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CLINICAL AND GENETIC STUDIES IN PATIENTS
WITH HEREDITARY MOTOR SENSORY NEUROPATHY TYPE I

Kayvyoko MURATA
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Abstract :  We investigated 12 Japanese patients whose diagnosis was hereditary motor
sensory neuropathy type I (HMSN D) from clinical and pathological findings. We compared
the genetic findings with their clinical features, MRI findings of the nerve roots, nerve
biopsy findings, electrophysiological studies, and magnetic stimulation studies.

So far as we investigated, PMP-22 gene duplication was detected in one half of the
patients while no genetic changes of PMP-22 or Py were observed in the other. Enlargement
of peripheral nerves and nerve roots was remarkable in patients without abnormalities of
PMP-22 or Po, while some of them showed signs of radiculopathy or myelopathy. In
patients with PMP-22 gene duplication, there was a significant correlation between the age
at onset and MCV. This fact indicated that patients with younger onset and slower MCV
had more severe symptoms. Though HMSN I is thought to be heterogeneous, we could
detect significant features between clinical and electrophysiological findings according to
the analysis of PMP-22 duplication. (FEEgE. J. Nara Med. Ass. 49, 391~399, 1998)

Key words : hereditary motor sensory neuropathy type I (HMSN 1), PMP-22 gene, duplica-
tion, Po gene, motor conduction velocity (MCV)
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Fig. 1. Genetic analysis of the duplication on chromosome 17pl1.2.
1 : patient 11 (duplication-), 2 : patient 5 (duplication+), N : normal control, M : 1
phage DNA-HindIII digestion size marker
A : Southern blot analysis using the 7.8-kb Eco RI fragment as a probe. The novel
junction fragment is observed in patient 5 (3.2kb).
B : Southern blot analysis using PMP-22 cDNA as a probe. The signal ratio of PMP
-22 to PGAM is 1.34 and 0.93 in patient 5 and 11 respectively.

(A (B ©

Fig. 2. Spinal MRI
A : patient 7 (lumbar area, T1l-weighted image). B :patient 9 (lumbar area,
T1-weighted image). C: patient 12 (cervical area, T1-weighted image). Enlarge-
ment of nerve roots is remarkable in patient 12.
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Table 3. SEP and CMCT

CMCT
SEP
patient age at age at APB(TA®) ADM(ABH**)
onset | examination | pi4 N19 CCT | CMCT-mag CMCT-f CMCT-mag CMCT-f

(ms) (ms) (ms) (ms) (ms) (ms) (ms)
1 1 10 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
2 12 16 31.2 35.7 6.20 7.4 8.8 6.3 4.4
3 38 40 n.e. 39.5 - 15.1 10.1 13.8 8.6
4 52 52 n.d. n.d. n.d. 11.2 7.6 9.0 7.1
5 57 71 24.2 29.0 — 12.4 - 9.8 -
6 65 67 19.0 26.6 - 4.4 n.e. 3.4 n.e.
7 13 17 22.3 28.6 — (23.4%) - (15.0*%*) -
8 30 31 31.1 35.5 - 11.5 — 5.6 -
9 31 31 26.4 31.5 — 10.9 9.0 9.5 8.9
10 40 46 n.e. 31.1 — 6.4 — 5.8 -
11 42 43 n.e. n.e. - 16.8 - 13.1 -
12 45 49 n.e. 40.7 - (32.6%) - (71.4**) -

Mean=SD in normal control : APB 8.7+1.3 msec (CMCT-mag), 7.9+1.2 msec (CMCT-f), ADM 9.2+1.5 msec (CMCT
-mag), 8.6+1.3msec (CMCT-f), TA 16.5+4.6 msec (CMCT-mag), ABH 18.5+4.0 msec (CMCT-mag).

SEP : somatosensory evoked potential, CMCT : central motor conduction time, APB : abductor pollicis brevis, ADM :
abductor digiti minimi, TA : tibialis anterior, ABH : abductor hallucis, — : not available, n.e. : not evoked, n.d. : not

done.

The value of CMCT-mag is short in case 6 because of the weak contraction of the recorded musle.

FEEHCIBEELBEE IR L D - 2 (Fig. 3).
SEP CliziE4£ 41T P14 % N19 3B b i, fEHF 2
D&H N9, 11, 13 235 b AR AREEERE (N 9-N 13)
WIEH P T & - 72 (Table 3). CMCT-mag ZEHEH
Fc 2 B, FEEFFT2HERL T e, CMCT-f 1
Bbhi-BmBEATE, BEEFEHBEARN TS (Table
3.

