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ABSTRACT In this paper we present four novel mutations in the myelin protein zero gene (P0
gene), which encodes the major structural protein of peripheral nerve myelin (P0) in patieﬁts with
Charcot-Marie-Tooth disease type 1B (CMTI1B) and Dejerine-Sottas syndrome (DS). Seven families
and fifteen sporadic patients, who were conformed to have CMT1 or DS by clinical, electro-
physiological, or pathological studies, were examined by molecular method. By heteroduplex analysis
for exons 1-6 of the PO gene, one family (Family 7) and three patients (Patient 2, 3, and 4) showed
heteroduplex bands indicating mutations of the PO gene. In family 7, a heterozygous A — G substi-
tution at nucleotide 389 that generated a 131-Lys — Arg transition was identified in exon 3 of the P0
gene. This family was diagnosed as having CMTIB. In Patient 2, a heterozygous G — C substitu-
tion at nucleotide 499 that generated a 167-Gly — Arg transition was identified in exon 4 of the P0
gene. In Patient 3, a heterozygous 4bp (GGCA) insertion at nucleotide 560 in the P0 gene was
identified. This mutation generated a stop codon at the 14 th codon upstream from the normal ter-
mination codon. Patient 2 and 3 were diagnosed with DS. In Patient 4, a heterozygous G — A
substitution at nucleotide 600 of the P0 gene was identified. However, the mutation did not generate
a transition of amino acid (polymorphic silent mutation). :

PO contains a large glycosylated immunogloblin-like extracellular domain coded by exon 1, 2, and
3 of the P0 gene, a single membrane-spanning domain coded by exon 4 of the P0 gene, and a smaller
intracellular domain coded by exon 5 and 6 of the P0 gene. The present study disclosed new muta-

tions of the PO gene encoding the extracellular domain in Family 7, and 2 membrane-spanning
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domain in Patient 2 and 3. The mutation of the membrane-spanning domain probably causes more
severe phenotypes such as DS and the mutation of the extracellular domain causes less severe
phenotypes such as CMT1B. We hypothesize that the variation in clinical severity caused by
different mutations in PO can be explained by the different effects of each mutation. In case of mild
CMT1B phenotype, the heterozygous loss-of-function reduces the normal protein present, while dom-
inant negative mutations, which affect the formation and function of P0, or homozygous loss-of-
function mutations, which completely lack the P0, result in the case of DS.

(Received April 6, 1998 and accepted May 25, 1998)
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D CMTI & B XU DSERZEan, FhixiEbhi:
THRFRITEF &, 15 MBEFIEHRE Uiz (Table
1. 2D5% 6 FHR IEFI & LIFEANI P HEET
PMP-22 &% 1.5 Mb OEE %2~ L CMTI1A dupli-
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Table 1 Summary of clinical featuves and -electrophysiolosical studies in patients with Charcot-

Marie- Tooth disease

41

Subject Inheritance Iz;(;g?szztxu)s (ulnlz:g(;\grve) (sull‘illoggve) dli)l\l/{(’:l;tltji_}m
Familial 1 AD 17/F 11.6 Performed +
Familial 2 AD 5/M 19.9 Not done +
Familial 3 AD 43/F 24.8 Performed +
Familial 4 AD 36/M 16.9 Not done +
Familial 5 AD 34/M 17.8 Not done +
Familial 6 AD 49/M 19.1 Not done +
Familial 7 AD 8/F 10.4 Performed
Patient 1 Sporadic 4/M 10.9 Not done +
Patient 2 Sporadic 7/M 3.8 Performed -
Patient 3 Sporadic 8/M 3.0 Performed -
Patient 4 Sporadic 5/M 2.9 Not done —
Patient 5 Sporadic 16/M 30.1 Not done —
Patient 6 Sporadic 6/F 2.3 Not done -
Patient 7 Sporadic 9/F 33.9 Not done —
Patient 8 Sporadic 3/F 36.2 Not done —
Patient 9 Sporadic 4/F Not evoked Not done —
Patient 10 Sporadic 6/F Not evoked Performed —
Patient 11 Sporadic 18/F 7.2 Not done —
Patient 12 Sporadic 7/F 8.9 Performed —
Patient 13 Sporadic 6/F 10.2 Not done -
Patient 14 Sporadic 14/M 7.8 Not done —
Patient 15 Sporadic 14/M 31.0 Performed -

