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Steroid hormone action is a complex process that is only recent!~· beginning 
to be understood. Steroid hormones interact with specific protein recep tor s and 
cause an alteration in the gene tic material of the nucleus . As a result of 
these processes, gene activity is modulated and a r esponse occu r s (I). The 
in teraction s depicted here are very specific and are dependen: on :he presence 
of the hormone, binding by its specific receptor, and the p r e~ence of the 
gene t ic machinery to mediate the response. 
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I t i ~ obviou~ that abnormalitie s at any step in thi ' proce" ·.vi ii interfere 
with the action of a particular hormone. Defects in the rec cp :or or post ­
recep tor machiner y will lead, for the most part to abnormalitie~ in the act ion , 
of one specific hormone ( 2). Abnormali tie~ of steroid hormone produc :ion. 
however , ca n re ~ ult in far more profound effects. A blockade in :he pathwa ys o f 
norma l steroid hormone <;yn thesis l ead~ to :he accumula t ion o f c ompound ' that ca n 
acti vate other member s of the steroid ho rmone receptor family. Congen ital 
ad r ena l hyperplasia is a g roup of genetic disorders that is characterized by a 
hyperplast ic growth of the adrena l glands and disorder ed qeroid hormone 
metabolism. The pathogenesis o f these disorders ha s been worked ou t in :he 
r ecent past and will be the subject of today' s review. The'e di 'order s touch on 
man y aspects o f ste roid hormone bioche mi ~try and action, human gene t ic, , and 
molecular biology. 
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Figure 2 
(From Ref. 65) 

The biosynthesis of s teroid hormones is a fascinating process. In this 
process, the neutral lipid cholesterol, a normal constituent of lipid bilayers, 
is transformed via a ser ies of hydrox yla t ion s , oxidation, , and reductions in~o a 
vast array of biologica lly active s te roid hormones (3). The majority of the 
stero idogenic transformations occur in the adrenal, testes. and ova ry, a l though 
other tissues, particu larly the liver and kidne y , are also quite active. 

The chemical nature of each steroid molecule determines the type of 
hormonal activity that it will possess . The nature of this reactivity is 
determined by the ability of eac h to interact with the specific receptors . 
Thus, each of the five major classes of s teroid hormone is characterized by the 
invariant placement of c ertain functional groups on the ste roid hormone 
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backbone. Glucocorticoids: hydroxyl groups on 116 and 21, ketones at positions 
3 and 20, and a double bond between carbons 4 and 5. Androgens: hydroxyl or 
ketone at C 17 and a ketone at position /13. Estrogens: oxygen at carbon 17, a 
phenolic A ring. Although _not yet visualized by crystallography, it is likely 
that these characteristics give the molecule an intrinsic ability to interact 
with one or more of the receptors • 
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Deficient Enzyme Frequency 

· 21-hydroxylase deficiency >90% 
·li S- hyd ro xylase 5-1 0% 
.17 -hydroxy lase deficiency ]-
. 38- hyd roxy qeroid dehydrogenase r -, r ·· 
.desmolase deficiency 

Figure 4 

Congenital adrenal hyperplasia has been shown to be the result of defects 
in one of several discrete steps in the steroid hormone biosynthetic pathway. A 
listing of the se defects i s shown in Fig. 4. 21-Hydroxylase deficiency is by 
far the most commo n cause of congenital adrenal hyperplasia, accounting for over 
90% of cases. A defect in 11 6-hydroxy lase is much less common , accounting for 
perhaps 5-10% of cases. 17 -Hydroxylase deficiency, 3(3-hydroxys teroid 
dehydrogenase, and desmolase deficiency are less common. I will focus, for the 
most part on the various forms of 21-hydroxylase and II 6-h yd rox ylase 
deficienc y . 

21-Hydrox y la se Deficienc y 

Defictency of 21-hydroxylase results in an inabi lit y to synthesize 
cortiso l , which r equires a hydroxy l group at position 21 to be active as a 
glucocorticoid. This inability to synthesize cortisol le·ads to a loss of 
feedback inh ib ition on the pituitary and hypothalamus and a ma ss ive increase in 
ACTH. This in turn results in an outpouring of adrenal steroids. Among the 
princ ipal products that accumulate as a resul t of this metabolic block are 



17 -hydroxy pregnenolone and 
21-hydroxylase prevents the 
conversion of these steroids 
occurs ceadil ~·. 

