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Abstract
A  E u ro p e a n  c o l la b o r a t io n  o n  C h a r c o t - M a r i e - T o o th  ty p e  1 ( C M T 1 )  d is e a s e  

a n d  h e r e d i ta r y  n e u r o p a th y  w i th  l ia b i l i ty  to  p r e s s u r e  p a ls ie s  ( H N P P )  w a s  e s ta b 

l ish e d  to  e s t im a te  t h e  d u p l ic a t io n  a n d  d e le t io n  f r e q u e n c y ,  r e s p e c t iv e ly ,  o n  

c h ro m o s o m e  1 7 p l  1.2 a n d  to  m a k e  a n  i n v e n t o r y  o f  m u t a t i o n s  in  t h e  m y e l in  

g en es , p e r ip h e r a l  m y e l in  p r o te in  2 2  ( P M P 2 2 ) ,  m y e l in  p r o t e in  z e ro  ( M P Z )  a n d  

c o n n e x in  32 (C x 3 2 )  lo c a te d  o n  c h r o m o s o m e s  1 7 p l  1 .2 , I q 2 1 - q 2 3  a n d X q l 3 . 1 ,  

re sp e c tiv e ly . I n  7 0 .7 %  o f  8 1 9  u n r e la t e d  C M T 1  p a t i e n t s ,  t h e  17 p 1 1.2 d u p l ic a 

t io n  w as  p re s e n t .  I n  8 4 .0 %  o f  156  u n r e l a t e d  H N P P  p a t i e n t s ,  th e  17 p  1 1 .2  d e le 

t io n  w as  p re s e n t .  In  t h e  n o n d u p l i c a te d  C M T 1  p a t i e n t s ,  s e v e ra l  d i f f e r e n t  m u t a 

t io n s  w e re  id e n t i f ie d  in  th e  m y e l in  g e n e s  P M P 2 2 ,  M P Z  a n d  C x 3 2 .

Introduction

T h e  h e r e d i ta r y  m o to r  a n d  s e n s o ry  n e u ro p a th ie s  

(H M S N s )  a re  a  c lin ic a lly  h e te ro g e n e o u s  g ro u p  o f  p e r ip h 

e ra l n e u r o p a th ie s ,  c h a ra c te r iz e d  b y  s low ly  p ro g re s s iv e  

w e a k n e s s  a n d  a t r o p h y  o f  th e  d is ta l  l im b  m u sc le s  [1]. T h e  

p re v a le n c e  o f  a ll ty p e s  h a s  b e e n  e s t im a te d  a t  1 in 1 0 ,0 0 0  

[2]. H M S N  ty p e  I  o r  C h a r c o t - M a r ie -T o o th  d ise a se  ty p e  1 

(C M T 1 )  is t h e  m o s t  c o m m o n  fo rm . C lin ic a lly , C M T 1  is 

c h a ra c te r iz e d  b y  p e s  c a v u s ,  r e d u c e d  o r  a b s e n t  d e e p - te n -  

d o n  re flex es , a n d  h y p e r t r o p h ic  n e rv e s . T h e  age  o f  o n s e t  o f  

th e  s y m p to m s  is th e  f ir s t  o r  s e c o n d  d e c a d e ,  w i th  a  c o n s id 

e r a b le  v a r i a t io n  a m o n g  C M T 1  p a t i e n t s  r a n g in g  f r o m  

a lm o s t  n o  s y m p to m s  to  s e v e r e  w e a k n e s s ,  a t r o p h y ,  a n d  

fo o t  d e f o r m i ty .  H o w e v e r ,  a l l  C M T 1  p a t i e n t s  h a v e  s e v e re 

ly  r e d u c e d  n e r v e  c o n d u c t i o n  v e lo c i t ie s  (N C V s )  a n d  seg 

m e n ta l  de- a n d  r e m y e l in a t i o n  o n  n e r v e  b io p s y .

P o s i t io n a l  c lo n in g  h a s  s h o w n  t h a t  C M T 1  is g e n e t ic a l ly  

h e te r o g e n e o u s  w i th  a t  l e a s t  f o u r  d i s t in c t  lo c i. T h e  m a jo r  

a u to s o m a l  d o m i n a n t  s u b ty p e  C M T 1 A  is  l in k e d  to  c h r o 

m o s o m e  1 7 p l l . 2  [3 , 4 ], a  m i n o r  s u b ty p e  C M T 1 B  is 

l in k e d  to  c h r o m o s o m e  1 in  t h e  r e g io n  I q 2 2 - q 2 3  [5 , 6] a n d  

a  th i r d ,  s t i l l  u n a s s ig n e d  s u b ty p e  C M T 1 C  is n o t  l in k e d  to  

e i t h e r  o f  th e s e  lo c i  [7 ]. A n  X - l in k e d  d o m i n a n t  lo c u s  w a s
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m a p p e d  to  c h ro m o so m e  X q l3  [8]. In th e  m a jo r ity  o f  th e  

C M T 1 A  p a tie n ts ,  th e  d isease  is a sso c ia ted  w ith  a ta n d e m  

D N A  d u p lic a t io n  o f  1.5 M b  [9, 10]. T h is  d u p lic a tio n  is 

a lso  th e  c a u se  o f  th e  d isease  in  th e  m a jo r i ty  o f  th e  sp o ra d ic  

C M T 1  cases [11, 12]. T h e  p e r ip h e ra l  m y e lin  p ro te in  22 

g en e  (P M P 2 2 )  w as fo u n d  to  b e  lo ca ted  w ith in  th e  C M T 1 A  

d u p lic a t io n , suggesting  th a t  o v e rex p ress io n  o f  th is  gene 

cau ses  th e  C M T 1 A  d isease  p h e n o ty p e  [1 3 -1 6 ] . P o in t  m u 

ta t io n s  in  P M P 2 2  in  n o n d u p lic a te d  C M T 1 A  p a tie n ts  c o n 

f i rm e d  th e  d ire c t  ro le  o f  th e  gene in th e  C M T 1 A  d isease  

p ro c e ss  [ 1 7 -2 0 ] . T h e  m y e lin  p ro te in  ze ro  g en e  (M P Z ), th e  

m a jo r  m y e lin  gene o f  th e  p e r ip h e ra l  n e rv e , h as  b ee n  

a ss ig n e d  to  c h ro m o so m e  1 in  th e  reg ion  w h e re  C M T 1 B  

w a s  p re v io u s ly  m a p p e d  by linkage  an a ly s is  s tu d ie s  [5]. 

S e v e ra l d is t in c t  m u ta tio n s  in  M P Z  co seg reg a tin g  w ith  th e  

d isea se  id e n tif ie d  M P Z  as th e  C M T 1 B  g en e  [2 1 -2 6 ] . T h e  

g en e  e n c o d in g  co n n ex in  32 (C x32), a  gap  ju n c t io n  p ro 

te in ,  w as  fo u n d  to  be  lo ca ted  in th e  C M T X  c a n d id a te  

reg io n  a t  X q l3 .1 .  M u ta t io n s  w ere  fo u n d  in  2 4  o u t o f  27 

X - lin k e d  C M T 1  fam ilies  [2 7 -3 0 ] , T h e  ex p ress io n  o f  C x32  

in  th e  p e r ip h e ra l  n e rv e  w as n o t k n o w n  b e fo re  [27].

H e re d i ta ry  n e u ro p a th y  w ith  lia b ili ty  to  p re ssu re  p a l 

s ies  (H N P P ) , also ca lled  to m a c u lo u s  n e u ro p a th y , is c h a r 

a c te r iz e d  by  p e r io d ic  ep iso d es  o f  n u m b n e s s  a n d  pa ls ies  

t h a t  fo llo w  re la tiv e ly  m in o r  c o m p re ss io n  o r  t r a u m a  to  th e  

p e r ip h e ra l  n e rv e s . E lec tro p h y sio lo g y  m a y  re v e a l re d u c e d  

m o to r  a n d  sen so ry  N C V s in  c lin ica lly  a ffec ted  p a tie n ts  

a n d  a s y m p to m a tic  c a rr ie rs . O n  n e rv e  b io p sy , to m a c u la e  

o r  sau sag e -lik e  s tru c tu re s  a re  p re se n t. H N P P  is  in h e r i te d  

as  a n  a u to s o m a l d o m in a n t  t r a i t  [31]. T h e  d isease  is  u s u a l 

ly  a s so c ia te d  w ith  a  d e le tio n  in  c h ro m o so m e  1 7 p l 1.2 [32], 

In  th e  v a s t  m a jo r i ty  o f  cases, th e  d e le tio n  c o m p rise s  all 

m a rk e r s  th a t  a re  d u p lic a te d  in  C M T 1 A . F u r th e rm o re ,  th e  

d u p lic a t io n  a n d  th e  d e le tio n  a rise  f ro m  th e  sam e  u n e q u a l  

c ro ss in g -o v e r  ev en t a t th e  C M T 1 A -R E P  site , a  re p e a t  

s e q u e n c e  f la n k in g  th e  C M T 1 A  reg ion  [33, 34]. T h e re fo re , 

th e  C M T 1 A  d u p lic a tio n  an d  th e  H N P P  d e le tio n  a re  

re c ip ro c a l m u ta tio n s . A  d ec reased  dosage  o f  P M P 2 2  is a  

p o ss ib le  c a u se  o f  H N P P . T h is  h y p o th e s is  is s u p p o r te d  b y  

th e  fa c t th a t  a  n o n d e le te d  H N P P  p a t ie n t  w as  id e n tif ie d  

w h o  c a r r ie d  a  2 -bp  d e le tio n  in  P M P 2 2  c a u s in g  ea rly  te r 

m in a t io n  o f  t ra n s c r ip t io n  [35].

T o  e s t im a te  th e  freq u en c ie s  o f  th e  C M T 1 A  d u p lic a tio n  

a n d  th e  H N P P  d e le tio n  in  E u ro p e , a n d  to  m a k e  an  in v e n 

to ry  o f  th e  d if fe re n t m u ta tio n s  in  P M P 2 2 , M P Z , a n d  

C x 3 2 , th e  d a ta  o f  sev era l E u ro p e a n  re se a rc h  c e n te rs  

w e re  p o o le d . A  f irs t E u ro p e a n  N e u ro m u s c u la r  C e n te r  

(E N M C )-sp o n so re d  w o rk sh o p  o n  h e re d ita ry  m o to r  a n d  

sen so ry  n e u ro p a th ie s  w as  o rg an ized  in  B a a m , T h e  N e th 

e r la n d s , in  M a y  1991 [36]. H e re  it  w as d e c id e d  to  e s ta b 

lish  d ia g n o s tic  c r i te r ia  fo r  H M S N  ty p e  I, a n d  to  d e f in e  th e  

re q u ire m e n ts  fo r  in d iv id u a ls  to  be  in c lu d e d  in  a  l in k a g e  

an a ly s is  [36]. B riefly , th e se  c r i te r ia  are : (1) slow ly  p ro g re s 

s ive  sy m m e tr ic a l m u sc le  w astin g  a n d  w eak n ess , p re d o m i 

n an tly  o f  th e  d is ta l  p a r t  o f  th e  lo w er lim bs; (2) sev e re ly  

d e c re a se d  m o to r  m e d ia n  N C V s  ( < 3 0  m /s) , a b se n c e  o r  

m a rk e d  d e c re a se  o f  se n so ry  n e rv e  a c t io n  p o te n tia ls  

(S N A P s) in  th e  lo w e r l im b s  a n d /o r  a  se n so ry  n e rv e  b io p sy  

c o n s is te n t w ith  a  d ia g n o s is  o f  d e m y e lin a tin g  n e u ro p a th y , 

a n d  (3) p ed ig ree  c o n s is te n t w ith  a u to s o m a l d o m in a n t  

in h e r ita n c e . T h e  low  c u to f f  N C V  v a lu e  o f  30  m /s  w as  u sed  

since  su ch  low  N C V  v a lu e s  h a v e  b e e n  o b se rv e d  o n ly  in  

C M T 1 p a tie n ts ,  e n su r in g  th a t  o n ly  fa m ilie s  w ith  a  C M T 1  

p h e n o ty p e  w o u ld  b e  a sc e r ta in e d  in  th e  lin k a g e  an a ly s is  

s tu d ies . A t th is  m e e tin g , a  E u ro p e a n  C M T  c o n s o r t iu m  

g ro u p  w as also  fo rm e d . A  se c o n d  E N M C -sp o n so re d  w o rk 

sh o p  w as o rg a n iz e d  in  D e n  D o ld e r ,  T h e  N e th e r la n d s ,  in  

