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Figure 2. Haplotype Analysis and Minimum Candidate Region of HMSN-P v

(A) Haplotypes were reconstructed for all the families with the use of SNP array data and microsatellite markers. Previously reported
candidate regions are shown as “Kansai 2007” and “Okinawa 2007.”%¢ Because families 1 and 2 are distantly related, an extended shared
common haplotype was observed on chromosome 3, as indicated by a previous study.® A reassessment of linkage analysis with high-
density SNP markers revealed a recombination between 154894942 and rs1104964 in family 2, thus refining the telomeric boundary
of the candidate region in Kansai families (designated as “Common haplotype shared between families 1 and 2). Furthermore, a shared
common haplotype (3.3 Mb with boundaries at rs16840796 and rs1284730) between families 3 and 4 was found, defining the minimum
candidate region.
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Figure 3. Identification of Causative Mutation

PSEYGGYAPP--QQQQQQFGAPP

(A) Exome sequencing revealed that only one novel nonsynonymous variant is located within the minimum candidate region. Direct
nucleotide-séquence analysis confirmed the mutation, ¢.854C>T (p.Pro285Leu), in TFG in both Kansai and Okinawan families. The

mutation cosegregated with the disease (Figure 1A).

(B) Schematic representation of TFG isoform 1. The alteration (p.Pro285Leu) detected in this study is shown below.
(C) Cross-species homology search of the partial TFG amino acid sequence contammg the p.Pro285Leu alteration revealed that Pr0285 is

evolutionally conserved among species.

pneumonia at 67 years of age.® Immunohistochemical
observations employing a TEG antibody (Table S8) re-
vealed fine granular immunostaining of TFG in the
cytoplasm of motor neurons in the spinal cord of neuro-
logically normal controls (n = 3; age at death = 58.7 =
19.6 years old) (Figure 4A). In the HMSN-P patient, in
contrast, TFG-immunopositive inclusion bodies were de-
tected in the motor neurons of the facial, hypoglossal,
and abducens nuclei and the spinal cord, as well as in
the sensory neurons of the dorsal root ganglia, but were
not detected in glial cells (Figures 4B-4D). A small number
of cortical neurons in the precentral gyrus also showed
TFG-immunopositive inclusion bodies (Figure 4E). Serial
sections stained with antibodies against ubiquitin or TFG
(Figure 4F) and double immunofluorescence staining
(Figure 4G) demonstrated that TFG-immunopositive inclu-
sions colocalized with ubiquitin deposition. Inclusion
bodies were immunopositive for optineurin in motor
neurons of the brainstem nuclei and the anterior hom of
the spinal cord,’ as well as in sensory neurons of the dorsal
root ganglia (data not shown). These data strongly indicate
that HMSN-P is a proteinopathy involving TFG.

~ Because HMSN-P and ALS share some clinical character-
istics, we then examined whether neuropathological
findings of HMSN-P shared cardinal features with those
of sporadic ALS."*"'¢ Immunchistochemistry with a TDP-
43 antibody revealed skein-like inclusions in the remain-
ing motor neurons of the abducens nucleus and the
anterior horn of the lumbar cord (Figures 4H—4I). Phos-
phorylated TDP-43-positive inclusions were also identified
in neurons of the anterior horn of the cervical cord and
Clarke’s nucleus (Figures 4J4K). In contrast, TFG immu-
nostaining of spinal-cord specimens from four patients
with sporadic ALS (their age at death was 72.3 + 7.4 years
old) revealed mo pathological staining in the motor
neurons (data not shown). Double immunofluorescence
staining revealed that many of the TFG-immunopositive
round inclusions in the HSMN-P patient were negative
for TDP-43 (Figure 4L), whereas a small number of
inclusions were positive for both TFG and TDP-43
(Figure 4M). In addition, to investigate morphological
Golgi-apparatus changes, which have recently been found
in motor neurons of autopsied tissues of ALS patients,’’
we conducted immunohistochemical analysis by using

(B) Disease haplotypes in the Kansai and Okinawan kindreds are indicated below. Local recombination rates, RefSeq genes, and the
linkage disequilibrium map from HapMap JPT (Japanese in Tokyo, Japan) and CHB (Han Chinese in Beijing, China) samples are shown
above the disease haplotypes. When disease haplotypes of the Kansai and Okinawan kindreds are compared, the markers nearest to TFG
are discordant at markers 48.5 kb centromeric and 677 bp telomeric to the mutation within a haploblock, strongly supporting the inter-

pretation that the mutations have independent origins.
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Figure 4. TFG-Related Neuropathological Findings

(A) TFG immunostaining (with hematoxylin counterstaining) of a motor neuron in the spinal cord of a neurologically normal control.
A high-power magnified photomicrograph (inset) shows fine granular staining of TFG in the cytoplasm. The scale bars represent 20 pm
(main panel) and 10 pm (inset).

(B-E) TFG-immunopositive inclusions of the neurons (with hematoxylin counterstaining) in the hypoglossal nucleus (B), anterior horn
of the spinal cord (C), dorsal root ganglion (D, arrows), and motor cortex (E, arrow) of the patient with the TFG mutation. The scale bars
represent 20 ym (B-D) and 50 pm (E).

(F and F’) Serial section analysis of the facial nucleus motor neuron showing an inclusion body colabeled for TFG (F) and ubiquitin (F’).
The scale bars represent 20 pm.

(G-G") Double immunofluorescence microscopy confirming colocalization of TFG (green) and ubiquitin (red) in an inclusion body of
a motor neuron in the hypoglossal nucleus. The scale bars represent 20 um.

(H and I) TDP-43-positive skein-like inclusions in the motor neurons of the abducens nucleus (H) and anterior hom of the lumbar cord
[@. The scale bars represent 20 pm.

( and K) Phosporylated TDP-43-positive inclusion bodies in the cervical anterior hom (J) and Clarke’s nucleus (K). The scale bars repre-
sent 20 pm.

(L-L") Round inclusions (arrows) positive for TFG (green) but negative for TDP-43 (red). The scale bars represent 20 um.
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Figure 5. Formation of Cytoplasmic TDP-43 Aggregation Bodies
in Cells Stably Expressing Mutant p.Pro285Leu TFG .

" The coding sequence of TFG cDNA was subcloned into pBluescript
(Stratagene).. After. site-directed mutagenesis with. a primer pair
shown in Table 89, the mutant cDNAs were cloned into the BamHI
and Xhol sites of pcDNA3 (Life Technologies). Stable cell lines
were established by Lipofectamine (Life Technologies) transfec-
tHion according to the manufacturer’s instructions. Established
cell lines were cultured under the ordinary cell-culture conditions
(37°C and 5% CO,) for 5-6 days and were subjected to immuno-
cytochemical analyses. Neuro-2a cells stably expressing wild-
type TEG (A), mutant TFG (p.Pro285Leu) (B), and a mock vector
(C) are shown. TDP-43-immunopositive cytoplasmic inclusions
are absent in the cells stably expressing wild-type TFG or the
mock vector (A and C); however, TDP-43-immunopositive cyto-
plasmic inclusions were exclusively demonstrated in cells stably
expressing mutant TFG (p.Pro285Leu), as indicated by arrows
(B). Similar results were obtained with HEK 293 cells (not shown)
Scale bars represent 10 pm.

a TGN46 antibody. It revealed that the Golgi apparatus was
fragmented in approximately 70% of the remaining motor
neurons in the lumbar anterior horn. The fragmentation of
the Golgi apparatus was prominent near TFG-positive
inclusion bodies (Figures 4N—4R). In summary, we found
abnormal TDP-43-immunopositive inclusions in the
cytoplasm of motor neurons, as well as fragmentation of
the Golgi apparatus in HMSN-P, confirming the overlap-
ping neuropathological features between HMSN-P and
sporadic ALS.

To further investigate the effect of mutant TFG in
cultured cells, stable cell lines expressing wild-type and
mutant TFG (p.Pro285Leu) were established from neuro-
2a and human embryonic kidney (HEK) 293 cells as previ-

ously described.’® Established cell lines were cultured
under the ordinary cell-culture conditions (37°C and 5%
CO,) for 5~-6 days and were subjected to immunocyto-
chemical analyses. The neuro-2a cells stably expressing
wild-type or mutant TFG demonstrated no distinct differ-
ence in the distribution of endogenous TFG, FUS, or
OPTN (data not shown). In contrast, cytoplasmic inclu-
sions containing endogenous TDP-43 were exclusively
observed in the neuro-2a cells stably expressing untagged
mutant TFG, but not in those expressing wild-type TFG
(Figure 5). Similar data were obtained from HEK 293 cells
(data not shown). Thus, the expression of mutant TFG
leads to mislocalization and inclusion-body formation of
TDP-43 in cultured cells.

TFG was originally identified as a part of fusion oncopro-
teins (NTRK1-T3 in papillary thyrmd carcinoma,'® TFG-
ALK in anaplastic large cell lymphoma,®® and TFG/NOR1
in’ extraskeletal myxoid chondrosarcoma®?), where the
N-terminal portions of TFG are fused to the C terminus
of tyrosine kinases or a superfamily of steroid-thyroid
hormone-retinoid receptors acting as a transcriptional
activator leading to the formation of oncogenic products.
Very recently, TFG-1, a homolog of TFG in Caenorhabditis
elegans, and TFG have been discovered to localize in endo-
plasmic-reticulum exit sites. TFG-1 acts in a hexameric
form that binds the scaffolding protein Secl6 complex
assembly and plays an important role in protein secretion
with COPII-coated vesicles.?? It is noteworthy that muta-
tions in genes involved in vesicle trafficking®>?* (such
genes include VAPB, CHMP2B, alsin, FIG4, VPS33B,
PIPSK1C, and ERBB3) cause motor neuron diseases,
emphasizing the role of vesicle trafficking in motor neuron
diseases. Thus, altered vesicle trafficking due to the TFG
mutation might be involved in the motor neuron degener-
ation in HMSN-P. The presence of TFG-immunopositive
inclusions in motor neurons raises the possibility that
mutant TFG results in the misfolding and formation of
cytoplasmic aggregate bodies, as well as altered vesicle
trafficking.