Clinical Spectrum 

-~-

!?-hydroxy progesterone. Note that while a block in 
normal synthesis of aldosterone and cortisol, the 
to the androgens, androstenedione and testosterone, 

While the biochemical result of a block in 21-hydroxylation is predic table, 
the extreme variability in clinical presentation that results is remarkable. 
Four over lapping clinical pictures have been desc ribed and designated simple 
virilizing CAH, salt-wasting CAH, late-onset and "cryptic" CAH (5, 6, 7). 
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Virilization of Females With 

21 - Hydrox y lase Deficiency 

In the virilizing form of CAH, virilization of affected female s and 
premature virilization of affected males is the predominant lea ture. The 
simpli fied sc heme of sexual differentiation ~hown in Figure 5 demonst r ate~ the 
genesis of the abnorma lities that are encounte red. In norma l mal e ~ex ual 

differentiation, TDF (&) testosterone and dih ydro tes tosterone act to stimulate 
the wolffian duct s to form the epididy mis , vas defe rens and 'eminal vesicle 
(9). Testosterone and dihydrote s tosterone also act in the lower urogenital 
stnus to ef fect the growth and differentiation of the pro~ tate and the 
viri lization of the exter nal genitalia. Note that a second product of the feta l 
testes, muller ian-inhibiting subqance ( 10), is respons ible for the involution 
of the muller ian-derived qruc tures that is, the uterus and fallopian tubes . 
Normal female development ca n be conceived as the ~a me process in which the 
three major mediators of male sexua l development (mullerian-inhibiting 

I 
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substance, testosterone, dihydrotestosterone) have been removed. Thus, in the 
absence of mullerian-inhibiting substance, the mullerian rudiments develop in to 
the uterus and fallopian tubes. Likewise , in the absence of testosterone and 
dihydrotes tos terone, the wolf fian structures and external genitalia do not 
virilize. In female fetuses with 21-hydroxylase deficiency, the enzymatic 
blocks lead to accumulation of steroid precursors, particularly 
17 -hydroxyproges terone and 17 -hydroxypregnenolone. These in turn are converted 
to andres tenedione and dihydroepiandros terone ( DHEA). Thus, while the gene t ic 
machinery is set default parameters (XX genotype, the presence of ovaries, the 
absence of muller ian-inhibiting substance), the extragonadal production of 
androgens effects the virilization of the external genitalia. Furthermore, as 
there is no production of mullerian-inhibiting substance, the development of 
mullerian-derived structures such as the uterus and fallopian tubes is 
unaffected. An interesting point is the invariant absence, even in virilized 
female infants, of virilization of the wolffian ducts structures. While the 
reason for this is unknown, differences in the timing or quantity of adrenal 
androgens produced has been invoked. 

In this 
of CAH, 

In th i s 

The second of these clinical pictures is termed " salt -losing" CAH. 
form of 21-hydroxylase deficiency, as in the " simple virilizing" form 
females are virilized by the excessive production of adrenal androgens. 
form of CAH, patients manifest a mineralocorticoid deficient sta te and 
that are characterized by vascular collapse, hyponatremia and hyperkalemia. 

crises 

There has been much speculation regarding the differences that cou ld lead 
to the distinct clinical pictures that SWCAH and SVCAH represent. The simplest 
possibility is that the completeness of the blockade in 21-hydroxylation 
determines whether a patient presents with the virilizing or sa l t-wasting form 
of CAH. In this work (II), these patient~ were examined •o asce r tain ~he 
production of compounds that accumulate as the result of 21-hydroxylase 

ACTH tests: 60-min ACTH -stimulated hormone concentrat io ns of 17-0HP and~· 

Cla.uical CAH patirnts 

sw sv 

60-min li-OHP (ng/dl) 
n• 3 
Avera.~~:e 27,520 38,276 
so 1~.963 13.740 
Mimmum 16.260 23.300 
Max1mum H ,SOO 50.300 

60-min .l' (ngjdl)• 
n• 3 ~ 
Avua~te 1,987 I,OSi 
so 1.003 430 
Min1mum <80 6'11 
Max1mum ·U:.!6 1.604 

Figure 6 
(From Ref. II) 
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SV 

.19.457 
12,35~ 

16.~60 
50,300 

1.45G 
1,2H 

<All 
-4 ,126 

deficiency. As is evident here, the levels of 17-hydroxyproges terone and 
64 -androstenedione are similar in bo th the SV and SWCAH form~ o f CAH when ACTH 
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stimulated levels of these hormones are examined. Thus, it does not appear to 
be simply the amount of residual 21-hydroxylase activity that is demonstrable in 
any fashion. Since the major clinical difference between the SV and SW is in 
the amounts of mineralocorticoid activity present, the expectation would be that 
a difference would be most evident when mineralocorticoid production is 
assessed. This point was examined by Kowarski and co-workers ( 12) using a 
double label technique to directly examine the produc tion of aldosterone in 
patients with S W and SVCAH. In the SV form of CAH, the patients had eleva ted 
aldosterone production rates when compared to normal con trois. The'e eleva ted 
levels were hypothesized to result from the an timineralocorticoid activ i t) of 
progesterone and 17 -hydroxyprogesterone ( 13, 14). Furthermore, these e leva ted 
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Figure 7 
(From Ref. 12) 

le ve ls of aldo~terone production suppressed into the normal r<Jilg•.- hllowing 
!rea tmen t with replacement do~es of glucocor ticoids. The~e rt '' "''' .•re in 
contrast w the findings in patients with SWCAH. The patient s with SWLAH had 
low level ~ of aldosterone secretion. Equally important was the observation that 
these patients were unable to ~timula te aldosterone production under cond itions 
of salt restriction, a ~timulus to aldosterone production in norma l individual ~. 
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This imp lies that the defect in SWCAH is more severe than that pr <.:scnt in SVC A H, 
in that the production of aldosterone in SWCAH is low and unable to respond to 
stimuli of aldosterone secretion. This is despite the fact that the leve ls of 
17 -hydroxyproges terone and adrenal androgens in fact do not allow these two 
types of patients to be distinguished . Perhap s the formation of aldo<terone 
synthesis is less impaired than that of cortisol in patient s with SVCAii due, for 
example, to the ability of the defective 2 1-hydroxy lases to retain the abilit~· 
to one substrate preferentially to another. 

