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Cesar Y. Hayashida3, Margo van Reen1, Edwin Milgrom4, Hans-Hilger Ropers1, 

Edwin Mariman1, Axel P.N. Themmen2 & Han G. Brunner1

Leydig cell hypoplasia is a rare autosomal recessive condition that interferes with normal 
development of male external genitalia in 46,XY individuals. We have studied two Leydig 
cell hypoplasia patients (siblings born to consanguineous parents), and found them to 
be homozygous for a missense mutation (Ala593Pro) in the sixth transmembrane 
domain of the luteinizing hormone (LH) receptor gene. In vitro expression studies 
showed that this mutated receptor binds human choriogonadotropin with a normal KD, 
but the ligand binding does not result in increased production of cAMP. We conclude 
that a homozygous LH receptor gene mutation underlies the syndrome of autosomal 
recessive congenital Leydig cell hypoplasia in this family. These results have 
implications for the understanding of the development of the male genitalia.

T h e  p r o c e s s  t h a t  le a d s  t o  th e  d e v e lo p m e n t  o f  m a le  sex  

c h a r a c te r i s t i c s  is g e n e r a l ly  t h o u g h t  to  c o n s is t  o f  th r e e  

s e q u e n t i a l  s t e p s 1. T h e  f i r s t  is t h e  e s ta b l i s h m e n t  o f  m a le  

g e n e t ic  s e x  b y  t h e  X Y  c h r o m o s o m e  p a t t e r n  a t  c o n c e p tio n .

T h e  s e c o n d  in v o lv e s  t h e  i n d u c t io n  o f  m a le  g o n a d a l  sex, 

t h a t  is  te s t is  f o r m a t i o n ,  t h r o u g h  th e  a c t io n  o f  SR Y  (sex  

d e t e r m i n i n g  r e g io n  o f  t h e  Y  c h r o m o s o m e ) .  T h e  t h i r d  s tep  

c o n s is ts  o f  th e  d e v e lo p m e n t  o f  in te r n a l  a n d  e x te rn a l  m a le  

g e n i ta l ia ,  a  p r o c e s s  w h ic h  is b a s ic a lly  c o n t r o l le d  b y  tw o  

fa c to r s ,  t e s to s t e r o n e  a n d  a n t i -M ii l le r ia n  h o r m o n e  (A M H ), 

b o t h  p r o d u c e d  b y  t h e  f e ta l  te s t is .  T h e  S e r to li  cell p r o d u c t ,

A M H , p r e v e n t s  t h e  f o r m a t i o n  o f  th e  m u l le r ia n  d u c t  

d e r iv a t iv e s  ( f a l lo p ia n  tu b e s ,  u t e r u s  a n d  th e  u p p e r  p a r t  o f  

th e  v a g in a ) , w h e r e a s  t h e  d e v e lo p m e n t  o f  th e  m a le  in te r n a l  

a n d  e x te r n a l  g e n i ta l ia  is d e p e n d e n t  o n  t h e  L ey d ig  cell 

p r o d u c t ,  t e s t o s t e r o n e ,  w h i c h  is  c o n v e r t e d  t o  

d ih y d r o t e s t o s t e r o n e  i n  c e r ta in  ta r g e t  t is s u e s . V a r io u s  

g e n e t ic  d e fe c ts  i n  t h i s  p a th w a y  h a v e  b e e n  r e p o r te d ,  

s u p p o r t i n g  t h e  c o n c e p t  o f  s e q u e n t ia l  d e te r m in a t io n  o f  

m a le  g e n e t ic ,  g o n a d a l  a n d  p h e n o ty p ic  sex2.

A n  i m p o r t a n t  s te p  in  th is  d i f f e r e n t ia t io n  c a sc a d e  is  th e  

d e v e lo p m e n t  o f  t h e  L e y d ig  ce lls . T h is  a p p a r e n t ly  b e g in s  

i n d e p e n d e n t  o f  s t i m u l a t i o n  b y  g o n a d o t r o p i n s  a t  

a p p r o x im a te ly  th e  s a m e  t im e  t h a t  th e  f o r m a t io n  o f  th e  

te s t ic u la r  c o r d s  o c c u r s 3, a l th o u g h  th e  p ro c e s s  s till o c c u rs  

in  c a se s  w h e r e  te s t i c u la r  c o r d s  d o  n o t  d e v e lo p 4. L ey d ig  cell 

d i f f e r e n t ia t io n  is c ru c ia l  f o r  su ff ic ie n t a n d r o g e n  p r o d u c t io n  

b y  t h e  te s t is .  A b s e n c e  o f  L e y d ig  ce lls  o r  in s u f f ic ie n t  L ey d ig  

ce ll d i f f e r e n t i a t io n  c a n  o c c u r  a s  a n  a u to s o m a l  re c e ss iv e  

c o n d i t i o n 5"13. T h e  p h e n o ty p e  o f  in h e r i t e d  L ey d ig  cell 

h y p o p la s ia  r a n g e s  f r o m  e x tr e m e  fo r m s  p r e s e n t in g  as 4 6 ,XY 

fe m a le s  to  m i l d e r  f o r m s  in  w h ic h  m a le s  p r e s e n t  w ith  

h y p e r g o n a d o t r o p i c  h y p o g o n a d i s m  a n d  a m ic r o p e n is 9,10.