AD: autosomal dominant :
CMTI1A : Charcot-Marie-Tooth disease type 1A

Genomic DNA

s 2

Southern hybridization

Mspl digested DNA probed pVAW409R3a and
BamHI digested DNA probed PMP-22 ¢cDNA and SF85

¥

| CMTIA duplication(+) |

¥

| CMT1A duplication(-) |

s 2

Heteroduplex analysis for

Heteroduplex analysis for

4 exons of PMP-22 gene 6 exons of PO gene
2 ¥
|CMT1A | | CMTIA or DS | | CMT1BorDS |

CMT 1A duplication : a duplication of the p11.2-12 region of chromosome 17 including PMP-22
CMT 1A : Charcot-Marie-Tooth disease type 1A, CMT1B : Charcot-Marie-Tooth disease type 1B, DS : Dejerine-Sottas syndrome

Fig. 1 Screening protocol of Charcot-Marie-Tooth disease
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PCR &, —BiyzAikTiThbhiz, POEEBFD6D
OBEIFES 2 SDERII DN T 62y VDTS T4 v —
% E&81L (Table?2), DNA Thermal Cycler PJ480
(N—Frxn~—Pysty, EFE)BEHAL, BESR
B [94°C-5 21X 1 ¥4 7 V—[94°C-143/60°C-1 53/
72°C-1 43 30 B] X 30 %4 2 V- [72°C-T 31 X191 7
NVDRBRETHIE L, IEENRED S ul & BEEDS
ul BREEL, 95°Clic 5 HBEE, ThEhe—4&#E DNA
LT, 3T°CT60 448FE, 0.5M EDTA % 0.5 u/
mz, BREPRESY, EENREEY L EHEVOR
& FK#EDNA &K U7, MDE Gel (AT Bio-
chem, Inc.) P2 CIRA A DNA 54/ #=1, 800
V iz T 12~14 BRIk E U, wkEhER, B o s R
AR THEREIEROEE LT L,

2:3-2 EEFFIRTE

KEZESE a7 8% DNA ORCY$EEL PCR 2
Mt 3 2 BREGIRE 21T /2. RFc B4 F U
BmENIe 7T 4 =—%{EH L (Table 2), #% DNA 500
ng % # 2 50 u/ W ¥ L, DNA Thermal Cycler
PJ480 ZEF, WEEM; [9°CH55]1X1 ¥4 72—
[94°C-143/55°C-143/72°C-1 431 X358 4 7 v —
[72°C-5 51 X1 A 2 VDBETHIFL 7=,

EA 7 U8R S iz PCR B %52 O Dynabeads
M-280 Streptavidin(HZ&S 1+, HE) 2HFA,

AL

HETNA VERIC L DBRKIIZS Rigc ot 5 5%
FENTz—A$E DNA 2187, ZODNA 2R LLT,
T7DNA RVU A F—¥ Version2.0(7 v ¥ ¥ LoNA A
VARV ¥y, B 2FHL, Tnfhof
FEBIT T 2y — 2 L AT T A —%/EHIL (Table
2), [a-**S] dCTP (NEN) THE#T 2 Y74 F Vik
TEERERSI2HEL, POEETERELK.