An intriguing neurcpathological ﬁndmg is TDP-43-
positive cytoplasmic inclusions in the motor neurons;
these inclusions have recently been established as the
fundamental neuropathological findings in ALS.**!* Of
note, expression of mutant, but not wild-type, TFG in
cultured cells led to the formation of TDP-43-containing
cytoplasmic aggregation. These observations are similar

M-M") An inclusion immunopositive for both TFG (green) and TDP-43 (red) is observed in a small number of neurons. The scale bars:

represennt 20 pm.

(IN) Normal Golgi apparatus in the neurons of the intact thoracic intermediolateral nucleus. The scale bar represents 20 pum.
(O and P) Fragmentation of the Golgi apparatus with small, round, and dlscon_nected profiles in the affected motor neurons of the

lumbar anterior horn. The scale bars represent 20 pm.

(Q-R") Immunohistochemical observations of the Golgi apparatus and TFG-meunoposmve inclusions employing antibodies against
TGN46 (red) and TFG (green), respectively. The scale bars represent 10 pm.

(Q) Norznal size and distribution (red) in a motor neuron without inclusions.

(R-R") The Golgi apparatus was fragmented into various sizes and reduced in number in the lumbar anterior hom motor neuron with
TFG-positive inclusions (green). The fragmentation predominates near the inclusion (arrow), whereas the Golgi apparatuses distant from

the inclusion showed nearly normal patterns (arrow head).
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to what has been described for ALS, where TDP-43 is
mislocalized from the normally localized nucleus to the
cytoplasm with concomitant cytoplasmic inclusions.
Cytoplasmic TDP-43 accumulation and inclusion forma-
tion have also been observed in motor neurons in familial
ALS with mutations in VAPB MIM 608627) or CHMP2B
(MIM 600795).2526 Furthermore, TDP-43 pathology has
been demonstrated in transgenic mice expressing mutant
VAPB.*” Although the mechanisms of mislocalization of
TDP-43 remain to be elucidated, these observations suggest
connections between alteration of vesicle trafficking and
mislocalization of TDP-43. Thus, common pathophysio-
logic mechanisms might underlie motor neuron degenera-
tions involving vesicle trafficking including TFG, as well as
VAPB and CHMP2B. Because TDP-43 is an RNA-binding
protein, RNA dysregulation has been suggested to play
important roles in the TDP43-mediated neurodegenera-
tion.?8 Furthermore, recent discovery of hexanucleotide
repeat expansions in CIORF72 in familial and sporadic
ALS/FTD (MIM 105550)>°3° emphasizes the RNA-medi-
ated toxicities as the causal mechanisms of neurodegener-
ation. Observations of TDP-43-positive cytoplasmic inclu-
sions in the motor neurons of the patient with HMSN-P
raise the possibility that RNA-mediated mechanisms
might also be involved in motor neuron degeneration in
HMSN-P. .

In summary, we have found that TFG mutations cause
HMSN-P. The presence of TFG/ubiquitin- and/or TDP-43-
immunopositive cytoplasmic inclusions in motor neurons
and cytosolic aggregation composed of TDP-43 in cultured
cells expressing mutant TFG indicate a novel pathway of
motor neuron death.

Supplemental Data

Supplemental Data include three figures and nine tables and can
be found with this article online at http://www.cell.com/AJHG/.

Acknowledgments

The authors thank the families for participating in the study. We
also thank the doctors who obtained clinical information of the
patients. This work was supported in part by Grants-in-Aid for
Scientific Research on Innovative Areas (22129002); the Global
Centers of Excellence Program; the Integrated Database Project;
Scientific Research (A) (B21406026) and Challenging Exploratory
Research (23659458) from the Ministry of Education, Culture,
Sports, Science, and Technology of Japan; a Grant-in-Aid for
Research on Intractable Diseases and Comprehensive Research
on Disability Health and Welfare from the Ministry of Health,
Labour, and Welfare, Japan; Grants-in-Aid from the Research
Committee of CNS Degenerative Diseases; the Ministry of Health,
Labour, and Welfare of Japan; the Charcot-Marie-Tooth Associa-
tion; and the National Medical Research Council of Australia.
H.I. was supported by a Research Fellowship from the Japan
Sodiety for the Promotion of Science for Young Scientists. We
also thank S. Ogawa (Cancer Genomics Project, The University
of Tokyo) for his kind help in the analyses employing GAIIx and
SOLiD4.

Received: April 16, 2012

Revised: May 27, 2012

Accepted: July 2, 2012

Published online: August 9, 2012

Web Resources
The URLs for data presented herein are as follows.

1000 Genomes Project Database, http://www.1000genomes.org/
dbSNP, http://www.ncbi.nlm.nih.gov/projects/SNP/
HapMap, http://hapmap.ncbi.nlm.nih.gov/

NHLBI GO Exome Sequencing Project, https://esp.gs.washington.
edu/drupal/ :
Online Mendelian Inheritance in Man (OMIM),

omim.org
PolyPhen, http://genetics.bwh.harvard.edu/pph/
RefSeq, http://www.ncbi.nlm.nih.gov/projects/RefSeq/
UCSC Human Genome Browser, http://genome.ucsc.edu/

http://www.

References

1. Takashima, H., Nakagawa, M., Nakahara, K., Suehara, M.,
Matsuzaki, T., Higuchi, 1., Higa, H., Arimura, K., Iwamasa, T.,
Izumo, S., and Osame, M. (1997). A new type of hereditary
motor and sensory neuropathy linked to chromosome 3.
Ann. Neurol. 41, 771-780.

2. Nakagawa, M. (2009). [Wide spectrum of hereditary motor
sensory neuropathy (HMSN)]. Rinsho Shinkeigaku 49,
950-952. ‘

3. Maeda, K., Sugiura, M., Kato, H., Sanada, M., Kawai, H.,, and
Yasuda, H. (2007). Hereditary motor and sensory neuropathy
(proximal dominant form, HMSN-P) among Brazilians of
Japanese ancestry. Clin. Neurol. Neurosurg. 109, 830-832.

4. Patroclo, C.B., Lino, A.M., Marchiori, PE., Brotto, M.W,, and
Hirata, M.T. (2009). Autosomal dominant HMSN with prox-
imal involvement: new Brazilian cases. Arq. Neuropsiquiatr.
67 (3B), 892-896.

5. Fujita, K., Yoshida, M., Sako, W., Maeda, K., Hashizume, Y.,
Goto, §., Sobue, G., Izumi, Y., and Kaji, R. (2011). Brainstem
and spinal cord motor neuron involvement with optineurin’
inclusions in proximal-dominant hereditary motor and
sensory neuropathy. J. Neurol. Neurosurg. Psychiatry 82,
1402-1403.

6. Takahashi, H., Makifuchi, T., Nakano, R., Sato, S., Inuzuka, T.,
Sakimura, K., Mishina, M., Honma, Y., Tsuji, S., and Ikuta, F.
(1994). Familial amyotrophic lateral sclerosis with a mutation
in the Cu/Zn superoxide dismutase gene. Acta Neuropathol.
88, 185-188.

7. Maeda, K., Kaji, R., Yasuno, K., Jambaldorj, J., Nodera, H.,
Takashima, H., Nakagawa, M., Makino, S., and Tamiya, G.
(2007). Refinement of a locus for autosomal dominant hered-
itary motor and sensory neuropathy with proximal domi-
nancy (HMSN-P) and genetic heterogeneity. J. Hum. Genet.
52,907-914.

8. Fukuda, Y., Nakahara, Y., Date, H., Takahashi, Y., Goto, J., Miya-
shita, A., Kuwano, R., Adachi, H., Nakamura, E., and Tsuji, S.
(2009). SNP HiTLink: A high-throughput linkage analysis sys-
tem employing dense SNP data. BMC Bioinformatics 10, 121.

9. Gudbjartsson, D.E, Thorvaldsson, T., Kong, A., Gunnarsson,
G., and Ingolfsdottir, A. (2005). Allegro version 2. Nat. Genet.
37,1015-1016.

328 The American Journal of Human Genetics 97, 320-329, August 10, 2012



10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

Li, H., and Durbin, R. (2009). Fast and accurate short read
alignment with Burrows-Wheeler transform. Bioinformatics
25, 1754-1760. '

Li, H., Handsaker, B., Wysoker, A., Fennell, T, Ruan, J., Homer,
N., Marth, G., Abecasis, G., and Durbin, R.; 1000 Genome
Project Data Processing Subgroup. (2009). The Sequence
Alignment/Map format and SAMtools. Bioinformatics 25,
2078-2079. ‘

Robinson, ]J.T., Thorvaldsdéttir, H., Winckler, W., Guttman,
M., Lander, E.S., Getz, G., and Mesirov, J.P. (2011). Integrative
genomics viewer. Nat. Biotechnol. 29, 24-26.

Neumann, M., Sampathu, D.M., Kwong, LK., Truax, A.C,,
Micsenyi, M.C., Chou, T.T., Bruce, J., Schuck, T., Grossman,
M., Clark, C.M,, et al. (2006). Ubiquitinated TDP-43 in fronto-
temporal lobar degeneration and amyotrophic lateral scle-
rosis. Science 314, 130-133.

Arai, T., Hasegawa, M., Akiyama, H., Ikeda, K., Nonaka, T.,
Mori, H., Mann, D., Tsuchiya, K., Yoshida, M., Hashizume,
Y., and Oda, T. (2006). TDP-43 is'a component of ubiquitin-
positive tau-negative inclusions in frontotemporal lobar
degeneration and amyotrophic lateral sclerosis. Biochem.
Biophys. Res, Commun. 351, 602-611.

Hasegawa, M., Arai, T., Nonaka, T., Kametani, E, Yoshida, M.,
Hashizume, Y., Beach, T.G., Buratti, E., Baralle, F, Morita, M.,
et al. (2008). Phosphorylated TDP-43 in frontotemporal lobar
degeneration and amyotrophic lateral sclerosis. Ann. Neurol.
64, 60-70.