D e c e m b e r  1992  [37]. M e m b e rs  o f  th e  C M T  c o n s o r t iu m  

g ro u p  in v o lv e d  in  D N A  d iag n o sis  o f  C M T  p a t ie n ts  w ere  

se n t a  q u e s t io n n a ire  to  assess th e  f re q u e n c y  a n d  th e  s ize  o f  

th e  1 7 p l  1.2 d u p lic a t io n  in  th e i r  p a t ie n ts  w ith  a  C M T 1  

p h e n o ty p e , to  d e te rm in e  th e  fre q u e n c y  o f  n e w  m u ta t io n  

cases in  sp o ra d ic  C M T  1 p a tie n ts ,  a n d  to  e v a lu a te  p o ss ib le  

sc reen in g  m e th o d s  fo r  th e  C M T  1 d u p lic a tio n . O n ly  d a ta  

o b ta in e d  o n  p a t ie n ts  w ith  a  w e ll-d e fin e d  p h e n o ty p e  w ere  

in c lu d e d . S e lec tio n  c r i te r ia  fo r  th e  fa m ilia l  cases w ere  as 

d e f in e d  a t th e  f irs t  w o rk sh o p . T h e  c lin ica l a n d  e lec tro - 

p h y sio lo g ica l c r i te r ia  w e re  th e  s a m e  fo r  th e  sp o ra d ic  

C M T 1 p a tie n ts . In  a d d i t io n ,  b o th  p a re n ts  h a d  to  b e  c lin i 

cally  a n d  e lec tro p h y sio lo g ica lly  n o rm a l  a n d  a n a ly z e d  fo r  

th e  d u p lic a tio n , a n d  p a te rn i ty  o f  th e  p a t ie n ts  h a d  to  be  

c o n f irm e d . D a ta  f ro m  2 0  la b o ra to r ie s  in  11 c o u n tr ie s  

w ere  re ta in e d  in  th e  f in a l an a ly s is , re su ltin g  in  a  d u p lic a 

t io n  f re q u e n c y  o f  8 4 .6 %  o f  th e  fa m ilia l  C M T 1  c a se s  ( to ta l  

o f  273  fam ilie s) , a n d  a  d e  n o v o  d u p lic a t io n  f re q u e n c y  o f  

93%  ( to ta l  o f  28  p a t ie n ts )  [37]. In  9 o f  th e  d e  n o v o  d u p l i 

c a tio n s , th e  p a re n ta l  o r ig in  c o u ld  b e  d e d u c e d : a ll 9 w ere  

p a te rn a lly  d e r iv e d  [ 12].

A t th e  2 6 th  a n n u a l  m e e tin g  o f  th e  E u ro p e a n  S o c ie ty  o f  

H u m a n  G e n e tic s  in  P a r is ,  F ra n c e , in  J u n e  1994, a  m e e t 

ing  o f  th e  E u ro p e a n  C M T  c o n s o r t iu m  g ro u p  w as  o rg a 

n iz e d  to  u p d a te  th e  d a ta  o n  th e  d u p lic a t io n  f re q u e n c y  in  

C M T  1 p a tie n ts ,  to  m a k e  a  f irs t in v e n to ry  o f  th e  ty p e  a n d  

fre q u e n c y  o f  m u ta t io n s  in  P M P 2 2 , M P Z , a n d  C x 3 2 , a n d  

to  e s t im a te  th e  d e le tio n  f re q u e n c y  in  p a t ie n ts  w ith  H N P P . 

A ll m e m b e rs  o f  th e  C M T  c o n s o r t iu m  g ro u p  w ere  a sk e d  to  

c o m p le te  a  q u e s t io n n a ire  c o n c e rn in g  d u p lic a t io n , d e le 

t io n , a n d  m u ta t io n  sc re e n in g  o f  C M T 1  a n d  H N P P  p a 

t ie n ts . T h e  C M T 1  p a t ie n ts  h a d  to  fu lf il a ll c lin ic a l a n d  

e lec tro p h y sio lo g ica l c r i te r ia  as  d e f in e d  a t  th e  f ir s t  w o rk -
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sh o p . H o w e v e r ,  s in c e  w e  w a n te d  to  a s c e r ta in  all C M T 1  

p a t ie n ts ,  a  c u to f f  v a lu e  o f  38 m /s  fo r  th e  m o to r  m e d ia n  

n e rv e  w a s  u se d , as  p r o p o s e d  b y  H a r d in g  a n d  T h o m a s  [38] 

o n  th e  b a s is  o f  m o to r  m e d ia n  N C V  m e a s u re m e n ts  in  170

Results

CMT1A Duplication Frequency 

A  to ta l  o f  881 u n re la te d  C M T 1  p a t ie n ts  w e re  te s te d  fo r

C M T  p a t ie n ts  [38], F u r th e r m o re ,  n o  re s tr ic tio n s  w e re  th e  p re se n c e  o f  th e  C M T 1 A  d u p lic a t io n  by o n e  o r  m o re  o f

m a d e  w ith  re sp e c t  to  p a t i e n t s ’ fa m ily  h is to ry , s in c e  w e  th e  te c h n iq u e s  m e n tio n e d  ab ove . 819 p a t ie n ts  w e re  in fo r-

a lso  w a n te d  to  assess  th e  d u p l ic a t io n /d e le t io n  f re q u e n c ie s  m a t iv e  fo r  th e  d u p lic a tio n  ana ly sis , i.e . 579 p a t ie n ts  w e re

in  c lin ic a lly  iso la te d  a n d  g e n e tic a lly  sp o ra d ic  cases. F o r  d u p lic a te d  a n d  2 4 0  p a tie n ts  w ere  n o t.  T h e  r e m a in in g  62

H N P P  p a t ie n ts ,  n o  c o n s e n s u s  d ia g n o s is  w as a v a ila b le  a n d  p a t ie n ts  w ere  u n in fo rm a tiv e .  T h e se  d a ta  re s u l te d  in  a

th u s  e a c h  c e n te r  u se d  th e i r  o w n  d ia g n o s tic  c r ite r ia . W e  d u p lic a tio n  fre q u e n c y  o f  7 0 .7 %  (tab le  1). P a r t  o f  th e  d u p li-

re c e iv e d  th e  re su lts  f ro m  28  c e n te rs , th e  d a ta  w e re  c o m - c a tio n  sc reen in g  re su lts  o f  th e  in d iv id u a l  p a r t ic ip a t in g  ce n -

p ile d  a n d  a re  d is c u s se d  in  th is  p a p e r .

Methods

Duplication and Deletion Screening
T h e  m o s t  c o m m o n  t e c h n i q u e  u s e d  in  th e  d i f f e r e n t  p a r t i c ip a t in g  

c e n te r s  to  d e te c t  th e  d u p l i c a t i o n  w a s  t h e  s c o r in g  o f  th r e e  a lle les  o r  

d o s a g e  d i f f e re n c e s  o n  S o u th e r n  b lo t  h y b r id i z a t io n :  in te n s i t ie s  o f  h e t 

e ro z y g o u s  R F L P  alle les  w e re  v isu a l ly  c o m p a r e d  o n e  v e rsu s  th e  o th 

er. S u b c lo n e s  [39] o f  th e  fo l lo w in g  m a r k e r s ,  f ree  o f  r e p e t i t iv e  se 

q u e n c e s ,  w e r e  p r o v id e d  b y  th e  E u r o p e a n  C M T  c o n s o r t i u m  g ro u p :  

p V A W 4 0 9 R l ,  p V A W 4 0 9 R 3 ,  p V A W 4 1 2 R 3 ,  o r  p E W 4 0 1 .  O n e  o r  

m o r e  o f  th e s e  m a rk e r s ,  o r  th e  P M P 2 2  p r o b e  p l 3 2 G 8 R l  [13], w e re  

u s e d  in th e  a n a ly s is .  T h e  s c o r in g  o f  t r ip le  a lle les  w as  a lso  d o n e  u s in g  

th e  m ic r o s a te l l i t c  m a r k e r s  R M 1 l - G T  a n d  M fd 4 1  [10, 40]. I n  a  few  

la b o ra to r ie s ,  th e  d u p l i c a t io n  w a s  id e n t i f i e d  b y  q u a n t i f i c a t io n  o f  

a lle les  o f  f lu o re s c e n t - la b e le d  m ic r o s a te l l i t e  m a rk e r s  R M 1 1 - G T ,  

M f d 4 1 ,  A F M 1 9 1 x h l 2 ,  A F M 3 1 7 y g l ,  a n d  A F M 2 0 0 y b l 2 ,  u s in g  A B I 

G E N E S C A N  6 7 2  s o f tw a re  (A p p l ie d  B io s y s te m s ,  F o s te r  C ity ,  Calif . ,  

U S A )  [41 , 42] .  A  few  c e n te r s  u se d  a d d i t i o n a l  t e c h n iq u e s :  f lu o res 

c e n c e  in  s i tu  h y b r id i z a t io n  ( F I S H )  o r  p u ls c d - f ie ld  gel e le c t ro p h o re s is  

( P F G E ) .  F I S H  a n a ly s is  d e te c t s  t h r e e  s p o t s  o f  a  m a r k e r  lo c a te d  w i th in  

th e  C M T 1 A  re g io n  c o m p a r e d  to  tw o  s p o t s  o f  a  m a r k e r  lo c a te d  o u t 

s id e  t h e  d u p l i c a t io n  [10]. W i t h  P F G E ,  a  n o v e l  j u n c t i o n  f r a g m e n t  o f  

500  kb  c a n  b e  d e te c te d  in  D N A  d ig e s te d  w i t h  d i f f e r e n t  r a r e  c u t t e r  

r e s t r i c t io n  e n z y m e s  s u c h  a s  iStodl, Fspl, o i v l M ,  a n d  h y b r id iz e d  w i th  

th e  m a r k e r  p V A W 4 0 9 R 3  o r  p r o b e s  f ro m  th e  C M T 1 A - R E P  reg ion

[ 1 0 , 1 5 , 3 3 ,  39].

S im i l a r  m e t h o d s  w e re  u s e d  to  d e te c t  th e  d e le t io n  in  H N P P  

p a t ie n ts :  s c o r in g  o f  loss o f  a l le les  o n  S o u t h e r n  b lo t  h y b r id iz a t io n  o r  

m ic r o s a t e l l i t e  m a r k e r s  a n d  F I S H  a n a ly s is .  In  th is  s tu d y ,  P F G E  w a s  

n o t  u s e d  in th e  d ia g n o s is  o f  H N P P ,  a l th o u g h  it  is n o w  p o ss ib le  to  

d e te c t  j u n c t i o n  f r a g m e n ts  in  H N P P  p a t i e n t s  w i th  m a rk e r s  f ro m  th e  

C M T  I A - R E P  re g io n  [19 , 34 , 4 3 ,  44].

Mutation Analysis
T h e  t e c h n iq u e s  u sed  fo r  m u t a t i o n  s c r e e n in g  in  C M T 1  a n d  H N P P  

w ere  s in g le - s t r a n d e d  c o n f o r m a t i o n  p o l y m o r p h i s m  (S S C P ) an a ly s is ,  

h e t e r o d u p lc x  a n a ly s is  o r  d i r e c t  s e q u e n c in g  o f  th e  c o d in g  re g io n s  o f  

th e  m y e l in  g e n e s  P M P 2 2 ,  M P Z ,  o r  C x 3 2 ,  S S C P  a n d  h c te r o d u p le x  

a n a ly s i s  d o  n o t  d e te c t  all t h e  m u t a t i o n s .  T h e  s e n s i t iv i ty  o f  S S C P  a n d  

h e t e r o d u p l e x  a n a ly s is  is e s t i m a t e d  a t  8 0 %  [45], D i r e c t  s e q u e n c in g  

s h o u ld  re v e a l  all m u t a t i o n s  lo c a l iz e d  in  th e  c o d in g  reg io n  o f  th e  

genes .  H o w e v e r ,  s in c e  th i s  t e c h n i q u e  is v e ry  t im e - c o n s u m in g  a n d  

e x p e n s iv e ,  it w a s  n o t  r o u t in e ly  u s e d  in t h e  D N A  d ia g n o s t ic  l a b o r a to 

r ies.

te rs  h a v e  b e e n  p u b lish e d  e lsew h ere  [9, 39, 4 6 - 5 4 ] .  O n ly  6 

o u t  o f  579 (1 .0% ) p a t ie n ts  w ere  fo u n d  to  h a v e  a  s m a lle r  

d u p lic a tio n . O n e  o f  th e se  cases w as  d e sc r ib e d  by  P a la u  e t al. 

