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DNA HYBRIDIZATION ANALYSIS OF 21-HYDROXILASE 
DEFICIENCY 

To s tudy  t h e  g e n e t i c  d e f e c t s  i n  2i-hydroxylase de f i c i ency  (21-OH 
d e f )  we analyzed t h e  DNA from 50 d e f i c i e n t  c h i l d r e n  by Southern 
b l o t t i n g .  Genomic DNA was d iges t ed  wi th  t h e  t h e  r e s t r i c t i o n  
enzyme Taq 1. The cleaved D N A ' s  were f r a c t i o n a t e d  by agarose  g e l  
e l e c t r o p h o r e s i s ,  t r a n s f e r r e d  t o  n i t r o c e l l u l o s e  membranes and 
hybr idized wi th  n i ck - t r ans l a t ed  DNA con ta in ing  a nea r  f u l l  l eng th  
copy of t h e  human 21-hydroxylase gene (k ind ly  provided by D r  
P e r r i n  White, N Y ) .  The hybr idized DNA fragments were v i s u a l i z e d  
by autoradiography.  

In  t h e  normal populat ion two bands of equal  i n t e n s i t y  were 
d i sp l ayed ,  which migrated a s  3.7-Kb and 3.2-Kb bands. I t  ha s  been 
shown p rev ious ly  t h a t  t h e  two bands r ep resen t  t h e  two genes f o r  
21-hydroxylase, w i th  t h e  3.7-Kb band r ep resen t ing  t h e  normally 
t r ansc r ibed  gene. DNA from 28 of t h e  ch i ld ren  wi th  21-OH-def. 
showed t h i s  hybr id i za t ion  p a t t e r n .  However, i n  20 of t h e  c a s e s  
t h e  i n t e n s i t y  of t h e  3.7-Kb band was only  h a l f  t h a t  of t h e  3.2-Kb 
band, and i n  two of t h e  c a s e s  t h e  3.7-Kb band was absen t ,  These 
d a t a  i n d i c a t e  t h a t  t h e  g e n e t i c  d e f e c t s  i n  t h e s e  22 c h i l d r e n  a r e  
d e l e t i o n s  of a major p a r t  of t h e  t r ansc r ibed  21-hydroxylase gene 
on one o r  both  chromosomes. The two ch i ld ren  who have l o s t  t h e  
3.7-Kb band t o t a l l y  a r e  both a f f e c t e d  by t h e  sa l t -wast ing form of 
21-OH de f .  Otherwise, no c o r r e l a t i o n  between t h e  d i f f e r e n t  forms 
of t h e  d i s e a s e  and t h e  hybr id i za t ion  p a t t e r n s  was found. 
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RESTRICTION MAPPING OF 21-HYDROXYLASE (21-OH) 
GENES IN CONGENITAL ADRENAL HYPERPLASIA 
(c.A.H.) 

C.A.H. due to  21-OH deficiency is an inherited recessive disorder 
linked to  the HLA-B locus on the  chromosome 6. In human beings, there 
a r e  two 21-OH genes (A and 8 )  located near C4 genes in the  major 
histocompatibility complex ; the  nature of the  gene alterations 
responsible of C.A.H. remains mat ter  for debate. Thus restriction maps, 
C4 and HLA typings were performed in 14 families with 21-OH 
deficiency. This report is focused on the analysis of Taql restriction 
DNA fragments in using 2.7kb murine 21-OH probe including the  3' non- 
coding region (Amor e t  al., Proc. Natl. Acad. Sci. USA, 1985, 82, 4453). 
Four bands were shown : 3.7 and 2.8 kb (gene A), 3.2 and 2.6 kbTgene 8). 
Three series of results were observed : I) all 4 bands had the same 
intensity in 9 families in which 2 patients were heterozygous for HLA 
Dw47. 2) The relative intensity of gene B bands was decreased in patients 
of 4 families, 2 of which were heterozygous for HLA Bw47 ; a 
recombination was demonstrated. 3) Gene A bands were missing in index 
patient and his mother who were heterozygous for HLA 88, a rare  
haplotype in this C.A.H. Conclusion : I )  in patients of only 5 out of 
14 families Taql  restriction maps were modified and a polymorphism 
cannot be  excluded in 2 of them. 2) C.A.Hs with or without salt  loss were 
found in the  two first groups selected above and 3) additional analyses 
a r e  necessary to determine whether each clinical type of 21-OH 
deficiency is due to  a specific 21-OH gene alteration. 
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DELETION OF THE 21-HYDROXYLASE GENE I N  CONGENITAL 
ADRENAL HYPERPLASIA 