2:3:3 ¥7on—=r7

BERERO~T oG H R EBeETHNE,
PCR Y OEBHEEED YUE TR T EETH 5 27,
BIEREORIPEADFLT 256, BHPREEL &
%728 TA Cloning kit (Invitrogen Corp.) % F\>,
T ru—= v EERLIE, BECS TS CERRE
iz PCR EWRESIL, HEEIEREYIRE 21T 57z,

3 b= %

1RRAER FR7) & SISSER (BE 2, 3, 4
BT, POEMET O heteroduplex T T OWKEIE
HERD, EEEIETRRE L. IMBECAOES
2, 3, 4 DRI DOWT b heteroduplex T 21T -7z
2, WTFRLEEEFEDZLoL., FlIhs 1KHR
& 3IMFEGER @ PMP-22 {1, connexin 32 #{=
F® heteroduplex M TORBERITFAD S h-o
7z, o> 12 MEFERF|D heteroduplex FEHTIZ DWTI,
PO B F %2 & ®, PMP-22 B{&F, connexin 32 &
BFCOWRBER 2T D o7z,

31 POELGFNERERLF-EH
K% 7 (Fig.2) :
FeinE (I-1) © POEEFRIFTERE 3 O A1 heter-

Table 2 Oligonucleotide primers used fov heteroduplex analysis and divect sequencing

6 sets of primers for

3 sets of primers for

primer for sequencing

Exon heteroduplex analysis biotinylated products of each exon
1 F 5-CCCGTTCAGTTCCTGGT-3 5'-GACACAAAGCCCTCTGTGTA-3

R 5-GTCCCAAGACTCCCAGAGTA-Y 5-AGACACCTGAGTCCCAAGAC-3 5-ATGCTCCGGGCCCCTGC-3
5 F 5-CTTCCTCTGTATCCCTTACTG-3 5-CCATAGGTGCATCTGATTCC-3

R 5-CTCCTTAGCCCAAGTTATCT-3 5-AGCACTTTCTGTTATCC-¥
3 F 5-TCATTAGGGTCCTCTCAC-%

PO R 5-CTCCTTAGCCCAAGTTATCT-¥ 5-AACTGCTTCCCATACCCTTG-3 5-TCACAAGTGAACGTGCC-3

4 F 5-GGAGTCCTACATCCTCAATGCAG-3 5-CTGCTCATTCTCCCACTTCT-3

R 5-CCCACCCACTGGAGTAGTCTCCG-3 5-TTCCCATACCCTTGTCC-3
5 F 5-GAAGAGGAAGCTGTGTCCGC-3

R 5-CACATCAGTCACCGAGCGACT-% 5-GGGTTCTCCTTCCCATC-3
6 F 5-AGTCGCTCGGTGACTGAT-3

R 5-TAGCTCCATCTCGATGACCA-3 5-TCTGCTCATCCTTTCGTAGC-3 5-ATGACCATCACCTTTGG-3

F: forward primer R: reverse primer
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oduplex fi#Hfi TOVKBIZ R =B 12, FFRICK RO
WEREMLI:E S, & (1-2), £ (11-2), REAHL
R (1-4) CEBEORBAER,RD sh (Fig.3), 1
FEHRE DOFE R, 389A MGICEFALIC HZSRA R T
VIVETEE 7 VIVSRIET 2 ~NT oA ERTHD, 7
S W8I Lys 5 Arg ~NEBLL Tz (Fig. 3). k)
EREFE LT W2, 11-2, 1-4122WT SRS
TEAREHE LIRS, & ORI DO RRRER L&KL
72, AFEFNIEEEAE 2R LT, CMTIB &
2L 7.

