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Comparison of Clinical and Electrophysiological Characteristics between
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Background: Charcot-Marie-Tooth (CMT) disease is a clinically and genetically heterogeneous disorder. Connexin32
(Cx32) gene mutations on Xql13.1 cause the X-linked form of CMT disease, and PMP22 gene duplication on 17p11.2-p12
causes CMTI1A. The aim of the present study is to determine the clinical and electrophysiological characteristics between
X-linked CMT patients with Cx32 missense mutations and CMT1A patients with PMP22 duplications. Methods: We
screened for 17pl11.2-p12 duplication, and for point mutations in Cx32 genes of 48 Korean CMT families. Both
neurological examination and nerve conduction studies were performed in all patients. Results: Frequency of CMTX
(6.3%) in our study was similar to Japanese, and was lower than those in European peoples. CMTX patients displayed
no man-to-man transmission, and had cranial nerve involvement. CMTX patients showed more wide range of motor and
sensory nerve conduction velocities than CMT1A patients. We found one family with axonal neuropathy and two families
with demyelinating neuropathy in CMTX patients. Conclusions: Our findings suggest that mutations in Cx32 are probably
less frequent in Asian CMT patients than European patients, and CMTX neuropathy is intermediary between CMT1 and
CMT2. In addition, inheritance pattern and cranial nerve involvement are useful in differentiating CMTX from CMTI1A
with duplication.
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Table 1. Microsatellite markers and PCR conditions used for the analysis of CMT patients with chromosome 17p11.2-p12 duplication

Marker PCR condition
Name (Locus)  Map* (cM) Duplex PCR Size (bp) Temp (C) Primer sequences (5'—3')
D175921 36.14 I 109-127 65 F: GTGTTGTATTAGGCAGAGTTCTCC
R: CACCATAATCATGTCAGACAATCC
D178955 37.31 II 165-173 62 F: GGTTGGGTGTCCTTGGCCTAC
R: ACTGGTGCATCCATGAGCATGC
D17S1358 122-134 62 F: AGCACCATGCCGGGCCACAC
R: AGATGGATAAGATGATCATGTTAC
D17S839 37.8 II 123-143 65 F: CAACAACAGCGAAACTCTGTCTC
R: AGACCCTGGAAGATCAACTACC
D17S122 I 153-167 65 F: AGAACCACAAAAATGTCTTGCATTC
R: GGCCAGACAGACCAGGCTCTGC
D178261 41.12 96-110 62 F: CTAGGCACTGAAGCCAGGAAG
R: TTCTGGAAACCTACTCCTGAGC

*Marshfield's genetic distance (centi-Morgan from the end of short arm).

Table 2. Primer sequences for PCR amplification of Connexin32
gene

Exons Primers ~ Sequences (5'—3")

Promoter P1 Cx1AF
and exon 1A CxIAR

GCAGCTTGCCCGCACTGTGGATC
CCGGCCCACTGTGCCACATCAGC

TCCCCTCTTCACATCCACCT
GCTCCTTAACTCCAGACCTG

Promoter P2 Cx1BF
and exon 1B CxIBR

Cx2AF
Cx2AR
Cx2BF
Cx2BR
Cx2CF
Cx2CR

CTACTGGCTCTTGGAAGAGTTGA
TGCTGGTGAGCCACGTGCATGGC
TGTGGTCCCTGCAGCTCATCCTA
CGGATGATGAGGTACACCACCTC
CTTCACCGTCTTCATGCTAGCTG
AGGCAGAGGCCTGTGCACCGGCA

Exon 2

4. Cx32 &R} sequencing
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2] promoter (P1 ¥ P2), exon % 214 intron 5]
£ PCR WHo 2 FZ3 & sequencing &Fo] T34
QA EAWolE AAATE Cx32 F3A] Y #4915
ZE317] 913 PCR W2 3 DNA 30750 ng, 7t
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Figure 1. Pedigree of a CMTI1A family (family ID; FC-59) with PMP22 duplication in chromosome 17pl1.2-p12. The open symbols
stand for unaffected males ([J) and unaffected females (O). The filled symbols represent affected males (H) and affected females

(@). The symbols (@) indicate persons whose DNA is used for the analysis with 6 microsatellites. Alleles of the individuals within

parentheses are inferred. The arrow indicates the proband. The duplication of the six-marker region responsible for CMTIA is

indicated by the shadowed box.
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Table 3. Mutational analysis of the coding region (exon2) in the Cx32 gene of the CMT patients