[12]. T h e  C M T 1 A  d u p lic a t io n  fre q u e n c y  v a r ie d  s ig n ifi 

c a n tly  b e tw e e n  th e  d if fe re n t cen te rs . T h e  h ig h es t f re q u e n c y  

w as 100 .0% , th e  lo w est 3 4 .3%  (tab le  1). In  p r in c ip le , th e  

d u p lic a t io n  f re q u e n c ie s  c o u ld  b e  b ia se d  to w a rd s  h ig h e r  fre 

q u e n c ie s  i f  so m e  o f  th e  c e n te rs  w o u ld  h a v e  in c lu d e d  re la te d  

C M T 1  p a tie n ts . H o w e v e r , to  th e  b es t o f  o u r  k n o w led g e , th e  

p a t ie n ts  u n d e r  s tu d y  w e re  u n re la te d , s in ce  th e  d if fe re n t  

c e n te rs  c o n tr ib u te d  on ly  1 p a t ie n t  s a m p le  p e r  C M T  1 fa m i 

ly. A lso , th e  d iffe ren ces  in  freq u en cy  d id  n o t se e m  to  re flec t 

a d if fe re n t e th n ic  o rig in , s ince  h igh  a n d  lo w  f re q u e n c ie s  

o c c u rre d  in  th e  sa m e  c o u n try . H o w e v e r , in m o re  iso la te d  

p o p u la tio n s , like  n o r th e rn  S w eden , th e  low  d u p l ic a t io n  f re 

q u e n c y  (37 .5% ) co u ld  b e  cau sed  by a  re la tiv e ly  h ig h e r  fre 

q u e n c y  o f  recess iv e  C M T 1  cases [51],

T h e  d u p lic a t io n  f re q u e n c y  o f  th e  fa m ilia l  ca ses , i.e. 

cases w ith  a t  least o n e  o th e r  k n o w n  C M T  1 p a t i e n t  in  th e  

fam ily , w as 7 5 .9 %  (4 7 7 /6 2 8 ). I f  w e se lec ted  o n ly  th e  p ro v 

en  a u to so m a l d o m in a n t  cases, th e  d u p lic a t io n  f re q u e n c y  

w as 8 5 .2 %  (ta b le  1). W h e n  w e also  in c lu d e d  th e  d o m in a n t  

cases, i.e. cases b e lo n g in g  to  fam ilie s  w i th o u t  m a le - to -m a le  

t r a n s m is s io n , th e  d u p lic a t io n  f re q u e n c y  d e c re a s e d  to  

7 8 .4 % , b e c a u se  in  th e  la t te r  g ro u p , th e  d u p l ic a t io n  f re 

q u e n c y  w as o n ly  63.1 % (1 1 1 /1 7 6 ). A n  e x p la n a t io n  fo r  th is  

low  d u p lic a t io n  f re q u e n c y  c o u ld  b e  th a t  th is  g ro u p  o f  d o m 

in a n t  cases also  c o m p rise s  p a t ie n ts  w i th  X - l in k e d  C M T 1 .

In  c lin ica lly  iso la te d  cases, i.e. c a se s  w h ic h  h a d  n o  

fa m ily  h is to ry  o f  th e  d isease  o r  cases  fo r w h ic h  d a ta  o n  

fam ily  h is to ry  w ere  n o t  a v a ilab le , it w a s  5 3 .4 %  (1 0 2 /1 9 1 ) . 

I f  o n ly  g en e tica lly  sp o ra d ic  cases w e re  c o n s id e re d ,  i.e. 

cases  w ith  b o th  p a re n ts  c lin ica lly  a n d  e le c tro p h y s io lo g i-  

ca lly  n o rm a l, an a ly z ed  fo r th e  d u p lic a t io n  a n d  p a te r n i ty  

c o n f irm e d , a de  n o v o  d u p lic a t io n  w as o b se rv e d  in  7 6 .5 %  

o f  th e  cases  (tab le  1). S o m e  o f  th e  in d iv id u a l  p a r t ic ip a t in g  

c e n te rs  h a v e  p u b lish e d  th e i r  d a ta  e lse w h e re  [11, 12, 55]. 

T h e  d e  n o v o  d u p lic a t io n  cases re p re s e n t  6 .7 %  o f  th e  to ta l  

n u m b e r  o f  d u p lic a te d  C M T 1  p a tie n ts  (3 9 /5 7 9 ).

M u ta t io n  F r e q u e n c ie s  in  C M T  I a n d  H N P P

N e u r o p a th i e s
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Table 1. P a t ie n t s  te s te d  fo r  th e  C M T 1 A  d u p l ic a t io n  a n d  th e  H N P P  d e le t io n

C e n te r D u p l i c a t io n  f re q u e n c y  in  C M T 1 ,  % 

to ta l  A D  d e  n o v o

D e le t io n  f r e q u e n c y  in  H N P P ,  %
%

to ta l  A D  d e  n o v o

T u rk u ,  F in la n d 8 4 .0 ( 2 5 ) 1 0 0 .0 (5 ) 5 0 .0  (2) 1 0 0 .0 (2 0 ) 1 0 0 .0 (6 ) —

U m e a ,  S w eden 37.5 (24) 1 0 0 .0 (9 ) —

A a rh u s ,  D e n m a r k 5 4 .5 ( 1 1 ) 62 .5  ( 8) 1 0 0 .0 ( 1)

A b e rd e e n ,  U K 6 0 .0 ( 1 5 ) 1 0 0 .0 (2 ) 1 0 0 .0 ( 1) —

M a n c h e s te r ,  U K 7 7 .8 ( 1 8 ) 8 5 .7 ( 1 4 ) —

L o n d o n ,  U K 69.2  (26) 66 .7  (21) 1 0 0 .0 ( 1)

C ard iff ,  U K 7 5 .8 ( 3 3 ) 7 5 .0 ( 3 2 ) 1 0 0 .0 ( 1)

N i jm e g e n ,  T h e  N e th e r l a n d s 70.8 (24) 7 6 .2  (21) 1 0 0 .0 ( 1)

L o verv a l ,  B e lg iu m 4 4 .4 ( 1 8 ) 5 7 .1 ( 7 ) — 1 0 0 .0 ( 1) 1 0 0 .0 ( 1) —

A n tw e rp ,  B e lg ium 69.7  (6 6 ) 7 3 .7 ( 1 9 ) 8 3 .3 ( 6 ) 1 0 0 .0 ( 11) 1 0 0 .0 (4 ) 1 0 0 .0 ( 1)

H e id e lb e rg ,  G e r m a n y 1 0 0 .0 (3 ) 1 0 0 .0 (3 ) —

B o n n ,  G e r m a n y 8 1 .5 ( 2 7 ) 5 0 .0  (2) — 50 .0  (2) — —

D ü sse ld o r f ,  G e r m a n y 8 1 .8 ( 1 1 ) — — 1 0 0 .0 (2 )

Leipzig , G e r m a n y 1 0 0 .0 (9 ) — —

E rlan g en ,  G e r m a n y 6 1 .1 ( 1 8 ) 5 0 .0  (4) 0 .0 ( 1) 1 0 0 .0 ( 1) 1 0 0 .0 ( 1) —

L y o n ,  F ra n c e 72 .9  (155) 98.1 (104) 1 0 0 .0 ( 11) 69.6 (23) 1 0 0 .0 (1 5 ) 1 0 0 .0 ( 1)

P a r is ,  F ra n c e 76.1 (67) 89 .8  (49) 1 0 0 .0 (3 ) 1 0 0 .0 (1 3 ) 1 0 0 .0 ( 1 3 ) —

B ern ,  S w itze r lan d 7 6 .5 ( 1 7 ) 8 1 .8 ( 1 1 ) —

L a u s a n n e ,  S w i tz e r la n d 1 0 0 .0 ( 10) 1 0 0 .0 ( 1) — 1 0 0 ,0 ( 1) — —

G e n o v a ,  I ta ly 97.1 (35) 9 6 .7 ( 3 0 ) 1 0 0 .0 (5 ) 1 0 0 .0 ( 11) 1 0 0 .0 ( 6 ) —

P a d o v a ,  I ta ly 7 3 .4  (64) 83 .3  (24) 1 0 0 .0 (5 ) 1 0 0 .0 ( 1) 1 0 0 .0 ( 1) —

C agliari ,  I ta ly 6 2 .5 ( 8 ) 5 0 .0  (6 ) —

Bari,  I ta ly 6 5 .9 ( 4 1 ) 192 (24) 11.1 (9) 87.5 ( 8) 1 0 0 .0 ( 3 ) 66 .7  (3)

B arce lo n a ,  S p a in 3 4 .3 ( 3 5 ) 2 8 .6 ( 7 ) —

V alen c ia ,  S p a in 67.3 (49) 1 0 0 .0 ( 12) 85 .7  (7) 87.5  ( 8 ) 1 0 0 .0 (3 ) —

A th en s ,  G re e c e 4 0 .0 ( 1 6 ) 3 0 .0 ( 1 0 ) — 100.0  (2 ) 1 0 0 .0  (2 ) —

K f a r  Saba , Is rae l 85 .0  (40) 9 3 .3 ( 1 5 ) —

T o ta l 70 .7  (819) 8 5 .2 ( 3 9 8 ) 7 6 .5 ( 5 1 ) 8 4 .0 ( 1 5 6 ) 87 .6  (97) 85 .7  (7)

V a lu es  in  p a r e n th e s e s  a re  th e  to ta l  n u m b e r  o f  p a t ie n ts  i n f o r m a t iv e  in  th e  d u p l i c a t io n /d e le t io n  sc re e n in g .  A D  = 

a u to s o m a l  d o m in a n t .

HNPP Deletion Frequency
162 H N P P  p a tie n ts  w ere  sc re e n e d  fo r  th e  d e le tio n . 156 

p a t ie n ts  w ere  in fo rm a tiv e  fo r th e  d e le tio n  ana ly sis , i.e., 

131 p a t ie n ts  h a d  th e  d e le tio n , 25 w ere  n o t  d e le ted , w h ile  

th e  re m a in in g  6 p a tie n ts  w ere  n o t  in fo rm a tiv e . T h e se  d a ta  

re su lte d  in  an  o v era ll d e le tio n  f re q u e n c y  o f  8 4 .0 %  in  th e  

H N P P  p a tie n ts .  D e le tio n  sc reen in g  re su lts  o f  so m e  in d i 

v id u a l  p a r t ic ip a t in g  c en te rs  h a v e  b e e n  p u b lish e d  [44, 5 6 -  

59]. 5 o u t  o f  131 (3 .8% ) o f  th e  d e le ted  H N P P  p a tie n ts  h a d  

a sm a lle r  d e le tio n ; 1 o f  th ese  p a t ie n ts  is d e sc rib e d  b y  C h a 

p ó n  e t ah  [su b m itted ].

T h e  d e le tio n  freq u en cy  in  th e  fa m ilia l cases w as  8 6 .1 %  

(1 0 5 /1 2 2 ), th a t  in  th e  p ro v e n  a u to so m a l d o m in a n t  cases 

w as  8 7 .6 %  (tab le  1), a n d  in  th e  d o m in a n t  cases 8 9 .5 %  

(1 7 /1 9 ). T h ese  c o m p a ra b le  d e le tio n  f re q u e n c ie s  suggest

th a t  an  X - l in k e d  d o m in a n t  fo rm  o f  H N P P  is r a th e r  

u n like ly .

T h e  d e le tio n  f re q u e n c y  in  th e  c lin ica lly  iso la te d  cases 

w as  7 6 .5 %  (2 6 /3 4 ) . In  8 5 .7 %  o f  th e  g e n e tica lly  sp o ra d ic  

cases, a  d e  n o v o  d e le tio n  w as p re s e n t  ( ta b le  1). T h e  de  

n o v o  d e le tio n  cases  re p re se n t 4 .6 %  (6 /1 3 1 ) o f  th e  to ta l  

n u m b e r  o f  d e le te d  H N P P  p a tie n ts .

