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Ab s t r a c t  Cartilage - hair  hypoplas ia  (CHH) is an ¿utoso-  

mal recess ive  me taphys e al chondrodys plas ia character 

ized by short s tature  and hypoplas ia  o f the hair. As s oc i

ated ple iotropic  features  inc lude  de ficie nt erythrogenesis , 

impaire d T- cell me dia te d immunity , Hirs chs prung’s dis 

ease, and an increased r isk o f malignancie s . CHH is mos t 

prevalent among the Old  Orde r  Amis h in the Unite d 

States and among the Finns , but sporadic familie s  have  

been de s cr ibe d among many other populations . We  have  

pre vious ly mappe d the  gene  for CH H  to the short arm o f 

chromos ome  9 in F innis h and Amis h familie s . The  CHH 

locus  res ides  close  to D9S163  within an inte rval o f 1.5 c M 

flanke d by D9S165  and D9S50. In order to inves tigate  the 

genetic homoge ne ity  o f C H H  in var ious  populations , we 

s tudied nine  familie s  with no ge ne alogical connections  to
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hypoplasia

e ither Amis h or Finns . No recombinants  were detected be 

tween the CHH gene and any of the three closest marker 

loci s tudied, sugges ting that CHH in these familie s  results  

from mutation(s ) at the  same locus  as in the Amis h and 

F innis h familie s .

Introduction

Cartilage- hair  hypoplas ia  or McKus ick type  metaphyseal 

chondrodys plas ia  (MIM No. 250250) is an autos omal re 

cess ive disorder re sulting in short- limbed short stature 

and poor  hair  growth (McKus ick et al. 1965; Mákit ie  and 

Ka it ila  1993). Associated ple iotropic features include  de 

fic ie nt e rythropoies is , impaire d T- cell mediated immunity, 

intes tinal problems  such as Hirs chsprung’s disease, and an 

increased risk o f malignancie s . Although the pathogenes is  

o f CHH is unknown, de fective  prolife ration o f T- and B-  

lymphocyte s  and fibroblas ts , and defective  erythrogenesis  

sugges t a more  gene ralized defect in ce llular  prolife ration.

CHH was  firs t described among the Old  Order Amis h 

in the Unite d States (McKus ick et al. 1965) and was later 

also shown to be a relatively common cause of short stature 

among the  Finns  (Pe rheentupa 1972). Ge ne  frequencies  o f 

0.05 and 0.0066 have  been es timated in these populations , 

respectively (McKus ick et al. 1965; Mákitie  1992). Data on 

gene frequencies  among other populations  are not avail

able , but sporadic familie s  have  been described among 

many populations , inc luding the Dutch, Polish, French, 

Ge rmans , Dane s , Alge r ians , Italians , Spanish, non- Amish 

Ame r icans , and the Me xicans  (reviewed in Makitie  1992).

We  have  pre vious ly ass igned the gene for CH H  to 

chromos ome  9 by linkage  in Finnis h and Amis h familie s  

(Sulis a lo et al. 1993, 1994a). The  CHH gene has been 

mappe d to an area o f approximate ly 1 .5cM flanke d by 

D9S165 and D9S50, and is close to D9S163 (Sulis alo et al. 

1994b). No re combinations  have  been detected between 

the  CHH gene and D9S163 , and a s tatis tically s ignificant 

linkage  dis e quilibr ium was  observed be tween these loci in 

both Amis h and Finnis h familie s  (Sulis a lo et a l 1994a, b). 

Lur ia- De lbrück method- based calculations  (Has tbacka et
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4  F ig . 1 Pe digre e s  o f the  fa m ilie s  s tudie d. T he  haplotype s  for  

D9 S 1 6 5 , D9 S 1 6 3 , and D9 S 5 0  are  s how n fo r  a ll ind iv id ua ls  s tud 

ie d. T he  phas e  c o u ld  not be  de te r m ine d  fo r  the  marke r  a lle le s  in  a ll 

cases . S quare  Ma le , c irc le  fe m a le , open s y m bol unaffe c te d, f ille d  

sy m bol a ffe c te d, all s y m bols  w ith d iag o nal de ce as e d, N D not de 

te rmine d

T a b le  1 T w o - po in t  to d  s core s  b e tw e e n  the  C H H  ge ne  a n d  thre e  

ne are s t m a r ke r  loc i in  n in e  C H H  fa m ilie s  fo r  w h ic h  ne ithe r  F in n is h  

n o r  Am is h  ance s tors  a re  k n o w n

al. 1992; Le he s joki et al. 1993) s ugge s t an approx imate  

dis tance  o f 0.3 c M be twe e n C H H  and D9S163  (Sulis a lo  et 

a l  1994b).