Inukai, Y., Nonaka, T., Arai, T., Yoshida, M., Hashizume, Y.,
Beach, T.G., Buratti, E., Baralle, EE., Akiyama, H., Hisanaga,
S., and Hasegawa, M. (2008). Abnormal phosphorylation of
Ser409/410 of TDP-43 in FTLD-U and ALS. FEBS Lett. 582,
2899-2904.

Stieber, A., Chen, Y., Wei, S., Mourelatos, Z., Gonatas, J.,
Okamoto, K., and Gonatas, N.K. (1998). The fragmented
neuronal Golgi apparatus in amyotrophic lateral sclerosis
includes the trans-Golgi-network: Functional implications.
Acta Neuropathol. 95, 245-253.

Kuroda, Y., Sako, W., Goto, S., Sawada, T., Uchida, D., [zumi,
Y., Takahashi, T., Kagawa, N., Matsumoto, M., Matsumoto,

M., et al. (2012). Parkin interacts with Klokin1 for mitochon-

drial import and maintenance of membrane potential. Hum.
Mol. Genet. 21, 991-1003. -

Greco, A., Mariani, C., Miranda, C., Lupas, A., Pagliardini, S.,
Pomati, M., and Pierotti, M.A. (1995). The DNA rearrange-
ment that generates the TRK-T3 oncogene involves a novel
gene on chromosome 3 whose product has a potential
coiled-coil domain. Mol. Cell. Biol. 15, 6118-6127.
Hernéndez, L., Pinyol, M., Hernandez, S., Be3, S., Pulford, K.,
Rosenwald, A., Lamant, L., Falini, B., Ott, G., Mason, D.Y.,

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

et al. (1999). TRK-fused gene (TFG) is a new partner of
ALK in anaplastic large cell lymphoma producing two struc-
turally different TFG-ALK translocations. Blood 94, 3265~
3268.

.Hisaoka, M., Ishida, T.,, Imamura, T.,, and Hashimoto, H.

(2004). TFG is a novel fusion partner of NOR1 in extraskeletal
myxoid chondrosarcoma. Genes Chromosomes Cancer 40,
325-328. :

Witte, K., Schuh, A.L., Hegermann, J., Sarkeshik, A., Mayers,
J.R,, Schwarze, K., Yates, J.R., 3rd, Eimer, ., and Audhya, A.
(2011). TFG-1 function in protein secretion and oncogenesis.
Nat. Cell Biol. 13, 550-558,

Dion, P.A., Daoud, H., and Rouleau, G.A. (2009). Genetics of
motor neuron disorders: New insights into pathogenic mech-
anisms. Nat. Rev. Genet. 10, 769~-782.

Andersen, PM., and Al-Chalabi, A. (2011). Clinical geneties of
amyotrophic lateral sclerosis: What do we really know? Nat
Rev Neurol 7, 603-615. )

Ince, P.G., Highley, J.R., Kirby, J., Wharton, S.B., Takahashi, H.,
Strong, M.]., and Shaw, PJ. (2011). Molecular pathology and
genetic advances in amyotrophic lateral sclerosis: an emerging
molecular pathway and the significance of glial pathology.
Acta Neuropathol. 122, 657-671.

Cox, L.E., Ferraiuolo, L., Goodall, E.E, Heath, P.R., Higginbot-
tom, A., Mortiboys, H., Hollinger, H.C., Hartley, J.A., Brocking-
ton, A., Burness, C.E., et al. (2010). Mutations in CHMP2B
in lower motor neuron predominant amyotrophic lateral
sclerosis (ALS). PLoS ONE 5, e9872.

Tudor, E.L., Galtrey, C.M., Perkinton, M.S., Lau, K.-E,, De Vos,
KJ., Mitchell, J.C., Ackerley, S., Hortobigyi, T., Vamos, E.,
Leigh, PN, et al. (2010). Amyotrophic lateral sclerosis mutant
vesicle-associated membrane protein-associated protein-B
transgenic mice develop TAR-DNA-binding protein-43
pathology. Neuroscience 167, 774-785.

Lee, E.B., Lee, V.M., and Trojanowski, ]J.Q. (2012). Gains or
losses: Molecular mechanisms of TDP43-mediated neurode-
generation. Nat. Rev. Neurosci. 13, 38-50.
DeJesus-Hernandez, M., Mackenzie, L.R., Boeve, B.E, Boxer,
A.L., Baker, M., Rutherford, NJ., Nicholson, AM., Finch,
N.A,, Flynn, H., Adamson, J., et al. (2011). Expanded
GGGGCC hexanucleotide repeat in noncoding region of
CY0ORF72 causes chromosome 9p-linked FID and ALS.
Neuron 72, 245-256. '
Renton, A.E., Majounie, E., Waite, A,, Simén-Sinchez, J.,
Rollinsom, S., Gibbs, J.R., Schymick, J.C., Laaksovirta, H., van
Swieten, J.C., Myllykangas, L., et al; ITALSGEN Consortium.
(2011). A hexanucleotide repeat expansion in C9ORF72 is
the cause of chromosome 9p21-linked ALS-FTD. Neuron 72,
257-268.

The American Journal of Human Genetics 97, 320-329, August 10, 2012 329



d vona--=u
v - by—AM&
(&, EAERETID

INEASRBEDED 5, ERAH
HBESHRBREERI LTV
BlEN BRECL-T. B

HET [vba— <l —-
by —Z9R] EBEEh %L,
AHTHLBRETTY, EAGRTEDTLL D, S5, ED
OB LTVCDTLLEID <HDULLKEATLEEL,

@ireaE

HivEi C-Y

BETRRBICLDFEHEES
S<RB20REETICRELERT

Yv)bd—-IU— " by—RFEE

|

SEMICHB Y NT— ) — - by — AR
(Charcot-Marie-Tooth disease. AT CMT &
W) 1d. BIETEEICL 2 REERREORKT
o —REIZ, TNBBREEDLNLTVETI,
BRKDEFRAETIH2E00AIZ 1 AL b2ETH
1AL ANEDHEPDHY 7,
BIETEEOBEICD X 95 EERWICH
ZEEH Y FEA CMTIE, —BAIZIZ0 R~
20 EE CICFHEL T T 60BUEICEES N
BHbBLNET,

FIHEESICED .. EROBIPERED
BETHDo>LDEEATHERT

| EEER

]

CMTREESADERIE. B TH - F - il
7% EQOMEEMBOFHAL, LLT2@- b
EATL 220 (BRRETE) FmL. RSO
EED L 2l BHIToNTET (REE

8—Vol. 42-4

RERHTFILERIA MR
EEEE 5 —

bR )il B

B

BEIADE Z, FER» O FEHITHIT T,
R REOER (ME) REDOHHET (A1) v
NAPTR TV, BECOFFLLARY) 35D,
B2 EASH (B0 k)i, MAREZPLRKRT
BIEEL. MEEENATELOT, [k
EEVETY) TRIPNET,

2, THROSGHETRERO O, Y
DEHPEHR 2 INDIEHHD T, FE IL
AW &L [FEDDEDPLPIT o T TEBEWIZ
IZofz] [FELOEPLRINSPoTz] 72
& BWERIZT ED OEP LB L TWw BT
ZNE)TT, /o, EROBWEE S AT,
DA, AT Lo Tk, EFhi b BT T
ERPHTWEHEELDH Y 9,

CMT OHRIERIE, RIEHBEREEICL 550
BTRRERTZETTI Ficik, BBRZI
v FEPH 2 WA EOHER (R Tk
EOEE) PEHELIZD. WROETE L DI,
FHOEBEZELV TR L, SHRREREE
THEEIADVET,

EZEEERST T629-2261 RENSHESHBIFRLAB]
TR ER AR BRI EREEY 5 —




R—+ bo—AETHSNIMEEMUBOBSEEME

B SFCHBTEETDDIITREL.
FEEESEETFOSHUBDET

| CMT &8IEF |
B L 725918, CMTIRERTORFEIZL -
THELBEETT,
AT, FRAaFEEEE MHoLs

E#Kﬁ%ﬁ&of\ﬁmth%mﬁgﬁ%E
LbIZEETHHD) 2. BHRAESEEE (WH
IR D Th, FEDICRETHI LD
5b0) . XEEFBEER (XERAELOER
TFORE T, BTORIIEIETHDD) 2 EDVDH
. BEFIEGELTHTS, EhoFELITH
THEET AT TELENI ECEET ALERD
DET,
BEHEHERELTOCMT DL
[EEZHEE] L EbhTunEd, [EENS
PRl & BR2ABRBTFOREICL ST, AL
FERPHBETLEWH L TY, 2F ), BEF
ADEFETH, BETBOEETYH, RSO E

35— D DREERIE,

v, BLE) RFROBNETEV) CMT
K%ﬁb:ﬁﬁﬁ&ﬁ?%kw%:k@%b\c
TREZFSARLTH-TH, KR E 2 5EETF
VR TWBEEDRHL LN ZETT,
BAEI IO TwaA721TThH, S0EDCER
5CMTOERBEFVPHALNTVE T, £OH
T, ot DBVDONRPMPREVI ¥ VIV E
A= FLTWHEEBEFOEETT, CMTOD
DUDOBEIAZ, COBEBTOEETHLHZ L
BHLENTVWET (CMT1ABEVWWET)

EF. MELMEBNEEETIEL,
BELCHUCTHEREERELET

E-: |

CMT o, M2, MEFNSE. BRAE
BERORE, BEEFRETT 2RI T,

M L HRFWBETCMTVELNHE
m\XWWﬁ@@%%%&5Wﬁﬁﬁﬁﬁ%ﬁ&
WEY, LEIUS LT, HHERRE, R8T

2013. Jul.—9



WA, HERER (BOLBRLOLEIAIIHD
BEREMEDERTT) 2 EDITRVE T, #EE
TERBAETEL DY THAD, MEEERE. ¢
HBEMRE., MEERIIEAZHEVET,
INLOWREERITR o/ ETCREVSR LN
LT, BETFRECTHERESWE 2D 7,
BIEFREL V- TH, BEIAOABELLT
R T, PMP2Q2EETOF I SHEE
W R EERRASEE SN E T, 3h0R
EFRAEE. REOHBETOMITITE ) $5,

