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Mapping of t he  21-Hydroxylase  Def ic iency Gene Within t h e  
HLA Complex. 

In  o r d e r  t o  m a p  t h e  g e n e  f o r  21-hydroxylase de f i c i ency  
wi th in  the  HLA c o m p l e x  o n  t h e  6 th  c h r o m o s o m e  w e  have  
conducted  s t u d i e s  of two  add i t i ona l  HLA l inked gene t i c  
m a r k e r s .  T h e  s t u d i e s  i nvo lved  the  genet ic  po lymorph ic  
t r a i t s  Bf ( F a c t o r  B of t h e  a l t e r n a t e  c o m p l e m e n t  pa thway)  
and  GLO-I(Glyoxa1yse-I  p o l y m o r p h i s m )  and  w a s  p e r f o r m -  
e d  i n  32 f a m i l i e s  of p a t i e n t s  w i th  congeni ta l  a d r e n a l  hyper- 
p l a s i a  (CAH) of t h e  21-hydroxylase  type  (21-OH-def). Two  
f a m i l i e s  d e m o n s t r a t e d  gene t i c  r ecombina t ion  between 
HLA-B and  GLO-I. In one  f a m i l y  wi th  t h r e e  HLA geno- 
typica l ly  i den t i ca l  s i b l i n g s  w h o  a l l  w e r e  a f f ec t ed  w i t h  CAH 
it w a s  found t h a t  one  ch i ld  h a d  e i t h e r  a m a t e r n a l  HLA-B,  
Bf: GLO-I  o r  HLA -B:Bf. GLO-I  r e c o m b i n a n t  haplotype.  I n  
t h e  s econd  f a m i l y  wi th  two a f f ec t ed  c h i l d r e n  one  a f f ec t ed  
s i b  had  a p a t e r n a l  HLA-D:GLO-I r e c o m b i n a n t  haplotype.  
T h i s  chi ld  w a s  HLA-B,  Bf, D genotypica l ly  i den t i ca l  w i t h  
t he  o t h e r  a f f ec t ed  sib.  T h e s e  s t u d i e s  m a p  the  21-OH-def 
gene  between t h e  HLA-A l o c u s  a n d  the  GLO-I  l ocus .  
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Genetic Linkage between EL& and 21-Iiydroxylase Deficiency 

Seven f d l i e s  with one o r  more chi ldren  with 
21-hydroxylase def ic iency (congenital  adrenal  hyperplas ia  
C.A.H.) were typed f o r  =-A, B and C ant igens  by t h e  
standard two s t age  N I H  lymphocytotoxicity t e s t .  
Sa l t - los ing C.A.B. w a s  present  i n  f i v e  f ami l i e s  and non- 
sa l t - los ing C.A.H. i n  two families.  No recombination 
between t h e  ELA-B locus  and the  gene f o r  C.A.H. was 
observed i n  twenty-one children.  I n  one family  a c h i l d  
with a recombinant haplotype "escaped" the  d isease  
demonstrating segregation with t h e  ELA-B locus  r a t h e r  
than t he  ELA-A locus. An a d u l t  male non-salt-loser w a s  
i d e n t i f i e d  by ELA-typing and subsequently diagnosed 
biochemically. 

More c e r t a i n  p rena t a l  d iagnosis  of a f f ec t ed  
s i b l i n g s  of ch i ld ren  with 21-hydroxylasa def ic iency and 
i d e n t i f i c a t i o n  o f  heterozygotes nay now be made. 
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c lo se  Genetic Linkage Between Congenital Adrenal Hyper- 
p l a s i a  (21-hydroxylase def ic iency)  and HLA. 

We r epor t  on a combined study of 32 famil ies  from NY and 
Zurich w i t h a  t o t a l  o f 4 6 p a t i e n t s  withCAH.Itwas found tha t  
a l l  pa t i en t swere  HLAgenotypicallydifferent from the  heal- 
thy s i b s  a n d t h a t 2 o r m o r e  af fec ted  chi ldren  i n  t h e  same 
s ib sh ip  wereHLAidentica1. LodScore analys isdemonst ra teda  
peakLodScore o f 4 . 2  f o r  therecombinant f r ac t ion  (0)=0.00be- 
tweenHLA-Band2l-OH-def. c lo se  geneticlinkagebetween HLA- 
B and21-OH-def. wasthuses tabl ished.  NoHLA-A,BorC antigen 
was se l ec t ive ly  increased amongthe 34unre la ted  pa t i en t s .  
These s t u d i e s  p r o v i d e t h e b a s i s  f o r  u t i l i z a t i o n  of HLA geno- 
typing i n h i g h r i s k  famil ies  t o  i den t i fy  heterozygous car-  
r i e r s  o f t h e  21-OH-def. gene among s i b s  and o the r  r e l a t i v e s .  
On the  b a s i s  o f t h e s e  s tud ie s  it can be predic ted  t h a t  31 
s i b s  were heterozygous c a r r i e r s  and 11 s i b s  were genetic- 
a l l y  unaffected f o r  t h e  enzyme. deficiency. Prenata l  diag- 
nos i s  of t h e  d isease  i n h i g h  r i s k  famil ies  byHLA typing of 
cul tured  amniotic c e l l s  may be possible.  This is the  f i r s t  
example i n  which an enzymatic def ic iency of s t e r o i d  bio- 
synthes is  has been shown t o  be c lo se ly  l inked t o  HLA. 
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$ co l l abo ra t ive  study revealed an unusually high frequency 
' o f  congenital  adrenal hyperplasia (CAH) due t o  C-11 OH 
hef ic iency i n  I s r a e l .  Seventeen f ami l i e s  with 24 a f f ec t ed  