L ate Onset or Attenuated CAH 

While the incidence of the simple virilizing and salt wa<ting form~ o f C.'\ 11 
preceded a precise understanding of their pathogenesis, the pr eva lence of the 
la te onset form of CAH wa s appreciated only as a result of adequate biochemical 
tests . The success fu l treatment of the more severe forms of CAll with corti,one, 
led to trials of glucocorticoids in women with viri l ization, particularly 
hirsutism, and oligomenorrhea . Whi le these therapies led to clinical 
impr ovement in man~· cases, the suspicion that these disease en tities were in 
fact a mild form of CAH was disproven when biochemica l 'pecific markers of C.-\ H 
such as blood levels of 17 -hydroxyproges terone or ur inary excretion of 
pregnane trial were employed . 
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While accounting for only a portion of women that present with hirsutism, 
infertility or menstrual irregularities, it is clear that these can be caused by 
21-hydroxylase deficiency ( 15, 16, 17). Affected patients typically pre sent 
with oligomenorrhea, acne, or hirsutism, or a combination thereof. Onset of 
symptoms is often in adulthood but can occur in childhood. Cases of c learly 
de fined partial 21-hydroxylase deficiency have been desc ribed that have 
presented after normal pregnancies. Measurement of adrenal steroids indicate 
increased secretion of 17-hydroxyprogesterone and adrenal androgens, albeit at 
times with some overlap with normal individuals, particularly when measured in 
the basal states. Thus, t he clearest definition of this syndrome is dependent 
on the measurement of 17 -hydroxyprogesterone following infusion of ACTH (see 
diagnosis, below). While the mean levels of 17 -hydroxyprogesterone are lower in 
patients with late onset when compared to the SW and SV forms of CAH, there are 
clearly patients with the late onset form that have 17 -hydroxyproges terone and 
[14 -androstenedione values that are in the range described for SV and SWCAH. 
This raises an even more basic problem. Why do these patients not exhibit more 
virilization? This point has not been elucidated. A number of theories have 
been advanced to explain the pathogenesis of this syndrome . These center on 
processes that permit the increased produc tion of adrenal androgens but do not 
lead to the signs of excessive virilization: l) the defect is in fact acquired 
and that the abnormalities of 21-hydroxylase are not present in early life; and 
2) a distinct genetic locus (loci) influences the ability of t he defective 
21-hydroxylase gene to effect virilization in utero. One interesting 
possibility focuses on the enzyme 17-20 lyase. -Thisenzy me controls en~ry of 
steroids into the accumulated precursors ( 17-hydroxyprogesterone) into the 
androgen pathway . _Changes in the quantity of this enzyme within the adrenal 
gland would permit varying quan t ities of androgen to be produced. I t is clear 
that changes in the amount of 17, 20 1 ~·ase activity occur at adrenarche ( 18) . 

Despite the controversies 
suggests that this form of 
autosomal recessive trait that 
Thus, this abnormality would 
21-hydroxylase gene itsel f. 

surrounding its pathogenesis, current ev idence 
21-hydroxylase deficienc y is inherited as an 

is allelic to the classic for ms of CAH ( 19, 20). 
appear to be caused by mild abnormali ties of the 

Cryptic 21-Hydroxylase Deficienc y 

The final form of 21-hydroxylase deficiency was not appreciated until 
specific biochemical tests were available. In 1980, Lev ine et a! reported the 
characterization of individual members within 8 families with classic CAH (21 ). 
In this study, several individuals were found to have hormonal leve ls con sis tent 
with mild 21-hydroxylase deficiency. However, signs of excessive virilization, 
hirsutism, oligomenorrhea, and infertilit y were absent. These patient~ were 
detected by the presence of high 17-hydroxyprogesterone l eve l ~ in the 
unstimulated state. Further examination of these patients ( 22) showed tha t 
their hormonal profiles were distinct from those of the normal population and 
from patients be lieved to be CAH heterozygotes . Further investigations using 
ACTH stimulated hormone measurements disc losed hormonal profiles that were 
distinct from classic CAH (homozygous and heterozygous) and the normal 
population (see diagnosis, below). However, even using hormonal measurements 
obtained in the stimulated state, cryptic CAH and late onset CAH cannot be 
distinguished. 
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Diagnosis 

