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MUTATIONAL SPECTRUhl O F  TIXE STEROlD 21-HYDROXYLASE GENE. 
A Wedell. E. M. Ri tz i r~  and t I .  Luthman. 
Department of Clinical Genertcs and Department of Pediatrics, Karolinska 
Hospital, Stockholm. Sweden 

Lesions in the gene encoding steroid 21-hydroxylase (CYP21) result in 
defective adrenal steroid synthesis; the severe forms are known as congenital 
adrenal hype~plasi:~. T o  facilitate.complete character~zation of  mutations in this 
region of tat~demly repeated genes, we have deceloped selective PCR 
amplification and direct sequencing of fitll-length steroid 21-hydroxylase genes. 
This techntque identifies knowt~ mut;~tions, char:tcterizes o r  excludes unknown 
mut:ttio~is, and gives an estttn:lte of gene copy number. Genetlc defects in the 21- 
hydroxylnse genes in ;I p:ltien~ material representing 182 unrelated chromosomes 
have been studicd. For 138 of these. IlLA class I1 typing was perlormed, and for 
8 6  chromosotnes the gross struckire of the C4 121-hydroxylase locus was 
determined. Thus, the location of the differelit mutations on different haplotypes 
are described. Functional consequences of individual alleles and combinat~ons of 
alleles could be detenn~ned in v ~ i w  by studying ~ ~ ~ d i v i d u a l s  wtrh known gene 
copy number, inch~ding helnizygous individuals. Genotypes showed good 
correlation to the c l tn~cal  course of the dise:lse. Six ;tdditional defective alleles 
were found, and severnl polymorphisms werc shown to be neutral. The  six 
rnutatlons li>it~ld :ire not present In the pseudogents l~ i theno reponed. Sequencing 
of pseudogenes (CYP2IP) showed that this gene dtsplnys an equal degree of 
polytnorpl~ism lo thnt of CYP21, and that  woof the six above-mentioned 
mutations were present at low frequency. This implies thal also the rare 
mutations can spread via CYP21P and can be expected to arise independently in 
unrelated ~ndividuals.  
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NORMAI. I'UBEKTY IN X-LINKED CYTOMEGALIC CONGENITAL ADRENAL 
HYPOPLASlA (CCAH). Z M .  Strum. W. Rabl. R. Schwenner, R. Senekowitscht, K.E. 
Davies'. Inderklinik and 'Nukleartilcdirinirche Klinik, Tcchnische Universitat. 
Munchen. Germany, and ?John Radcliffe Hospital. Oxford, UK. 

X-linked cytomegalic congenital adrenal hypoplaata (CCAH) is regularly associated 
with hypogonadotropic hyp~gonadisrn.~~' To our knowledge, we are reponing for the 
first ttme a boy wtlh well documented X-linked CCAH and normal pubertal 
development. The patient's brother had died at 5 611, years of age from undiagnosed 
adrenal insulficiency of recent onset due to histologically confirnied CCAH. Our patient 
developed prtmary adrenal insufficiency at 6 611, years of age, and has been doing well 
ever since on physiological replacenlent doses of hydroconisone and fludrocortisone. At 
the time of diagnosis, there were negati\,e or normal results for adrenal and other 
endocrine autumtibod~es, very-long-cl~sln fatty acids, serum and urinary glycerol, serum 
Uiglycerides, CK. and urinary organic acids. At 15 6l1, years of age, audiomel~y was also 
documented to be n0rma1.~ Spontaneous onsel of pubeny was evidenced by teslicular 
enlargement and appearance of pllbtc hair in his I IIh and 14Ih years of ltfe, respectively. 
and by a corresponding growth spun. At 15 El,, years of age, he had an adult sized 
phallus. lesticular volume of 20 ml, and p'lhic hair stage IV (Tanner). Serum FSH 
(4.817.2 Uil) and LH (4.9120 Uil) before and 30' aftcr LHRH (60 pg/m2 i.v.), a LH night 
profile ( 3  peaks up to 7.6 Uil), and serum tsstostcrone (493 ngldl) were within Ute 
nornial range for adult males. Although molecular genetic studies have so far failed to 
identily a delction on the short arm of Ute X chrotliosome in our patient, this unique 
case of normal puberty tn CCAH suppons thc suggestion2~' that a separate gene locus 
for hypgonadolroptc hypogonadism is located distal to Ute glycerol kinase and CCAH 
genes. 
I) Prader A et al.: J Pcdialr: 1975;86:421-422. 2) Matsumoto T et 31.: Am J Med Genet: 
1958;31:603-616. 3) Zachmann M el al : Eur J I'ediatr: 1992;151:167-169. 
4) Gonnewardena P e t  al.: Clin Genet: 1989;35:5-12. 
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IDENTIFICATION O F  A NEW MUTATION IN STEROID 
I ID-HYDROXYLASE D1:I'ICIENCY. 
Y. Naiki. Y. ~ i l s u u c h i t .  'I'. ~au , : t r r to to~.  K. Miynham?, K. Toda?, 
T. Orii, K. M ~ u r a ,  and Y. ~ h i z u t a t ,  
Departments of  Pediatrics iltld Internal Medlcine, Gifu University School of 
Medicine, Gtfu. Gifu 500, Japan; ?Department of  Medical Chemistry, Kochi 
Medical School, Nankoku. Kochi 783, Japan 