B [FENFFPHBITHEEETT D
1920%IFENT ZER

| ®& |
CMTOEBIZOWTIE, BEREZ TV HE
FEFEEICL > TERZY T8 —RNIEHH
BT, BREBEEFNDLRLPICEITLTWET T,
B S BRI SR B 1 Bh S B e M B SRR 5T
FEZCMTHZEIE (CMTHZEIE) OFAETI.
% L OF X EIHFT 23R THITE TN
BEWd 2 HHEINEFIEN20%, B-&0i2ks
FEln:EnTwET,

CMT [CISEMICHIRD B SialiEl.
EEHDTEH

L7
DVEDTANVE Y BRSREBR TR, B0
ETOREDVHAONE L2, FEFMER T
BEHLIFRGHTEEEND Y THATLL,
L2L, HEH6D5Z L%, SHBIFTLVIEE
EEZBE L TwE e BnE T,

#BYRB T v b7 PEREEL. EFT
BENEEPHNRIBSTEST

vz, SIS HEN VDI TIEHY ¥
B Ao
BEIACET-MRTHRERLZ L, #YR7
vy M7 RITR) LT REN R SENEEFT
EFT, o, BERERHEEOERL, Hhk
O MR 2 LR sRT I, THEE
PR E R BB IO%HE0H D 7,

CMTWRIEFRNLZERTIEH Y TEAL, Fay
WCRBEEEZ5EETOHVETA, CMTOR
BIADEE, HFEHRITHIEDTRTHY.
RDBEIC B EESVWTTI, BENWTOARD
AEICR D 2 EITENTT,, KT EICEEEL
TLIEE

CMTOHRIGEATWET, IREDKE
ZHEL. RESHBBHEEOTLEEL

| hE |

| BETALTREOHES AN |

AN, WERTIE. CMTIZHEENICR)
Bhid B LRI SN2 REIEH Y T8 A0

CMTOEFNVEMWTIEZ. A FTVA e
AMANVEVHR, EF¥I VB ZNV7IVE
EDEBREIHE SN TWE T, BT,
INBDEH DL b TOEEMRHERIEICOW
T TasEshTwER A,

&L, CMT 1 AT 57 AV Vs
HES, bPEEFCR T abiE Lz, CMT
L ADOEFNVE CIENENR L N0 TR
SNFE LD WTINOREBRTHLCMT 1 AWK
TAHTAANE VBROFHEZTHHEINTIEAT

10—Vol. 42-4

BERERTFRAICHAS %), CMTRIE
DA J3 = X 2NN T DOBFERROERE S kW
TwE$, 54FFIC. [CMTRDE] dHEEL
FL77 CMTIZOWTIEFLLLERL, SHBOHF
FRREHFELENRS, HEDADL (activities
of daily living/ H®EHEIFEME) %24 L TH iR
L. HEOHIEHEF o T hide £z
TWE T,

CMTOEMIZOWTIE, CMTHEEDS
[Yvnva—-=V— r o —AF/BE~Y=27
V) (&FE) PHRENRTWIETOT, 21
LT 728 vy



mEERAR/ - b

Charcot-Marie-Tooth J&

lEUHIC

Charcot-Marie-Tooth & (CMT) iZ, BRbHEE BT
Za—unF—THHHROBELIIN 260 TALHEEES N, b
ETbAMTI0 FAN10.8 AL DMEHNDH BV, CMT IEB)#E
I E DT, BIRER, EERA, PRIBLCABIE NS, %
MR F R L e, ERETEABREIIN20%, B EE
1% & EN T3, CMT DEEEE T 50 BIEM E23%E & 1,
CMT OBEETFZHIIAE BB L Tw3, AT, CMT OB
BT AR DA RE ST 59,

CMT (ST B EEWARE

BETZHBAT0 kiR CMT BEDTSE & LC, Cronassial
BWEH v 70 43 FEAD, linoleic/y-linoleic essential fatty acids,
vitamin E, coenzyme Q10, modafinil 7z & DFRHERH S, »T
OGS +5 70 BUE O #E7F A b FL S B ER randomized con-
trolled trial (RCT) Tl e\,

1. CMTIA OZEMEE

BOLHEENE Y CMTIA i PMP22 DBEEICE > T R X
N3 HEE CMT TH 5.

A, PAONE BEEEEREER

FAINE VEEZ, BREEE-Schwann MIEDEERICEIT S
myelination IZHETHH, PAaANE VEEBRZIWABHEREES
FlERITIEMREINTVE, PRaALE VB CMTIA €5
W2 RCENTH S EDWMED D, EANCHEHRRB M TON
7o, BEASBEMERLEEAE - 2 — o F —DFEIcEo|(
FRIBEEORFE RO b & TfTbiuz CMTIA KT 5 4 —
7 v EE (UMIN 38 ID : UMIN000001535) T, 794 <Y —x
¥ FRA v +¢dH % CMT neuropathy score (CMTNS) IZH & 72
B TRAINVE VBOESEIZERTE R0 7Y, B TO
FAANE VIR ERBETL LOEOMEHOMBR L HEKICT A2
WVEVEBOBEMMEIITHEI NE» -7, L L, Bumns 53 12»
AROEMA — 7 VEEE (7 A 2 VE VB 25~37 mg/kg/H) % 7~
16 D CMTIA 5 flicfivy, WESRMEHHOER L HEZR D,
BIEDEE CMTIA IKIE 7R a e vBOKEBEWRENENT
HBHARENRE NY, bBEOBEERBTOHEBIIERICK
ELTRY, P2BEOHREIZOTER L EELZONS, B’
e, FEF = FIEPMEOESMRZREEELZBEL, TAI)LE
v 20 mg/kg/H/12» AR ERIBR TOEIERFPTH 2.

B. Neurotrophin-3(NT-3)

Sahenk &%, 8 ffld> CMTIA B NT-3 % 150 ng/kg/38 3 [H
2438, ¥ 7 7R ®EER TR oM. ZOMKE, NT-3#&58#T

BRHAREREE 2 a7 (NIS) BSE L, HEBRSEMLEI Lz
980

Il Ok ik

A

AR ST IE R RSE R AE el /AR P Bl
(B WEN L E R R AR 2 v & —bER)

nAh EE DY
WELKY, 20%, CORELZERTARE IR, i, EIE
BOWER Lol L FPORMERLED 5.

C. 7O AFOv iR

Ju A7 n it Schwann MR EEMIEcES S N,
PMP22, MPZ iz EDFEBREREL, CMTIA BIE 7NV DEER%E
Blhsesl s, TarrarurEREcHRAF TV ATO U
CMTIA BT VICESITH B Z L ESNTH 3D, Lo,
AFTVATREFEEO O MCERT 2 2 EIdHEEL Y,
—F, TuFA5u 3R PMP22, MPZ ® mRNA B %
mE¥2EM»H D, N7 AR4E% KR T hereditary neuropathy
with liability to pressure palsies (HNPP) % nonsense-mediated
mRNA decay B MPZ B CMT 2B TH 2 AREMEDN S 5,

Boft, BEMIEC PMP22 2R XY, ZOFKEE2MET 3{E
YaeA—b=F v IR ) == TN AN—T"y belfik
PHFEIN TS,

D. Network pharmacology

Network pharmacology & ¥ bioinformatics IZZ-J < #H L Wik
BHEEAFEIERINTVS, J0Fy b7 — 7 8EEEML S F Y4
vE N CMTIA OBREERAEMED o N TS, SYIicdh 3
Pharnext #1208 CMTIA 60 #fl 2 &< PXT3003( X707 2y, F
MELXY Y, VILE R = LOEH) DBBRZTE> T 38,

2. EERIZELD CMT 0L

JNTEIv PN EVEKT AL —RBIEAENT
WBREHRDEGEETH S, V7 I VIZABKRENIC pmp22 5
EEoy ZOEIHMERNEL . Burns 5 lE, PMP22 HER
(Ser72Lew) 2B ¥ 3 15 MOKEREZ 7 V7 2 V% 50mg/kg/H
(1500 mg, 250 mgX6 A 7 )V/5 2)d4x H, %D, 75mg/ke/H
(2500 mg, 250mgX10Ah 7N /5 3)84 BDEr 124 A, FO
B L7, e kd o, THEEEORE L b T,
UL, EEE WERCHET2EENRRERS - EHELT
Y32

EFILENPEZEV: CMT BEEDORS
CMT OETNVEYIC L 2TFELER L TE D, BEE CMT T

A3H 25 BEOEY T TN E ST w5 (http: //www.molgen.

ua.ac.be/CMT Mutations), TrkB & TrkC ioxf§ 2 fEBIEEHA DS
Trembler] =7 A DEENEERE % FE, HERHMIZ CMTIB 2&
TREE CMT OB L LTHE, F¥ > 94 7Y )8 hNF-LP2S;
tTa w7 ADfEREWE, Colony-stimulating factor-1 & Z DFEH
D3 CMT DIGEIENS T, histone deacetylase 6 (HDACS) FHEZR
HECHEHZEEEDIREICER), c-Jun N-terminal kinase (JNK) 23
CMT BB DIER, MFNI #BBINNER MFN2 - k 2REEL
0289-0585/13/ ¥ 500/3% /] COPY



WEL L OWERDH 2D, B, CMT BEd & iPS #lia% s LT
FEEDLENT VD,
ABRTANEEY

CMT BEBMONRERSICER L 54, KBS C CHEA
ENBBFPEMPREEL T I 28605 5. L TEER
WTHBEV I VATV - AT I5F v - %Y —)l, HIV REE
HENCMT OERZEAAZE A BIERDH 3 (Wttp://www.
charcot-marie-tooth.org/med_alert.php). i, FELFEBEED
B EIC & ) RMEHBREENEENLL, CMT OBEFEESHS H»
Lo B HE XN T w219, CMT DIEEIERZ R X 22 Wil
7 CMT BED5\ 2 RS S b, HiERHEE SR O MR EER
HEOEMIIREHEREEOERE(LZH C RTINS,