T e s t i c u la r  l u t e in i z in g  h o r m o n e  (L H )  b i n d i n g  w a s  

d e c re a s e d  o r  a b s e n t  in  s o m e  s tu d ie s ,  w h ic h  c o u ld  b e  

e i th e r  th e  c a u se  o r  th e  c o n s e q u e n c e  o f  h y p o p la s ia  o f  

L ey d ig  cells5,6. H e re ,  w e  r e p o r t  s tu d ie s  o f  th e  L H  r e c e p to r  

g e n e  in  s ib lin g s  b o r n  to  c o n s a n g u in e o u s  p a r e n t s  w h o  

h a v e  m a le  p s e u d o h e r m a p h r o d i t i s m  d u e  to  L e y d ig  ce ll 

h y p o p la s ia .

Clinical details
O u r  s tu d y  e x a m in e d  tw o  46 ,X Y  s ib lin g s  w h o  p r e s e n te d  

w ith  fe m a le  e x te rn a l  g e n ita l ia , p r i m a r y  a m e n o r r h e a ,  a n d  

lack  o fb re a s t  d e v e lo p m e n t .  T h e i r  p a r e n ts  a re  f ir s t  c o u s in s ,

Fig. 1 Pedigree of two siblings with male 

pseudohermaphroditism and Leydig cell hypoplasia.
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a n d  th e r e  a re  14 a d d i t io n a l  s ib lin g s  (F ig . 1). B o th  cases  

h a d  a  s h o r t  b l in d  e n d in g  v a g in a , w i th o u t  u te r u s  o r  fa l lo p ia n  

tu b e s .  S e r u m  le v e ls  o f  t e s to s te r o n e  a n d  t e s to s t e r o n e  

p r e c u r s o r s  w e re  a b n o r m a l ly  lo w , a n d  d id  n o t  r e s p o n d  to  

s t im u la t io n  b y  h C G . B asa l levels o f  L H  w e re  m a r k e d ly  

in c r e a s e d ,  b u t  fo l l ic le - s t im u la t in g  h o r m o n e  (F S H ) w a s  

w i th in  th e  n o r m a l  ra n g e . T h e  g o n a d s  w e re  r e m o v e d , a n d  

u p o n  h is to lo g ic a l  e x a m in a t io n  f o u n d  to  b e  te s te s  w i th  

n o r m a l  S e r to l i  ce lls , b u t  n o  m a tu r e  L ey d ig  cells  (F ig . 2 ) .

Homozygous mutation in the LH receptor gene
T h e  L H  r e c e p to r  g e n e  o f  th e  tw o  p a t ie n ts  w i th  m a le  

p s e u d o h e r m a p h r o d i t i s m  w as  s tu d ie d  fo r  th e  p r e s e n c e  o f  

m u ta t io n s  b y  s in g le  s t r a n d  c o n f o r m a t io n a l  p o ly m o r p h is m  

(S S C P ) a n a ly s is . W e  b e g a n  b y  s tu d y in g  e x o n  11 w h ic h  

c o n ta in s  th e  t r a n s m e m b r a n e  a n d  c y to p la s m ic  d o m a in s ,  

w i th  tw o  se ts  o f  p r im e r s  (see M e th o d o lo g y ) .  A m p lif ic a t io n  

w i th  p r i m e r  se t 1 p r o d u c e d  a  f r a g m e n t  s h o w in g  a b n o r m a l  

m ig r a t io n .  T h is  f r a g m e n t  c o m p r is e s  th e  t h i r d  e x tra c e l lu la r  

lo o p  a n d  th e  s e v e n th  t r a n s m e m b r a n e  s e g m e n t ,  as  w e ll a s  

p a r t s  o f  th e  s ix th  t r a n s m e m b r a n e  s e g m e n t  a n d  th e  

in t r a c e l lu la r  ta il.

T h is  p a r t  o f  th e  L H  r e c e p to r  g e n e  w as  t h e n  s e q u e n c e d  

in  th e  tw o  a f fe c te d  s ib lin g s  a n d  in  tw o  u n a f f e c te d  c o n t r o l s  

w i th  p r im e r s  l a  a n d  l b  as s e q u e n c in g  p r im e r s .  A  G C C  to  

C C C  t r a n s v e r s io n  w a s  d e te c te d  a t  p o s i t i o n  1 7 8 7  i n  t h e  

p a t i e n t s  (F ig . 3 a ) , p r o d u c in g  a n  A la 5 9 3 P ro  s u b s t i t u t i o n  

in  th e  s ix th  t r a n s m e m b r a n e  d o m a in  (F ig . 3  b ). T h e  n o r m a l

s e q u e n c e  c o u l d  n o t  b e  d e t e c t e d ,  i n d i c a t i n g  h o m o z y g o s i ty  

o f  t h e  m u t a t e d  a l le le . T h e  p r e s e n c e  o f  tw o  c o p ie s  o f  t h e  

L H  r e c e p to r  g e n e  w a s  c o n f i r m e d  b y  d o s a g e  a n a ly s is  ( d a t a  

n o t  s h o w n ) .