&2

PO &5 FEIERMES, 4 O A1 heteroduplex T T D
VKNS % 588, SFEIECYIRE DGR, 499G 3 C I
B 7 SRR R 7 LV L IEE T VIVHNRAET B
TOESERTHY, 7 I/ BIXGly 25 Arg NEHLL T
Wi (Fig. 4). AAEGNEHHICZRBE T FEL %
Motz Z & LD de novo d DSHR EZEIL 7.
BHE3:

PO 355 T-BHERSERL 4 O &1 heteroduplex f#AfT Tk
FHAS L2500, HEEFCYIE OFER, 560G firs T
W% DN R ORLEERRD, BUEHEREE DAL
FREINT, BEFICHLTIEZ, Y7 7a0—=2T%
FEhi L, 560A & 561G DOED 4 HEH: (GGCA) A%
B, EFEKLEa R L ER4FBCKLEa N>
(TAA) ZHT 27 VIVEIEE 7 VVISIRIEET 271
BERTH -7 (Fig.5), AEFNXH I 2 SE R T
WEIEL o722 £ & D de novo % DSJF &2l L
7z,

S e

Fig. 2 Pedigree of Charcot-Marie-Tooth disease
type 1B family. Affected members are in-
dicated in black. Deseased individuals are
marked with slashes. Arrow indicates
propositus (Il1-1).

W= 2 — /89— (Charcot-Marie-Tooth %) O E{ET-fE#HT 43

BE 4

PO &5 FRHERHEEL 5 0 12 heteroduplex fi#tfr Tk
R, WEMYIIUE ORR, 600G 23 A ICE
PaL 72 HERERT VIV EIER 7 VVISRIET 2T
aEEEETH-7: (Fig. 6). LrLahis, 20 600GGG
75 600AGG D SRR T, WIhOSELT
JEEGly Ba—RFShTwb s, POEHICEEY
52 7w R L2 0 L7z (polymorphic silent muta-
tionl424) |

4 # %=
41 CMTREEFKHEMEEI T > & DESE
CMT 75 13 BORE D B 72 2 58 i AR A MR RO R
WThb, 7O BEHRERE, BERETHEON
IR E A ERIEAL DR 25 & R B L OB R R [,

TR S O, REPMER EDQREHERLTH 5.
W, ERERRY, RERERR RSy, IO
a
Control -1 mM-1 O-2 M-2 mM-3 I-4
b
T G C A T G C A
385G
Val T
C
A
Lys A
A
A
Asn A
393C
Control Patient
Fig. 3 A point mutation of PO exon 3 with Charcot-

Marie-Tooth disease type 1B family (Family
7). a: Heteroduplex analysis of P0 coding
exon 3. A heteroduplex band is demonstrat-
ed in I[-1, 1I-2, -2 and I -4 of pedigree in
Fig. 2. b: Direct sequence analysis of P0
coding exon 3. The propositus (I-1)
reveals an A to G substitution (arrowed) of
nucleotide 389 (numbering according to
Hayasaka et al.®*®), leading to a Lys 131 Arg
substitution. The other affected members
showed the identical substitution (Data not
shown).
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a a
1 2 3 4
Patient  control(2-4)
b b
496C S55A
Leu T Leu Lys A
G
G
Gly Glyarg Gy G
G
A
Val Val Lys A
504 603A
Control Patient
Fig. 4 A point mutation of PO exon 4 with Dejerine- Fig. 6

Sottas syndrome (Patient 2).

a: Heteroduplex analysis of PO coding exon
4. A heteroduplex band is demonstrated in
lane 1 (arrowed). b: Direct sequence analy-
sis of PO coding exon 4. The patient reveals
a G to C substitution (arrowed) of nucleotide
499, leading to a Gly 167 Arg substitution.

12345
Patient Control(3-5)

Fig. 5 4 bp insertional mutation P0 exon 4 with Dejerine-Sottas syndrome (Patient 3).
Two heteroduplex bands are demonstrated in lane 2 (arrowed).
products corresponding to P0 exon 4 were subcloned using TA cloning vectors (Invitrogen).
sequence analysis for several independent clones shows GGCA insertion (boxed).

ysis of PO coding exon 4.