In patients that present with the full blown picture of SV or SWCAH, the 
diagnosis is not difficult to establish. Serum samples are examined for the 
concentration of 17-hydroxyprogesterone and for the levels of adrenal 
androgens, specifically testosterone, dihydro testosterone, and DHEA. In the 
late onset and cryptic variants, however, the diagnosis may not be quite as 
evident from baseline hormonal measurements. The reason for this is to be found 
in an examination of the hormonal profiles present in these individuals 
throughout the course of a day. Thus, while baseline measuremen ts ma y show 
over lap with normal individuals, levels of 17 -hydroxyproges terone and its 
metabolites vary with the normal ACTH driven circadian rhyth m (23, 24). In 
these individuals, the diagnosis is established by examination of the hormonal 
profile following stimulation of steroidogenesis by the infusion of AC TH ( 25). 
In this protocol, which has received muc h use, ACTH (cotrosyn 0. 25 mg) is 
injected as a bolus between 0800-1000 AM. Blood samples are collected for 
17 -hydroxyprogesterone and 64 -androstenedione at 0 and 60 min. A second 
protocol uses slightly higher doses of ACTH ( 1-24) (0.4 mg) infused continuously 
over a 6 h period. Using these criteria patients wi t h all for ms of 
21-hydroxylase deficiency can be differentiated from unaffecterl ind ividtJJ 1<. 
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Genetics 

The incidence of CAH in the general population has varied from among 
different reports. A summary of incidences I n se veral differen t populat ions 
based on case su r veys is indica ted in Figure 9 ( 26). This summary reveals a 
wide range of incidence, but that appears to be appro ximatel y in 10-20,000. 
Note that this is an estimate based on the identification of clinically affected 
individuals and may thus represent an underestimation of its true inc idence. In 
1977, a rapid screen was developed, similar to that in use fo r pheny lke tonuria 
that allows the determination of 17-hydroxyprogesterone levels in sma ll samp les 
of blood . The application of this technique to the measurement o f 
17-hydroxyprogesterone has rev ealed an incidence that is similar in all 
popu lations, except certain A laskan Eskimos and a smal l town in France where a 
founder effect and inbreeding have resul ted in a quite high fr equency . 

Compariso n of Classica l Congenn a l Adrenal Hyperplasia Dete rmined by 
Screening and by Case Survey 

Geographic Area and -~~-=-"~~ 1978- !_!!_8_8_1 - - Ca:;e Survey f l 96fi- L ~8 !J 1 

Populat io n - - - ---- -- -- -
No. Tested Incidence R!!fc rence lnc1dence 

No. 
. --- ------- - ----- --- -

Alaska, Yupik Eskimo 1,131 I :282* 22 1:490 ' 
La Reunion , Fra nce. 14 ,987 1:2,141* 25 

heterogeneous 
Rome. Italy, white 22.400 I :5,580t 24 
Emilia-Romagna, Ita ly, 73,000 I : 14,600t 23 

white 
Lille/Lyon, France, white 173,662 I : 12,000t 25 I :23.000 
J apan , Asian 253,494 1: 15,800 26 I : 43.674 
New Zealand 

Heterogen eous 97 ,552 1: 16.258 28 
White 87 ,000 1: 14,500 

Scotland, white 119,960 1: 17,098 1:20.907 
Washington, 233,244 1: 17 ,942 

heterogeneoust 
Illinois, heterogeneous+ 120,000 1: 13,333 I : 15.000 

I :26.192 
I :40.000 

• Sa it-wasting form only . 
t The average incidence in Medi terranean Europeans wos I : 10 .866 l>irths . 
+ Majority are white. 

Figure 10 
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Fo llowin g the discovery in 1977 that a tight genet ic linkage exi sted be twet·r· 
the human his tocompa tibili ty loc us and the gene encoding the 2 1-hyd roxy la, •· 
(27), HL A haplot>·ping has been employed in the genet ic ana l ysi ' of pntient' w i ~ :· 
2 1-hydroxylase deficienc y . For example, in Caucas ian population ' , the haplotype 
Bw60 ha s been shown to be associated with a high inc idence of the 'a l t -wast ing 
fo r m of 21-h ydroxylase deficienc y . Similarly, SV.'\H is as,oc iated with HL A Bw51. 
Even noncla ss ic forms o f the disease hnve been associated with specific 
haplotypes particularly Bw!4 (28, 29, 30). The'e assoc ia t ions ca n be use ful as 
af fected individual s can be typed as to their HL A hnp lo t ypes and the inheritance 
of the affected alleles tr aced. This assoc iation has been used success fully, 
particularly in combination wi th measurements of 17 -hydro xy pr oges terone in 
amniotic fluid, to diagnose CA H ~utero (31, 32) . 
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Molecular Genetics 