= %=

SEKE L1z, 1260 5% 6 41Tk PMP-22 BEF
BEUEROEEIASrERY, CMTIA L2HTE
=%, B b O 6 Flik PMP-22, Po BETORETERIX
BRLEBLEENTIFEL R -, FERFOBE,
FPEMEREENEEESHER = = — v 5 - (CIDP) %
BRI 5 NERD B0, F & OEFITE, EROER,

BEo=t'y — N, BRAEEFRIC temporal dis-
persion, conduction block 238 BTl oo, EFEK
AR CHREBE EXA DT, SLIKEBET,
8, 9, 12TIkAT v 1 FRREFT > BEROBECE
i tdbhichotkcZ tick b, CIDP 3EEMNT
Hote. K HMSN [ EUDOBKMEEEE TS
CMTX #&HT5LERDSH. CMTX 1, XH A
#EET % Connexin 32 BEFOERIC I VAT, L

Xy BEplcEERERSEEL, MCV 3EEILE
L\, BHEAIoEES, 9, 11 TiE, MCV 3B
CEBIEL, REMHEER CHEHMRERERORE ET
% < @ onion bulb 238 b, LD ERRERDOBED &
IR B. b, SEEEFERI NI -6 4]
3 HMSN I ¢ ZHAEE L E 2 bl L L, $EOK
Hixb xTcd, PMP-22, PoEETD=27V vDHRT
By, ftvievikE=r v vHUNAOREOBRBIIT X
Tuwigus, X5 CMTIC s &, RADOELETEEH B
LTCWBARENS B 5D TEHE D5 SRS BILET
b5b.

4E, Hefafk17p. 11.2 0EER LEEEH L O
FERREOCE, RIESER, ETROBHET, mEESE
7o EDFERICITEA L M IEREEIAR LD DN Teh o7z L
HULFEEFHEDY D, BET, 9, 12T, KTIEE
LicRIgMRE S 2 & DEET 5 & R LT 2 i@y,
- 7HERDY, STRECISBEDTROMEA
FFxl. ThbDEETE, BEECTHEROEE:
IEENER IR TERY, MR oo el X
hENEE SR, MERRERFIERI LD EF L
bhb. BIcEE 12 TREBEEET 513 SRR
EL, FHMERYEL T\, Z0E»EE 11 THER
CTRABEL T, Chic L, EEFTIE, KT



HMSN type I DERERFHOH

RAZIER L idfih 3, B2, 5 clE#&TY
TR O PRI S Tladr o fo. KRR OB EE o
B3, PMP-22 % P BETOHEELRL I CHREI
T %2391, BEBREFIC I\ CIXREORE T2 D
Tebigv, BlEDZ &b, #EBOIREREEFILST
® HMSN TRD bh 3 BRSO T EENATE I 1
7o,

HMSN o CMCT DRI U TIXLET & b ZHa s
H B, SEOKR Tk CMCT-mag ¥, PMP-22 &
BFOEEOBECH 10 5T 4EFCERE L T ie.
EELMHERIATHYEEL, FHEYTISRBILT
WHEE 1213, BCBECERL T, o 3 EE
T, FRFEOREL RS L 5 R RIERED S
nighofe. MR THEREZRET 5, EEIIIHEE
BRI T B 7%, CMCT-mag [ EAHER O ALE 5 D
BEOERNBAL?D, FZTCFEYHAWCHEROE
FHREEL CMCT-f 2B L2, FEXELAE
HHNCTRIEEDER -7, Bz iz y
CMCT-mag DIER I, EHEF-FEEER B b T HEIRE
AN OEEBE R KL T 5 LRI R

SEIOBE T, BRI CRIEFR L MCV #
CIEDHBR A ED b, ChE COEEAYHSRE
L7oBRE ¢, RIEE# S X O MCV EME T3 5120
h, EIELT 5 Ly S 2, RIEER & MCV (154
HECERELTWS., SEOKERE, ZhboHss
BEfFBEELLRS. LaLidd, A—DBETR
WEBELESD, MCV RREFEBTENTD Hh 5H
HIZOWTIEHAL TR, RU 17p. 11.2 DEET
b, MWCEEFERIRE LS EORENRD VD, = hn
PMP-22 BETHEPRA—DEBOMOEHORHE I
FEEREFELTHLAEENE 2N, EBETD
FHIOWTE, BEERLEBCALLZLERD 5.

HMSN I 3Bi#xERE L T8, 4 hBETE
W, BT, BXRABE¥NTRYET 54 ICEA
KRB TH 5. 48 PMP-22 BEFOEEOEEYHRER
THIErLDY, SERERY - REBEYNFTRY R
W EARTEETH o 7o, HMSN ®EETFREITIcE
SERBGETH L, BEREERLEZE2bhS. &
B, EoRIEAOERELRENEEIS

Ed & B

1. BRRIERR, MEEBEZMRE, RYMRERL D
HMSN I L2ZWARETH » 7o 12 BliconC, REREE
F&3hn PMP-22, PoBEFOREERE LK. W5
12 Bl 6 $153 PMP-22 BIZFOEBEM 2 H L 13 (EH

(397)

B, Mo 6 PITEETRE XA CILicr -7 GEES
B).