The mutation inactivates signal transduction
T h e  A la 5 9 3 P ro  m u t a t i o n  w a s  c o n s t r u c t e d  i n v i t r o , a n d  th e  

r e s u l t in g  m u t a n t  L H  r e c e p t o r  c D N A  t r a n s i e n t ly  e x p re s s e d  

i n  h u m a n  e m b r y o n ic  k id n e y  2 9 3  c e lls . T h e  h ig h  a f f in i ty  

( m e a n K D =  0 .8  ±  0 .1 5  n M ;  n = 2 )  b i n d i n g  o f  [125I] - la b e l le d  

c h o r i o g o n a d o t r o p i n  ( h C G )  t o  p a r t i a l l y  p u r i f i e d  

m e m b r a n e  p r e p a r a t i o n s  w a s  n o  d i f f e r e n t  f r o m  b i n d i n g  to  

m e m b r a n e  p r e p a r a t i o n s  f r o m  c e lls  t r a n s f e c te d  w i th  th e  

w i ld  ty p e  L H  r e c e p t o r  c D N A  ( m e a n  K D =  0 .5  ±  0 .4  n M ; 

n = 2 )  (F ig . 4 ) .  T h e  d i f f e r e n c e  in  t h e  v a lu e s  o f  B ^  o f  th e  

d i f f e r e n t  m e m b r a n e  p r e p a r a t i o n s  is  p a r t l y  d u e  to  

e x p e r im e n ta l  v a r i a t i o n  in  t r a n s f e c t i o n  e f f ic ie n c y  ( f iv e 

f o ld  less f o r  t h e  m u t a n t  L H  r e c e p t o r  c o n s t r u c t ) ,  a n d p a r t i y  

t o  r e d u c e d  e x p r e s s io n  o f  t h e  m u t a n t  r e c e p to r  a t  t h e  ce ll 

m e m b r a n e .  T h e  n u m b e r  o f  m u t a n t  o r  w i ld - ty p e  r e c e p to r s  

e x p r e s s e d  p e r  t r a n s f e c t e d  c e l l  v a r i e d  b e tw e e n  1 ,0 0 0  a n d  

3 ,0 0 0 , w h ic h  is  s im i l a r  to  t h e  f ig u r e  f o u n d  in  v iv o 14. I n  

c o n t r a s t ,  w h e n  h C G - i n d u c e d  c A M P  p r o d u c t i o n  w a s  

d e t e r m in e d ,  n o  h o r m o n a l  e f fe c t  w a s  d e te c te d  f o r  th e  

m u t a t e d  L H  r e c e p to r ,  e v e n  a t  v e r y  h ig h  (1 0 0 0  n g /m l)  h C G  

c o n c e n t r a t i o n s  (F ig . 4 ) .  T h e s e  r e s u l t s  in d ic a te  t h a t  th e  

m is s  e n se  A la 5 9 3 P r o  m u t a t i o n  c o m p le te ly  a b o l is h e s  s ig n a l  

t r a n s d u c t i o n ,  p r o b a b l y  a t  t h e  le v e l  o f  c o u p l in g  to  th e

a

hriMÌÉ̂
. |S,  . . .

b

Fig. 2 a, Light photomicrographs of seminiferous tubules and interstitium of one of the patients showing hyalinization of 
the basal membrane and normal peritubular myoid cells. In the Interstitium few Leydig cells, with Immature 
characteristics, are found. The seminiferous epithelium contains Sertoli cells, and almost no germ cells, b, light 
photomicrographs of seminiferous tubules and interstitium of control testis with fully developed interstitium and 
spermatogenic epithelium. (Left, 100X; right, 400X. H/E staining).
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$

p o s t - s y n th e s i s  r e c e p to r  t r a n s p o r t  to  th e  p la s m a  m e m b ra n e  

c a n n o t  b e  e x c lu d e d .  L ig a n d  b in d in g  is  less  lik e ly  to  b e  

a f f e c te d  b e c a u s e  t h i s  f u n c t i o n  re s id e s  i n  th e  N - te r m in a l  

h a l f  o f  th e  L H  r e c e p t o r  m o le c u le 15.

Discussion
A  h o m o z y g o u s  m i s s e n s e  m u t a t i o n  i n  t h e  s i x t h  

t r a n s m e m b r a n e  d o m a i n  (A la 5 9 3 P ro )  o f  th e  L H  r e c e p to r  

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

h e r m a p h r o d i t i s m  d u e  to  L e y d ig  cell h y p o p la s ia  in  o u r  

f a m ily . W h e n  t h e  m u t a n t  L H  r e c e p to r  g e n e  w as  t r a n s ie n t ly  

e x p r e s s e d  i n  H E K 2 9  3 ce lls , w e  o b s e rv e d  h o r m o n e  b in d in g  

t o  t h e  r e c e p to r  a lb e i t  a t  lo w e r  m a x im a l  c a p a c ity . N o  

in c r e a s e  i n  c A M P  o c c u r e d  o n  s t im u la t io n  w ith  h C G , e v e n  

a t  v e r y  h ig h  h C G  c o n c e n t r a t io n s .  T h e re fo re ,  th is  m u ta t io n  

p r e c lu d e s  t h e  n o r m a l  in c r e a s e  in  c A M P  in  r e s p o n s e  to  

L H / h C G ,  w h i c h  r e n d e r s  t h e  m u t a n t  r e c e p to r  n o n 

f u n c t io n a l .