Mutations in Myelin Genes
M u ta t io n  sc re e n in g  o f  th e  P M P 2 2 , M P Z , a n d  C x 3 2  

genes w as p e r fo rm e d  in  13 o f  th e  p a r t ic ip a t in g  c e n te rs  in  

4 0 .8 %  (98), 4 4 .6 %  (107 ) a n d  15 .0%  (36), re sp e c tiv e ly , o f  

th e  n o n d u p l ic a te d  C M T 1  p a tie n ts . In  3 o u t  o f  98 (4 .1% ) 

p a t ie n ts ,  a  s e q u e n c e  v a r ia t io n  in  P M P 2 2  w as  d e te c te d  by  

S S C P  an a ly s is . In  o n e  o f  th e se  p a t ie n ts ,  th e  m u ta t io n  h a s
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Table 2. C M T 1  a n d  H N P P  m u ta t i o n s

D is e a s e  G e n e

C M T 1  P M P 2 2

M P Z

C x 3 2

H N P P  P M P 2 2

E x o n /c o d o n N u c le o t id e  c h a n g e T y p e E ffec t  on

c o d in g

se q u e n c e

C e n te r Ref«

IV S 3  + 1 T G g t ^ T G a t 5 ' sp lice  site — A n tw e rp ,  B e lg ium [2 0 ]

4 /1 4 7 C T G - > C G G m issen se L e u  Arg K f a r  S aba ,  Israel [63]

2 /63 T C C - * T T C m isse n se S e r ->  P h e L y o n ,  F ra n c e [64]

2 /7  8a T C G  T T G m isse n se Ser ->  L eu A n tw e rp ,  B e lg iu m [26]

2 /7 8 T C G ->  T T G m issen se Ser —> L eu L yon , F ra n c e [65]

2/81 C A C  - » C G C m issen se H is  - »  A rg C ard if f ,  U K

3 / 8 6 - 8 9 8 b p  r e p la c e d  b y  5 b p T u rk u ,  F in la n d [6 6 ]

3 /101 T G G ^ T G C m isse n se T r p - ^ C y s L y o n ,  F ra n c e [65]

3 /1 2 2 A A T  - » A G T m isse n se A sn  -»  Ser L y o n ,  F ra n c e [67]

3 /1 3 4 G A C  - »  A A C m isse n se A sp  -»  G lu A n tw e rp ,  B e lg ium [25]

3 /1 3 4 GACh>GAA m isse n se A s p  -»  A sn A n tw e rp ,  B e lg iu m [26]

4/154* T  A C  ->  T  A A n o n s e n s e T y r - ^ s t o p A n tw e rp ,  B e lg ium [26]

4 /1 6 3 G G G  ->  A G G m issen se G ly  ->  A rg A n tw e rp ,  B e lg ium

4 /1 6 7 G G G  A G G m issen se G ly  A rg C ard if f ,  U K

4/181 T A C  ->  T A G n o n s e n se T y r  s to p A n tw e rp ,  B e lg iu m [26]

6 /221 in s e r t io n  o f  G C fra m e sh if t — E rlan g en , G e r m a n y [68]

6 /2 2 3 d e le t io n  o f  4  b p fra  m e sh  ift S e r2 3 3 d e l G e n o v a ,  I ta ly [69]

2 /1 5 b C G G - > T G G m isse n se A r g - > T r p L ü b eck ,  G e r m a n y

2 /1 5 a C G G - > T G G m isse n se A r g - > T r p U m e ä ,  S w ed en

2 / 1 5b C G G  ->  C A G m isse n se A rg  - »  G in A b e rd e e n ,  U K [28]

2 /2 2 C G A  -> C  A A m isse n se A rg  ->  G in A b e rd e e n ,  U K

2 /2 5 a ( x 2 ) C T C  T T C m isse n se L e u  P h e A n tw e rp ,  B e lg iu m [70]

2 /2 6 T C G  T T G m isse n se S e r - »  L e u A n tw e rp ,  B e lg ium [70]

2 /2 6 a T C G  ->  T T G m issen se Ser - »  L eu A n tw e rp ,  B e lg ium [70]

2 /3 8 b G T G  A T G m isse n se V a l - > M e t L ü b eck ,  G e r m a n y [30]

2 /4 0 C G A  G T A m isse n se A la  —» V  al A b e rd e e n ,  U K

2 /5 6 C T C  T T C m isse n se L e u  P h e A b e rd e e n ,  U K

2 /6 0 b T G C - > T T C m isse n se C ys -»  P h e A b e rd e e n ,  U K [28]

2 / 7 2 - 7 3 d e le t io n  o f  C f ra m e sh if t ear ly  s to p A b e rd e e n ,  U K [28]

2 /7 2 —7 3 b d e le t io n  o f  C f ra m e s h i f t ea r ly  s top A b e rd e e n ,  U K [28]

2 /8 7 C C A  G C A m isse n se P r o  A la A n tw e rp ,  B e lg ium [70]

2 /8 7 a C C A  - »  G C A m isse n se P r o  —̂  A la A n tw e rp ,  B elg ium [70]

2 /9  3a A T G  ->  G T G m isse n se M e t - > V a l A b e rd e e n ,  U K

2 / 1 39b G T G  —> A T G m isse n se V a l - » M e t L o n d o n ,  U K

2 /1 4 2 b C G G  ->  T G G m isse n se A r g - > T r p L ü b eck ,  G e r m a n y

2 /2 0 8 G A G  -> A A G m isse n se G lu  Lys A b e rd e e n ,  U K [28]

2 / 2 15b C G G T G G m isse n se A r g ^ T r p A b e rd e e n ,  U K [28]

2 /2 2 0 C G A  -> T G A n o n s e n s e A rg  ->  s to p A b e rd e e n ,  U K [28]

2 /2 3 8 C G C  -> C A C m isse n se A r g Hi s A n tw e rp ,  B e lg ium [70]

2 /281 T C G  - y T A G n o n s e n s e S er  —» stop A n tw e rp ,  B e lg ium [70]

2/? b d e le t io n  o f  18 b p L o n d o n ,  U K

2 /?b d e le t io n  o f  11 b p L o n d o n ,  U K

IV S1 + 1 G C g t  G C t t 5 ' sp lice  s i te — V alen c ia ,  S p a in

IV S  = in t e r v e n in g  se q u e n c e ;  x  2 = m u t a t i o n  o b s e rv e d  in  2 u n r e la t e d  C M T 1 p a t ie n ts .  

a P a t i e n t s  n o t  fu lf i l l ing  th e  c r i t e r i a  d e f in e d  b y  th e  E u r o p e a n  C M T  c o n s o r t iu m  g ro u p  o r  p a t ie n ts  n o t  in fo r m a t iv e  fo r  th e  d u p l ic a t io n .  

b P a t i e n t s  f r o m  X - l in k e d  p ed ig rees .

*

M u ta t io n  F r e q u e n c ie s  in  C M T 1  a n d  H N P P

N e u r o p a th ie s
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b e e n  id e n tif ie d  by seq u en c in g  (tab le  2). A  P M P 2 2  m u ta 

t io n  w as also  id e n tif ie d  by  seq u en c in g  in  a  C M T 1  p a t ie n t  

w ith  no  a l te re d  SSC P p a tte rn  [20]. In  M P Z , 14 seq u en ce  

v a r ia t io n s  w ere  o b se rv ed  by  SSC P o r  h e te ro d u p le x  an a ly 

s is  in  107 p a tie n ts  (13 .1% ). 13 M P Z  m u ta t io n s  h a v e  al 

r e a d y  b een  id e n tif ie d  by seq u en c in g  (tab le  2). In  a d d it io n , 

2 M P Z  m u ta t io n s  w ere  fo u n d  in p a tie n ts  n o t  in c lu d e d  in  

ta b le  1, s ince  th e y  d id  n o t fulfil th e  in c lu s io n  c r ite r ia  (no 

N C V  v a lu es  w ere  av a ilab le , tab le  2). S c reen in g  o f  th e  

C x 3 2  g en e  by  S S C P  an a ly s is  a n d  se q u e n c in g  rev ea led  10 

m u ta t io n s  in  36 p a tie n ts  (27 .8% , tab le  2). A  fu r th e r  17 

m u ta t io n s  in C x32  w ere id en tif ied , 6 in  p a t ie n ts  n o t fu l 

f illin g  all in c lu s io n  c r ite r ia  o f  th is  s tu d y , 10 in  p ro v e n  X - 

l in k e d  fam ilie s , a n d  1 in  a  p a tie n t  n o t in fo rm a tiv e  fo r th e  

C M T 1 A  d u p lic a tio n  (tab le  2).

E ig h t o u t o f  th e  25 (32 .0% ) n o n d e le te d  H N P P  cases 

w e re  sc ree n ed  fo r m u ta tio n s  in th e  P M P 2 2  a n d  M P Z  

genes. S S C P  an a ly s is  rev ea led  on e  se q u e n c e  v a r ia t io n  in  

e x o n  1 o f  P M P 2 2  segregating  w ith  th e  d isea se  in  an  a u to 

so m a l d o m in a n t  H N P P  fam ily . S eq u en c in g  id e n tif ie d  a 

sp lice  d o n o r  s i te  m u ta t io n  [B ort, pers . c o m m u n j .

Discussion

In  th is  E u ro p e a n  co llab o ra tio n  s tu d y  o n  C M T 1 a n d  

H N P P  m u ta t io n  freq u en c ies , 70 .7%  o f  819 u n re la te d  

C M T 1  p a t ie n ts  h a d  th e  C M T 1 A  d u p lic a tio n . A  s im ila r  

d u p lic a t io n  fre q u e n c y  o f  68%  w as fo u n d  in  a  sm a lle r  

s tu d y  o f  63 u n re la te d  C M T 1 p a tie n ts  f ro m  th e  U S A  [60]. 

T h e  d u p lic a tio n  freq u en c ies  in th e  fam ilia l cases w as 

7 5 .9 % , in  th e  c lin ica lly  iso la ted  cases 53 .4% . T h e  d u p lic a 

t io n  f re q u e n c y  in  th e  a u to so m a l cases w as  85 .2% , th a t  in  

g e n e tic a lly  sp o ra d ic  cases 76 .5% . In  8 4 .0 %  o f  th e  156 

u n re la te d  H N P P  p a tie n ts , th e  1 7 p l 1.2 d e le tio n  w as 

p re se n t. T h e  n o n a v a ila b il i ty  o f  s tr ic t d ia g n o s tic  c r i te r ia  

fo r  H N P P  h a m p e re d  th e  e v a lu a tio n  o f  th e  resu lts  f ro m  

th e  d if fe re n t cen te rs . C o n seq u en tly , th e  fre q u e n c ie s  v a r 

ie d  w id e ly  a m o n g  th e  d if fe re n t cen ters . T h e  d e le tio n  fre 

q u e n c y  in  th e  fam ilia l cases w as 86 .1% , in  th e  c lin ica lly  

iso la te d  cases 76 .5% . T h e  d e le tio n  fre q u e n c y  in  th e  a u to 

s o m a l cases w as  87.6% , th a t  in g en e tica lly  sp o ra d ic  cases 

85 .7% . O n ly  1 .0%  o f  th e  d u p lic a te d  C M T 1  p a tie n ts  h a d  a 

sm a lle r  d u p lic a tio n , w h ile  3 .8%  o f  th e  H N P P  p a tie n ts  h a d  

a  sm a lle r  d e le tio n . T h ese  n u m b e rs  are  p o ss ib ly  an  u n d e r 

e s t im a t io n  o f  th e  rea l n u m b e r  o f  sm a lle r  d u p lic a tio n s / 

d e le tio n s , s in ce  n o t  all sm a lle r  d u p lic a tio n s /d e le tio n s  m ay  

b e  re c o g n iz e d  i f  n o t all m a rk e rs  o f  th e  C M T 1 A  reg io n  

w e re  a n a ly z e d . H o w ev er, a  recen t re p o r t  d e m o n s tra te s  

th a t  th e  sa m e  500-kb  ju n c t io n  fra g m e n t w as fo u n d  in  512

C M T 1 A  d u p lic a tio n  p a tie n ts  [61], c o n f irm in g  th a t  a 

sm a lle r  d u p lic a t io n /d e le t io n  seem s to  b e  a  v e ry  ra re  e v e n t  

in  C M T 1 A  a n d  H N P P  d isease . T h e  fac t th a t  th e  d u p lic a 

t io n  a n d  th e  d e le tio n  c o m p rise d  ex ac tly  th e  sa m e  reg io n  

in  th e  v a s t m a jo r i ty  o f  th e  C M T 1 a n d  H N P P  p a t ie n ts  s u p 

p o r te d  th e  h y p o th e s is  th a t  th e  d u p lic a t io n /d e le t io n  a rise s  

fro m  a n  u n e q u a l  c ro ss in g -o v e r  e v e n t a t  th e  C M T 1 A -R E P  

site , th e  re p e a t se q u e n c e  f lan k in g  th e  C M T 1 A /H N P P  

region  [33, 34], T h e  h ig h  f re q u e n c y  o f  de  n o v o  d u p lic a 

t io n /d e le t io n  cases in  C M T 1 A  a n d  H N P P  suggests  a  re la 

t iv e  h igh  m u ta t io n  ra te  a t 17p  11.2, T h e  h ig h  d u p l ic a t io n /  

d e le tio n  f re q u e n c ie s  in  C M T  1/H N P P  p a tie n ts  in d ic a te  

th a t  th e  d u p lic a t io n /d e le t io n  sc re e n in g  is an  im p o r ta n t  

m o le c u la r  g en e tic  to o l a llo w in g  a  m o le c u la r  d ia g n o s is  in  

th e  m a jo r i ty  o f  th e se  p a tie n ts .