2. FEEMAICEREME, BEBIEERSECTHD,
FHEARAE & B3 B EEFIA BT - fo.

3. EHEAITIT, FREEHE MCV EOMEERED
MBIZR A LD, COZ ki, BEEAICK T, FESE
WL OMCV EMEWEERY, LVEFETHD E
SEEEENTIERTH - 1.

4. HMSN I 3RKY, BEFMCEHEREETHS
A, PMP-22 BETOEHOBICL b, FEKE T o
REEBPNT RS E R 2 LR ThH - 7.

i i3

HIER/DNER B k4, EEERHEENR X
PO 4 6411 % h £ h PMP-22 cDNA, proximal
CMTIA-REP O 7 m — 7% HELEHEE E L. ELH
LRLEFET. Fmeirsehi-b, HigE M
BHEED Y ¥ LR RERERAR S HE S thk
BCRHEs LT L b, MY HBE2Eb0 3
Uiz, JLEBEREY ~E Y 7 — v 2 VESEBRTARE,
REE KRR NRIE SR AR — B E, BNBEMEE
B L ET.

X 73

1) Harding, A. E. : From the syndrome of Charcot,
Marie and Tooth to disorders of peripheral
myelin proteins. Brain 118 : 809-818, 1995.

2) Patel, P. I,Roa, B. B., Welcher, A. A.,
Schoener-Scott, R., Trask, B. J., Pentao, L.,
Snipes, G. J., Garcia, C. A., Francke, U.,
Shooter, E. M., Lupski, J. R. and Suter, U. :
The gene for the peripheral myelin protein PMP
-22 is a candidat for Charcot-Marie-Tooth dis-
ease type 1 A. Nature Genet 1 : 159-165, 1992.

3) Roa, B. B., Garcia, C. A., Suter, U., Kulpa, D.
A., Wise, C. A., Mueller, J., Welcher, A. A.,
Snipes, G. J., Shooter, E. M., Patel, P. I. and
Lupski, J. R.: Charcot-Marie-Tooth disease
type 1 A. Association with a spontaneous point
mutation in the PMP 22 gene. N. Engl. J. Med.
329 : 96-101, 1993.

4) Marrosu, M. G., Vaccargiu, S., Marrosu, G.,
Vannelli, A., Cianchetti, C. and Muntoni, F. : A
novel point mutation in the peripheral myelin
protein 22 (PMP 22) gene associated with Char-



5)

6)

1))

)

9

10

1D

12)

13)

(398)

cot-Marie-Tooth disease type 1A. Neurology
48 © 489-493, 1997.

Tyson, J., Ellis, D., Fairbrother, U., King, R.
H. M., Muntoni, F., Jacobs, J., Malcolm, S.,
Harding, A. E. and Thomas, P. K. . Hereditary
demyelinating neuropathy of infancy. A
genetically complex syndrome. Brain 120 © 47-63,
1997.

Roa, B. B., Dyck, P. J., Marks, H. G., Chance,
P. F. and Lupski, J. R.: Dejerine-Sottas syn-
drome associated with point mutation in the
peripheral myelin protein 22 (PMP22) gene.
Nature Genet 5 : 269-272, 1993.

Hayaska, K., Himoro, M., Sawaishi, Y., Nanao,
K., Takahashi, T., Takada, G., Nicholson, G. A.,
Quvrier, R. A. and Tachi, N. : De novo mutation
of the myelin Po gene in Dejerine-Sottas disease
(hereditary motor and sensory neuropathy type
IID. Nature Genet 5 : 266-268, 1993.

Nelis, E., Timmerman, V., Jonghe, P. D., Van-
denberghe, A., Pham-Dinh, D., Dautigny, A.,
Martin, J. J. and Broeck, C. V. : Rapid screen-
ing of myelin genes in CMT 1 patients by SSCP
analysis : Identification of new mutation and
polymorphisms in the Po gene. Hum. Genet 94 :

653-657, 1994.

=HRZ, BHER, PNEES (H LV PoEED
25 B % B 7= Charcot-Marie-Tooth 7% IBF o 1

FKFR— L OEEKNY, WEFMEZICOWT—. KK
MR, 34 0 1162-1167, 1994.

Bird, T. D., Kraft, G. H., Lipe, H. P., Kenney,
K. L. and Sumi, S. M. : Clinical and pathological
phenotype of the original family with Charcot-
Marie-Tooth type 1B : A 20-year study. Ann.
Neurol. 41 : 463-469, 1997.