Sreroid I lp-hydroxyl:~se (1'4.5011~1) deftciency, an  nutosomal recessive 
hereditary disease, accourits lor about 8 6  of congenital adrenal hyperplasia. 
Recently, C Y P I I B I ,  the gene for steroid IIP-hydroxylare (P4501tp) has been 
isolated and its nucleotide sequence determined. In the present study, we have 
carried out a molecular genettc study on a Japanese patient who is an offspring 
of a consanguineous marriage. We amplified 9 exons of C Y P l l B I  from the 
genomic DNA of the patient by polymerase chain reaction (PCR). Nucleotide 
sequence analysis, of  the PCR products revealed occurrence of a point mutation 
in  exon 2 which leads to the formation o f  a preniature stop codon. 
Funhemiore, we perfornled genomic Southern blotting analysis aqd restriction 
fragment length polymorph~sm analysis of the PCR products amplified from 
exon 2 in C Y P I I B I  of hir family members. The results indicated that the 
patient is homozygous and his unaffected parents are heterozygous as for the 
mutation. White and his coworkers ,we the first to find out a missense point 
mutation near the heme-binding locus of CYPl I B l  (White et al. J.Clin.lrtves1. 
1991.87:1664-16671, but our present findings provide the first molecular basis 
of this disorder caused by nonsense mutation in CYPIIBI .  
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A NEW POINT MUTATION O F  SRY GENE IN T W O  SISTERS WITH 46 XY 
GONADAL DYSGENESIS 
TTajimn. N.Shinohara, J.Nakae and K.Fujieda 
Department of Pediatrics. Hohkaido University School of Medicine, Sapporo 
Japan 
T h e  sex determining region of Y(SRY) is required for  the  male  sex 
determination. Recently several mutations of S R Y  gene have been identified in 
46XY gonadal dysgenesis(GD). All mutations reported s o  far are located within 
the putative DNA binding motif known as l IMG box domain We investigated 
SRY gene of four sporadic cases and two sisters in one family with 46XY G D  by 
polymerase chain reaction and single strand conformation polymorphism and 
subsequent DNA direct sequencing Four sporadic cases did not show any 
mutations in SRY gene, while 1u.o sisters in one  family shared the same one base 
mutation T to A, which exists out of the putative DNA binding motif region of 
SRY gene. By this mutation, a codon TTG(Leucine) changes a stop codon TAG.  
Generation of this stop codon would be  expected t o  m a k e  a truncated 
nonfunctional SRY gene products, and affect DNA binding activity ,resulting in 
46 ,XY GD. 
From these results 11 is concluded that in addition to the mutations in HMG box 
domain of SRY gene new mutation reported here cause 46 XY GD. Funhermore. 
this new mutation in this family will shed light on disclosing the mechanism of 
genetic transmission in the familiar cases of 46  XY GO. 

CLINICAL. BIOCHEMICAL AND GENETIC STUDIES IN ANDROGEN 
INSENSITIVITY SYNDROME: A TWO YEAR STUDY. M.N.Patterson. H.R.Davies, 
l.A.Batch, D.M.Williams. B.D.Brown. 1.A.Hughes. Paediatrics Department. 
Cambridge University. Addenbrooke's Hospital, Cambridge, UK. 

The androzen insensilivtlv s ~ d r o m e  (AIS) is subdivided clinicallv into comolete 
ICAIS) and Djnial (PAIS) f;rm;. In !he "at iwo vears. we have recehed 36 sanioles 