Normal aHele

ALBREREE

1 2
Control Patient
T G C A T G C A

Control Patient

A point mutation of PO exon 5 with patient 4.
a: Heteroduplex analysis of PO coding exon
5. A heteroduplex band is demonstrated in
lane 2 (arrowed). b: Direct sequence analy-
sis of PO coding exon 5. The patient reveals
G to A substitution (arrowed) of nucleotide
600. However, the mutation did not lead to
a substitution of amino acid (a polymorphic
silent mutation!*2¥).

T G C A
C
S A
s
—
e S60A
Affected allele G

a: Heteroduplex anal-
b: The PCR
Direct
The mutation caused

a shift of the reading frame and created a stop codon at the 14th codon upstream from the normal

termination codon.
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625)
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M) YOFBERAENEIY, ThiciERET % 5
2 HNn 2 EHESE, R, EE2 COERSED o
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CMTIB OEEEEFIZ, EHEREEROHESMEN
& T, 1993 17 1q22-23 L EE S iz, Llgg,
B CREFEBRINTOURLERIAB L UISREII
BOWTHBETEENERINTWBE,

PO BEFIIE FOBFE, B 7kb 04 Aohiz, 6
EOBMFREHLITET 2. SPFHEBIZZh 2 hikte
2H4HELTEY, BFER 1LY 7 FARTFE, B
RER 2 BLIU IRV R A »eahlifasEss,
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FAEN 4 RSN, BURNEEER 5 & 6 XTI AR

BPENRENI—F LT3,

44 FHARICHT2HREN L POEEFEENOEE
(Fig. 7)

FKRTDLEMIT POEGCTFEREEZEL, HLAaKE
BiEEERT CMTIB Th 3, BFER 3 KBTS
BERERTHY, POEAOMBSMERDOV F A1
Ba—FI3HAUTORENPHES N, I VS
BEOEBETRIORKE LI-EEF oD, BES THK
NEBOV F A4 CEEDH S CMTIB 1 17 HKAREK
L3N, BESOMELLFER TP LA—Fr g
BHHEINLTE,

B2 IERER 4 BT 5 HEREREERL, B
HI3BERRES A I BU S 4 BEBATH -7z, T
NLEEEER S - P I 2N TOBEEREZ N
3. ZO2EFEED, BEE T IOHMICERE
EFHTD &5 NI-ERNIZ, DSHEOER (BEL) 28
LTHD¥, 1) VEOBEPEEHERE LT,
ZOEBNEELBERHES TV EEL SN,

B 4 IEERER 5 1B 5 SERERRTEDI b
OO, 7T/ BEREEEL WS (polymorphic
silent mutation*?¥) TH D, FEFIOEL 12 BIET
ZHE Y ERER E OB ZREEFE 2D T EED
na.

Warner et al.®® OIETIZE L DBELRFERIIHEEE

extracellular

@]
intracellular %‘?W .
4000000 ke Patient 4

Q% -COOH

ALBEEEEE

72V B X A U BRET 2HEAEE D 2 It EE @
FEBWMEL T35, HllANEROER RS L
T3, ZOHEEO PO EA%22—FT 5 POEGBTFIEL,
BIRRGER 5 H 20 Id 6 TH D W, BHEE COREHZ
polymorphic silent mutation 52 < 1429, HEfE &
EHIhTwihof, UL LHIlRRESR O ~7F F
BRESE PO EEHOREEM 2 RB S E/ER T,
homophilic cell adhesion D RIBEF LY, HKIERN
$HI% b major dense line OB 2 &Te I =) MIZNT
S MDMEERE L TV A EINRBEN TV S,
AR BTHRE L2 1 TR 4ER & 3 IMFER
O POBEETERCEL TR, SEAB~TaBEE&ET
HY, R THPEMER, o 3 IMFEEFNL de novo
DERERTH S, FHHRERIIELE (CMTIB) » 58
fiE (DSHR) £ TEHETho7. BE4L 2RE, POE
BTERCERS 2 PO BHOER LRFHDH 2 VIFHK
R & ORIz DWW T, RERTIEEE w23 2
xR TH D, Warner ef al®®, lkegami et al.®®
X, POBEGETFEREEZ~T oBEHRTCRE DITHRIEONHA
BoEF N RTBEBOESN GRER I BT 2
—IEER A L EIRRMEE 2 w B 5 =HER L) &
HEL, IR BRI DWW TR, FRIFINE S BFK
ERDBETCMTIB &2 3T n3h, FELII
FRBRL, BINEROEEDODSHERBHE AT
%, b TR IO REEGEIINT, DSHEOKRES

