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Background: Mutations in the myelin protein zero (MPZ) gene, which is located on chromosome 1q21-q22, is
present in Charcot-Marie-Tooth disease type 1B (CMT1B), CMT type 2, Dejerine-Sottas syndrome, and congenital
hypomyelination neuropathy. It is proposed that the nature and position of the MPZ mutations mainly determine
the axonal and demyelinating phenotypes. In this study, we investigated to determine the clinical and
electrophysiological characteristics in CMT patients with mutations in the MPZ gene.

Methods: We examined mutations of MPZ, in 62 Korean families diagnosed as having CMT disease. Mutations
were confirmed by through both strands sequencing. Nerve conduction studies were carried out in CMT patients
having each mutation.

Results: The three mutations (Aspl18Asn, c.449-1G>T (3'-splice site), Lys236Glu), determined to be novel, were
not detected in the 105 healthy controls. The mutation frequency of MPZ was similar as those found in several
European populations. Electrophysiologically, 3’-splice site mutation (449-1G>T) showed the conduction block and
moderate slowing nerve conduction velocities like that of CMT1B. However, the other mutations represented the
electrophysiological features of CMT type 2.

Conclusions: We report the identified three novel MPZ mutations in Korean CMT patients and the
phenotype-genotype correlations based on nerve conduction studies.
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o 0; A, 1 AAOIANE w2ftolu B30 e 7
(normal but with cramps and fatigability), 2; ©&|7]&
4= Q= 74 (inability to run), 3; A7]7} AJHGA|TF == L
A= Aol 713t 74(walking difficulty but still possible
unaided), 4; X|Fo|& 71X AL 4 = A (walk with
cane), 5. UL 7ML A& & U= A(walk with
crutches), 6; %72 283111 4L 4= 9= 7-(walk with
a walker), 7; Ao]E €}al thiof = 7Z-$(wheelchair
bound), 8; ¥ A AES= 7 X(bedridden).
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2. A718=3HAA

3. MPZ 3R] Sddo] WA

MPZ 7470 40l E BEs] sl MPZ G-AA19
promoter, exon 1~6 ¥ 217 intron ¥¢|E PCR H{o =2 =
F3F 2, sequencings 3t A1 EAHOlE AA ST
MPZ G372 S RS FRe7] ST POR WL 5

DNA 30—-50 ng, Z} primer 10 pmol, dNTPs 200 M, MgCl.

1.5 mM, 7aq polymerase 0.5 unit % 1X reaction buffer
(Promega, USA)7} 3 50 19] ¥hS- §o42 o 85}o] PCR
ZZ A](Perkin Elmer PE2700, USA)OJA] 323] Alo]E&F o
2 AAlstsiet. 2F §AA 2919] PORS $13) A primert=
Table 17} 2tk PCR AA] 3 Z%5 DNAL AA% 3 2154
71 GEA7](ABI 3700, USA)ollA] BigDye Terminator Cycle
Sequencing KitE olg3to] of W] @7]xae Asta,
99 =2 CHROMAS (Ver, 2,23) RIS o833,
24 Eddol= HAF AY(wild allele)d} Ed¥o] Ad

(mutant allele)o] E3HElo] Qo] A7 BEA] 055 ¥
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Table 1. Primer sequences for PCR amplification of myelin
protein zero (MPZ) gene

Region Primer  Primer sequence

Promoter and MPZP1F GGCTTCTTGCCTGGAAATAGTCC

exon 1 MPZPIR ACCTGAGTCCCAAGACTCCCAGA
oxon 2 MPZ2F  CTGATCTCACTTCCTCTGTATCC
X MPZ2R  CTTTGAAGCACTTTCTGTTATCC
oxon 3 MPZ3F ACAGCTGTGTTCTCATTAGGGTC
X MPZ3R CTCCCAAACTGCTTCCCATACC
i s MPZ4F CTAGGAACCACAGATACAGGGC
exon 4, MPZ4R  GGGTTCTCCTTCCCATCTTGTC
xon 6 MPZSF  AACAGTCAAGCCCCAGTCGCTC
X MPZ5R  GCTCATCCTTTCGTAGCTCCATC

= olonz 22 wolzl A g DNA TS TA
PCR 22 9 E(Promega, USA)oll AFUAIZ] 3 1078 o]/4d<]
=94 FRYRRY &% Z840|=2] DNA THHe 7|A

Ax}, 37154 o] e HarE ] gk 22 FdHol
o 4= USITH(Table 2).