As the HLA linkage data implied a structural relation ship between the 
histocompatibility locus and the gene encoding the 21-hydroxylase enzyme, it was 
natural to examine the nature of this linkage. This has been per formed in both 
mice and humans. Following the successful isolation of the bovine 
21-hydroxylase , Perrin White used his eDNA probe to examine overlapping 
"fragments gene fragments derived from the mouse histocompatibility locus ( 33). 
In this way, he was able to demonstrate that two distinct regions of the genome 
were identified. Subsequent analysis (34) indicated that in the mouse two 
separate 21-hydroxylase genes could be identified. Each 21-hydroxylase gene was 
located adjacent to the 3' terminal segment of the genes encoding a func tional 
( C4) and a nonfunc t ional (SIp) component of complement. Earlier work had 
indicated that Sip and C4 had arisen by a direct duplication of approximately 
55 kb of chromosomal DNA. As the 21-hydroxylase genes reside within this 
region, they were presumably duplicated at the same time. Interest ingly, 
subsequent work has demonstrated that only one of these two 21-hydroxylase is 
functional (35) - that is, in the mouse onl~· the A gene is expre ssed and encodes 
a functional protein, while the B gene is no t expressed and carries muta tions 
that hav e inactivated it (36) ( see Fig. ll). 
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Figure ll 

The resu l ts of this analysis of the mouse 21-hydroxylase gene~ have had 
numerous parallel s in · the analysis of the human 21-hydroxylase genes. As l 
mentioned, the extended haplotype HLA-(A3); BW47; DR7 is strongly associated 
with the severe form of 21-hydroxylase def iciency . Furthermore, it was known 
that alleles of th i s haplo type also carry a null allele at the locu• encoding 
one of two forms of the lour th component o f comp le ment ( C4). In 19 84 Perrin 
White ( 37) examined the structure of the 21-hydroxylase gene in patien ts known 
by haplo typ ing to be homozygous for this type of severely abnormal 
21-hydroxylase allele. When analyzed in th i s manner DNA from a patient 
homoz~·gous for the normal HLA haplotype and without CAH show~ two di stinct 
bands. By contrast, DNA prepared from a patient homozygous for the HL A -BW47 
associated form of 21-hydroxylase deficiency shows only a single band. This was 
felt to be cons i s tent with the model shown in this figure. It was suggested 
that in this patient with severe CAH and C4A deficiency that there was a 
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deletion of a segment of DNA that encoded one complement locus and one 
21-hydroxylase gene. This hypothesis was advanced without a clear understanding 
of the structure of the two duplicated 21-hydroxylase alleles. In particular, 
this idea did not explain how the deletion of only one of two 21-hydroxylase 
genes ledm ·o a deficiency state. 

GLO 2H)H 21-0H -· • • • • • • • • • • • ·-·• ... •-----j•.,c::Jao • • DP DQ DR C2 BF C4A C48 B C • IS81 tDCI 
A 

CLASS II CLASS Ill CLASS I 

Figure 12 

In 1985, Carroll et a! (38) elucidated the structures and relative positions 
of the 21-hydroxylase and C4 genes in the human chromosome 18 (Fig. 12). They 
found that as in the mouse, there are in fact two 21-hydroxylase genes, situated 
at the 3' terminal side of the two functional complement genes. These have been 
designated the A and B genes. The nature of these two 21-hydroxylase genes is 
therefore critical. Do these in fact represent interchangeable, tunc tiona! 
genes, or do they each subserve dis tine t functions? A year Ia ter Higashi et al 
( 39) isola ted and sequenced each of these genes. They found that these two 
genes were not interchangeable and that in fact only the B gene is able to 
encode a functional protein the A gene containing insertions and deletions 
that render it nonfunc tiona!. Thus, a simple model was apparent for this form 
of severe CAH in which the affected individual contains two chromosomes, each 
containing dele t ions that remove the func tiona! 21-hydroxylase B gene. 

Subsequent to the initial study referred to 
been published regarding the phenomenon o f 
desc ribed in reference as the cause of CAH. 
doubt on this mechanism as a cause for CAH. 

above, however, many papers have 
gene deletion that was originally 
Several of these studies have cast 
The confusion that has centered on 

t he evidence that was presented as supporting gene deletion as a cause of the 
more severe types of 21-hydroxylase deficiency. Many of the initial studies 
used only a small number of restriction enzymes to analyze the DNA of these 
patients. Subsequently, several analyses indica ted that instead that a proce ss 
te rmed gene conversion (40) might be occurring. This term, first coined in 
yeast genetics, indicates a process whereby two c losely related genes become 
identical. AI t hough a number of mechanisms have been proposed, that the end 
result of such a conversion would be the creation of two nonfunctional genes. 
Note that the examination of the DNA of such a patient if not performed with 
multiple restric t ion enzymes would lead to a pattern consistent with a de le t ion. 
It is clear from the more recent examinations of this region of the genome using 
both 21-hydroxylase and C4 probes that this region of the genome is highly 
polymorphic. I would say that the evidence taken as a whole (summarized in 
Table I) suggests that both processes occur and that the frequency of each 
process varies in the population examined. It is extremely interesting to note 
that even in those cases where single mutations have been identified within the 
21-hydroxylase B gene, the se point mutations are normally found within the 
nonfunctional 21-hydroxylase A pseudogene. This implies that the process of 
gene conversion may in fact be quite difficult to detect as it may affect only 
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parts of 
analyze 

the normally functiona l B gene . 
the alleles associated with the 

21-hydroxylase deficiencies). cryptic 

No studies have yet been performed to 

less severe forms of CAli (adult onset, 

TABLE 

DELETIONS/ INSERTIONS 

References Number Familv Study 

(37) Yes 

(41) 22 (unrelated) No 

( 42) 126 haplotypes Y•s 

( 43) 20 patien ts No 

( 44) 6 pauents Yes 

( 45) 51 Ye• 

( 46) 12 Yes 

(47) 35 No 

(48) JJ 

( 49) Rev1ew 

(50) II No 

(51 ) 68 Yes 
(extensive ) 