Family 7
Charcot-Marie-Tooth disease type 1B
one point mutation in exon 3
389A—G  Lys—Arg

Patient 2

Dejerine-Sottas syndrome
one point mutation in exon 4

499G—C  Gly—Arg

Patient 3

Dejerine-Sottas syndrome

4 bp inserted frame shift in exon 4
560GGCA

polymorphic silent mutation!42%
one point mutation in exon 5

600G—A  Gly—Gly

Fig. 7 Structure of P0 and summary of disclosed P0 mutations
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431k CMTI1B kR ~7T aBE&HETHEEL, B8
OWEICRE RO L\ de novo DEREERTH- T
X, DSYEIREFEARZ, THREEYST, CMTIBD
HhaERakEEEERER s thkhs T EEES N
%, £7:CMTIB XD bHEETHHILIX, EEER
Fr2—F T 5B ERERICHEELI-ZE L
Wiz, Zndtloss of function Tl { dominant neg-
ative KIEBA LIz & F 2 o513 (Fig. 8).

Shapiro et al.*V © PO BHOMKEAER 2GR ES
V- ERE, BASOBE L PO BEROREEEOBE
ZBA LIS, CMTI1B 3B XU DS HWOFE LB RER
DEREC DV TIE, EREETOENE(LEBWE
1o 2 S o BT e INZ 2 0Bz, GRdhd
FTEREHE o) VEELOBEEEEHS LT 540
BERDDLEEZ D,

5 B #

1. CMT 1 BIEE 7 R%, 17HEGIL 15 IFEH %
WREL, A7V —=>7 70 b a—VIZEWERL
7z,

2. heteroduplex fBt7 ¢, POBGTFEERLZTRT 1
KR AEHE 3TMFER BB L7z,

3. HERSIREICLY, 1FHR 4EHT POERT
FEREE 3 B W, ARRAEETVALEET LT
OEEETHY, CMTIB L2 L7, /-2 IFRE
Flik, Zheh POELEFRHREE 41280, H52R
ERTVNVEFTL~TBESE, 50 POERT
HREER 4 CB WA EBERBAT VLVEE T 5~7 1
BEETHY, 2MEHMHIZDSHEEBRI L, o 13
FEEGNL, POEETFRIEREE S WHARRERT VL E
BT AT AR TH o708, POBODIEE %I
WHERS 2 nHR L Bz (polymorphic silent
mutation*?%)

4, CMTI1B 1% < DB6, FROBEERREZER
Lo, RERETFIE, EEBEERRS L

PO gene Homozygote Heterozygote Normal
Genotype PO*/ PO* P0O*/ PO PO/ PO
Disease DS DS Normal

CMTIB

PO : PO normal gene PO* : PO mutant gene
CMTIB : Charcot-Marie-Tooth disease type 1B DS : Dejerine-Sottas syndrome

Fig. 8 Clinical phenotype of P0 mutations

EEHE = 2 —wstF— (Charcot-Marie-Tooth §8) OEEZEFENT 17

bz, EEEGFOREEZEET 5 (loss of func-
tion), /2 DSHHE (EER) TIIERIZL S loss of
function 2%, dominant negative ZfEF%#% 2% %
WERD D,

E il
ez behizy, HIEE, FREWZwizE
NERIEFE, TER=ZFCEH LT,

2 % X
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