In  7 .0 %  (6 2 /8 8 1 ) o f  th e  C M T 1  p a tie n ts  a n d  3 .7 %  

(6 /162 ) o f  th e  H N P P  p a tie n ts ,  th e  d u p lic a t io n /d e le t io n  

sc reen in g  w as n o t  in fo rm a tiv e . T h e  in fo rm a tiv e n e s s  o f  

th e  d u p lic a t io n /d e le t io n  sc reen in g  d e p e n d s  o n  th e  d e te c 

t io n  m e th o d . T h e  F IS H  a n d  P F G E  m e th o d s  a re  100%  

in fo rm a tiv e , b u t  a re  n o t  ro u tin e ly  u se d  in  m o s t  c e n te rs . In  

th e  S o u th e rn  b lo t h y b r id iz a t io n  an d  m ic ro sa te ll i te  a n a ly 

sis, th e  in fo rm a tiv e n e s s  d e p e n d s  on  th e  h e te ro z y g o s ity  o f  

th e  alleles. A  m e th o d  to  p a r tia l ly  so lve  th is  p ro b le m  is to  

u se  a  n o n d u p lic a te d  re fe re n ce  m a rk e r  in  th e  S o u th e rn  b lo t 

h y b r id iz a t io n  to  c o m p a re  dosages in  h o m o z y g o u s  p a 

t ien ts . In  genera l, it  is d iff icu lt to  q u a n tify  P C R  p ro d u c ts ,  

p a r tic u la r ly  w h e n  ra d io a c t iv e  lab e lin g  is u sed . T h e re fo re , 

in  m ic ro sa te lli te  an a ly s is , th e  p re se n c e  o f  th e  d u p lic a t io n  

is m o st re liab ly  d ia g n o se d  i f  th re e  alleles a re  p re s e n t  [60]. 

H o w ev er, a u to m a te d  an a ly s is  o f  f lu o re scen ce -lab e le d  m i 

c ro sa te llite  m a rk e rs  a llow s th e  id e n tif ic a t io n  o f  th e  d u p li 

c a tio n  b y  q u a n tif ic a t io n  o f  th e  alleles [4 1 ,4 2 ] .

M u ta tio n  sc re e n in g  o f  th e  C M T 1  m y e lin  genes in  n o n 

d u p lic a te d  C M T 1  p a t ie n ts  is n o t  y e t a  ro u t in e  te c h n iq u e  

in  m o s t la b o ra to r ie s . O n ly  p a r t  o f  th e  n o n d u p l ic a te d  

C M T 1  cases w ere  sc re e n e d  by  S S C P  an a ly s is  a n d /o r  

d ire c t seq u en c in g . T h e re fo re  a n  ex ac t e s t im a tio n  o f  th e  

fre q u e n c y  o f  C M T 1  m u ta t io n s  c a n n o t  b e  m a d e . B a se d  o n  

th e  to ta l  n u m b e r  o f  m u ta t io n s  in  th e  C M T 1  genes re 

p o r te d  h e re  a n d  b y  o th e rs , it is c lea r  th a t  m u ta t io n s  in  

C x32  a re  m o re  f re q u e n t  th a n  M P Z  m u ta t io n s ,  a n d  th a t  

th ey  a re  b o th  m u c h  m o re  f re q u e n t th a n  P M P 2 2  m u ta 

tio n s . T h e re fo re , fo r  d ia g n o s tic  p u rp o se s , n o n d u p l ic a te d  

C M T 1 p a tie n ts  sh o u ld  b e  sc reen ed  f irs t  fo r  m u ta t io n s  in  

C x32  (un less  m a le - to -m a le  t ra n s m is s io n  o c c u rre d  in  th e  

fam ily ) a n d  th e n  in  M P Z , b e fo re  sc re e n in g  fo r  P M P 2 2  

m u ta tio n s . E ig h t o f  th e  25  n o n d e le te d  H N P P  p a t ie n ts  

w ere  te s te d  fo r  m u ta t io n s  in  P M P 2 2  a n d /o r  M P Z . In  1 

p a tie n t ,  a  sp lice  d o n o r  s ite  m u ta t io n  in  P M P 2 2  w as id e n -
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t if ie d  [B o rt, p e rs . c o m m u n .] .  S in c e  n o t  a ll H N P P  p a t ie n ts  

h a d  a  d e le t io n  o r  a  m u ta t io n  in  P M P 2 2  a n d  s in ce  lin k ag e  

a n a ly s is  in  s o m e  o f  th e  n o n d e le te d  fa m ilie s  e x c lu d e d  a  

la rg e  p a r t  o f  c h ro m o s o m e  17 p  [6 2 ], th e  d a ta  c o n f irm e d  

th a t  H N P P  is  g e n e tic a lly  h e te ro g e n e o u s  w ith  a  lo c u s  o n  

1 7 p l  1.2 a n d  a t  le a s t o n e  o th e r  lo c u s  s till to  b e  id e n tif ie d .

Acknowledgements

T h e  C M T  re s e a rc h  in  th e  l a b o r a to r y  o f  N c u r o g c n c t i c s  ( U n i v e r s i t y  

o f  A n tw e r p ,  U IA )  is in  p a r t  f u n d e d  b y  th e  N a t i o n a l  F u n d  f o r  S c ie n 

t i f ic  R e s e a r c h  ( N F S R )  a n d  a  c o n c e r t e d  a c t io n  o f  th e  F l e m i s h  M i n i s 

t ry  o f  E d u c a t io n ,  B e lg iu m . T h e  w o r k s h o p s  o f  th e  C M T  c o n s o r t i u m

g r o u p  a re  s p o n s o re d  a n d  c o o r g a n iz e d  b y  th e  E N M C  u n d e r  t h e  a u s 

p ic e s  o f  th e  E u r o p e a n  A l l ia n c e  o f  M u s c u la r  D y s t r o p h y  A s s o c ia t io n s .

References

1 D y c k  P J , C h a n c e  l \  L e b o  R ,  C  a r n e y  J A :  H e r e d 

i t a r y  m o t o r  a n d  vsensory  n e u r o p a t h i e s ;  in  D y c k  

P J ,  T h o m a s  P K ,  G r i f f i n  J W ,  L o w  P A ,  P o d u s l o  

J F  ( e d s ) :  P e r i p h e r a l  N e u r o p a t h y .  P h i l a d e l p h i a ,  

S a u n d e r s ,  1 9 9 3 ,  p p  1 0 9 4 - 1 1 3 6 ,

2 E m e r y  A E I  I: P o p u l a t i o n  f r e q u e n c i e s  o f  i n h e r 

i t e d  n e u r o m u s c u l a r  d i s e a s e s  -  A  w o r l d  s u r v e y .  

N e u r o m u s e  D i s o r d  1 9 9 1 ;  1 : 19 - 2 9 ,

3 V a n c e  J M ,  N i c h o l s o n  G A ,  Y a m a o k a  L H ,  S t a -  

j i c h  J ,  S t e w a r t  J S ,  S p e e r  M C ,  H u n g  W ,  R o s e s  

A D ,  B a r k e r  D ,  P e r i e a k - V a n c e  M A :  L i n k a g e  o f  

C h a r e o t - M a r i e - T o o t h  n e u r o p a t h y  t y p e  l a  to  

c h r o m o s o m e  17. E x p  N e u r o l  1 9 8 9 ;  1 0 4 : 1 8 6 -  

189 .

4  R a e y m a e k e r s  P ,  T i m m e r m a n  V ,  D e  J o n g h e  P ,  

S w e r t s  L , G h e u e n s  J ,  M a r t i n  J ,  M u y l l e  L ,  D e  

W i n t e r  G ,  V a n d e n b e r g h e  A , V a n  B r o c c k h o v e n  

C :  L o c a l i z a t i o n  o f  t h e  m u t a t i o n  in  a n  e x t e n d e d  

f a m i l y  w i t h  C h a r e o t - M a r i e - T o o t h  n e u r o p a t h y  

( H M S N  I). A m  J H u m  G e n e t  1 9 8 9 ; 4 5 ; 9 5 3 -  

9 5 8 .

5 B i r d  T D ,  Oil J ,  G i b l e t l  E R :  E v i d e n c e  i b r  l i n k 

a g e  o f  C h a r e o t - M a r i e - T o o t h  n e u r o p a t h y  t o  t h e  

D u f f y  l o c u s  o n  c h r o m o s o m e  1. A m  J  H u m  

G e n e t  1 9 8 2 ; 3 4 : 3 8 8 - 3 9 4 .

ft L e h o  R ,  C h a n c e  P F ,  D y c k  P J ,  R e d i l a - H o r c s  M ,  

L y n c l i  E , G o l b u s  M ,  B i r d  '1', K i n g  M ,  A n d e r s o n  

L A ,  H a l l  J ,  W i e g a n t  J ,  J i a n g  Z ,  D a / i n  P I \  P u n -  

n e t t  H H ,  S c h o n h e r g  S A , M o o r e  K ,  S h u l l  M M ,  

G e n d l e r  S ,  H u r k o  O ,  L o v e l a c e  R E ,  L a t o v  N ,  

T r o f a t t e r  J ,  C o m i c a l l y  P M :  C h r o m o s o m e  1 

C h a r e o t - M a r i e - T o o t h  d i s e a s e  ( C M T I B )  l o c u s  

in  t h e  F c  g a m m a  r e c e p t o r  g e n e  r e g i o n .  H u m  

G e n e t  1 9 9 1 ; 8 8 : 1 - 1 2 .

7 C h a n c e  P E ,  M a t s u n a m i  N .  L e n s c h  M W ,  S m i t h  

B. B i r d  ‘I’D :  A n a l y s i s  o f  t h e  D N A  d u p l i c a t i o n  

1 7 p  11.2  in  C h a r e o t - M a r i e - T o o t h  n e u r o p a t h y  

t y p e  1 p e d i g r e e s :  A d d i t i o n a l  e v i d e n c e  f o r  a 

t h i r d  a u t o s o m a l  C M T 1 l o c u s .  N e u r o l o g y  1 9 9 2 ;  

4 2 : 2 0 3 7 - 2 0 4 1 .

8 G a l  A ,  M ü c k e  J ,  T h e i l e  H ,  W i e a c k e r  P I \  R o p 

e r s  H H ,  W i e n k e r T F :  X - l  i n k e d  d o m i n a n t  C h a r -  

e o t - M a r i e - T o o t h  d i s e a s e ;  S u g g e s t i o n  o f  l i n k a g e  

w i t h  a  c l o n e d  D N A  s e q u e n c e  f r o m  t h e  p r o x i 

m a l  X q .  H u m  G e n e t  1 9 8 5 ; 7 0 : 3 8 - 4 2 .

9

10

11

13

14

15

R a e y m a e k e r s  P ,  T i m m e r m a n  V ,  N e l i s  E ,  D e  

J o n g h e  P , H o o g e n d i j k  J E ,  B a a s  F ,  B a r k e r  D P ,  

M a r t i n  J ,  d e  V i s s e r  M ,  B o l h u i s  P A ,  V a n  

B r o c c k h o v e n  C ,  H M S N  C o l l a b o r a t i v e  R e 

s e a r c h  G r o u p :  C h a r e o t - M a r i e - T o o t h  n e u r o p a 

t h y  t y p e  l a  ( C M T l a )  is  m o s t  l ik e ly  c a u s e d  b y  a  

d u p l i c a t i o n  in  c h r o m o s o m e  I 7 p l l , 2 .  N e u r o -  

m u s e  D i s o r d  1 9 9 1 ; 1 : 9 3 - 9 7 ,

L u p s k i  J R ,  M o n t e s  d e  O c a - L u n a  R ,  S la u g e n -  

h a u p t  S, P e n t a o  L , G u z z e t t a  V ,  T r a s k  B J ,  S a u -  

e e d o - C a r d e n a s  O ,  B a r k e r  D F ,  K i l l i a n  J M ,  G a r 

c i a  C A ,  C h a k r a v a r t i  A ,  P a t e l  P i :  D N A  d u p l i c a 

t i o n  a s s o c i a t e d  w i t h  C h a r e o t - M a r i e - T o o t h  d i s 

e a s e  t y p e  1 A .  C e l l  1 9 9 1 ; 6 6 : 2 1 9 - 2 3 9 .  