T h e  f i n d in g  o f  a n  L H  r e c e p to r  g e n e  d e fe c t  as  a  c a u se  o f  

in h e r i t e d L e y d ig c e l lh y p o p la s ia  is c o n s is te n t  w ith  p re v io u s  

s tu d ie s  o f  o t h e r  p a t i e n t s  w h ic h  h a v e  in d ic a te d  r e d u c e d  L H  

b i n d i n g  c a p a c i ty  o f  t e s t ic u la r  t is s u e 5,6 a n d  a b s e n c e  o f  a  

t e s t o s t e r o n e  r e s p o n s e  to  L H 5-13. I t  is l ik e ly  t h a t  a  w id e  

a r r a y  o f  m u t a t i o n s  o f  th e  L H  r e c e p to r  w ill b e  f o u n d  in  

o t h e r  f a m il ie s  w i th  a u to s o m a l  re c e ss iv e  fo rm s  o f  m a le  

p s e u d o h e r m a p h r o d i t i s m .  S u c h  m u t a t i o n s  c o u l d  

c o n c e iv a b ly  a f fe c t  L H  b in d in g ,  G  p r o te in  a c t iv a t io n ,  p o s t-  

t r a n s l a t i o n a l  m o d i f i c a t io n  o r  p o s t - s y n th e s is  t r a n s p o r t ,  o r  

a  c o m b i n a t i o n  o f  th e s e  p ro c e s s e s . I n  a d d i t io n ,  la rg e  L H  

r e c e p t o r  g e n e  d e le t io n s  w i t h o u t  a n y  L H  r e c e p to r  m R N A

Fig. 3 LH receptor mutation in patients with 

pseudohermaphroditism, a, DNA Sequence of case 1. A 

G to C homozygous transversion is found at nucleotide 

1787, compared to the normal control, b , Localization of 
the Ala593Pro mutation in the sixth transmembrane 

domain of the LH receptor in the two siblings with male 

pseudohermaphroditism. The localization of two missense 

mutations in families with male-limited precocious 

puberty15-16 are shown for comparison. The right hand 

panel shows the overall structure of the LH receptor with 

seven transmembrane segments, separating three 

intracellular and three extracellular loops.

a n d  p r o te in  e x p re s s io n  c a n n o t  b e  e x c lu d e d .

I t  is  lik e ly  t h a t  m i ld e r  f o r m s  o f  L H  r e c e p to r  d e fe c ts  

ex is t, in  w h ic h  s u f f ic ie n t  r e s id u a l  a c t iv i ty  is p r e s e n t  to  

a llo w  p a r t ia l  m a s c u l in iz a t io n  o f  e x te rn a l  g e n ita l ia . I n  

fac t, p a t ie n ts  h a v e  a lre a d y  b e e n  d e s c r ib e d  in  w h o m  L ey d ig  

cell h y p o p la s ia  w a s  a s s o c ia te d  w i th  h y p e r g o n a d o t r o p ic  

h y p o g o n a d is m , a n d  m ic ro p e n is ,  b u t  n o t  h y p o s p a d ia s 9,10.

T h e  A la 5 9 3 P ro  m u t a t i o n  a b o l i s h e s  L H  r e c e p to r  

f u n c t io n  in  v i tr o  (F ig . 4 ) . T h is  is v e ry  d if f e r e n t  f r o m  th e  

e ffec t o f  m is se n se  m u ta t io n s  o f  th e  L H  r e c e p to r  g e n e  th a t  

h a v e  b e e n  f o u n d  in  p a t ie n ts  w i th  a u to s o m a l  d o m in a n t  

L H  in d e p e n d e n t  m a le  p r e c o c io u s  p u b e r ty 16,17 (F ig  3 b; 

u n p u b lis h e d  o b s e rv a tio n s ) ,  a l th o u g h  th e y  a lso  a re  lo c a te d  

n e a r  th e  s ix th  t r a n s m e m b r a n e  s e g m e n t .  T h e s e  la t te r  

m u ta t io n s  —  M e t5 7 1 I le  a n d  A sp 5 7 8 G ly  —  a c t in  a 

d o m in a n t  f a s h io n  b y  c o n s t i tu t iv e ly  a c t iv a t in g  cA M P  

p r o d u c t io n 16 (R .K .) , a n d  a p p e a r  to  b e  s u b tle :  T h e y  m ig h t  

r e s u l t  in  a c o n f o r m a t io n a l  c h a n g e  t h a t  fa c ili ta te s  l ig a n d -  

in d e p e n d e n t  c o u p l in g  to  th e  G - p r o te in .  T h e  A la 5 9 3 P ro  

m u ta t io n ,  b y  c o n t r a s t ,  m ig h t  in t r o d u c e  a  m o r e  d ra s t ic  

c o n f o r m a t io n a l  c h a n g e  in  th e  r e c e p to r  c a u s e d  b y  th e  

c o n s tra in e d  a n g le  c o n f e r r e d  b y  th e  p r o l in e  re s id u e . S u c h  

m u ta t io n s  a re  m o r e  lik e ly  to  r e n d e r  th e  r e c e p to r  in a c tiv e .