FC#19 715olA MPZ 707t 4 i, 394 JIEZ9
splicing siteol|A AG7} ATZ X]|Zo] Aot 3'—splice site =
AHO|(449-1G)T)E L3k =H o]= oF7HA] Hils vz
ULt o]2fgh Holi= JIEE(intron) 2] mRAd} 7|4 Ho| H

r
8] splicing errorg U O 24 T SHJo RS 1

Table 2. Mutations Found in myelin protein zero (MPZ) gene

O @O eC

[ 2 3 4 5 6
il H B
I / 2

Figure 1. Pedigree of Charcot-Marie-Tooth 1B (CMTIB)
family with a novel 3'-splice site mutation (449-1G>T) in the
MPZ gene. The open symbols stand for unaffected males ([])
and unaffected females (O). The filled symbols represent
affected males () and affected females (@). The half-filled
symbol (L) indicates that disease status ofindividuals were
unknown. The arrow indicates proband.

i

T Utk 7HAE 24 oA gkxte] ofmu e} on oAk
Lo WHolS 21T 4= QUITh(Fig. 1, 2-A),
FC#26 75ollA Ewolo] g4 A}, 3HA exonof ]
Aotz 118% opn|ieihE: AT 36l FE0] GACOA] AAC
2 HygE o] ofAmtal7liH(Aspartic acid: Asp)o] ofAutak
Z1(Asparagine: Asn)S & HE(Aspll8Asn)H 72 FI5%
th(Fig, 2-B). T2 Yof|A Aspll8Asn missense S 0]
7} YIR5H= B9 AlEe] EH|Ql(extracellular domain)ol|
SFeEATE 7HAIE EAolA Aspli8Asn EHol= kAot
ofm Lol A THEE|glon], op R} Hg Ao = WEEA] o
Skeh. Fo#is BlolH Eelilole] gl s, Mp7 SRSl
6HA exonol| |R|St= 236% o] ieARS TSt FE]
AAG o4 GAGE 1go] Hjo] 20| Al(Lysine: Lys) o] 28
AHGlutamic acid; Glu) 22 H3(Lys236Glu)E AL 3Hels}
Ach(Fig, 2—C), A Yjof|A Lys236Glu missense =AH
o7} QA|8l= HY= A2 =2l (intracellular domain) |
By

o] 5ol A FMA| 17pll, 2-p122] ZE(duplication)I} peri—
pheral myelin protein 22 (PMPZ22), connexin32 (Cx32),

my,

Gene Patient number Domain Amino acid change Nucleotide change Inheritance Phenotype References
MPZ
exon 3 FCMT #26 Extracellular Aspl18Asn c.352G>A Autosomal dominant CMT2  This study
intron 3 FCMT #19 3'-splice site c.449-1G>T Autosomal dominant CMT!  This study
exon 5 FCMT #2 Intracellular Gly200Gly ¢.600G>A Polymorphism 1 case Bort et al., 1997
exon 6 FCMT #15 Intracellular Lys236Glu ¢.706A>G Isolated case CMT2  This study
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B uRo] WL wEl F AFAEZANA ol Azlo] WA
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(1) Patient Asparagine

Figure 2. A: Electropherogram of DNA sequence analysis of MPZ

gene, focusing on the exon-intron boundary (exon4-intron 3), in
the unaffected indivisual 1I-4 (A) and patient III-2 (B), showing
the G>T 3'-splice site mutation (boxed) in the pedigree of Fig. 3.
Intron 3 region of MPZ was amplified by the PCR method and
sequenced by automatic sequencing analyzer (ABI 3700). B:
Sequencing analysis of MPZ gene. Exon 3 region of MPZ was
amplified by the PCR method and sequenced by the automatic
sequencing analyzer (ABI 3700). The 118th codon was GAC
encoding Asp (Aspartic acid) in normal sample, whereas, it was
replaced into AAC encoding Asn (Asparagine) in the patient
sample. C: Sequencing analysis of MPZ gene. Exon 6 region of
MPZ was amplified by the PCR method and sequenced by the
automatic sequencing analyzer. The 236th codon was AAG
encoding Lys (Lysine) in normal sample, whereas, it was replaced
into GAG encoding Glu (Glutamic acid) in the patient sample.

FO#26 715521 18] At 104] alae] A1l8] st o
A ZEofele) 5 Fola(foot drop)E FAR AT Wi
skeich SRz 104] ool Kol ke Aoll7 ]' AR
Selo] o] w7 AA Sel7E s o) RAl s elAch
W B9 ol HAMY SHAl 2915 (leg atrophy), BEe]
712 hammer toe), QF(pes cavus), W =4 &3 5
of WAEIE TP & s FWE wiE =%
(dorsiflexion)©] GIV, QA|&7gte] vj&FLo] Goo R ¢
St PR, P27 AEZ R 9x|ze] A9
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Table 3. Comparison of characteristics in Charcot-Marie-Tooth patients with myelin protein zero (MPZ) mutations

3'-splice site (449-1G>T) Aspl18Asn Lys236Glu
Mutation type
Proband Mother Brother Proband Mother Proband