H o o g e n d i j k  J E ,  H e n s e l s  G W ,  G a b  r e e l s - F e s t e n  

A A W M ,  G a b r e e l s  F J M ,  J a n s s e n  E A M ,  D e  

J o n g h e  P , M a r l i n  J ,  V a n  B r o c c k h o v e n  C ,  V a l -  

e n t i j n  L J ,  B a a s  F ,  d e  V i s s e r  M ,  B o l h u i s  P A :  D e -  

n o v o  m u t a t i o n s  in  h e r e d i t a r y  m o t o r  a n d  s e n s o 

ry  n e u r o p a t h y  t y p e  1. L a n c e t  1 9 9 2 ; 3 3 9 : l 0 8 l -  

1 0 8 2 ,

P a l a u  F , L ö f g r e n  A ,  D e  J o n g h e  P , B o r t  S, N e l i s

E, S e v i l l a  T ,  M a r t i n  J ,  V i l c h e z  J ,  P r i e t o  F , V a n  

B r o c c k h o v e n  C :  O r i g i n  o f  t h e  d e  n o v o  d u p l i c a 

t i o n  in  C h a r e o t - M a r i e - T o o t h  d i s e a s e  t y p e  1A: 

U n e q u a l  n o n s i s t e r  c h r o m a t i d  e x c h a n g e  d u r i n g  

s p e r m a t o g e n e s i s .  H u m  M o l  G e n e t  1 9 9 3 ;2 :  

2 0 3 1 - 2 0 3 5 .

P a t e l  P I ,  R o a  B B , W e l c h e r  A A ,  S c h o e n e r - S c o t t  

R ,  T r a s k  B J ,  P e n t a o  L , S n i p e s  G J ,  G a r c i a  C A ,  

F r a n c k e  U ,  S h o o t e r  E M ,  L u p s k i  J R ,  S u t e r  U : 

T h e  g e n e  f o r  t h e  p e r i p h e r a l  m y e l i n  p r o t e i n  

P M P - 2 2  is a  c a n d i d a t e  f o r  C h a r e o t - M a r i e -  

T o o t h  d i s e a s e  t y p e  I A ,  N a t  G e n e t  1 9 9 2 ;  1 :1 5 9 — 

165.

V a l e n t i j n  L J ,  B o l h u i s  P A ,  Z o r n  I, H o o g e n d i j k  

J E ,  v a n  d e n  B o s c h  N ,  H e n s e l s  G W ,  S t a n t o n  V 

J r ,  H o u s m a n  D E ,  F i s c h b e e k  K H ,  R o s s  D A ,  

N i c h o l s o n  G A ,  M e e r s h o e k  E J ,  D a u w e r s e  H G ,  

v a n  O m m e n  G B ,  B a a s  F :  T h e  p e r i p h e r a l  m y 

e l in  g e n e  P M P - 2 2 / G A S - 3  is d u p l i c a t e d  in  

C h a r e o t - M a r i e - T o o t h  d i s e a s e  t y p e  I A . N a t  

G e n e t  1 9 9 2 ; 1 : 1 6 6 - 1 7 0 .

T i m m e r m a n  V ,  N e l i s  E ,  V a n  H u l  W ,  N i e u w e n -  

h u i j s e n  B , C h e n  K ,  W a n g  S , B e n  O l h m a n  K , 

C u l l e n  B, L e a c h  R J ,  H a n e m a n n  C O ,  D e  J o n g h e  

P ,  R a e y m a e k e r s  P , v a n  O m m e n  G B ,  M a r t i n  J ,  

M t i l l e r  I I W ,  V a n c e  J M ,  F i s e h b e c k  K H ,  V a n  

B r o c c k h o v e n  C :  T h e  p e r i p h e r a l  m y e l i n  p r o t e i n  

g e n e  P M P - 2 2  is c o n t a i n e d  w i t h i n  t h e  C h a r e o t -  

M a r i e - T o o t h  d i s e a s e  t y p e  1A  d u p l i c a t i o n .  N a t  

G e n e t  1 9 9 2 ;  1 : 1 7 1 - 1 7 5 .

16 M a t s u n a m i  N ,  S m i t h  B , B a l l a r d  L , L e n s c h  

M W ,  R o b e r t s o n  M ,  A l b c r t s e n  H ,  H a n e m a n n  

C O ,  M ü l l e r  H W ,  B i r d  T D ,  W h i t e  R ,  C h a n c e  

P F :  P e r i p h e r a l  m y e l i n  p r o t e i n - 2 2  g e n e  m a p s  in  

t h e  d u p l i c a t i o n  in  c h r o m o s o m e  1 7 p l  1.2 a s s o c i 

a t e d  w i t h  C h a r e o t - M a r i e - T o o t h  1A . N a t  G e n e t  

1 9 9 2 ; 1 : 1 7 6 - 1 7 9 .

17 V a l e n t i j n  L J ,  B a a s  F ,  W o l t c r m a n  R A ,  H o o g e n 

d i j k  J E ,  v a n  d e n  B o s c h  N H A ,  Z o r n  1, G a b  r e e l  s- 

F e s t e n  A A W M ,  d e  V i s s e r  M ,  B o l h u i s  P A :  I d e n 

t i c a l  p o i n t  m u t a t i o n s  o f  P M P - 2 2  in  T r e m b l c r - J  

m o u s e  a n d  C h a r e o t - M a r i e - T o o t h  d i s e a s e  t y p e  

1A. N a l  G e n e t  1 9 9 2 ; 2 : 2 8 8 - 2 9 1 .

18 R o a  B B , G a r c i a  C A ,  S u t e r  U ,  K u l p a  D A ,  W i s e  

C A ,  M u e l l e r  J ,  W e l c h e r  A A ,  S n i p e s  G J ,  S h o o t 

e r  E M ,  P a t e l  P I ,  L u p s k i  J R :  C h a r e o t - M a r i e -  

T o o t h  d i s e a s e  ty p e  1A: A s s o c i a t i o n  w i t h  a  

s p o n t a n e o u s  p o i n t  m u t a t i o n  in  t h e  P M P 2 2  

g e n e .  N  E n g l  J  M e d  1 9 9 3 ; 3 2 9 : 9 6 - 1 0 1 .

19 R o a  B B , G a r c i a  C A ,  P e n t a o  L, K i l l i a n  J M ,  

T r a s k  B J ,  S u t e r  U ,  S n i p e s  G J ,  O r t i z - L o p e z  R ,  

S h o o t e r  E M ,  P a te l  P i ,  L u p s k i  J R ;  E v i d e n c e  f o r  

a  r e c e s s iv e  P M P 2 2  p o i n t  m u t a t i o n  in  C h a r e o t -  

M a r i e - T o o t h  d i s e a s e  t y p e  1A . N a t  G e n e t  1 9 9 3 ;  

5 : 1 8 9 - 1 9 4 ,

2 0  N e l i s  E, T i m m e r m a n  V , D e  J o n g h e  P , V a n  

B r o c c k h o v e n  C :  I d e n t i f i c a t i o n  o f  a  5 '  s p l i c e  s i t e  

m u t a t i o n  in  t h e  P M P - 2 2  g e n e  in  a u t o s o m a l  

d o m i n a n t  C h a r e o t - M a r i e - T o o t h  d i s e a s e  t y p e  I. 

H u m  M o l  G e n e t  1 9 9 4 ; 3 : 5 1 5 - 5 1 6 .

21 H a y a s a k a  K ,  H i m o r o  M ,  S a t o  W ,  T a k a d a  G ,  

U v e m u r a  K , S h i m i z u  N ,  B i r d  T ,  C o m i c a l l y  

P M ,  C h a n c e  P F :  C h a r e o t - M a r i e - T o o t h  n e u r o p 

a t h y  Lype 1B is a s s o c i a t e d  w i t h  m u t a t i o n s  o f t h c  

m y e l i n  P O g e n e .  N a t  G e n e t  1 9 9 3 ; 5 : 3 1 - 3 4 .  

H a y a s a k a  K ,  O h n i s h i  A , T a k a d a  G ,  F u k u s h i m a  

Y ,  M u r a i  Y : M u t a i  i o n  o f  t h e  m y e l i n  P 0  g e n e  in  

C h a r e o t - M a r i e - T o o t h  n e u r o p a t h y  t y p e  1. B io -  

e h e m  B i o p h y s  R e s  C o m m u n  19 9 3 ;  19 4 : 1 3 1 7 -  

1 3 2 2 .

2 3  H a y a s a k a  K ,  T a k a d a  G ,  I o n a s e s e u  V V :  M u t a 

t i o n  o f  t h e  m y e l i n  P 0  g e n e  in  C h a r e o t - M a r i e -  

T o o t h  n e u r o p a t h y  t y p e  I B .  H u m  M o l  G e n e t  

1 9 9 3 ; 2 : 1 3 6 9 - 1 3 7 2 .

2 4  H i m o r o  M ,  Y o s h i k a w a  H ,  M a t s u i  T ,  M i t s u i  Y ,  

T a k a h a s h i  M ,  K a i d o  M ,  N i s h i m u r a  T ,  S avvai-  

s h i  Y ,  T a k a d a  G ,  H a y a s a k a  K :  N e w  m u t a t i o n  

o f  t h e  m y e l i n  P 0  g e n e  in  a  p e d i g r e e  o f  C h a r e o t -  

M a r i e - T o o t h  n e u r o p a t h y  t y p e  1. B i o e h c m  M o l  

B io l  I n t  1 9 9 3 ; 3 1 : 1 6 9 - 1 7 3 .

M u t a t i o n  F r e q u e n c ie s  in C M .T 1 a n d  H N P P

N e u r o p a th i e s

E u r  J  H u m  G e n e t  1 9 9 6 ; 4 : 2 5 - 3 3 31



25 N e l i s  E, T i m m e r m a n  V , D e  J o n g h c  P ,  M u y l l e  

L , M a r t i n  J ,  V a n  B r o e c k h o v e n  C : L in k a g e  a n d  

m u t a t i o n  a n a l y s i s  in  a n  e x t e n d e d  f a m i ly  w i t h  

C h a r c o t - M a r i e - T o o t h  d i s e a s e  ty p e  I B ,  J  M e d  

G e n e t  1 9 9 4 ; 3 1 : 8 1 1 - 8 1 5 .

26  N e l i s  E , T i m m e r m a n  V, D e  J o n g h e  P, V a n d e n -  

b e r g h e  A , P h a m - D i n h  D ,  D a u t i g n y  A , M a r t i n  

J ,  V a n  B r o e c k h o v e n  C :  R a p i d  s c r e e n i n g  o f  m y 

e l in  g e n e s  i n  C M T 1  p a t i e n t s  b y  S S C P  a n a ly s is :  

I d e n t i f i c a t i o n  o f  n e w  m u t a t i o n s  a n d  p o l y m o r 

p h i s m s  in  t h e  PO g e n e .  H u m  G e n e t  1 9 9 4 ;9 4 :  

6 5 3 - 6 5 7 .

2 7  B e r g o f f e n  J ,  S c h e r e r  SS , W a n g  S, O r o n z i  S c o t t  

M ,  B o n e  L J ,  P a u l  D L ,  C h e n  K ,  L e n s c h  M W ,  

C h a n c e  P F ,  F i s c h b e c k  K H :  C o n n e x i n  m u t a 

t i o n s  in  X - l i n k e d  C h a r c o t - M a r i e - T o o t h  d i s 

e a se .  S c i e n c e  1 9 9 3 ; 2 6 2 : 2 0 3 9 - 2 0 4 2 .

2 8  F a i r w e a t h e r  N ,  B e ll  C ,  C o c h r a n e  S , C h e l ly  L , 

W a n g  S, M o s t a c c i u o l o  M L ,  M o n a c o  M P ,  

H a i t e s  N E :  M u t a t i o n s  in  t h e  c o n n e x i n  32 g e n e  

in  X - l i n k e d  d o m i n a n t  C h a r c o t - M a r i e - T o o t h  

d i s e a s e  ( C M T X 1 ) .  H u m  M o l  G e n e t  1 9 9 4 ;3 :  

2 9 - 3 1 .