M a n y  s tu d ie s  in d ic a te  t h a t  u n d i f f e r e n t ia te d  L ey d ig  

cells r e q u ir e  L H  fo r  p r o l i f e r a t io n  a n d  d i f f e r e n t ia t io n .  In  

h u m a n s ,  fe ta l L e y d ig  ce ll n u m b e r  a n d  te s to s te r o n e  

p r o d u c t io n  c o r r e la te  w i th  p la s m a  h C G  le v e ls18-20. T h is  is 

c o n s is te n t  w i th  e x p e r im e n ta l  s tu d ie s  in  r a t s  t h a t  h a v e  

s h o w n  th a t  fu l l - le n g th  L H  r e c e p to r  m R N A  is e x p re s se d  

in  te s tis  f r o m  d a y  1 6 .5  o f  g e s ta t io n  o n w a rd s ,  s u g g e s tin g  

a n  a c tiv e  ro le  f o r  L H / h C G - d e p e n d e n t  t e s to s t e r o n e  

p r o d u c t i o n  in  th e  d e t e r m i n a t i o n  o f  m a le  e x te r n a l  

g e n ita lia 21. A f te r  sp e c if ic  r e m o v a l  o f  d i f f e r e n t ia te d  L ey d ig  

cells f r o m  a d u l t  r a t  te s te s , im m a tu r e  L e y d ig  ce lls  r e a p p e a r  

m o r e  q u ic k ly  i f  L H  is p r e s e n t22. F u r th e r m o r e ,  L H  c a n  

in d u c e  m o r p h o lo g ic a l  d i f f e r e n t ia t io n  o f  im m a tu r e  to  

m a t u r e  L e y d ig  c e l ls  in  n e o n a t a l  r a t s 23, a n d  t h i s  

d if fe re n tia t io n  is  p a ra lle l le d  b y  a n  in c re a s e  in  th e  a c tiv ity  

o f  th e  e n z y m e s  t h a t  a re  r e s p o n s ib l e  f o r  t e s t i c u l a r  

s te ro id o g e n e s is 24.

T h e  in i t ia t io n  o f  a n d r o g e n  s y n th e s is  b y  L ey d ig  cells 

ea rly  in  fe ta l life  m a y  b e  in d e p e n d e n t  o f  L H  o r  h C G  as 

in d ic a te d  b y  d a ta  f r o m  ra ts  a n d  r a b b i ts 3,25. O u r  f in d in g s  

m a y  s u p p o r t  th is  n o t io n ,  b e c a u s e  te s te s  w i th  a s s o c ia te d  

e p id id y m is  a n d  v as d e fe re n s  w e re  f o u n d  in  b o t h  p a t ie n ts .  

T h e se  w o lff ia n  d u c t - d e r iv e d  s t r u c tu r e s  c a n  o n ly  h a v e  

b e e n  f o r m e d  in  th e  p r e s e n c e  o f  L ey d ig  cell a n d r o g e n s  a t 

so m e  p o in t  in  fe ta l d e v e lo p m e n t .  O u r  f in d in g s  f a r th e r  

d e m o n s tr a te  th a t  a t  a  la te r  fe ta l s ta g e  th e  a b s e n c e  o f  a 

f u n c t io n a l  L H  r e c e p to r  i n t e r f e r e s  w i th  L e y d ig  c e ll 

p ro l i f e r a t io n  a n d  m a tu r a t io n .  In  p a t ie n ts  w i th  L e y d ig

N a t u r e  G e n e t i c s  v o l u m e  9  f e b r u a r y  1 9 9 5
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Fig. 4 In vitro studies of mutant and 
wild-type LH receptor gene 
constructs, a, Scatchard plot of the 
mutant receptor (filled circles; 
enlarged in inset) shows reduced 
maximal hormone binding but normal 
affinity, compared to the wild-type 
receptor (open circles). Jb, Right-hand 
panel: hCG-dependent cAMP 
production in wild-type receptor (open 
circles) and mutant receptor (closed 
circles) expressing HEK293 cells. The 
Ala593Pro mutation (LCH) completely 
abolishes hCG dependent cAMP 
production.
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ce ll h y p o p la s ia , th e  te s te s  c o n ta in  n o r m a l  S e r to li  ce lls , 

w i th  n o  m a tu r e  L e y d ig  cells. S o m e tim e s , s m a l l  c lu s te r s  o f  

i m m a t u r e  L e y d ig  ce lls  a r e  p r e s e n t7. T h e  h i s to lo g ic a l  

f in d in g s  in  L ey d ig  ce ll h y p o p la s ia  c a n  n o w  b e  in t e r p r e t e d  

as re f le c t in g  la c k  o f  s t im u la t io n  th r o u g h  t h e  L H  r e c e p to r .