REM= 12 —0ONF—& CMT

CMTIA #R¥E & T 58 EM= 2 — 185 — & chronic inflam-
matory demyelinating polyneuropathy (CIDP) & O &8l et >
5, CMT 83 250 Aic 1 A2 CIDP Bk RIEME= 2 — o F—%
RIET B LEESIN WS, CMT B THKREROEEELERA
HIEAIciE, CIDP DBBICHEL B bERTRETH W,

HNELAR

BRI ANET L, BEZ2A WY B2 #ETRMBIC /TR T
WEBESHTE EE, BfioREME R % - O TR 8
D i E OEEABLFMISEIG & 72 258035 5. Leeuwesteijn &
13 CMT QMBI § 251 D IEREREORE 217, CMT 33 41
DRI 575 B ORI TER, HTEENIFRICHEL, 90%D
BEPEEFOBELHELTWR LBEL TV 312, ARRED
ABEEIZ CMT BF I LD REL BT b T EEIOND
B, Z OFMEIGPARINEREIETRIC DWW T O L D HRE L
BRHEEINTWS,

R B

CMT BENFMPHER ED DI HREE 2T 2BIc b EER
BETH B, RIS, REHRES 2 EES RO ICEHERR
W GEBE C b JET BRI B EARENE T 2 RETH B L bt
WED, B S ETRECEEREC RIF 2 ENE S 1Lz
FLIBA DB, W ASFREED A CEHT OB ML BIE E B W % 1772 > 724,
SHEIRREE & BREERE 7 0 v 2 2R U 7 BRI F A e £ bR
EXNTVBY),

UNEYTF—3r

FEFHD LBER I 2WTL eI 2] CMT B 3EKE
PoFROND T EDE e, DRITICE ZHNET overwork weak-
ness /i DWW T INETHRMBIE S, CMT BEICHEEEICE
WCEOFEAZODPALEICT FAAL AT B IR F—F 3k
W, CMT OBEEiTENgEIROFH D2 D, FHEFEH» S THE=
HEAS DREMRIIB 24T ) BB H 219, B4 O4IEIESE LR
HAAT Z &7, EEREOBEKERIC X 2ETH EOBELEINA 240

WEREAR — b
R En g,

1. BEEX

BHOBRICB LT, O BEEEICh-EREE, @ HHEN
AR A NIRREIC L C, BT A 2 LKYITh B, TR
DFERZHT L LBORE 2 HAMICUE Lk L OMENRH 519,

2. ORw MNEHT

THEEAZEEo Ry FTi, LY—FO(HAu Sy 79 y),
mRy b A=Y HAL® ($3E K2 : Hybrid Assistive Limb) 253 %
B4 EE R R R L LT, TREFIMY o Ry
b (HAL-HNOL) i< B84 % [RE = BB (FRREE 8 #EhE)
WG E Nz,

3. HELFEROIX

CMT oW T 2 BRI 3B IR PR I N T LWL, 4L
TH L W@EREZHIFT A2 LRBETH 2. HEWRESEE
L BBEEEIAUTH B, CMT BFIEE 0 ) —/HPEEE L
DEBICALR AR v ZEBRICRZ D2 TWERVEARLND,
P LOTREDREZHEF T2 I EPEETH S, MEEMD
B, IR, AME, DK, BEOWRE EICEBESNETH 510,

X

1) Kurihara S, Adachi Y, Wada K, et al. An epidemiological genetic study of
Charcot~-Marie-Tooth disease in Western Japan. Neuroepidemiology.
2002 5 21 : 246-50.

$iJl|iE#s. Charcot-Marie-Tooth JE 233 5 5 04 Annual review

% 2013, rhALEEEAE 5 2013, p. 211-22.

hJIIIER, BF<pie, BREPEM, fth. Charcot-Marie-Tooth 7 1A Wi 4 3

T AaNE VRS OFEREOBE. Peripheral Nerve. 2007 ; 18 : 210-2,

Pareyson D, Reilly MM, Schenone A, et al. Ascorbic acid in Charcot-

Marie-Tooth disease type 1A (CMT-TRIAAL and CMT-TRAUK) :

a double-blind randomised trial. Lancet Neurol. 2011 ; 10 : 320-8.

Burns J, Ouvrier RA, Yiu EM, et al. Extended treatment of child-

hood Charcot-Marie-Tooth disease with high-dose ascorbic acid.

J Peripher Nerv Syst. 2011 ; 16 : 272-4.

6) Sahenk Z, Nagaraja HN, McCracken BS, et al. NT-3 promotes nerve

regeneration and sensory improvement in CMT1A mouse models and in

patients. Neurology. 2005 ; 65 : 681-9.

Sereda MW, Meyer zu Horste G, Suter U, et al. Therapeutic administra-

tion of progesterone antagonist in a model of Charcot-Marie-Tooth disease

(CMT-1A). Nat Med. 2003 ; 9 : 1533-7.

Ainsworth C. Networking for new drugs. Nat Med. 2011 ; 17 : 1166-8.

Burns J, Joseph PD, Rose K]J, et al. Effect of oral curcumin on Déjérine-

Sottas disease. Pediatr Neurol. 2009 ; 41 : 305-8.

Nakamura T, Hashiguchi A, Suzuki S, et al. Vincristine exacerbates

asymptomatic Charcot-Marie-Tooth disease with a novel EGR2 mutation.

Neurogenetics. 2012 ; 13 : 77-82.

Mazzeo A, Stancanelli C, Russo M, et al. Subacute inflammatory

demyelinating polyneuropathy disclosed by massive nerve root enhance-

ment in CMT1A. Muscle Nerve. 2012 ; 45 : 451.

Leeuwesteijn AE, de Visser E, Louwerens JW. Flexible cavovarus feet in

Charcot-Marie-Tooth disease treated with first ray proximal dorsiflexion

osteotomy combined with soft tissue surgery : a short-term to mid-term

outcome study. Foot Ankle Surg. 2010 ; 16 : 142-7.

Brock M, Guinn C, Jones M. Anesthetic management of an obstetric

patient with Charcot-Marie~Tooth disease : a case study. AANA J. 2009 ;

77 + 335-7.

Chetlin RD, Mancinelli CA, Gutmann L. Self-reported follow~up post-

intervention adherence to resistance exercise training in Charcot~Marie~

Tooth disease patients. Muscle Nerve. 2010 ; 42 : 456.

15) Guillebastre B, Calmels P, Rougier PR. Assessment of appropriate ankle-
foot orthoses models for patients with Charcot-Marie-Tooth disease. Am J
Phys Med Rehabil. 2011 ; 90 : 619-27.

16) CMT B~ =2 7 VIREEES, §.
o227, &FF; 2010,

2)
3)
4)

5)

7
8)
9)
10)

11)

12)

13)

14)

Yeha— Y= bu—AFEL

981



YR - RS update

Charcot-Marie-Tooth FD;8 B

2 )bd— « T)— - ky—2Z (Charcot-Marie-Tooth : CMT)#&lE, BHEENEVEEE = 1—ONF—TH
Y, HROBEHIIH 260 FALHETEINTVWS, CMT (4, B, iR hEEICARNEhD. EETF
{EHBEIN 20%, BEEUEREI 1% THE., —JIAEMOESHICKY), CMT OEREEFIE50 8
L EMRESRTWS. VI3, PAVELE, PXT3003 ZEDEFEMMS#ETENTVS, b E%ES
AICTRESFHOR Y Z—Y OEMFEHERARSETLTVS. EFIVEME AV CMT BEEDH R

I E

NAKAGAWA Masanori/ REFUERAZHBIBERELEY S~

PEATHY, iPS HlRBFEIIEN D055,

Key words

2 Charcot-Marie-Tooth & (CMT)
BPRAIIEVE

BOWO=ZY

B PXT3003

ETRESIOMRY hRA—Y

FU®HIC

Yy RpaA—-3TY—+ hy—RA

(Charcot-Marie-Tooth : CMT) %% &,

1886 4E1Z J. M. Charcot, P. Marie, H.
H Tooth ik o THE SN/ H LM
BEOBVEEES 2 —a/F—Th b,
TRTORKEICREDOOLNS., CMT O
HRRZTE, WokTRINET2,500 A
I AEEDNTERY, mEDESE
FAETH ANDI0H AN 9.7~82.4 A
EFOEERBWY. bAETIRALD
10 AS 10.8 AN OHEDH 5 432,

EBROERFRIVFEVEHEESINS.
CMT iZ—#aIC 0~20 R E £ TIZH
ET HBIEETHEORBRTH S, B
HEEMRE BRI RS EREIC IR
X, ERFHERBREEEIN20%, B
EDRZEE 1%L ENTWAEY. CMT
IR R O E B R EE R E
(MNCV) 38 m/# & #12, Lol
(CMT1/CMT4), H#ii 2 #(CMT2),

2 (intermediate CMT) (2 KB &
Nb. 2XFV—LENGEDY - T
YABMO#ESRIZL Y, CMT BED
FERBETI0OBEDEFREES L
(http://www.molgen.ua.ac.be/CMT
Mutations), DHFEIZBWVTH CMT
DREIZTZWICHE L TIRERERENR
ALNTWAEY, TFY — LEHIE
CMT BEDOREFEF = L 0 A&,
Kax b, 2o, IHERICERBETC
EWTERTH Y, SHREKRERY -2
NS IAVARE QRN e
MichkbeEZHNEY. CMT DR
BEORBIEIATSTH LD, HEE
WZBT 2872 ADPEE > TV 5.