Sex Male Female Male Female Female Male
Age (year) 24 52 26 13 37 40
FDS™ (%)

Low (0 or 1) Yes Yes Yes No Yes Yes

Moderate (2) No No No Yes No No

High (=3) No No No No No No
Muscular atrophy

U/E No No No Yes No No

L/E No No No Yes No Yes
Foot deformity No No No Yes No Yes
Scoliosis No No No No No No
Deep tendon reflex Loss Loss Loss Loss Normal Loss
Nerve conduction velocity Abnormal Abnormal Abnormal Abnormal Normal Abnormal

Values are mean+SD, and percentages are in parentheses, *FDS; functional disability scale

(A) Ulnar nerve

(B) Posterior tibial nerve

e : : : : © 3 msec

Iﬂ ||1"|-

Figure 3. Nerve conduction studies in Charcot-Marie-Tooth patient with a novel 3'-splice site mutation (449-1G>T) in the MPZ
gene. The conduction blocks of right ulnar motor nerve (A) and right posterior tibial nerve (B) are displayed. Scale: vertical dots=

5 mV, horizontal dots=5 msec.
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Table 4. Comparison of electrophysiological aspects between Charcot-Marie-Tooth patients with myelin protein zero (MPZ)

mutations

3'-splice site (449-1G>T) Aspl18Asn Lys236Glu
Mutation type
Proband Mother Brother Proband Mother Proband

Median motor nerve

DML (ms) 4.5 5.7 4.6 4.2 ND 4.3

CMAP (mV) 7.6 14.1 12.4 10.0 ND 7.3

MNCV (m/s) 37.7 28.5 41.7 39.6 ND 422
Ulnar motor nerve

DML (ms) 34 34 2.9 34 ND 34

CMAP (mV) 10.7 14.9 13.6 11.0 ND 6.4

MNCV (m/s) 45.0 30.5 43.1 51.7 ND 51.2
Peroneal nerve

DML (ms) 6.8 5.9 4.6 NP 44 NP

CMAP (mV) 53 2.7 9.5 NP 6.0 NP

MNCV (m/s) 30.0 21.9 30.3 NP 439 NP
Tibial nerve

DML (ms) 7.3 7.0 43 NP 4.8 4.8

CMAP (mV) 9.0 7.0 114 NP 14.0 10.0

MNCV (m/s) 25.5 24.0 333 NP 48.8 41.8
Median sensory nerve

SNAP (&) 21.0 11.0 11.0 NP ND NP

SNCV (m/s) 33.9 24.8 349 NP ND NP
Ulnar sensory nerve

SNAP (&) 15.0 12.0 13.0 NP ND NP

SNCV (m/s) 36.6 27.9 32.6 NP ND NP
Sural nerve

SNAP (4V) 17.0 2.0 12.0 NP 3.2 NP

SNCV (m/s) 22.0 16.9 35.8 NP 36.0 NP

DML; distal motor latency, CMAP; compound muscle action potential, MNCV; motor nerve conduction velocity, SNAP; sensory nerve action
potential, SNCV; sensory nerve conduction velocity, ND; not done, NP; no potential
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Table 5. Nerve conduction studies (NCS) of right upper and
lower extremities in Charcot-Marie-Tooth patients with a novel
missense mutation (Aspl18Asn) in the MPZ gene

Aspl18Ans

NCS (year)
11 year-old 12 year-old 16 year-old

Median motor

DML (ms) 4.2 4.3 4.6

CMAP (mV) 10.0 7.7 2.3

MNCV (m/s) 39.6 41.3 57.1
Ulnar motor

DML (ms) 34 34 32

CMAP (mV) 11.0 9.5 6.3

MNCV (m/s) 51.7 435 39.0
Peroneal nerve

DML (ms) NP NP NP

CMAP (mV) NP NP NP

MNCV (m/s) NP NP NP
Tibial nerve

DML (ms) NP NP NP

CMAP (mV) NP NP NP

MNCV (m/s) NP NP NP
Median sensory

SNAP (nV) NP NP NP

SNCV (m/s) NP NP NP
Ulnar sensory

SNAP (nV) NP NP NP

SNCV (m/s) NP NP NP
Sural nerve

SNAP (nV) NP NP NP

SNCV (m/s) NP NP NP

DML; distal motor latency, CMAP; compound muscle action
potential, MNCV; motor nerve conduction velocity, SNAP; sensory
nerve action potential, SNCV; sensory nerve conduction velocity,
NP; no potential

2] BIE]R] oRorEl 2o EAuo|(Aspli8Asn, c,449—1GHT
(38— 55 RISl ol5S MPZ 1+
A3} Setvtolq oz F7ek) Hjgich, of Ak CMT Ao
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