POINT .\1 UTATIONS 

Reference Patten~ Tvpe 

(52) SWCA H 

(53) 

I 54) S'W'CAH 

I jj ) C la«tc CAll 

Type of Investigation Remarks 

Southern, HL A 

Southern, HLA 

Southern, HLA 

Southern 

Southern, 

Deleuon of 210H-B Gene 

Frequen t de le!lon and 
dupJicauon c;. 

-looked at C 4 locu s 
a" well ; deletion s 1dcn~ified 

- C4 & 21 OH exami ned 
-20H-B delettonc; Iden tified 

Gene convers ion tnferr ed 
multiple enzymes, 
HL A , hormonal 

Southern , No gene dele uon<. 
mul t iple enzymes, A ll due !O gene conve r saon 
HLA 

Southern, 
DNA o::e quencing 

Southern 
(4/210H) 

Sou!hern 
(C4/210H) 

Southern (oligo ) 

Southern 

No 

~0 

No 

No 

Homozygou" haplo!ype c loned. found 
21 O H -B gene convened ~a 2 1 OH - .-\ gen<: 

13/15 cnromosomec; "how abc;en ~ TA QI 
fragment; analys is tndacat e\ de!e~JOno:, 

Delenon< o ( C4, 210H- .-\ . and 
210H-B de!ec!•d 

Frequent gene convenc;ons 

Ex te ncqv~ Anal vc;,i o; 
Small mutation~ ( 650ft) 
alterauono; of 2 10 H- .l. gent.­
converston ( II %J . 21 u H . [l 

deletton ( 10%) 

Type o f Jnve c;~ tgatton 

-DNA sequ~ncmg 
- o ligonucleotide 

Sou~hern" 

-DNA c;,equenc1n g 
- oltgonucleor tde 

Southern" 

- DNA .;,equencmg 

-DNA c;e quencmg 

R.ema r ko:, 

-3 mu ~a uono;, om: '" 
prema tur t- ~ermtna r ion 

-mu ta liOn'- o; hrtr t'O warh 
21 - 0 11 - ·\ p"t·ucogent-

-lie 472 ..;onverreo ~ o Ao;n 
-mu ta! 1on l" pre,.en~ m 

2 1 - O H • ·\ pseuoogen(' 

-c;,ev eral poin~ mu!a!lon o; tn 
2 1 - OH -B gt" nt· - man y o;har (· -: 
wi !h po:,euOO'jent~ 

- C 4B conv ened :o C4A 

-potn! mu!a!lon" Cm,o;o;en q: , 
o:,p ltcl n~ dl'fL'"'C!") found m 
210H 13 gem· - !heq:- a J.;,o 
found m 2 1011 ·\ pc;.euao~en• 



-14-

Summary 

Current biochemical and genetic evider.ce (see below) suggests that CAH 
represents a spectrum of clinical disease that is caused by variations in 
severity of the enzymatic defect. Thus, SWCAH would appear to be caused by 
defects severe enough to impair synthesis of cortisol and aldosterone, SVCAH 
would represent disease that is less severe impair mg cortisol synthesis but 
leaving sufficient aldosterone synthesis intact to allow sodium homeostasis. It 
is clear that on the whole, the disturbances that cause the Ia te onset and 
cryptic forms of CAH are milder still. It does appear that in these latter two 
syndromes that other factors may be affecting the degree of virilization present 
in affected individuals. 

liB-Hydroxylase Deficiency 

Deficiency in !!-hydroxylase of steroids is an autosomal recessive disorder 
that accounts for approximately 5% o.f individuals with CAH. As with 
21-hydroxylase deficiency, the enzymatic defect leads to the accumulation of 
steroid precursors proximal to the enzymatic block and the overproduction of 
adrenal androgens. Thus, as in CAH due to 21-hydroxylase deficiency, 
virilization of affected female infants and signs of premature sexual rna tura tion 
in male infants can be observed. A distinct difference between this form of CAH 
and the 21-hydroxylase deficiency form of CAH is the overproduction of 
11-deoxycortisol or DOC. In this situation, as in the deficiency of 
21-hydroxylase, ineffective steroidogenesis drives the pituitary to produce high 
levels of ACTH which drive the production of DOC. These inappropriately 
eleva ted DOC levels in turn lead to volume expansion and hyper tension. 
Hyper tension, in fact, is the only clinical finding that would lead to the 
diagnosis of liB-hydroxylase deficiency, as opposed to 21-hydroxylase 
deficiency. 