He re , we  have  s tudie d nine  C H H  familie s  for  w hic h  

ne ithe r  Am is h  nor  F innis h  ances tors  are known. In  a dd i

t ion, s e ve n s poradic  cases  we re  s tudie d. These  fa milie s  

or igina te  fr om the Ne the r lands , P oland, France , Croa tia , 

the  Unite d  States , and Canada .

Materials and methods

Patie nts

T he  pe digre e s  o f the  fa m ilie s  ¿ire s how n in F ig . 1. F a milie s  1 and 2 

come  fr om  the  Ne the r lands , fa m ily  3 fr o m  P o la nd , fa m ily  4  fr om  

France , fa m ily  5 from Aus t r a lia  (o r ig in a lly  fr o m  Cr oa tia ), fa m ilie s  

6- 8 and 10- 16 from the  Unite d  State s , and fa m ily  9 from Ca na da . 

Dia g no s is  was  pe r fo r m e d by  Lv .d .B . in fa m ilie s  1- 3 (van de r  

Burgt e t al. 1991), by J.B . in  fa m ily  4 , by D.S . in fa m ily  5, by

D.L .R, in fa m ilie s  6- 7 a nd  10- 15, by C .I.S . in fa m ily  8, by D .C . in 

fa m ily  9 , a nd  by J.B .C . in fa m ily  16. T he  d ia gnos t ic  c r ite r ia  are  

s hor t- limbe d s hort s ta ture , ge ne r a lize d  lax ity  o f jo in t  liga m e nts , 

and me taphys e a l 11 tir ing a nd ir r e gula r it ie s  o f  the  grow th pla te s  in 

c h ild h o o d  r a diographs . P oor  ha ir  g r ow th is us e d only  as a pos it ive  

c r ite r ion (Mc Ku s ic k  et a l. 1965; Miik it ie  and Ka it ila  1993).

DN A  s a mple s

DN A was  e x tracte d fr om b lo o d  or  ly m p h o b la s to id  ce ll line s  ac 

c ording  to s tandard me thods .

Polyme ras e  c h a in  re ac tion a nd  de te c tion o f mic ros a te llite  marke rs

T he  po lym e r a s e  c ha in  r e ac tion pr o toc o ls  for  the  de te c tion o f mi-  

c ros a te llite  marke rs  have  be e n de s cr ibe d pr e vious ly  (Su lis a lo  e t al, 

1993). Mic r o s a te llite  marke rs  de te c t ing  D9 S1 6 5 , D9S163* and 

D9 S5 0  we re  s tudie d (We is s e nba c h  et al. 1992; W ilk ie  et a l. 1992).

Linka ge  ana lys is

P a irw is e  linka g e  ana lys is  was  pe r forme d us ing  the  M L IN K  pr o 

gram o f the  L IN K A G E  package  (La th r o p  e t a l. 1984). M u lt ip o in t  

ana lys is  a ga ins t  a fix e d mar ke r  map o f three  loc i, D9 S1 6 5 , 

D9 S1 6 3 , a nd  D9 S5 0 , was  car r ie d out us ing  the  L1 N KMAP  p r o 

gram and a s s um ing  a cons ta nt  fe m a le /m a le  sex diffe re nce  r a tio  o f 

2 .75 and dis tance s  as p r e v ious ly  re por te d (S u lis a lo  e t al. 1994b). 

T he  C H H  ge ne  was  c ons ide r e d  fu lly  pe ne trant and the  fre que ncy  

was  set to 0 .0 0 1 . T he  mar ke r  a lle le  fr e que nc ie s  we re  c a lcula te d  

from the  no r m a l c hr o m o s o m e s  o f 66 F inn is h  C H H  fa m ilie s  

(Su lis a lo  et a l. 1994b), He te r oge ne ity  was  te s ted us ing  the  A- tes t 

as im p le m e n te d  in pr ogr a m  H O M O G  (Ot t  1991).

Results and discussion

Lo c us e

0 .0 0.001 0 .01 0 .0 5 0.1 0 .2 0.3 0 .4

D 9 S I6 5 2 .2 0 2 .2 0 2 ,1 3 1.85 1.51 0 .93 0 .4 5 0 .1 2

D9 S 1 6 3 3 .2 3 3 .2 2 3 .1 4 2 .7 5 2 .2 8 1.38 0 .6 4 0 .1 6

D9 S 5 0 2 .6 3 2 .6 2 2 .5 5 2 .2 3 1 .84 1.13 0 .5 5 0 .1 5

Nine  po te nt ia lly  info r ma t ive  familie s  were  inc lude d in ifi va dous  p o p u la t io n s . 