N o  a b n o r m a l  fe m a le  sex  c h a ra c te r is t ic s  h a v e  b e e n  n o t e d  

i n  s i s t e r s  o f  p a t i e n t s  w i t h  t h i s  f o r m  o f  m a l e  

p s e u d o h e r m a p h r o d i t i s m 12, w h ic h  is  c o n s i s t e n t  w i th  

e x p e r im e n ta l  re s u lts  t h a t  in d ic a te  a b s e n c e  o f  a  f u n c t io n a l  

o v a r ia n  L H  r e c e p to r  u n t i l  a f te r  b i r t h 21. H o w e v e r , L H  

r e c e p to r  fu n c t io n  is r e q u ir e d  fo r  a  n o r m a l  fe m a le  m e n s t r u a l  

cycle . H e n c e , th e  p re s e n c e  o f  p r im a r y  a m e n o r r h e a  in  a  

4 6 ,X X  s is te r  o f  th e  p a t ie n ts  d e s c r ib e d  a b o v e  s h o u l d b e o f  

p a r t ic u la r  in te re s t .  (A s th is  p a t i e n t  liv es a p p r o x im a te ly  

4 ,0 0 0  k i lo m e tr e s  f r o m  o u r  c e n tr e  in  r u r a l  B ra z il, w e  h a v e  

n o t  y e t  b e e n  ab le  to  c o n ta c t  th e  p a t i e n t  a n d  o b ta in  a  b lo o d  

s a m p le .)  F u r th e r  s tu d ie s  s h o u ld  re v e a l i f  sh e  is in d e e d  

h o m o z y g o u s  fo r  th e  s a m e  L H  re c e p to r  m is  se n se  m u ta t io n .  

P r im a r y  a m e n o r r h e a  w ith  o v a r ia n  re s is ta n c e  to  lu te in iz in g  

h o r m o n e  m ig h t  c o n c e iv a b ly  b e  th e  fe m a le  c o u n te r p a r t  to  

th e  p a t t e r n  o f  m a le  p s e u d o h e r m a p h r o d i t i s m  s tu d ie d  h e re .  

A m e n o r r h e a  h a s  b e e n  n o te d  in  a n o th e r  s i s te r  o f  a  p a t i e n t  

w i t h  p s e u d o h e r m a p h r o d i t i s m  d u e  t o  L e y d ig  c e l l  

h y p o p la s ia 13.

I n  c o n c lu s io n ,  th e  f in d in g  o f  a n  L H  r e c e p to r  d e fe c t  i n  

m a le  p s e u d o h e r m a p h r o d i t i s m  w i th  te s t ic u la r  L e y d ig  ce ll 

h y p o p la s ia  p ro v id e s  a  b io lo g ic a l  b a s is  f o r  th is  d i s o r d e r .  

O u r  d a ta  s u p p o r t  a c ru c ia l  ro le  f o r  th e  L H  r e c e p to r  in  

L e y d ig  ce ll d i f f e r e n t ia t io n ,  a n d  h e n c e  in  th e  r e g u la t io n  o f  

e m b r y o n a l  p r o d u c t io n  o f  te s to s te r o n e  b y  th e  m a le  g o n a d .

Methodology
P a t i e n t s .  T h e  p a t i e n t s  a r e  tw o  s ib l in g s  b o r n  to  c o n s a n g u i n e o u s  f i r s t  

c o u s i n  p a r e n t s ,  T h e  p a t i e n t s  o r ig in a t e  f r o m  a  s m a l l  v i l la g e  i n  r u r a l  

n o r t h / n o r t h e a s t  B r a z i l  ( F ia u i  S t a t e ) . T h e y  w e r e  r e f e r r e d  a t  a g e s  3 7  

a n d  4 2 ,  b e c a u s e  o f  p r i m a r y  a m e n o r r h e a  a n d  l a c k  o f  b r e a s t  

d e v e lo p m e n t .  B o th  c a s e s  h a d  a  e u n u c h o i d  h a b i t u s ,  a b s e n c e  o f  b r e a s t  

t i s s u e ,  a n d  s p a r s e  a x i l la r y  h a i r .  T h e  e x te r n a l  g e n i t a l i a  w e r e  f e m a le  

w i th  d i s t i n c t  u r e t h r a l  a n d  v a g in a l  o r if ic e s ,  a n d  t r i a n g l e - s h a p e d  p u b i c  

h a i r .  P e lv ic  u l t r a s o u n d  e x a m i n a t i o n  s h o w e d  n o  i n t e r n a l  g e n i ta l ia ,  

e x c e p t  f o r  th e  te s te s  w h ic h  w e r e  l o c a t e d  i n  t h e  i n g u i n a l  r e g i o n .  A  

g e n i to g r a m  d e m o n s t r a t e d  o n ly  t h e  v e r t ic a l  c o m p o n e n t  o f  t h e  u r e t h r a  

a n d  a  s h o r t  b l i n d  e n d i n g  v a g in a l  p o u c h .  T h e  k a r y o ty p e  w a s  4 6 ,X Y . 