Congenital adrenal  hype rp la s i a  due t o  21-hydroxylase de f i c i ency  
i s  an autosomal r eces s ive  d i so rde r  with an incidence of 1:5000 t o  
1:15000. There a r e  now known t o  be two 21-hydroxylase genes 
(21A and 21B) loca t ed  a t  the  3 '  ends of t he  genes coding f o r  t he  
fou r th  component of complement (C4) on the  sho r t  arm of chromo- 
some s i x .  Although the  21A and 21B genes share  a high degree of 
homology and w i l l  hybr id i se  t o  t he  same DNA probe, they can be 
d i s t i ngu i shed  by a number of r e s t r i c t i o n  fragment length  poly- 
morphism~.  

We have analysed DNA from 30 p a t i e n t s  with 21-hydroxylase def-  
i c i ency  - 24 s a l t  l o s e r s ,  2 non-salt  l o s e r s  and 4 l a t e  onse t .  
DNA was i s o l a t e d  from l eucocy te s ,  d iges t ed  with va r ious  r e s t r i c -  
t i o n  enzymes and Southern b l o t s  prepared. These were hybr idised 
wi th  probes s p e c i f i c  f o r  e i t h e r  C4 o r  t he  21-hydroxylase gene. 
Only two p a t i e n t s  were found t o  have a d e l e t i o n  of the  21B gene on 
both chromoson~es. I n  one case  the  adjacent  C4B gene was a l s o  
de l e t ed  and appeared t o  have a r i s e n  by recombination between homo- 
logous regions  of 21A and 21B. 12 o the r  p a t i e n t s  were hetero-  
zygous f o r  t h i s  d e l e t i o n  a s  judged by the  i n t e n s i t y  of hybr idisa-  
t i o n .  This  f i nd ing  was not  a s soc ia t ed  with any p a r t i c u l a r  c l i n i -  
c a l  phenotype. A number of ca ses  had no obvious d e l e t i o n .  These 
may con ta in  only  a smal l  change i n  DNA e.g. a point  mutation and 
a r e  c u r r e n t l y  being inves t iga t ed  by sequencing of t he  21-hydroxy- 
l a s e  genes. 
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S L ~ V I C  N O N ~ S S I C A L  21-0" IEFICIENCY: A DIFFERENT 
HUTATION 

Nonclassical ,adrenal  hy e r  l a s i a  due t o  21:hy- 
d roxy la se  de f i c i ency  ( N Q ~ I H D P  has been descr ibed t o  
occur  i n  hi h frequency amon c e r t a i n  e t h n i c  rou s 
among them ishkenazi  Jews (17271, Hispanics (?/53P,' 

Yu o s l avs  (1 /63 ) ,  and I t a l j a n s  (1/333). The,haplot  pe segment 
H L ~ - B ~ ~ ; D R ~  i s  i n  s t rong  l i nkage  d i sequ i l i b r ium wit{ t h e  gene f o r  
NC21OHO. D i f f e r e n t i a l  e thn ic  group a s s o c i a t i o n s  have been de- 
s c r ibed .  While B14;DRl i s  f r e  uent i n  nonclass ical  s u b j e c t s  of 
Ashkenazi Jewish, His an i c ,  a d  I t a l i a n  o r i g i n ,  t h i s  haplotype 
i s  much l e s s  f requentyy observed i n  Yugoslav and no r the rn ,  Euro- 
pean Caucasians. I t  i s  postula ted t h a t , t h e  B14;DRl-associated 
mutation d i f f e r s  f r a n  t h e  non-B14 associa ted mutation and would 