ndividuals were i den t i f i ed ,  mostly o r ig ina t ing  from North 
&friCa. The diagnosis was based on c l i n i c a l  f ea tu re s  and 
tonfirmed by t h e  presence of high l e v e l s  o f  ur inary  t e t r a -  e ydro 11-deoxycortisol. Since both t h e  C-11 and C-21 hydro- 

y l a t i ng  enzymes p a r t i c i p a t e  i n  t h e  same adrenal biosynthe- 
t i c  pathways of s t e r o i d s  and 21-OH has been shown to ,be  l i n  
Lked t o  HLA, we inves t iga ted  t h e  HLA ant igens  i n  our.fami- 
l i e s .  HLA ant igens  o f  t h e  A,  B and C l o c i  were determine@ 
i n  11 f ami l i e s  which included 13 af fec ted  and 19  heal thy  
children.  Analysis o f  t h e  da t a  revealed t h a t  a f f ec t ed - s ib s  
d id  not  share both haplotypes, and i n  addi t ion ,  i n  s eve ra l  
fami l ies  unaffected s ib l ings  shared both haplotypes with ' 
t h e  pa t i en t s .  Thus, no l inkage between t h e  C-11 OH va r i an t  
of CAH and t h e  HLA system was observed. 
-- 
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Hormones from gut and pancreas i n  term neonates: 

[Linkage s tud ie s  between HLA-A,B,D a l l e l e s  and congenital  1 

adrenal hyperplasia (CAH). 1 
The observation by Dupont e t  a l .of  c lose  l inkage between 

CAH and the  HLA-complex prompted us t o  study the  inher i -  1 
tance of HLA-haplotypes and the  deficiency of C21-Hydroxy-, 
lase(C21-H) i n  12 famil ies  with CAH children.Al1 family 

members were t e s t ed  f o r  CAH heterozygosity by the  increase* 
of plasma 17-OHP a f t e r  ACTH s t imu1a t ion .h  increase  of 

'17-OHP>200 ng/dl was taken a s  evidence f o r  CAH-hetero- ' 
zygosity.HLA-A,B,D typing was done by es tabl ished serolo- 
gical and cellular methods.~n 3 fadlies with 2 CAH cases, / 
we found i d e n t i c a l  HLA-A,B,D i n  t he  af fec ted  s ib l ings .  I  here was a good co r r e l a t i on  between the  r e s u l t s  of t he  
heterozygosity t e s t  and the  segregation of HLA-haplotypes, 

i n  some cases over 3 generations.The d i s t r i b u t i o n  of HLA- 1 
A,B,D alleles in the 12 unrelated ~ ~ ~ - ~ ~ t i ~ ~ t ~  was not s i g -  
n i f i c a n t l y  d i f f e r e n t  from contro ls , indica t ing  t h a t  t he re  i s '  
no pos i t i ve  associa t ion  between C21-H deficiency and an t i -  / 
gens of the  HLA-series.Our data  support t he  concept of 
c lose  l inkage of CAH and HLA allowing more prec ise  prenata l  
diagnosis of CAH and i d e n t i f i c a t i o n  of heterozygotes.  I 
I . - .- - _  _- - 

response t o  f e t a l  d i s t r e s s  and d i f f e r e n t  
alimentary s t imul i .  

There i s  l i t t l e  information on gut hormone l eve l s  i n  t h  
human neonate, We compare l eve l s  of gas t r i n ,  mot i l in ,  
g a s t r i c  i nh ib i to ry  peptide (GIP), vasoactive i n t e s t i n a l  
peptide (VIP), pancreat ic  polypeptide (PP), pancreat ic  
glucagon, enteroglucagon and i n s u l i n  i n  cord blood of 19 
normal neonates and 7 neonates with f e t a l  d i s t r e s s ,  and 
r epo r t  enteroinsular  hormone r e l ea se  during the  f i r s t  
feed of b reas t  milk o r  10% dextrose i n  21 in fan t s .  Fe t a l  
d i s t r e s s  caused s ign i f i can t ly  e levated  mean cord l eve l s  of 
motil in,  P.P., VIP and pancreat ic  glucagon. The f i r s t  
feed of human milk (Smllkg) caused a r i s e  i n  blood glucose 
in su l in ,  g a s t r i n  and enteroglucagon, but no change i n  GIP 
r pancreat ic  glucagon. 10% dextrose feeds  (Smlslkg) 

!"used s imi l a r  changes without t he  increase  i n  entero- 
glucagon. We conclude 1)  severa l  important gut hormones 
a r e  de tec table  i n  cord blood. 2) Fe t a l  d i s t r e s s  

t imula tes  s e l e c t i v e  gas t ro - in t e s t i na l  hormone re lease .  
) Neonates d i f f e r  from adu l t s  i n  t h e i r  enteroinsular  

Hormone response t o  feeding. 
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