Figure 13 (56) demonstrates the range of findings encountered in patients 
with 118-h~·droxylase deficiency in a series of 25 patients. Patients with the 
more sever forms tended to be diagnosed earlier in life. As is evident, a wide 
range of abnormalities were found at presentation, from genetic females with 
male external genitalia (patient 10) to adult women with hirsutism and 
oligomenorrhea (patients 24 and 25). 

The diagnosis of II 8-hydroxylase has not been as well standardized as has 
been done for 21-hydroxylase deficiency. The usual studies include measurement 
of 11-deoxycortisol, which should be elevated. Measurement of plasma renin 
(which is suppressed due to the !!-deoxycorticosterone overproduction) is also 
per formed. Finally, the production of 11-deoxycor ticos teroids can be inferred 
by the quantitation of tetrahydro-11-deoxycortisol (THS) in the urine. 
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Clinical data on patients with clas.c;;ic con~;enita l adrenal hyperplasia due to I IP· hydroxylase deficiency (group A) 

CA atdi- BA at di- Height SDS 
Pubic 

Testicular Breast Blood pres-
Pa. tient no. a~nosis agnosis 

hair" 
vo lume develop- su re (mm Chief complaint 

(j'T) (j'T) CA BA (mil' mcnt" Hgl 

~I ales 
I 0 -1.2 n Salt wasting 
2 0 - 0.3 n Salt wasting 

6.4 13.2 +4.1 -2.1 130/80 Pseudoprecociuus pub~rty 
6.5 13.5 +2.7 -3.0 4 130/ 90 Tall stature, ea.rly puberty, gynecoma$tia 

10.9 17.0 +1.4 - 3.4 10 145/100 Pseudoprccocious puberty, hypertension. 
hypokalemia 

6 18.2 Adul t - 2.7 -2.7 13 165/110 Hypertension, hypokalemia, muscular 
weakness and cramps 

FemaJes 
7 0 +0.6 n Ambiguous genitalia .1" 
8 0.1 -1.5 n AmbiguouS gt'nilalia 3 
9 2.0 - 1.4 Ambiguous genitalia 2 

10 5.5 11 .0 +3.4 -3.0 150/ 110 Male external genitalia (hypospadia) 
I I 5.8 +4.1 130170 Ambiguous genita.lia 1 
12 6.2 10.8 +0.5 -4.1 n Ambiguous genitalia l 
13 12.i 14.0 +0.8 -0.1 160/80 Clitoris hypertrophy 

n. N ormal blood pressure (45) on repeated measurements: SOS, standard deviation scores; CA, chronologie age; BA. bone age. 
'"Pubic hair and breast development stages according to Tannt'r (40). 
~Testicular volume according to Zachmann el al. (42). 
r Rat ing of ambiguous geniwlia according to Prader (40. 

Clinical data on patients with mild congenital adrenal hyperplasia due to 11,0-hyd.roxylase deficiency (group Bl 

CA at di-
BA at diag-

Height SDS 
Pubic 

Testicular B reast Blood pres-
Patient no. agnosis volume develop- sure Cmm Chief complaint 

(j'T) 
nosis ()'T) 

CA BA 
hair 

(mil ment Hg) 

.\iales 
14 8.1 10 +2.2 +0.5 105/65 Tall stature 
15 9.4 12.8 +1.9 - 0.8 105/fi5 Early pubtrty 
16 15.6 Adult - 1.8 -2.6 5 140/80 Bi lateralrrypton:h idism, :H;ne 
17 17.5 Adul t - 2.9 -3.0 5 10 155/ 90 Acne 

Females 
18 -1.3 80/40 Ambig:uous genitalia 1 
19 2.9 2.5 +0.1 +1.6 145/85 Amhicuous ~-:enitalia 1 
20 7.5 11.0 +~.0 - 0.9 95/f,() Ambiguous gemralia 1 
~I 7.6 10.2 +2.3 -0.8 95/f;Q Tall stature, premature puharche 
2:! 8.3 11.0 +2.9 -0.2 110/70 Premature puharche 
~3 8.5 10.0 +2.7 +0.9 110/70 Tall stature 
c4 19.7 Adult -0.9 - 0.9 5" 130/80 Hirsmism. ul i ~omcnorrhca 

::!5 23.6 Adult 5" 130/80 Hirsut ism, oli~:;rJmcnorrhea 

'' Prenous estrogen treatment. 