roduce a d i f f e r e n c e  i n  c l i n i c a l  and/or hormonal phenotypes. We 
Rave observed 10 Yugoslav p a t i e n t s  with N Q l O H O  from 9 unrela ted 
f ami l i e s .  Three resented with precocious adrenarche. The 
remainder i den t i e i ed  through family s t u d i e s  of p a t i e n t s  pre- 
v iously  d:agnosed with CAH o r  NC210HD, were noted t o  be asympto- 
matic. The c l i n i c a l  r e s e n t a t i o n  among t h e  Yugoslavs was d i f f e r -  
ent from t h a t  i n  84 ogserved p a t i e n t s  who were Ashkenazi Jews 
Hispamcs o r  I t a l i a n s .  In t h e  l a t t e r  group t h e  prominent sym3- 
tans were h i r su t i sm i n  21, amenorrhea o r  i r r e g u l a r  menses i n  6 
i n f e r t i l i t y  i n  4 ,  acne i n  8 ,  c l i toromegaly  i n  3, h a i r  l o s s  i n  1, 
acce le ra t ed  growth i n  1 ,  precocious ad renarche i n  20 and 31  were 
asymptomatic. In t h e s e  p a t i e n t s  with NCEIOHD, t h e  0 1 4 - 0 ~ 1  seg-  
ment occurred i n  91% of  t h e  non-slavic haploty  es.  only  3 of t h e  
Yugoslav p a t i e n t s  were found t? c a r r y  . t h e  ~ 1 4 ~ 1 ~ 1  hap1 otype and 
i n  each case  B14;DRl was a s soc ia t ed  with I t a l i a n  Hungarian o r  
German ances t ry .  In summary, we pro ose t h a t  t h g  Yugoslav i u t a -  
t i o n  i n  NC2lOHD i s  d i f f e r e n t  f r a n  o t l e r  European e t h n i c  groups. 
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HLA ANTIGENS I N  GREEK FAMILIES W I T H  CONGENITAL 
ADRENAL HYPERPLASIA I C A H I .  