the linka ge  analys is  (fa milie s  1- 9). T he  dis tr ibution of

ma r ke r  a lle le s  in the s e  fa m ilie s  is  s ho w n in  F ig . 1, T he  

two- point  lo d  scores  be tw e e n the  C H H  ge ne  and three  

closes t marke r  loci are  s hown in T able  1. No  r e combina tions  

we re  de tected be twe e n the  C H H  ge ne  and marke rs  in any o f 

the  informative  me ios e s , s ugge s ting ge ne tic  homoge ne ity  o f 

C H H  in  var ious  po pula t io ns . T he  highe s t  lo d  score  o f 3 .23 

at a ze ro r e c o m b ina t io n  fr a c t io n  was  de te c te d be twe e n the  

C H H  ge ne  and D9 S 1 6 3 . T he  m a x im u m  lo d  score s  for  

D9 S 1 6 5  and D9 S 5 0  r e ache d 2 .2 0  a nd  2 .6 3 , re s pe ctive ly. 

T he  m a x im u m  m u lt ip o in t  lo d  s core  o f 4 .1 0  was  o b ta ine d  

at D 9 S 163. N o  e vide nc e  o f  he te r oge ne ity  was  found  (H O 

M O G ) ,  a lthough  the  s a m ple  s ize  was  lim ite d  and a ll 

me ios e s  we re  not fu lly  infoi*mative  fo r  a ll marke rs  s tud 

ie d . T he  ge ne tic  h o m o g e n e ity  o f  C H H  va lida te s  the  use  o f 

c los e ly  linke d  marke r s  fo r  pr e na ta l d ia gnos is  in fa m ilie s  

fr o m  va r ious  po pula t io ns .

We  have  p r e v io us ly  obs e r ve d a  s ta t is t ic a lly  s ig n ific a n t  

a s s oc ia t ion be twe e n the  C H H  ge ne  a nd  a lle le s  at D9 S 1 6 3  

in both F inn is h  and Am is h  fa m ilie s  (S u lis a lo  et al. 1994a, 

b). In F inn is h  fa m ilie s , C H H  is a s s oc ia te d w ith  a lle le  3, 

a nd  in Am is h  fa m ilie s , w ith  a lle le  6 . O f  the  32 C H H  c hr o 

mos ome s  s tudie d he re , 14 ca r r ie d a lle le  6 , 10 ca r r ie d a l 

le le  3, s e ve n car r ie d a lle le  4, a nd  one  car r ie d a lle le  2 at 

D9 S1 6 3 . Alle le s  3, 4 , a nd  6  are  c o m m o n  in the  no r m a l 

c hr omos ome s  o f the  F in n is h  a nd  Am is h  C H H  fa m ilie s , 

a nd  in the  Ce ntre  d ’E tud e  du P o ly m o r p h is m e  H u m a in  

(C E P H ) re fe re nce  fa m ilie s  (fr e que nc ie s  vary fr o m  0 .2  to 

0 .4 ; da ta  no t  s how n). A m o n g  the  F in n is h  c hr omos ome s , 

a lle le  3 is the  mos t  c o m m o n  (4 1 %) and a lle le s  4 (3 3 %) 

a nd  6  (1 9 %) the  s e cond a nd  third m o s t  c o m m o n  (S u lis a lo  

et a l  1994b). Am o n g  the  Am is h  a nd  the  C E P H  fa m ilie s , 

howe ve r , the  mos t  c o m m o n  a lle le  is  4 (4 3 % in both se 

r ie s ) and a lle le s  3 a nd  6  are  the  s e cond and third mos t 

c o m m o n  (S u lis a lo  e t a l. 1994a; C E P H  da ta  not s how n). 

As  C H H  is  a s s oc ia te d w ith  a  c o m m o n  a lle le  at D9 S1 6 3  

a m o ng  both the F inns  a nd  the  Am is h , no de fin it ive  c o n 

c lus ions  can be  d r a w n a bo ut  the  o r ig in  o f  the  C H H  m uta 

t ions  in the  fa m ilie s  s tud ie d  he re . How e ve r , as mos t  o f the  

la tte r  pa tie nts  are  he te r ozy gous  for  a lle le s  at D9 S 1 6 3 , it 

c an be  c onc lude d  tha t  e ithe r  the re  are  m a ny  diffe r e nt  

C H H  muta t ions  and a C H H  m uta t io n  is  a  more  c o m m o n  

occur re nce  than has  be e n a s s ume d, or  o n ly  a fe w m uta 

t ions  exis t bu t  r e c o m b ina t io ns  or  m uta t io ns  at marke rs  

ha ve  c ha ng e d  the  o r ig in a l ma r ke r  a lle le s . Cha r a c te r iza t ion  

o f the  ge ne  w ill be  r e quir e d  to de te r mine  w he the r  a s ingle  

or  diffe r e nt  C H H  m uta t io ns  are  r e s pons ib le  fo r  the  dis e as e
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