B a s e l in e  t e s t o s t e r o n e  le v e ls  w e r e  lo w  ( 0 .6 9  a n d  0 .5 3  n m o l  I”1 

r e s p e c t iv e ly ;  n o r m a l  8 .3 - 3 5 .8  n m o l  l"1). T e s t o s t e r o n e  p r e c u r s o r s  

s u c h  a s  D H E A ,  1 7 a - h y d r o x y p r o g e s t e r o n e ,  p r o g e s t e r o n e ,  

a n d r o s t e n e d i o n e ,  a n d  e s t r a d io l  w e r e  lo w  c o m p a r e d  to  n o r m a l  m a le s .  

L H  le v e ls  w e r e  e le v a te d  to  2 3 .3  a n d  1 9 .0  I U  I ' 1; n o r m a l  1 - 8 .4  I U  l " 1). 

F S H  a n d  i n h i b i n  le v e ls  w e r e  n o r m a l .  A  s t i m u l a t i o n  t e s t  w i t h  h C G  

( 6 0 0 0  I U  i .m .)  e l i c i t e d  n o  in c r e a s e  i n  t e s t o s t e r o n e  le v e ls . T h e  L H R H

t e s t  (1 0 0  | i g  IV )  e l i c i t e d  a  L H  h y p e r r e s p o n s e ,  a n d  n o r m a l  F S H  

in c r e a s e .  A n  a c u t e  a d r e n a l  c o r t e x s t i m u l a t i o n  t e s t  u s i n g  1 - 2 4  s y n t h e t i c  

A C T H  ( C o r t r o s y n ,  O r g a n o n ,  O s s ,  t h e  N e t h e r l a n d s )  d i d  n o t  r e v e a l  

d e f e c t s  i n  e n z y m a t i c  s t e p s  l e a d i n g  t o  a d r e n a l  a n d r o g e n  s y n th e s i s .  

T h e  p a t i e n t s  u n d e r w e n t  b i l a t e r a l  g o n a d e c t o m y .  T e s t e s  w e r e  r e m o v e d  

w i t h  n o r m a l  v a s a  d e f e r e n s  a n d  e p i d i d y m i d e s .  H i s t o p a t h o l o g i c a l  

e x a m i n a t i o n  r e v e a l e d  s e m i n i f e r o u s  t u b u l e s  w i t h  t h i c k e n e d  

m e m b r a n e s ,  f e w  g e r m  c e l ls  a n d  a  n o r m a l  n u m b e r  o f  S e r t o l i  c e l ls .  T h e  

i n t e r s t i t i a l  s p a c e  c o n t a i n e d  v a s c u l a r  c o n j u n c t i v e  s t r o m a  a n d  

f i b r o b l a s t s  w i t h  a b s e n c e  o f  L e y d ig  c e l ls .

M u t a t i o n  a n a l y s i s .  G e n o m i c  D N A  w a s  i s o l a t e d  f r o m  p e r i p h e r a l  

b l o o d  a s  d e s c r i b e d 26. B e c a u s e  o t h e r  f a m i l y  m e m b e r s  l i v e  

a p p r o x i m a t e l y 4 ,0 0 0  k i l o m e t r e s  f r o m  S a o  P a u l o ,  o n l y  t h e  i n d e x  c a s e s  

w e r e  s t u d i e d .

D N A  f r a g m e n t s  w e r e  a m p l i f i e d  w i t h  P C R  a n d  a n a l y s e d  b y  S S C P  

a n a l y s i s 17 w i t h  t h e  f o l l o w i n g a d a p t a t i o n s  f o r  p r i m e r  s e t  I  ( s e e  b e lo w ) ;

1 m M  M g C l2 i n  t h e  P C R  a n d  a n  a n n e a l i n g  t e m p e r a t u r e  o f  5 8  *C . T w o  

d i f f e r e n t  s e t s  o f  p r i m e r s  w e r e  u s e d  i n  t h e  P C R :  ( l a )  5 ' -  

C G A T T T C A C C T G C A T G G C - 3 '  ( n t  1 7 3 1 —1 7 4 8 ) ,  ( l b )  5 ’~* 

C C C G A C G T T T A C A G C A G C C - 3 ' ( n t  1 9 2 4 - 1 9 4 2 ) ;  ( 2 a )  5 ’-  

T A T C C C A T C A A T T C T T G T G C C - 3 ' ( n t  1 8 3 4 - 1 8 5 4 ) ,  ( 2 b )  5 ' -  

G G A T T G A G A A G G C T T A T T T G A T C C - 3 1 ( n t  2 0 0 5 - 2 0 2 8 ) .  