Hess, C. W., Mills, K. R. and Murray, N. M. F :

Central motor conduction in hereditary motor
and sensory neuropathy (HMSN) (abstr).
Electroencephalogr. Clin. neurophysiol. 66 : S 46,
1987.

BEF{T4E, FEED, £5H—%, SUED B8R
BHRE == r— Bk} 2EH=a—n
v R BT 5 B IRAEE PR, BRIRFHRE. 30 :

487-491, 1990

Claus, D., Waddy, H. M., Harding, A. E,,

N B b

(A

149

15)

16)

17

18)

19

20)

21)

Murray, N. M. F. and Thomas, P. K. : Heredi-
tary motor and sensory neuropathies and Heredi-
tary spastic paraplegia . A magnetic stimulation
study. Ann. Neurol. 28 . 43-49, 1990.

Solder,s G., Andersson, T. and Persson, A.:
Central conduction and autonomic nervous func-
tion in HMSN I. Muscle. Nerve. 14 : 1074-1079,
1991.

Aramideh, M., Hoogendijk, J. E., Aalfs, C. M.,
Meyjes, F. E. P., Visser, M. D. and Visser, B. W.
0. D. : Somatosensory evoked potentials, sensor-
ynerve potentials and sensory nerve conduction
in hereditary motor and sensory neuropathy type
1. J. Neurol. 239 : 277-283, 1992.

Reiter, L. T., Murakami, T., Koeuth, T.,
Pentao, L., Muzny, D. M., Gibbs, R. A. and
Lupski, J. R. | A recombination hotspot respon-
sible for two inherited peripheral neuropathies is
located near a mariner transposon-like element.
Nature Genet 12 : 288-297, 1996.

Yoshikawa, H., Nishimura, T., Nakatsuji, Y.,
Fujimura, H., Himoro, M., Hayasaka, K., Sa-
koda, S. and Yanagihara, T. . Elevated expres-
sion of messenger RNA for peripheral myelin
protein 22 in biopsied peripheral nerves of
patients with Charcot-Marie-Tooth disease type
1 A. Ann. Neurol. 35 . 445-450, 1994.

Lebo, R. V., Lynch, E. D., Bird, T. D., Golbus,
M. S., Barker, D. F., O’Connell, P. and Chance,
P. F. : Multicolor in situ hybridization and lin-
kage analysis order Charcot-Marie-Tooth type I
(CMTIA) gene-region markers. Am. J. Hum.
Genet 50 : 42-55, 1992.

Ginsberg, L., Platts, A. D. and Thomas, P. K. :
Chronic inflammatory demyelinating polyneur-
opathy mimicking a lumbar spinal stenosis syn-
drome. J. Neurol. Neurosurg. Psychiatry 59 : 189
-191, 1995.

Dyck, P. J., Swanson, C. J., Low, P. A., Bart-
leson, J. D. and Lambe, E. H.: Prednisone-
responsive hereditary motor and sensory neur-
opathy. Mayo Clin. Proc. 57 : 239-246, 1982.
AFRLE, BAEX, SEEST, BARF, WX
R#, 1EIESEN @ Connexin 32 D EEE X /R TXH
PEHERRRE M = 2 —r 8 F — D 1 TR, BRRFRE



22)

23)

24)

HMSN type I ofREGF IR

35 : 843-849, 1995.

Britton, T. C., Meyer, B. U., Herdmann, J. and
Benecke, R. . Clinical use of the magnetic stimu-
lator in the investigation of peripheral conduc-
tion time. Muscle. Nerve. 13 : 396-406, 1990.
Mills, K. R. and Murray, N. M. F : Electrical
stimulation over the human vertebral column :
Which neural elements are excited?. Electroence-
phalogr. Clin. neurophysiol. 63 : 582-589, 1986.
Birouk, N., Gouider, R., Guern, E. L., Guern,
M., Tardieu, S., Maisonobe, T., Forestier, N. L.,
Agid, Y., Brice, A. and Bouche, P. : Charcot-
Marie-Tooth disease type 1A with 17p11.2

25)

26)

(399)

duplication. Clinical and electrophysiological
phenotype study and factors influencing disease
severity in 119 cases. Brain 120 : 813-823, 1997.
Hoogendijk, J. E., Visser, M. D., Bolhuis, P. A.,
Hart, A. A. M. and Visser, B. W. O. D. : Heredi-
tary motor and sensory neuropathy type I : Clini-
cal and neurographical features of the 17 p dupli-
cation subtype. Muscle. Nerve. 17 : 85-90, 1994.
WAEEZ, HIT, RERT, WAE=, SR
B, BHRHA PMP-2EEFoEREYEFT
Charcot-Marie-Tooth % (CMT1A) @ & 5K 8% &
ZREPE. ERIRFHRE. 35 1 1085-1091, 1995.