Data on H L A  typing i n  p a t i e n t s  with CAH have indicated an 
a s soc ia t ion  of c e r t a i n  forms of CAH t o  s p e c i f i c  HLA an t igens .  
We looked f o r  HLA ABC an t igens  i n  136 s u b j e c t s  belonging t o  41 
f a m i l i e s ,  of h e l l e n i c  o r i g i n ,  wi th  one o r  two members a f f e c t e d  
with CAH, and i n  380 apparent ly  normal i nd iv idua l s  who served 
a s  con t ro l s .  For t h e  c a l c u l a t i o n s  only one a f f ec t ed  member from 
each family  was i n s e r t e d .  We found t h e  H L A  B14 ant igen in  
42.8% of ca ses  with t h e  l a t e n t  form of CAH (LFI versus  5% of 
t h e  c o n t r o l s  lp  0.0011. The HLA 07 ant igen was found i n  23% 
of s u b j e c t s  with t h e  s a l t  wasting form (SWI versus  7.6% of t h e  
c o n t r o l s  lp  0.051. The A3 an t igen  was found i n  41% i n  SW 
versus  17% of t h e  c o n t r o l s  lp 0.021. A l l  i n d i v i l u a l s  w i t h  
SW and HLA 87 antigenhaveA307 haplotype. No o t h e r  an t igens  
showed an a s soc ia t ion  t o  any form of t h e  d i sease .  More speci-  
f i c a l l y  t h e  HLA 85 an t igen ,  found by o t h e r s  i n  increased f r e -  
quency i n  t h e  simple v i r i l i z i n g  form of CAH. was not found 
increased i n  ou r  group 135.5% i n  t h e  a f f e c t e d  versus  33.1% i n  
t h e  c o n t r o l s l .  Thus whi le  t h e  814 ant igen seems t o  be a s soc ia -  
t e d  wi th  a s p e c i f i c  form of CAH i n  i nd iv idua l s  of d i f f e r e n t  
e t h n i c  and geographical  background. t h i s  i s  not so with o the r  
CAH a s soc ia t ed  HLA an t igens .  The i n t e r p r e t a t i o n  of t h i s  hete-  
rogenui ty  i s  only specu la t ive  a t  p re sen t .  
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T h e  e x t r a c t i o n  s t e p  w i t h  d i e t h y l  e t h e r  f o r  a s p e c i -  
f i c  RIA o f  1 7 - h y d r o x y p r o g e s t e r o n e  ( 1  7-OHP) i n  d r i e d  
b l o o d  s p o t s  (PANG e t  a1 JCEM 4 5 , 1 0 0 3 , 1 9 7 7 )  i s  u n p r a c t i -  
c a b l e  f o r  m a s s  s c r e e n i n g  o f  cE. B a s e d  o n  t h e  o b s e r v a -  
t i o n  t h a t  2 1 - d e s o x y c o r t i s o l  ( 2  1 -DOF) i s  e l e v a t e d  i n  u n -  
t r e a t e d  CAH (FRANKS JCEM 3 9 , 1 0 9 9 , 1 9 7 4 )  we d e s i g n e d  a 
RIA i n t e n t i o n a l l y  w i t h  a n a n t i s e r u m  (AS) c r o s s r e a c t i n g  
w i t h  17-OHP ( 1 0 0 % )  a n d  21-DOF ( 4 8 % )  . D r i e d  b l o o d  s p o t s  
o n  f i l t e r  p a p e r  o f  4 , 2 5  mm d i a m e t e r  - a p p r o x .  10 b 1  
w h o l e  b l o o d  - w e r e  e l u a t e d  w i t h  b u f f e r  c o n t a i n i n g  c h l o -  
r a l  h y d r a t e  t o  s e p a r a t e  t h e  s t e r o i d s  f r o m  p r o t e i n  b i n -  
d i n g ,  a n d  i n c u b a t e d  w i t h  1 ,2 ,6 ,7-H3-17-OHP a n d  AS 1 :  
3000  i n  m i c r o t i t e r  p l a t e s  s h a k i n g  a t  room t e m p e r a t u r e  
f o r  2 1  h o u r s .  W i t h  a s t a n d a r d  c u r v e  o f  0 - 1 0 . 0 0 0  p g  
17-OHP/spot  we f o u n d  f o r  17-OHP/21-DOF c a l c u l a t e d  i n  
n g / m l  p l a s m a :  s e n s i t i v i t y  3 ;  c o e f f . v a r .  a t  l e v e l  1 0 0  
i n t e r a s s a y  9 % ,  i n t r a a s s a y  5 % ;  i n  2 . 2 7 4  n e w b o r n s  a t  d a y  
5 mean 1 3 3 , 2 4 ;  +/-  2 SD 3 6 , 5 6  - 2 2 9 , 9 2 ;  i n  2 u n t r e a t e d  
CAH r a n g e  1 . 0 0 0  - 2 . 0 0 0 .  I n  1 5  a d u l t s  t h e  c o e f f . c o r r .  
b e t w e e n  17-OHP/21-DOF i n  d r i e d  b l o o d  a n d  b o t h  s t e r o i d s  
d e t e r m i n e d  s e p a r a t e l y  i n  p l a s m a  w i t h  c h r o m a t o g r a p h i c  
p u r i f i c a t i o n  w a s  0 , 8 9  ( l i n e a r ) ,  i n  8 c h i l d r e n  w i t h  CAH 
t r e a t e d  or u n t r e a t e d  it w a s  0 , 7 9  ( e x p o n e n t i a l ) .  
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