N u c l e o t i d e  n u m b e r s  a r e  a c c o r d i n g  to  M i n e g i s h i  e t  a l 27

F o r  s e q u e n c i n g ,  t h e  D N A  f r a g m e n t s  w e r e  s e p a r a t e d  o n  a  1 .5 %  

L M P  a g a r o s e  g e l  B R L  L ife  T e c h n o l o g i e s  a n d  p u r i f i e d  w i t h  t h e  g e la s e  

s y s te m  ( E p i c e n t r e  T e c h n o l o g i e s )  a c c o r d i n g  t o  t h e  Kf a s t  p r o t o c o l ” 

g i v e n  b y  t h e  m a n u f a c t u r e r .  A b o u t  5 0  f m o l  o f  t h e  p u r i f i e d  D N A  

f r a g m e n t s  a n d  t h e  l a  a n d  l b  p r i m e r s  w e r e  u s e d  f o r  s e q u e n c i n g  w i t h  

t h e  c y c le  s e q u e n c i n g  k i t  o f  B R L  (B R L  L ife  t e c h n o l o g i e s ) .

I n  v i t r o  e x p r e s s i o n .  T h e  w i l d  t y p e  h u m a n  L H  r e c e p t o r  e x p r e s s i o n  

p l a s m i d  ( p S G 5 - h L H R )  w a s  c o n s t r u c t e d  b y  c l o n i n g  t h e  h u m a n  L H  

r e c e p t o r  c D N A  ( n u c l e o t i d e s  - 3  t o  2 3 7 4  r e l a t i v e  t o  t h e  t r a n s l a t i o n  

s t a r t  s i t e )  i n t o  t h e  E c o R l  s i t e  o f  p S G 5 ,  a n  e x p r e s s i o n  v e c t o r  t h a t  

c o n t a i n s  t h e  S V 4 0  l a r g e  T  e a r l y  p r o m o t e r ,  i n t r o n  I I  o f  t h e  r a b b i t  (3- 

g l o b i n  g e n e ,  a n d  a n  S V 4 0  p o l y a d e n y l a t i o n  s i g n a l24. T h e  p r o t e i n  

e n c o d e d  b y  t h i s  c D N A  d i f f e r s  f r o m  t h e  p u b l i s h e d  h u m a n  L H  

r e c e p t o r 27 b y  t h e  i n s e r t i o n  o f  t w o  a m i n o  a c id s  ( L e u  a n d  G i n )  a t  

p o s i t i o n s  2 0  a n d  2 1  ( E .M .,  u n p u b l i s h e d  o b s e r v a t i o n s ) .  T h e  A la 5 9 3 P r o  

m u t a t i o n  w a s  c o n s t r u c t e d  i n  p S G 5 - h L H R  b y  s i t e - d i r e c t e d  

m u t a g e n e s i s  u s i n g  P C R 29, y i e l d i n g  p S G 5 - h L H R 4 .  M u t a g e n e s i s  w a s  

c o n f i r m e d  b y  s e q u e n c e  a n a ly s i s ,  a n d  r e v e a le d  a n  a d d i t i o n a l  n u c l e o t i d e  

c h a n g e  ( C  t o  A )  a t  p o s i t i o n  1 9 8 3  i n  t h e  p S G 5 - h L H R 4  v e c t o r ,  T h i s  

c h a n g e  d o e s  n o t  a l t e r  t h e  a m i n o  a c i d  e n c o d e d  b y  t h i s  c o d o n .  H u m a n  

e m b r y o n i c  k i d n e y  2 9 3  ( H E K 2 9 3 )  c e l l s  w e r e  t r a n s i e n d y  t r a n s f e c t e d  

a s  d e s c r i b e d  b e f o r e 30. 4 8  h  a f t e r  t r a n s f e c t i o n ,  [125I ] - h C G  ( D u p o n t )  

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

t o K e t e l s l e g e r s & C a t t 31. F o r  t h e  e s t i m a t i o n  o f h C G - d e p e n d e n t c A M P  

p r o d u c t i o n ,  H E K 2 9 3  c e l l s  w e r e  c o - t r a n s f e c t e d  i n  12  w e l l  t i s s u e  

c u l t u r e  p l a t e s  ( C o s t a r ,  C a m b r i d g e ,  M A ,  U S A )  w i t h  a  l u c i f e r a s e  

e x p r e s s i o n  p l a s m i d  p R S V l u c 32 a n d  p S G 5 ,  p S G 5 - h L H R  o r  p S G 5 -  

h L H R 4 .  4 8  h  a f t e r  t r a n s f e c t i o n  c e l l s  w e r e  i n c u b a t e d  f o r  2  h  w i t h  

c u l t u r e  m e d i u m  c o n t a i n i n g  0 , 1 %  B S A  a n d  0 .2  m M  i s o b u t y l -  

m e t h y l x a n t h i n e  ( S ig m a )  a n d  d i f f e r e n t  c o n c e n t r a t i o n s o f h C G  ( u r i n a r y

G e n e t i c s  v o l u m e  9  f e b r u a r y  1 9 9 5 1 6 3



h CG; Organon Internat ional, Oss> The Netherlands). Medium was 

collected and cAM P p roduction determined as described before33,34. 
Th e rem ain ing  cells were lysed, and luciferase act ivity was 

determ ined35. The f inal cAMPp roduct ion  in the transfected cells was 

determ ined by subtract ion by the basal cAM P production in  pSG5-  
transfected cells, and subsequent correction for transfection efficiency 
using the luciferase activit ies of the same wells.
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