715|2878(3593| 650 654| 608
& EEBH(S3200) 7| 12| 19| 480| 683 | 1163| 686| 569 612

— 126 —



ME%EWIQTéﬁ
BIREEEM RUEEM

BEFEY 75

&t

Z ERea =R e P2 |
ICDH 53 4R 5 [ % | % | 5 [ & [ & %
= &t 156 147 303 84 76 160 52.8
5 C02 2 0 2 1 0 1 50.0
O= C05 0 1 1 0 0 0 0.0
ETFIR Cco08 1 0 1 0 0 0 0.0
BE C15 8 0 8 5 0 5 62.5
B cie] 19 22 41 9 10 19 46.3
NG Ci17 1 0 1 0 0 0 0.0
= C18 4 17 21 4 7 11 524
Ei5 C20 6 5 11 3 3 6 54.5
TFAE LU E C21 0 1 1 0 0 0 0.0
FHESUHRBEE c22| 10 4 14 5 3 8 57.1
HE C23 1 4 5 1 3 4 80.0
HE C24 2 3 5 1 0 1 20.0
3 c25] 14 17 31 8 13 21 67.7
D c3i 1 0 1 1 0 1 100.0
SEX-Hh c34] 43 16 59 20 8 28 475
BH LU RER C41 1 0 1 1 0 1 100.0
Fh 5z fE C45 1 0 1 1 0 1 100.0
RigE C47 0 1 1 0 1 1 100.0
ZBEESLUVEE C48 1 0 1 0 0 0 0.0
S A SR ER A C49 1 1 2 0 1 1 50.0
3LE C50 0 18 18 0 10 10 55.6
MHL% (&8) C51 0 1 1 0 1 1 100.0
FEH C53 0 4 4 0 2 2 50.0
FEHE C54 0 6 6 0 2 2 33.3
T C56 0 3 3 0 2 2 66.7
HISLIR C61 15 0 15 8 0 8 53.3
B (BEES C64 5 1 6 3 1 4 66.7
RE C66 1 0 1 1 0 1 100.0
EERE C67 5 4 9 4 1 5 55.6
Hid C71 1 1 2 1 0 1 50.0
EH, NHESLUTRGER C72 2 1 3 1 0 1 33.3
GENT] C73 0 4 4 0 2 2 50.0
@ [T C782 0 0 0 0 0 0 100.0
e (BREBESLVEE C786 3 0 3 2 0 2 66.7
¥ [MEUREEE C793 0 1 1 0 0 0 0.0
n | BRUBHEE C795 1 1 2 0 1 1 50.0
EMHEY ERAAL) C80 2 2 4 2 2 4 100.0
; B RS PET 2K PEL |
ICDH M ] % | ¥ | = % [ & | %
. [EammEToXo )8 C8i2] 0 0 0 0 0 0 0.0
s |BROFYLARE FEHAFE  C819 0 0 0 0 0 0 0.0
UZEAEAMIERBMIEIE) /S  C833 1 1 2 1 1 2 100.0
ERTFL BT C859 3 4 7 1 1 2 28.6
2R EREE C900 0 1 1 0 0 0 0.0
MRS - THFEY
T D320] 1 0 1 0 0 0 0.0
BIEDMERFEIETEE D421 0 1 1 0 0 0 0.0
fid , #3452 A5 B D432 0 1 1 0 1 1 100.0

— 127 —



2. BIEFHAEY KA BRBERER RXCEEHR

60

RTEE

&
iz
i
4
R
| |
bt
im
i
iz
i
|
=
L
\v
®
N
In m
K )
T ||Baga | |8
W e
iR ¥ | iR
® R
SN
K]
RO
k. P\:§§§\

20

10

wEMEN HEEKER

DK EER0F RN

EMEAD N HEKER
LRGIEER Y] A AR
BHRHS (R 20)
g X ST ER
EROEEI
WK Q465 B
EiK

BRI

HriR EERQ OB RERN
=

EhE

B4

Hr (BT )

AT

ik

M- 44

MBI SR

=W ()

N
WK 1024 ST
KEE

B2

driQ 4 O MIEE
R - 15

o OBk EH

#

=im

e
Q4 O R Tl
HE QWD T g
fmog

— 128 —




SR RBe B E (TR Hfftat

ICDRZ2EAI 45 T REEEH

(FH2FEEEM)

% T

ICDX %% = | o= *ﬁkﬁf)tt

I |BREERUVFERE 0 1 1| 040

I |¥5&E9 85 78 163 64.68

I |ERVCEDROEBLEVICRERBOES 0 0 of 0.00
NV (AR RERUKHEHER 2 5 71 278
V  |BERUVTBOESE 0 1 1| 040

VI (ARROKRB 6 6 12| 476
VI |[BRUMEROEKSE 0 0 of 0.00
m | BRUIKRZREDEKS 0 0 of 000
X |BRHBROKE 12 10 22| 873
X |(HRaFROKSE 19 13 32| 1270

XI [HIERROEKRE 2 5 7| 278
XI |RERUVETHEBOKRS 0 0 of 0.00
XI |HEBRRUVESHEBIOKSE 0 1 1| 040
XV |BRELEERROER 1 4 5/ 1.98
XV |3ER, PR RUVELES <> 0 0 o 000
XVI |FEERICHEL-RE 0 0 of 000
XVI |%EX&FH.ERRUREBHRRE 0 0 of 000
XTI ﬁﬁg‘ﬂiﬁ%ﬁfﬁ”ﬁ - REREMRT 0 1 1 o0
XK [{R. PERUVZOHONEADEE 0 0 of 000
XX |[EHERUETONE 0 0 of 000
XX I ggﬁ%ﬁ = T ENRT 0 0 o| 000
“w # 127 125 252 100.00

— 129 —




2020 4 (A 24E ) B2 4R

AN AT by N A R 2 4
7o+ = ) X i & W B
MR ERXT—Ya vy Y=Y R
A= ANV R=ZAF—=Vay Tr—1)X
7o =) X fE B # R FE KN
Fil/ MBS RENE [REORT +—1) X

% 4T SFM3E1LA
FATE  OARMENEAN LR U — U XA
il LA B%

T523-8523 AR IRATIT\WE T Ak 2 FERT 492
TEL (0748) 32-5211(f%)
FAX (0748) 32-2152







	空白ページ