2 9  I o n a s e s c u  V ,  S c a r b y  C ,  l o n a s e s c u  R :  P o i n t  m u 

t a t i o n s  o f  t h e  c o n n e x i n 3 2  ( G J B 1 )  g e n e  in  X -  

l i n k e d  d o m i n a n t  C h a r c o t - M a r i e - T o o t h  n e u 

r o p a t h y .  H u m  M o l  G e n e t  1 9 9 4 ; 3 : 3 5 5 - 3 5 8 .

3 0  O r t h  U ,  F a i r w e a t h e r  N ,  E x le r  M C ,  S c h w in g e r

E ,  G a l  A: X - l i n k e d  d o m i n a n t  C h a r c o t - M a r i e -  

T o o t h  n e u r o p a t h y :  V a l i n e - 3 8 - m e l h i o n i n e  s u b 

s t i t u t i o n  o f  c o n n e x i n 3 2 ,  H u m  M o l  G e n e t  19 94 ; 

3 : 1 6 9 9 - 1 7 0 0 .

31 W i n d e b a n k  A J :  I n h e r i t e d  r e c u r r e n t  fo ca l  n e u 

r o p a t h i e s ;  in  D y c k  P J ,  T h o m a s  P K ,  G r i f f m  J W ,  

L o w  P A ,  P o d u s l o  J F  (e d s ) :  P e r i p h e r a l  N e u r o p 

a t h y .  P h i l a d e l p h i a ,  S a u n d e r s ,  1 9 9 3 ,  p p  1 1 3 7 — 

1 1 4 8 .

3 2  C h a n c e  P F ,  A l d e r s o n  M K ,  L e p p ig  K A , L e n s c h  

M W ,  M a t s u n a m i  N ,  S m i t h  B , S w a n s o n  P D ,  

O d e l b e r g  S J ,  D i s t s c h e  C M ,  B i r d  T D :  D N A  

d e l e t i o n  a s s o c i a t e d  w i t h  h e r e d i t a r y  n e u r o p a t h y  

w i t h  l i a b i l i t y  t o  p r e s s u r e  p a l s ie s .  C e l l  1 9 9 3 ;7 2 :  

1 4 3 - 1 5 1 .

33  P e n t a o  L, W i s e  C A ,  C h i n a u l t  A C , P a t e l  P I ,  

L u p s k i  J R :  C h a r c o t - M a r i e - T o o t h  ty p e  1A  d u 

p l i c a t i o n  a p p e a r s  to  a r i s e  f r o m  r e c o m b i n a t i o n  

a t  r e p e a t  s e q u e n c e s  f l a n k in g  t h e  1.5 M b  m o n o 

m e r  u n i t  N a t  G e n e t  1 9 9 2 ; 2 : 2 9 2 - 3 0 0 .

3 4  C h a n c e  P F ,  A b b a s  N ,  L e n s c h  M W ,  P e n t a o  L , 

R o a  B B ,  P a t e l  P I ,  L u p s k i  J R :  T w o  a u t o s o m a l  

d o m i n a n t  n e u r o p a t h i e s  r e s u l t  f r o m  r e c ip r o c a l  

D N A  d u p l i c a t i o n / d e l e t i o n  o f  a  r e g io n  o n  c h r o 

m o s o m e  17. H u m  M o l  G e n e t  1 9 9 4 ; 3 : 2 2 3 -  

2 2 8 .

35  N i c h o l s o n  G A ,  V a l e n t i j n  L J } C h e r r y s o n  A K ,  

K e n n e r s o n  M L ,  B rag g  T L ,  D e  K r o o n  R M ,  R o s s  

D A ,  P o l l a r d  J D ,  M c L e o d  J D ,  B o lh u i s  P A ,  B a a s  

F :  A f r a m e  s h i f t  m u t a t i o n  in  t h e  P M P 2 2  g e n e  

in  h e r e d i t a r y  n e u r o p a t h y  w i t h  l i a b i l i t y  to  p r e s 

s u r e  p a l s i e s .  N a t  G e n e t  1 9 9 4 ; 6 : 2 6 3 - 2 6 6 .

3 6  d e  V i s s e r  M : D i a g n o s t i c  c r i t e r i a  f o r  a u t o s o m a l  

d o m i n a n t  h e r e d i t a r y  m o t o r  a n d  s e n s o r y  n e u 

r o p a t h y  ty p e  l a .  N e u r o m u s c  D i s o r d  19 9 3 ;3 :  

7 7 - 7 9 .

37 V a n  B r o e c k h o v e n  C :  R e p o r t  o f  t h e  E N M C  

s p o n s o r e d  w o r k s h o p  o n  h e r e d i t a r y  m o t o r  a n d  

s e n s o r y  n e u r o p a t h i e s ;  in  A n o n y m o u s  (ed ) :  

E N M C  A n n u a l  R e p o r t  1 9 9 2 . 1 9 9 3 ,  p p  3 6 - 3 7 .

38  H a r d i n g  A E ,  T h o m a s  P K :  T h e  c l in ic a l  f e a t u r e s  

o f  h e r e d i t a r y  m o t o r  a n d  s e n s o r y  n e u r o p a t h y  

ty p e s  I a n d  II .  B r a in  19 8 0 ;  1 0 3 : 2 5 9 - 2 8 0 .

39  R a e y m a e k e r s  P ,  T i m m e r m a n  V ,  N e l i s  E ,  V a n  

H u l  W ,  D e  J o n g h e  P ,  M a r t i n  J ,  V a n  B r o e c k 

h o v e n  C ,  H M S N  C o l l a b o r a t i v e  R e s e a r c h  

G r o u p :  E s t i m a t i o n  o f  t h e  s iz e  o f  t h e  c h r o m o 

s o m e  17 p l  1.2 d u p l i c a t i o n  in  C h a r c o t - M a r i e -  

T o o t h  n e u r o p a t h y  t y p e  l a  ( C M T  l a ) .  J  M e d  

G e n e t  1 9 9 2 ; 2 9 : 5 - 1 1 .

4 0  C h e v i l l a r d  C ,  L e  P a s l i e r  D ,  P a s s a g e  D ,  O u g e n  

P ,  B i l l a u l t  A ,  B o y e r  S, M a z a n  S, B a c h e l l e r i e  J P ,  

V ig n a l  A ,  C o h e n  D ,  F o n t e s  M :  R e l a t i o n s h i p  

b e t w e e n  C h a r c o t - M a r i e - T o o t h  1A  a n d  S m i t h -  

M a g e n i s  r e g io n s :  s n U 3  m a y  b e  a  c a n d i d a t e  

g e n e  f o r  t h e  S m i t h - M a g e n i s  s y n d r o m e .  H u m  

M o l  G e n e t  1 9 9 3 ; 2 : 1 2 3 5 - 1 2 4 3 .

41 N a v o n  R ,  T i m m e r m a n  V , L o f g r e n  A ,  L i a n g  P ,  

N e l i s  E , Z e i t u n e  M ,  V a n  B r o e c k h o v e n  C :  P r e 

n a t a l  d i a g n o s i s  o f  C h a r c o t - M a r i e - T o o t h  d i s 

e a s e  t y p e  1A  ( C M T 1 A )  u s i n g  m o l e c u l a r  g e n c t i c  

t e c h n i q u e s .  P r e n a t a l  d i a g n o s i s  1 9 9 5 ;  1 5 : 6 3 3 -  

6 4 0 .

4 2  M a n n  K> M o u n t f o r d  R :  M o l e c u l a r  g e n e t i c  

a n a ly s i s  o f  C h a r c o t - M a r i e - T o o t h  d i s e a s e  t y p e  I 

( a b s t r a c t ) .  M e d  G e n e t  1 9 9 5 ;2 :1 8 4 .

4 3  L o r e n z e t t i  D ,  P a r e y s o n  D ,  S g h i r l a n z o n i  A ,  R o a  

B B , A b b a s  N E ,  P a n d o l f o  M ,  D i  D o n a t o  S, 

L u p s k i  J R :  A  1.5 M b  d e l e t i o n  in  1 7 p  1 1 .2 —p ! 2  

is  f r e q u e n t l y  o b s e r v e d  in  I t a l i a n  f a m i l i e s  w i t h  

h e r e d i t a r y  n e u r o p a t h y  w i t h  l i a b i l i ty  t o  p r e s s u r e  

p a ls ie s .  A m  J  H u m  G e n e t  1 9 9 5 ; 5 6 : 9 1 - 9 8 .

4 4  T i m m e r m a n  V ,  L o f g r e n  A , L e  G u e m  E ,  L i a n g  

P ,  D e  J o n g h e  P ,  M a r t i n  J ,  V e r h a l l e  D ,  R o b b e -  

r e c h t  W ,  G o u i d e r  R ,  B r i c e  A ,  V a n  B r o e c k h o 

v e n  C : M o l e c u l a r  g e n e t i c  a n a ly s i s  o f  t h e  

1 7 p l  1.2 r e g io n  in  p a t i e n t s  w i t h  h e r e d i t a r y  n e u 

r o p a t h y  w i t h  l i a b i l i t y  to  p r e s s u r e  p a l s i e s  

( H N P P ) .  H u m  G e n e t  1 9 9 6 ; 9 7 : 2 6 - 3 4 .

45  G r o m p e  M :  T h e  r a p i d  d e t e c t i o n  o f  u n k n o w n  

m u t a t i o n s  in  n u c l e i c  a c i d s .  N a t  G e n e t  1 9 9 3 ;5 :  

1 1 1 - 1 1 7 .

4 6  B e l lo n e  E } M a n d i c h  P ,  M a n c a r d i  G L ,  S c h e -  

n o n e  A , U c c e l l i  A ,  A b b r u z z e s e  M ,  S g h i r l a n z o n i  

A , P a r e y s o n  D ,  A j m a r  F :  C h a r c o t - M a r i e - T o o t h  

( C M T )  l a  d u p l i c a t i o n  a t  1 7 p  11 .2  in  I t a l i a n  

f a m i l i e s .  J  M e d  G e n e t  19 9 2 ; 2 9 : 4 9 2 - 4 9 3 .

47  B r i c e  A , R a v i s é  N ,  S t e v a n i n  G ,  G u g e n h e i m  M ,  

B o u c h e  P ,  P e n e t  C , A g id  Y ,  F r e n c h  C M T  

R e s e a r c h  G r o u p :  D u p l i c a t i o n  w i t h i n  c h r o m o 

s o m e  1 7 p l  1.2 in  12 f a m i l i e s  o f  F r e n c h  a n c e s t r y  

w i t h  C h a r c o t - M a r i e - T o o t h  d i s e a s e  t y p e  l a .  J  

M e d  G e n e t  1 9 9 2 ; 2 9 : 8 0 7 - 8 1 2 .

4 8  H a l l a m  P J ,  H a r d i n g  A E ,  B e r c i a n o  J ,  B a r k e r  

D F ,  M a l c o l m  S: D u p l i c a t i o n  o f  p a r t  o f  c h r o m o 

s o m e  17 is c o m m o n l y  a s s o c i a t e d  w i th  h e r e d i 

t a r y  m o t o r  a n d  s e n s o r y  n e u r o p a t h y  t y p e  1 

( C h a r c o t - M a r i e - T o o t h  d i s e a s e  t y p e  1) .  A n n  

N e u r o l  1 9 9 2 ; 3 1 : 5 7 0 - 5 7 2 .

4 9  M a c M i l l a n  J C ,  U p a d h y a y a  M ,  H a r p e r  P S :  

C h a r c o t - M a r i e - T o o t h  d i s e a s e  t y p e  l a  

( C M T l a ) :  E v i d e n c e  f o r  t r i s o m y  o f  t h e  r e g io n  

p i  1.2 o f  c h r o m o s o m e  17 in  s o u t h  W a le s  f a m i 

l ies .  J  M e d  G e n e t  1 9 9 2 ; 2 9 : 1 2 - 1 3 .

50  M ü l l e r  E ,  M o s t a c c i u o l o  M L ,  M i c a g l i o  G ,  A n g e -  

l in i  C ,  D a n i e l i  G A :  F u r t h e r  e v i d e n c e  o f  a  d u p l i 

c a t i o n  in  17 p l  1.2 i n  f a m i l i e s  w i t h  r e c u r r e n c e  o f  

H M S N  l a  ( C h a r c o t - M a r i e - T o o t h  n e u r o p a t h y  

t y p e  la ) .  H u m  G e n e t  1 9 9 2 ; 9 0 : 2 3 1 - 2 3 4 .