CMT [CXT 2 EWiaE (E 1)

1. PRINVEVE

TAINVE VBRI, HBARMREE -
Schwann Ml OB ERIZE T 5 my-

BRAIN MEDICAL Vol.25 No.3 2013-10 55 (243)



|42 - Schniezt update

oot R:Ubt/@i S

COMTIA  TRANELE

CMTTA . i 4 Neuroy’['rép‘l'iyin%;:v

. PxT3003

oMTB sassy

elination ICHZETH Y, 7AI VY
VEBERZ PR E LT &R Y
ZENHEE N TWAEY, CMTIA &
PMP22 BIZFOEHIZE o TH &
ZENBFHBTHY, PMP2213I =
) VBRI BT A Schwann ML O 5
LHBICEETH Y, £ 0l - B
MEERICEE LT, BEFTIV
TiE, PMP22 DBRERIZLEFF
VAL PMP22 Bt thz R L, TD&E
HAMREBEET S Z LR SN T
W5, L7d 5T, Schwann i f3 i
BT B PMP22EI L XV ORIED
CMTI1A DORIEHEREEDWEHIZ D%
WHEEWIRERIEEEZ OND.
cAMP X CREBZ X 5 PMP22 7 11
- —DfEERREL, PUP22
DEJELENSEDHH, 7AAVEY
BRI DO™BELHANWICHEET S &
& oT, PMP22mRNA ZEHE %%
TEELURUENH L. 7TRAANE Y
B2 CMTIA EF V<7 R ICHET

56 (244)  BRAIN MEDICAL Vol.25 No.3 2013-10

o lf—/x:wl: B
EELL Sy
“ BW®CMﬂA%%me@myﬁ3@ ML&K177ﬁT?$%
“'C(?LX??HW@.EEZH/ (NIS) 72k L, Beshsr #hnL 7.
. \%O)%«_@ﬁ‘*%%ﬁiﬁ'ﬁ'éiﬁ&#ﬁ < E%ﬁfﬁ% @aﬁiiﬁ 7‘3’?7".:&_.&7«:& tU)FﬁmE'EfJ‘ZBZa. :

x£1 CMTEBEOREICHETZRENDRE

A%WA%W%ﬁ%LWﬁ’

H5BHEDENRDH Y, ERNITT
5 2AL B B3 BR (randomized con-
trolled trial : RCT) F 72134 — 7 V[
IRBERDT O ILIZY. WTFROBISET
b7 AINVE VEORERIIRDO LN
7o hs, BRIMEEHRTE Ldh oz
UL, Burns B, 122 A7 A2
VE VB RCT 12, mwﬁ@LM%
— 7 3B x 20 BRI CMT1A &
BSW AT, BEHIGEE E M
(CMAP) i34 U 72 A3 i & A 5 o
BAEEBICHEL2EHREL T
59 DM EOHFEYETIT o 72 BIRE

BRTd, HEDEMICEELTEY,

HEREOHREIHEOTE R L
Z2onhs. BE bhvbhidihikE
BHEEWUET S Qtrac 72 7T A (3
R FEHE) B A CIRF & IR R AR
BWTESMREOMBREEN % %
L, 7AaV¥E Y8 20meg/kg/H %
127 AlES L, RERHTOENE
BMEHhTh 5.

ux,~NT—3t§é;£¥fi
d‘ﬁﬁ@*ﬁn’jf&%"(\:k 1

mm7

‘fmwzswﬁeammw%ﬁvéwﬁﬁﬁ%%kanq\/%Mmymm&4ﬁﬁ"*'
CZ D, 75 mg/kg/E t8 2 E ﬁiD#ﬁ%‘L bt

, ?ﬁ& ﬁﬁm&#at@ ﬁﬁhﬁw&',m
Et;t?&irof-' X . : e

2. Neurotrophin-3(NT-3)

CMTIA BEXRMMHELZ X — <
AVERRMERM L, MEERERT T
H %HNT-3 % T #ES L, Schwann
MIREEM & MR BT AESBESRL I L
WZEDWT, NT-3% 3%l CMT1A

B 150 ng/ke/M8 38, 248 % 72
X7 eREEMTbh. ZORRE,
NT-3 % 5-FETIERMARRER a7
(NIS) 2523 L, FAcihzRAassgm L7z
LENTWAY Z oL, RCT
TRHIRVREN TV LB CTH—D
R TH 525, PEBIOME TH
LTk, T, TOKREBEITS
WED R, EHEREROWFIR Lo
T2l EOMERYED 5.

3. JWO=Y

TN IVIERTavRe s L—HIz
ZLEINTVWHLHROERBETD
A, BB pmp22 % ¥ D Trembler-]



XU ADMGE, S, BERPMP22EH
AN (ER) (I LRI R
T, ERXAFVAFRETE S —
VAERTEEZOLNT WD, ZN7Y
I UNER PMP22 &A% M~
WL, BE PMP2Z2EBRIZELTARD
— VAR EELZEBHRESINT
W32 B L ARLIIIBWTH I VS

I VIEHERENIESRELEL,

A F MR o B B E R BN S
Schwann MBI BITFTH TR P — T A
A SETHE, DEOKE»L S
N2 3V pmp22 RER< T ALH
WThHbHI EVRENTY, RO
R MPZ HERICL A CMTIB DY
FlzdEMEINTBY, EFIFA N
FRFRAT s FIMTY LT VY
IV MPZ RBCERE< T RAIZER
TdhbHEMEINY. PUMP22 5B
F (Ser72Lew) & HT 5 15 KOHE ALK
iz vy 2% 50mg/kg/H % 4
» B, 0, T5mg/kg/H% 8% A
DF 127 ABREORS L, &l
M o 720, FHEREOWE
ol DMENH B,

4. PXT3003

Network pharmacology (& v b 7
— I RHEE)EVINAFA T F T
T A 7 ANTEED CH LW IREERREL
BEEHERTWE, RN ILdH b
Pharnext #£4% CMT1A 80 %% 3£ 12
PXT3003 UNrvur=v, SV FLF
VY, VIVE M= VOEH) DRCT
% 2010~2012 S KT F TAT - 72
Z O 3HOFERIL, TCICHRRIS T
FHENTWEZE, BXU, BEH

BD10~100 7D 1 BE%HEHLTWAS
ETHABH 0I3F6HICTT VR
Saint-Malo TR & L7z kKR iz 2
£ C PXT3003 D EBENTFE & Ei R AR
DOFERMFEE S N7 PXT3003 i,
CMTIA J v +® PMP22 D3R %W
HLY, B IMHRRRABTORENE
B (REEENIC LB 0% E)
AR E NP PXT3003 #3804 1%
DERVPEFIND.

EFIVEIME ALV ARED
HSOREDRES (% 2)
s ]

CMT DEFVEMIZ L AHIES
BLTBY, ZL0EFNVEYIRE
& h T v 5 (http://www.molgen.
uaac.he/CMTMutations)®. 7 & &
A 510 & Schwann g %o R A0 i
TrA SN, PMP22, MPZ 7% ED%
HEREL, CMTIA B¥E 7NV DFE
WrBEZEEZE, s A7T0y
BEHETH LT TR UD
CMTIA#ETVIZERCTHAZ &
BHFEIN TR, —F, TarAa
7 u v ¥ & PMP22, MPZ ®
mRNA ZEHEZBIMSEHEB?H Y,
INT U RE % RT hereditary neurop-
athy with liability to pressure palsies
(HNPP) % nonsense-mediated
mRNA decay B# MPZ 2 CMT I
BRI THAHHUEEND B, TrkB &
TrkC 23§ 2 fEB YLK & Trem-
bler-J =7 A O EEHkRE, BRAEE
BiR, WEFROUE, MERRR
W2 & % Bl %% CMT @ i/ %, hNF-
Lp22S% £ & = 7 ~ 7 A(hNF-

Lp22S tTa~ 7 R) & FF V¥ 47
)Y, CMTX1 =9 X & Colony-
stimulating factor-1*. CMTIA &
Wlds ¥, CMT2F/ &AM
HMN2B & histone deacetylase 6
(HDAC6) HEHK®, CMT2B W&
Rab7 & LNV 70k, MFN2 £ R
& MFN1 BB L B3RP % &,
EFVEIIC X BIREEEORENIRI
RELHESLTEY, ZOMREREH
RFions.

Ve
B ND CMT s

[
e

BRFEETEOHHGEREE LT,
FRBOHTREOHERHIZE ST,
OEARBEOI Y M u— ) PMP22
BHMNHMEDO R ) ==V T L,
@ERT LVOFHIN © siRNA, 7
FFVIVRFAL L, TrFEV ALY
TxX 7 L5 F(ASO), RNA 5~
ARTFGAT 2 T - T7Tu—F5% L,
@RBERZET - EAO#MRK  KELT
WL BREFOEAN, BEFEOLH ©
BTN« SRR RS BRI
D 72l A BB OMEYEORE R L
s 3™, ASO L, fv—78H
RNA £7: 1 DNAEFITH Y, ¥—
Ty NRFIESHT S 200 EDT
# % morpholino phosphorodiamidate
ASOs (BN 7 4V /)%, HmEiy
A b8BT 14—, Duchenne BT A +
07 4 —ICTHEHEFRBRIN TS,
RNA NG VARTGAY T - T
O3, preemRNA OB TEE
BF 2D B & BA L2IEHE 2 BHI

BRAIN MEDICAL Vol.25 No.3 2013-10 57 (245)



l*fﬁ% KM Z# update

®2 CMT DEMPETINTORERPNA(FY—H—ICET 2HR

e
- =

 7,7»7\/bxipmmmﬁsﬁwmﬁm%mb *5PMM&%EL
oMbk

EREeEE

CMWBﬁéRw7aﬁﬁﬁﬁ§mmmg%@“»7uwgm‘$”&§btf-
'fMﬂn%ﬁﬁﬂﬂwimmuuxéwﬁhﬁﬁﬁibf '