bindlng in 6 cases, thermolability and reduced binding affinity In 2 cases, and 
reduced bindins levels in 1 case. Six of Ule CAlS cases were screened for androsen 
receptor gene~mutat ion  by stngle strand conforntation polymorphism a n d  4 
n~ulations found, all affecting the ligand binding domain. Carrier detection was 
possible based on the specific mutation or the polymorphic exon I repeat in the 
androgen receplor gcnc. In one case however. evidence for mosaicism at the 
polymorphic repeat was found in a female at risk of betng a carrier. Diagnosis of 
PAlS depended on a normal agc-appropriate response to hCG and where available. 
histologically normal lesres. None of the PAlS cases had a positive family history. 
Androgen bindtn was studied in 10 cases: in 6 the results were normal (Kd: 
1 . 0 8 - t 0 . 2 5 x l 0 - ' ~ M :  Bmax: 1 3 4 3 f 4 1 9 ~ I O - ~ ~  moleslpg DNA; thermolability: 
16.2f7 5% reduction in binding a1 40-C), in 2 cases Kd and themolabilily were 
increased, and in 2 lunher cases thennolab~l~ly alone was increased. Reduced levels 
of binding (Bmax. 3 6 6 ~ 1 0 - ' ~  moleslpg DNA) were found in a patient with simple 
hypospad~as alone. One PAlS sample with elevated Kd ( 5 . 4 ~ 1 0 - ~ ~ M ) ,  and 
themolabilily (49%) was screened for nlulalion and a point mutation in exon E of 
Ute androgen receptor gene was identified. The range of phenotypes in PAIS, and Ihe 
normal androgen bind~ng in most samples, makes it ltkely Ihat many cases 01 PAlS 
diagnosed by current criteria are not caused by androgen receptor defects. Genetic 
counselling can therefore only be offered in PAlS when a mutation has been 
identified as the cause of Ihe condition. 
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S Crowley, P C  Hindmarsh ,  JW Honour ,  C G D  Brook.  Cobbold  Laboratories, 
Middlesex Hosnital.  Mort imer  Street.  London W I N  8 A k  

Conventional assessment of adrenal  function is achieved bv measurement  of 
0800h serum corttsol, 24h unnary  cortisol excretton a n d  s tanbard  dose  (250pg) 
ACTH(1-24)  o r  insulin to lerance  tes tme.  A d r e n a l  f u n c t ~ o n  w a s  assessed a s  
par t  of'a grdwth study in 5 6  pre-pubertal-(age range  4-12 years) children with 
as thma w h o  w e r e  grouped according t o  t rea tment .  T h e  groups were: l = n o n -  
steroid, n=13;  2=budesonide, n=20;  3=beclomethasone,  n=20;  prednisolone, 
n = 3 .  T h e  m e a n  S D )  d o s e  o f j n h a l e d  s tero id  in  g r o u p s  2 a n d  3 w a s  similar: 
762(525)  a n d  560(281)pg/m /day respect ive ly ,  p=0.15.  3 1  s h o r t  normal ly  
growing c h i l d r e n  ( G p 5 )  w e r e  u s e d  f o r  c o m p a r i s o n .  E s t i m a t e s  of  cor t t so l  
secre t ion  were :  24h s e r u m  cortisol profile with sampl ing every  2 0  min t o  give 
mean,  p e a k  a n d  0800h values a n d  in circadian rhythm by analysis of timing of 
e a r l y  m o r n i n g  c o r t i s o l  r i se .  A 2 4 h  u r i n e  w a s  c o l l e c t e d  f$r t o t a l  c o r t ~ s o l  
m e t a b o l i t e s .  h e  cor t i so l  r e s p o n s e  t o  a l o w  (500ngl1 .73m ) a n d  s t a n d a r d  I (250pd1.73m ) dose  of ACTH(1-24) was  assessed by comparison of t h e  rise 
in  a n d  concentra t ion  of  cortisol a t  2 0  min (low d o s e )  a n d  6 0  m i n  (s tandard  
dose).  Results: T h e r e  was  n o  rou difference in 0800h cortisol but  m e a n  24h 
cortisol w a s  lower  in Gp2,3,4 tp=$0005 M e a n  2 4 h  cortisol corre la ted  bes t  
wi th  cortisol rise a n d  concentra t ion  a t  d m i n  a f t e r  low d o s e  ACI'H (r=0.45, 
p=0.002; r=0.55, p<0.0001), t i m e  of  ear ly  m o r n i n g  rise (I=-0.64, p<0.0001) 
a n d  0 8 0 0 h  c o r t i s o l  ( r = 0 . 3 6 ,  p = 0 . 0 0 2 )  b u t  w e a k l y  w i t h  u r i n a r y  c o r t i s o l  
excretion ( ~ 0 . 2 9  0.08) and cortisol rise a n d  concentration a t  6 0  min af ter  

H (r=0.28, p=0.3). W e  conclude  t h a t  low d o s e  A C T H  s t a n d a r d  d o s e  A&= 
t e s t l n g  g a v e  t h e  m o s t  a c c u r a t e  g u i d e  t o  physio logica l  cor t i so l  s e c r e t i o n  a s  
assessed by a 24h profile. 
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