51 H o l m b e r g  B H ,  H o l m g r e n  G ,  N e l i s  E, V a n  

B r o e c k h o v e n  C ,  W e s t e r b e r g  B: C h a r c o t - M a r i e -  

T o o t h  d i s e a s e  i n  n o r t h e r n  S w e d e n :  P e d i g r e e  

a n a ly s i s  a n d  t h e  p r e s e n c e  o f  t h e  d u p l i c a t i o n  

w i t h i n  c h r o m o s o m e  1 7 p l l . 2 .  J  M e d  G e n e t  

1 9 9 4 ; 3 1 : 4 3 5 - 4 4 1 .

5 2  M o s t a c c i u o l o  M L ,  S c h i a v o n  F ,  A n g c l i n i  C ,  

M ic c o l i  B , P i c c o lo  F ,  D a n i e l i  G A :  F r e q u e n c y  o f  

d u p l i c a t i o n  a t  17 p  11.2 i n  f a m i l i e s  o f  n o r t h  e a s t  

I t a l y  w i th  C h a r c o t - M a r i e - T o o t h  d i s e a s e  t y p e  1 

( C M T  1). N e u r o e p i d e m i o l o g y  1 9 9 5 ; 1 4 : 4 9 - 5 3 .

53  S c h i a v o n  F ,  M o s t a c c i u o l o  M L ,  S a a d  F ,  M e r l i n i  

L ,  S i c i l i a n o  G ,  A n g e l i n i  C ,  D a n i e l i  G A :  N o n 

r a d i o a c t i v e  d e t e c t i o n  o f  17 p  11.2 d u p l i c a t i o n  in  

C M T I A :  A  s t u d y  o n  7 8  p a t i e n t s .  J  M e d  G e n e t  

1 9 9 4 ; 3 1 : 8 8 0 - 8 8 3 .

5 4  B o r t  S, S e v i l la  T ,  V í l c h e z  J J ,  P r i e t o  F ,  P a l a u  F : 

D i a g n ó s t i c o  y p r e v a l e n c i a  d e  la  d u p l i c a c i ó n  d e l  

lo c u s  C M T I A  e n  la  e n f e r m e d a d  d c  C h a r c o t -  

M a r i e - T o o t h  t i p o  1. M e d  C l i n  ( B a r e )  1 9 9 4 ;  1 0 4 :  

6 4 8 - 6 5 2 .

55 H e r t z  J M ,  B o r g l u m  A D ,  B r a n d t  C A ,  F l i n t  T ,  

B i s g a a r d  C :  C h a r c o t - M a r i e - T o o t h  d i s e a s e  t y p e  

1A : T h e  p a r e n t a l  o r i g i n  o f  a  d e  n o v o  I 7p l  1 . 2 -  

p l 2  d u p l i c a t i o n  in  a  s p o r a d i c  c a s e .  C l i n  G e n e t  

1 9 9 4 ; 4 6 : 2 9 1 - 2 9 4 .

56  L e  G u e r n  E, S t u r z  F ,  G u g e n h e i m  M ,  G o u i d e r  

R ,  B o n n e b o u c h e  C ,  R a v i s é  N ,  G o n n a u d  P M ,  

T a r d i e u  S, B o u c h e  P ,  C h a z o t  G ,  A g id  Y ,  V a n -  

d e n b e r g h e  A , B r i c e  A : D e t e c t i o n  o f  d e l e t i o n  

w i t h i n  1 7 p l  1.2 in  7 F r e n c h  f a m i l i e s  w i t h  h e 

r e d i t a r y  n e u r o p a t h y  w i t h  l i a b i l i t y  t o  p r e s s u r e  

p a l s i e s  ( H N P P ) .  C y t o g e n e t  C e l l  G e n e t  1 9 9 4 ;  

6 5 : 2 6 1 - 2 6 4 .

57  S i l a n d e r  K , H a l o n e n  P ,  S a r a  R ,  K a l i m o  H ,  

F a l c k  B, S a v o n t a u s  M :  D N A  a n a l y s i s  i n  F i n 

n i s h  p a t i e n t s  w i t h  h e r e d i t a r y  n e u r o p a t h y  w i t h  

l i a b i l i t y  t o  p r e s s u r e  p a l s i e s  ( H N P P ) .  J N e u r o l  

N e u r o s u r g  P s y c h i a t r y  1 9 9 4 ; 5 7 : 1 2 6 0 - 1 2 6 2 .

58  V e r h a l l e  D ,  L o f g r e n  A , N e l i s  E , D e h a e n e  I ,  

T h e y s  P ,  L a m m e n s  M ,  D o m  R ,  V a n  B r o e c k 

h o v e n  C ,  R o b b e r e c h t  W :  D e l e t i o n  i n  t h e  

C M T I A  lo c u s  o n  c h r o m o s o m e  17 p  11.2 i n  h e 

r e d i t a r y  n e u r o p a t h y  w i t h  l i a b i l i t y  to  p r e s s u r e  

p a l s ie s .  A n n  N e u r o l  1 9 9 4 ; 3 5 : 7 0 4 - 7 0 8 ,

59  M a r i m a n  E C M ,  G a b r e é l s - F e s t e n  A A W M ,  v a n  

B c c r s u m  S E C ,  V a l e n t i j n  L J ,  B a a s  F ,  B o l h u i s  

P A ,  J o n g e n  P J H ,  R o p e r s  H H ,  C a b r e é i s  F J M :  

P r e v a l e n c e  o f  t h e  1 .5 - M b  1 7 p  d e l e t i o n  in  f a m i 

l ie s  w i t h  h e r e d i t a r y  n e u r o p a t h y  w i t h  l i a b i l i t y  to  

p r e s s u r e  p a l s ie s .  A n n  N e u r o l  1 9 9 4 ; 3 6 : 6 5 0 -  

6 5 5 .

6 0  W i s e  C A ,  G a r c i a  C A ,  D a v i s  S N ,  H e j u  Z ,  P e n 

t a o  L, P a t e l  P I ,  L u p s k i  J R :  M o l e c u l a r  a n a l y s e s  

o f  u n r e l a t e d  C h a r c o t - M a r i e - T o o t h  ( C M T )  d i s 

e a s e  p a t i e n t s  s u g g e s t  a  h ig h  f r e q u e n c y  o f  t h e  

C M T I A  d u p l i c a t i o n .  A m  J H u m  G e n e t  1 9 9 3 ;  

5 3 : 8 5 3 - 8 6 3 .

61 R o a  B B , A n a n t h  U ,  G a r c i a  C A ,  L u p s k i  J R :  

M o l e c u l a r  d i a g n o s i s  o f  C M T I A  a n d  H N P P .

L a b m e d  I n t  1 9 9 5 ; 1 2 : 2 2 - 2 4 .
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6 2  M a r i  m a n  EC’M ,  G a b r e e l s - F e s t e n  A A W M ,  v a n  

B e e r s u m  S E C ,  J o n g c n  P J H ,  v a n  d c  L o o i j  E , 

B a a s  F , B o l h u i s  P A ,  R o p e r s  H H ,  G a b r c e l s  

F J M :  E v i d e n c e  f o r  g e n e t i c  h e t e r o g e n e i t y  u n 

d e r l y i n g  h e r e d i t a r y  n e u r o p a t h y  w i t h  l i a b i l i t y  t o  

p r e s s u r e  p a l s i e s .  H u m  G e n e t  1 9 9 4 ; 9 3 : 1 5 1 -  

1 5 6 .

6 3  N a v o n  R ,  S c i f r i e d  B , G a l - O n  N S ,  S a d e h  M :  A  

n e w  p o i n t  m u t a t i o n  in  t h e  P M P - 2 2  g e n e  a s s o c i 

a t e d  w i t h  a  d e  n o v o  s e v e r e  C M T 1 A  p h e n o t y p e .  

H u m  G e n e t ,  in  p r e s s .

6 4  B 1 a n  q  u  e l -  G  r o s s a  r d  F ,  P  h  a  m -  D  i n  h  D , D  a  u  t i g n y  

A ,  L a t o u r  1 \  B o n n e b o u c h e  C ,  C o r b i U o n  E ,  

C h a z o l  G ,  V a n d e n b e r g h e  A : C h a r c o t - M a r i e -  

T o o t h  t y p e  I B  n e u r o p a t h y :  T h i r d  m u t a t i o n  a t  

t h e  s e r i n e  6 3  c o d o n  in  t h e  m a j o r  p e r i p h e r a l  

m y e l i n  g l y c o p r o t e i n  PO g e n e .  C l i n  G e n e t ,  in  

p r e s s .

M u t a t i o n  F r e q u e n c i e s  in  C M T 1  a n d  H N P P

N e u r o p a th i e s

6 5  L a t o u r  P ,  B l a n q u c t  F ,  N c l i s  E ,  B o n n e b o u c h e  C ,  

C h a p o n  F ,  D i r a i s o n  P ,  O l l a g n o n  E , D a u t i g n y  

A ,  P h a m - D i n h  D ,  C h a z o t  G ,  B o u c h e r a t  M ,  

V a n  B r o e c k h o v e n  C ,  V a n d e n b e r g h e  A :  M u t a 

t i o n s  in  t h e  m y e l i n  p r o t e i n  z e r o  g e n e  a s s o c i a t e d  

w i t h  C h a r c o t - M a r i e - T o o t h  d i s e a s e  t y p e  IB .  

H u m  M u t â t  19 9 5 : 6 : 5 0 —5 4 .

66 S i l a n d c r  K ,  M e r c t o j a  P ,  N e l i s  E ,  T i m m e r m a n  

V ,  V a n  B r o e c k h o v e n  C ,  S a v o n t a u s  M L :  A  d e  

n o v o  d u p l i c a t i o n  in  17 p  11.2 a n d  a  n o v e l  m u t a 

t i o n  in  t h e  PO g e n e  in  t w o  D é j é r i n e - S o t t a s  s y n 

d r o m e  p a t i e n t s .  H u m  M u t a t ,  in  p r e s s .

6 7  B l a n q u e t - G  r o s s a  vd F ,  P h a m - D i n h  D ,  D a u t i g n y  

A ,  L a t o u r  P ,  B o n n e b o u c h e  C ,  D i r a i s o n  P ,  C h a 

p o n  F ,  C h a z o t  G ,  V a n d e n b e r g h e  A: C h a r c o t -  

M a r i e - T o o t h  t y p e  I B  n e u r o p a t h y :  A  m u t a t i o n  

a t  t h e  s in g l e  g l y c o s y l a t i o n  s i t e  in  t h e  m a j o r  

p e r i p h e r a l  m y e l i n  g l y c o p r o t e i n  PO. H u m  M u 

t â t ,  in  p re s s .

68 R a u l e n s t r a u s s  B, N e l i s  E, G r e h l  H ,  P f e i f f e r  R A ,  

V a n  B r o e c k h o v e n  C : I d e n t i f i c a t i o n  o f  a  d e  

n o v o  i n s e r t i o n a l  m u t a t i o n  in  PO i n  a  p a t i e n t  

w i t h  a  D iS je r in e -S o t ta s  s y n d r o m e  ( D S S )  p h e n o 

t y p e .  H u m  M o l  G e n e t  1 9 9 4 ; 3 : 1 7 0 1 - 1 7 0 2 .

6 9  B e l l o n e  E , J a m e s  R ,  M a n d i c h  P ,  N e l i s  E ,  L a m b  

L D ,  V a n  B r o e c k h o v e n  C , A j m a r  F :  I d e n t i f i c a 

t i o n  o f  a  4  b p  d e l e t i o n  ( 1 5 6 0 d e l 4 )  i n  PO g e n e  in  

a  f a m i l y  w i t h  s e v e r e  C h a r c o t - M a r i c - T o o t h  d i s 

e a s e .  H u m  M u t a t ,  i n  p r e s s .

7 0  N e l i s  E , S i m o k o v i c  S, T i m m e r m a n  V ,  L ö f g r c n  

A ,  B a c k h o v c n s  H ,  D e  J o n g h e  P , M a r t i n  J ,  V a n  

B r o e c k h o v e n  C :  M u t a t i o n  a n a l y s i s  o f  t h e  c o n -  

n e x i n 3 2  ( C x 3 2 )  g e n e  in  C h a r c o t - M a r i e - T o o t h  

n e u r o p a t h y  t y p e  1: I d e n t i f i c a t i o n  o f  f i v e  n e w  

m u t a t i o n s .  H u m  M u t a t ,  i n  p r e s s .

E u r J  H u m  G e n e t  1 9 9 6 ; 4 : 2 5 - 3 3  3 3