BEEHER DTN

ETH b, CMT
EBNTHRALNDEREFETHA
9. PMP22ERR MPZER O T
BEAERRT S CMT Tl, 7Y
NA = & ISR E AT R &
T 12 ARERFOMAL zOHE
PERIEIC LR H 5. FED
RCT T, BEAEMIC X 5 KRR
DIRES £ U° mRNA R O A59T
DRTWBEY, &8, FrLunrasr—

58 (246)  BRAIN MEDICAL Vol.25 No.3 2013-10

;‘7HD/7'ZTD “ld Sohwann‘
e CMT1A§1J%%T»0>J“&% ﬂ:éﬁt
 CMﬂA%%%TwL§ﬁT&at ,;fq

n xCMﬂA7Jb%T»%JUCMﬂA*%@E@E@wmmM%ﬁ%ﬁtCMﬂA@W@E‘”’
f{hz@%f# BRI R *

7ftﬁ“#4g
“% Ewiﬂ%

. Fﬁ%ﬁmn@
1Qﬁﬁw

hNF LpZZS

B@’P?Mﬁﬁiﬂ@ CREAE

fméaTmo ﬁTéﬁﬁ%ﬁW#ﬂmMaﬂvﬁzméﬁ%%,é

R RT
PR, rﬁ mm%&&%éﬁt

N I U /ﬁi W’ﬁ"ﬁa‘é&’]f’?%/ﬁ
HRB@I& MT DBBICES. -

=W —DORBELLETHE. BH
HHL v CMT O¥é, ELEORRIK
BT YA N & B EB SRR AL
RTHA.

ey Al
BSICER UL KLY
CMT BEMBIEIrOARHER L &IC
BELLEE, LEIBRULTEHASN

7[3’]‘27D/4’*?;L1T:551’7‘7°UX l\/i’r’_';

YL ALCHWTH 7Y 3 2SRRI BRI ’&E&%b J:'E‘?Mif’
'V.v4v0)$$_§@1§%i¥hﬂéﬁ SChW&kﬂﬂﬂHB@bd%b‘éTd‘»b YRERDEEE

v:U2m7»7\/#Mmm%czivvxméﬁ%ffif‘

A b= /z@m Armﬁﬁmaaj5> |

o h??Z&l;‘yﬁﬁ-z ll\fitiém :

19

= : ;1‘,8 B

ﬁégmﬁ ﬂmf3]ij

$5J$F /z%l

12,13

AL

oo @&?trh7#47u/ %@Em%ﬁﬁbv/z/1~/7vvj fQ$f
e (hNF-Lp22S ; tTa v R) ICE & 11:?0)'3%‘5%7&?10%11?6 b#/ﬂ"l’7') /7& 3 ﬁﬁ?:z’—f'fb 19
‘*ﬁCMTrwkvm%pf—:~<,, : , E

'i ‘:’CMTX1 TR t colony—stlmulatmg factor—1 52#57 ij ’ai' EE L '(ﬁiﬁ‘z bf'?rj 2 c; }];ggg
t$ﬂ1$l§§§<béu ’J%&%’& Bpfe . Sl

- ‘CMT1A é: Wallenan deéeneratxon slow (Wlds) 0)51'

B FEH| HIARAH RS

eBLZEBY
EVHL. WICHERETHLLE VY

YAFUVRVATIF V- FF Y —
Vo) P A N~ —F, HIV
BEEOV Y )y - FNV VI

oV T Yy ENCMT OfERE E
LS EHWMEEODHLEHL LTES
T & %4 (http://www.charcot-marie-
tooth.org/med_alertphp). Z ® 7 —
FR= 2B EN TR WERTY



7&ﬁﬁ%ﬁ$'kﬁ@ﬁ@Lﬁ%%%

M//}j\)lz ZHxJi‘ ﬂ?”)i,

| kﬁméﬁﬁiimﬂbﬂﬁ@;‘ ,ﬁ,_”,'
FAﬁ”ﬁﬂ T52Fy A THER X

CM&(Qmm; 

CMT DR % BL S &2 REMIEH
D, CMTEHICERELZTHIBEITI
Mo rOREYEBRELEEEED
WEAET A K DI EEREET D0
ENRebH Y rul)AXFPOLES
TAETIVOFHEEEBLI SO
EWDHHY. Bk, BLFREEOR
BAC X ) KA MR E AL,
CMT OEEFERVPHEO PR o7
BIVHME SN TWED, CMT DK
ERE R S 72 W2 CMT BE )
WA REDSH Y, HEEE(E Y
A F s )R ER OMERERE
DEMIE, EEHEEEDOEFE{LE
CHETURZBYERING. M=
VA & BRTHRELAAEDES S
ET, XDEE - ROEBICEREN
TREE R nB 5,

T EEBORE LA ﬁ%bn‘_7,, | .
I4Lﬁmﬁﬁﬁ®&ﬁﬁﬁlmtﬁﬁﬁ®zhv/%/7%ﬁm EﬁﬁWﬁﬁ@EiﬁE%F§&iéﬁtu£3@n

%ﬁﬁ:1—§%§—tCMT
.

CMTIA #fF LT 2EEE=2—
08 F — LB RAE RS R =
2 —u/$F—(CIDP) & DEHHI OB
A5, CMTEZE250A121 A2SCIDP
BORER = 2 -0 F -5 BIET S
EHEEINLTWA®, CMT BE T
WIER D BHEEALEZ RO BG4,
CIDP # D KR = = — 1 /3F — DR
RIEICEC -G EERLTH Lne
257

ﬂ%—%’é%@% 3)
LV

BRI ETL, EEFZHVWTY
7 B 2 BICR T RITICE RS
HTELEA BfioRERLZRS

DITHIERM L EY 0 1 7% & DR
BFEHPES L 2556055, HF
EREP—RICRINZRREET S
PE I DWTIZHRRATIE 9%
IEF VAR, CMT O M
55 EE) DA & EREGHBAT O FLE ~
%@?%ﬁ%@CMT%W@%ﬁﬁ

FMET Tid, &, EENEEIC
EL, %%@%%#E BT

WMEL T OMEND 2. B
SREONEHERE T CMT BEICL VR
ELIHETE DO TEEZLNLH
Z OFAM IS/ AT R
DWTO X ) B AR AL B L
ENTn3B

CMT BEDPFMRPHELR LD
R 2 2T DBRICHEBPLETD

BRAIN MEDICAL Vol.25 No.3 2013-10 59 (247)



4548 - st g% update

B, —REEIC, R E 2 B
BRI DICEMERE(FRC DET
JRER) R WE VAR T BT BN & T
HHEEOLNTWS, SHREHOA
MRAI, BRIRBRILEE, JEMio I mr otk
FIZK T B EEENBCHEN D LD
T, REMENEC X 5 BENEGH O
Fiea ey — LadbHui ik
WETLHELH L. CMT OEER
T, B RRREELC & A 5T B O,

§9 - PR - JSHFLZER OB T,

HEMEEEIC L 2 FER - KT,
PBEIC X 23RS, EES
BUE, WRIFEAEL EOEHHICER
FTRETHE. —F, FHIOETR
W R TSR IR C BRI RAG R 51
7 ELIRRDP], WARREED A TE
DM AR EM 217 o 7261, &
WRARE: & BAgEAE 7 0y 7 2P L7z
BERElE R FMH e C b ME ST
5. CMT IZH3 5 KEHICBE L T
AAZRLE L, S8 CMTICHY
A ) 70 R IC RIS A EBM 12D
W IRRBG N OHERPLETH L.

INFEFTCMT ICH L THEI N
DAEY) F—a VICHT A RBOH
T Cochrane Collaboration analysis
TR 12V —EBICAK L
FENROYNEYICHT LR DH 5
DHTHBHY,

TEE DO LT &L {BwTL s
7y & CMT B FELERErOE
RHENDZ ENE . TBFIZX B

40 (248) BRAIN MEDICAL Vol.25 No.3 2013-10

77 & T (overwork weakness)) 2D
WTIFINETOE@mENS V. CMT
DIEIRDIESE T A FITIIF EFOR
HE ¥ FIHIEREF LY EOEEE
W BN, BEFATIIMEFOY V5
TINFEREFL) BFEIET LT
HEWEINTWAEY LaL, CMT
BRICHEEBIIBWCFOMH L
ZAHEICT ENAL AT B 50k T—
ZiZ v, CMT O MET ] Bkl R o
FRED72912, FEER» O THR=H

B DR IRANR 2 AT ) LED B 5%,

CMT 8Blic Ly FIV, R bLvy
¥, PP, B SR A e 2
B, 8HEMATY, EEAMAEL LV
6 m AT A E L & oHENDH
2% CMT 8 Bz 24 R o & B ik
ATV, EERERI R T O 24 K
Holter LB % Mgt L, EEpHRE
CMT DRI MR 2t S/
EDMENDH B, HADEFIED)
PR ART 2 & T, RBOHRE
BIC & BT OB E W Z B AR
PHRTE 5.