Mutation Family number Family member Affection state Genotype
LeulOLeu CMT#5 proband (&) affection T
(CTC-CTT) father no C
mother affection C/IT
sister no C/IC
CMT#20 proband (%) affection C/IT
mother affection C/IT
control male (n=43) no C:43
control female (n=62) no C/C:62
Vall36Ala CMT#2 proband (%) affection T/C
(GTC-GCC) mother no T/IT
sister no T/T
grandmother no T/IT
control male (n=43) no T:43
control female (n=62) no T/T:62
Argl64Gln CMT#30 proband (&) affection A
(CGG-CAG) control male (n=43) no G:43
control female (n=62) no G/G:62
Cys168Arg CMT#22 proband (&) affection C
(TGC-CGC) control male (n=43) no T:43
control female (n=62) no T/T:62
Ser198Ser CMT#2 proband (%) affection T/A
(TCT-TCA) mother no T/T
sister no T/T
grandmother no T/T
control male (n=43) no T:43
control female (n=62) no T/T:62
Control 164 Arg Table 4. Mutational analysis of the promoter region and exonl
in the Cx32 gene of the CMT patients
¢ ¢ T ¢ G ¢ i ¢ ¢ o1
l ) . Affection
Mutation Family number Genotype
state
C-48G CMT#4 affection C/G
(GCT-GGT) CMT#6 affection G
CMT#8 affection C/G
control male (n=6) no C:5, G
control female (n=10) no C/C:10
CMTX 164 Gln
] G-228A CMT#19 affection A
G G I G | G I ¢ ¢ | .
(GGG-GAG) CMT#22 affection A
CMT#34 affection A
Y control male (n=9) no G:7, A2
control female (n=10) no G/G:8, G/A:2
LY

Figure 2. Sequencing analysis of Cx32 gene. Exon 2 region of
Cx32 was amplified by the PCR method and sequenced by
automatic sequencing analyzer (ABI 3700). The 164th codon is
TGC encoding Cys(cysteine) in normal sample, whereas, it is
replaced into CGC encoding Arg(arginine) in the patient sample.
Green lines: adenosine residues (A); blue lines: cytosine (C);
black lines: guanine (G); red lines: thymine (T).
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Table 5. Comparison of clinical aspects between the patients
with Cx32 missense mutations (CMTX) and the patients with
PMP-22 duplications (CMTI1A)

CMTX CMT1A*

No. of patient 3 34
No. of male (%) 2 (66.7) 13 (38.2)
Onset age (year) 13.7£11.0 22.6£14.7
Disease duration (year) 5.0+4.4 9.9+6.6
FDS' (%)

Low (0 or 1) 1 (333) 13 (38.2)

Moderate (2) 1 (33.3) 10 (29.4)

High (=3) 1 (333) 11 (32.4)
Muscular atrophy (%)

U/E 1 (33.3) 19 (55.9)

L/E 2 (66.7) 29 (85.3)
Foot deformity (%) 3 (100) 30 (88.2)
Scoliosis (%) 1 (33.3) 5 (14.7)
Facial palsy (%) 1 (33.3) 0 (0.0)
Hearing deffect (%) 2 (66.7) 0 (0.0)

Values are mean+SD, and percentages are in parentheses.
*CMTIA patients with chromosome 17p11.2-p12 duplication,
Tfunctional disability scale.
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Table 6. Comparison of electrophysiological aspects between the patients with Cx32 missense mutations (CMTX) and the patients with

PMP-22 duplications (CMTI1A)

CMTX (n=3) CMTIA* (n = 25)
CMT#2 CMT#22 CMT#30 range mean sp’ range

Median motor nerve

DML (ms) 27.1 4.8 42 4.2~27.1 8.9 33 4.1~18.9

CMAP (mV) 0.2 1.6 6.2 0.2~6.2 5.7 3.5 0.3~11.7

MNCV (m/s) 20.0 30.7 42.7 20.0~42.7 213 6.9 2.4~36.0
Ulnar motor nerve

DML (ms) ND 2.4 3.8 2.4~ND 6.0 1.4 3.2~8.0

CMAP (mV) ND 3.9 10.1 ND~10.1 6.8 3.9 0.1~134

MNCV (m/s) ND 32.0 41.8 ND~41.8 20.1 6.9 9.3~35.2
Peroneal nerve

DML (ms) 18.6 ND 5.3 5.3~ND 8.0 2.0 5.5~ND

CMAP (mV) 0.4 ND 0.3 ND~0.4 2.3 1.6 ND~5.3

MNCV (m/s) 14.2 ND 273 ND~27.3 21.0 6.3 ND-~27.8
Tibial nerve

DML (ms) ND 5.2 6.1 5.2~ND 8.8 2.0 6.3~ND

CMAP (mV) ND 0.5 1.8 ND~1.8 47 3.1 ND-~9.5

MNCV (m/s) ND 25.2 37.5 ND~37.5 233 5.7 ND~32.7
Median sensory nerve

SNAP (pV) ND 20.4 11.6 ND~20.4 6.9 3.6 ND~10.0

SNCV (m/s) ND 35.0 33.9 ND~35.0 223 3.6 ND-~25.4
Ulnar sensory nerve

SNAP (uV) ND 10.0 6.4 ND~10.0 6.5 24 ND~8.8

SNCV (m/s) ND 342 32.0 ND~34.2 20.0 7.0 ND~30.3
Sural nerve

SNAP (uV) ND 6.0 ND ND~6.0 7.7 3.5 ND~10.4

SNCV (m/s) ND 222 ND ND~22.2 20.4 1.2 ND~21.6

DML, distal motor latency, CMAP; compound muscle action potential, MNCV; motor nerve conduction velocity, SNAP; sensory nerve
action potential, SNCV; sensory nerve action potential, ND; not determined, *CMT1A patients with chromosome 17p11.2-p12 duplication,
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