4%
e 3
i

EBEMAAIICBWTIE, BiEEECS
o 72 B A B Y & R & B
FEIZLCEET LI ENRYTH B,
CMT 26 Bl%& x5z, L@, 75 A
Fy 7 ETHER T5A74v 77
VFETEREEORREEL, ET
B B O RT L BB ORE LI
SHICHELLEOREDNDH ¥,
CMT 30 BUIC 4 81 o & B ET D 7% [ &

HEEE ZMEOR MLy F v 7 %21T
v, R OREEEISEEAE LY
B3I OHRENH ZY. /N CM-
TIAIOBIZARY Y XA MFV VA%
67 AL ICRBREEH L BHESHIE
L, 24 AMBZ L7205, MED#E
TFHHRE Dot DHREND
5%,

Cmguﬁﬁia
Oy RO

S e

TR E Ry bCik, TEM
(ZINER), IRy bLEKE),
Gait Trainer (Free University), Lo-
comat (Hocoma), #4TXHEE Ry b
(RNNEHE, PEEERKE) 2 OV
ST 5. BAFHEERERRR
MRArgesEE L LT, THEER R
B - - B R B O AT AR
R/ D OO R ERESE, &
HEMETHEI Y Pa—VENLT
R A B o K v b (HAL-HNOL)
(B9 % R B IR ER O E MRS B
(WHIefRE - B Z5E4A) 25k
N, CMT % & ORI % BRI TG BR A
Ffs S 7z,

g 1
CMT%é%Eﬁ:

CMT (239 5 B % Y MmE L
TR EN TRV, LLTLE
WRREREE A R T AL IEETH
5. HENZEDHEEEAFRENK
YThHs CMTEFEIHEE »OY —
SHPREEZE L VEBIIRL, AY



RY w7y Fa—AHBEWERIDHR
bnD. TREOKERERTS, o
EBEETHB. iﬁ@b‘?f‘bi, q
B DR - TN M, B
BOBRICESET 5. EEEIRLRE
L AU B B IR b BB
BECH B,

raiAtuits

FRRIZHRB &, bSETIE CMT
23 A REMEFEEB L U— KR D
BB ATHTHY, BEHMIZ TCMT
DWFE Ry EFEZ TV BIERY
##%, CMT BEVPZVOTEZVH
EEDbND. EHEEIRTERE AR
ZeBE Yy ya—-TY— - bv—
AROBW - BH - 7 TICET 20
78 PE(BFFRARERE - RIIIERE) 25k
R, Tyryva—-=zy—- by—
ARBET = 2T V) OFEHY, K-
L— T 0 B (http//www.cmt-ja-
pan.com/index.html), CMT (2B
AHERARBREORESR EfTHNT
W5,

CMT iE# - 7 HEORHE - %

FBOOI, WRARE, BEIIFHE,

N F—va vE, EEREFE
%, %L CCMT KD% (http//www.
j—emtorg) & T L CTH 72 2 0EED
FRFSICEL D LA TIT & 72w,

w
BB - PAFORETHORRE
DERETREE TRIAEEFRIT
& B e R B O R R AR
ORREMRETC B3 2 ATgE) (TR RE -

I B, ESREM RS
W ERERAREE Yy va— - 7
Yo by — ATROBUE - BE - T T
B3 AT BB LU THADEREMNRE
EEOERE, REEH, W BERED
MEICHET A% P@EFRARE P
NME®E) OWE - HEBHHFOERHZSL
UV RUER R SL R R R S AR R B A A B
Fh— T OBRICEE L E T

@3z Wk

1) Foley C, Schofield I, Eglon G et al :
J Neurol Neurosurg Psychiatry
83 : 572-573, 2012

2) Kurihara S, Adachi Y, Wada K et
al : Neuroepidemiology 21 ! 246~
250, 2002

3) BB B EBEN R
SRR B TRIIZEEE T v
a— Y — - by —ATROBU -
Wik - 7 ICET A0 PETEE 21
EEERFESEE. ppl0-13, 2010

4) & WB T ER R R RE 52 1 399-404,
2012

5) Choi BO, Koo SK, Park MH et al -
Hum Mutat 33 : 1610-1615, 2012

6) Hood J: N Engl J Med 281 : 1292-
1293, 1969

7) Passage E, Norreel JC, Noack-
Fraissignes P et al : Nat Med 10 :
396-401, 2004

8) HINIER: FFEHz BRPEHE
7 0 KREHRAE 18 1 210-212, 2007

9) Lewis RA, McDermott MP, Her-
rmann DN et al : JAMA Neurol
70 : 981-987, 2013

10) Burns J, Ouvrier RA, Yiu EM, Ryan
MM : J Peripher Nerv Syst 16
272-274, 2011

11) Sahenk Z, Nagaraja HN, McCracken
BS et al : Neurology 65 : 681-689,
2005

12) Sereda MW, Meyer zu Horste G,
Suter U et al : Nat Med 9 : 1533~
1537, 2003

13) Khajavi M, Inoue K, Wiszniewski
W et al : Am J] Hum Genet 77 :
841-850, 2005

14) Okamoto Y, Pehlivan D, Wiszniews-
ki W et al : Hum Mol Genet 22 :
4698-4705, 2013

15) Patzko A, Bai Y, Saporta MA et

- al i Brain 135 3551-3566, 2012

16) Burns J, Joseph PD, Rose KJ et al :
Pediatr Neurol 41 : 305-308, 2009

17) Chumakov I, Nabirotchkin S, Milet
A et al : ] Peripher Nerv Syst 18
(Suppl) : $23, 2013

18) Attarian S, Dubourg O, Funalot B
et al : J Peripher Nerv Syst 18
(Suppl) : S7-S8, 2013

19) Fledrich R, Stassart RM, Sereda
MW : Br Med Bull 102 : 89-113,
2012

20) Groh J, Weis J, Zieger H et al :
Brain 135 @ 88-104, 2012

21) d'Ydewalle C, Krishnan J, Chiheb
DM et al : Nat Med 17 : 968-974,
2011

22) Misko AL, Sasaki Y, Tuck E et al :
T Neurosci 32 : 4145-4155, 2012

23) Patzké A, Shy ME : Curr Neurol
Neurosci Rep 11 @ 78-83, 2011

24) Ip CW, Kroner A, Kohl B et al:
Neurobiol Dis 33 : 207-212, 2009

25) Nakamura T, Hashiguchi A, Suzuki
S et al : Neurogenetics 13 : 77-82,
2012

26) Ginsberg L, Malik O, Kenton AR et
al 1 Brain 127 : 193-202, 2004

27) Mazzeo A, Stancanelli C, Russo M
et al : Muscle Nerve 45 : 451-452,
2012

28) Leeuwesteijn AE, de Visser E, Lou-
werens JW : Foot Ankle Surg 16 :
142-147, 2010

29) Brock M, Guinn C, Jones M : AANA
J 77 : 335-337, 2009

30) Sackley C, Disler PB, Turner-
Stokes L, Wade DT : Cochrane Da-
tabase Syst Rev 2 : CD003908, 2007

31) Videler AJ, Beelen A, Nollet F : ]

BRAIN MEDICAL Vol25 No.3 2013-10 61 (249)



| s - Sk pwa % update

Rehabil Med 42 : 380, 2010

32) Chetlin RD, Mancinelli CA, Gut-

mann L : Muscle Nerve 42 : 456,
2010

33) Maggi G, Monti Bragadin M, Padua
L et al: Am J Phys Med Rehabil
90 : 628-637, 2011

34) El Mhandi L, Pichot V, Calmels P
et al : Muscle Nerve 44 : 732-736,

62 (250)  BRAIN MEDICAL Vol.25 No.3 2013-10

2011

35) Guillebastre B, Calmels P, Rougier
PR : Am J Phys Med Rehabil 90 :
619-627, 2011

36) Rose KJ, Raymond ], Refshauge K
et al 1 ] Physiother 56 : 113-119,
2010

37) Burns J, Scheinberg A, Ryan MM
et al : Muscle Nerve 42 : 262-267,

38)

39)

2010
R RS,
7 14 : 33-36, 2008

IR « HEm L EE T

CMT8 <=2 T7TVIREZES

(@) Yxva— - <y —-

AREHFE~ =27 V. 2010,
HHR, 2010

k-

EHE,



MENA, 79(6) : 726-731, 2013

&) EupECEREE= 2 —0/5F—

— RN R R ‘
= a4 —UuNnNF—D¥WENSOEN

———@ WPILE%R" &g

Key Words : HMSN-P, TFG, neuronopathy, Okinawa,
Kansai

i U oI

WRH T ISR T A BRERE D E{EHE
FEBVE AR AR AE 1T, VR AR B AR R B R
(hereditary motor and sensory neuropathy with
proximal dominant involvement ;| HMSN-P) & 4
SN BRAFRE, FiReAEEEEORHER
FETH BV, FEOFREIL, HEEATA, %K,
BREMZHTHY, EF - BEE- -1
F — (neuronopathy) " ARETH 5. AIEIL,
Za—uNF—, FREHEEE, E8= 2 —
OYROFRELHEEORELEIONS.
HMSN-PiZ, 1985 ICHEHICE ) [MWBAREIZ
RoN 2BREEEZ M) R WrEE MR
fE 9B ZEAR (B, EE%EE) s
(2 SN ODEHOFMEERE TH HY. 2012
ST 7 — L EHTIC X ) TRKAused gene (TFG)
PEEREGETTHE I EPHLPERDY, HEY,
KED D> 5HMSN-POFRENF S Nz £z, FA
V9 5 I TFGH TR BN TR MR XS R
JE(FSP) % & 79 Z L& S 19, TFGEFIE
ELTOF TRV E 1wz 5.

HMSN-PZ% R O#E#E

974N LR BE, Tk, WMHRECHERE
BRFEFIE=ARGH, AT - ZERY)
2 & BEERIRZ DS RA S L, IS O MR
DEBEVPHL N E 257297 B2, 1980FE5 5
E VBRI RR T IR B RFEE=NE D> L
MRERFIA ST v THRES NS L HITRY, #
BRI OFEM 2 BRIRARE S s b L 51T
ol

19834EDEAE [V A b1 7 4 —FEDEE,
BRIR B & OVREICEE 9 A58 | BF (FHACTL SR EREE
BIZBWTC, JIIFELIC L ) BEOEERED
BEDHRE SN, FO%DT, 35~505EIC
ZAE L, creatine kinase (CK) E & % £ #104E
THEIT NI HHEMEVRE SN, Z0O%E
BIDSEICHMSN-PE I N BB E oo /2. FIE
T E AR RO N BB IS 25 E (spinal
muscular atrophy . SMA) IZsensory neuropathy
PELIBRETZHOERTH ), YHOH
BCTEHALPICKRBEOTRALE L BN,
Kondo 512 & 2 TBkEIFHZAMEAE 12, BURDEEM
SITE &#2 5 &, Hereditary Motor Neuropa-
thylZp8HE 5 EBbh, FEFH, RRITR,
BER, HisEZR & OHMSN-PE 3 F 72¢

* The establishment of disease entity of hereditary motor and sensory neuropathy with proximal dominant in-

volvement (HMSN-P).
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