Figure I 3 

Figure 14 demonstrates the salient featur es of such 
•lle basa l state, that the pat ient pr oduces high levels 
DOC, compa r ed to normal individual>, whi le cortisol 
Notab l y, despite the low levels of a ldosterone as~ a yed, 

patient' (57) . No~e in 
of I 1-deoxycorti>o l and 
production is impai r ed. 
plasma renin activity i ~ 

low, pr esu mably as a r esult o f the volume expansion media ted by 
deoxycorticosterone, a weak minera locor ticoid. 
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Plasma 

Case reports : urinary steroid excretions J.nd plasma cortisol, corticosterone and 11-deoxycortisol 
levels 

17-ketosteroids (mg/ 24 hr) 
17-ketogenic steroids (mg/ 24 hr) 
17-hydroxysteroids (mg/24 hr) 
Pregnanetriol• ( mg/ 24 hr) 
Tetrahydrodeoxycorticosterone (l'g/ 24 hr) 
Aldosterone (l'g/ 24 hr) 

Cortisol (l'g/ 100 ml) 
Corticosterone (1•~/ 100 ml ) 
11 -deoxycortisol ( l'g/ 100 ml) 

Jac. 

17.0 
3 1.5 
22.0 
0 .09 

800 
1 

0.3 
0 

20 

Jos. 

4.0 
11.2 

7.6 
0.06 

200 
1 

0.3 
0 

12.5 

• Determinations were kindly performed by Dr. S. Saez, Unite de Recherches-I:-.rSERl\1 , Lyon ( France ). 

Figure 14 
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The changes caused in one of the se patients by salt re s tr ic tion, 
dexamethasone, and ACTH is shown in Figure 15. In respon se to salt res tric tion, 
plasma renin activity and aldosterone production remain low. If dexamethasone 
is then added to this regimen, DOC production drops and plas ma re nin begins to 
rise. Concomitant with this is a rise in aldos teron e produc t ion, even prior to 
stimulation with ACTH. These studies sugges t two thing s . Firs t, they support 
the concept that overproduction of DOC maintains a volume expand e d s tate. 
Second, is that the observed rise in aldos terone, itself an 11 ;3 -h y.dro xyla ted 
steroid, following suppression of ACTH production wi th dexame thasone has 
suggested to others that the liS-hydrox ylase mechanism in the S! lome rul osa migh• 
be distinct from that present in the fasciculata and re~ icul a r is . 
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These observations have generated a great deal of interest in the e nzyme 
that catalyzes steroid liB-hydro xy lation. This enzyme has been purified and 
extensively characterized (58). As expected, it is a typical cytochrome P-450 
enzyme and is located within the mitochondria. What came as quite a surprise 
was the discovery that his single cytochrome P-450 was capable of cata lyzing not 
only the liB-hydroxylation of steroids but the IS-hydroxylation and 18-alde hyde 
synthesis reaction as well. Thus, it would appear that a single enzyme is 
responsible not only for the !!-hydroxylase reaction that is crucial to the 
synthesis of cortisol in the fascicula ta and reticular is but also for the 
terminal steps in the synthesis of aldosterone as well. This poses a major 
difficulty in unders tanding adrenal steroid biosynthesis as it has been well 
accepted that the adrenal cortex is divided both morphologically and 
functionally in its production of s teroids: the glomerulosa producing 
aldosterone and the fasciculata and reticularis producing cortiso l. Thus, eve n 
though liS-hydro xy lase is presen t in bo th the glomeru lo'a a nrl (ascularis, the 
synthesis of aldoste rone occurs predominate!~· in the glo merulosa . 

While these 
liS-hydroxyla tion , 

CHOLESTEROL 

PREGNENOLONE 

CORTISOL 
and 

SEX STEROIDS 

PROGESTERONE -

DEOXYCORTICOSTERONE 

11·HYDROXYLASE 

CORTICOSTERONE 

18·HYDROXYCORTICOSTEAONE 
0 9H:OH 

CM0/1 ,rtsb" 
finding s may 
a corollary 

ALDOSTERONE 

Figure 16 

cloud 
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is 

compar rmen taliza tion of 
that defects in dis tinct 



functional 
pictures . 
lead to 
Likewise, 
catalyzed 
P-450-11 B 

-!&-

sites of this single polypeptide might lead to differe nt c linica l 
Thus, a defect leading to a n abnormal !!-hydroxylase funct ion would 

the picture of classic CAH caused by !!-hydro xylase deficiency. 
according to this sc heme , spec if ic defects in the more terminal s teps 
by the l &-hydroxylase or of the 1 &-hydroxyl oxidase function of the 
could lead to a selec t iv e disorde r in a ides terone synthesis . 

Molecular Biology 

Rec e n t ly, e DNA clones encoding the bovine a nd human !! S- hydroxylase have 
been isolated (59, 60). Early indications were that a rela tiv e ly uncomplicated 
picture would e merge - that is, tha t a single gene e ncoded the li S-hydroxy lase 
that was located on human c hromosome & (59) However, more recent reports have 
indicated that this may not be so simple. Kirita and c oworke rs have recently 
re ported the nuc leo t ide sequence of two re lated P-450 ( 11 3) molecules de rived 
from their anal ys is of several ad re nal !!-hydrox ylase e DN A bovine sequences 
(61 ) . By a nal ys is o f bovine adrenal RNA and DNA they were able to conc lude that 
at least two dis tine t genes exist and are expressed. More recently, these 
investigators have shown that these mR NAs re sult in the production of two 
proteins. This then s till leaves open the possibility that dis tinc t 
li B-h ydroxy lase ge nes ma y be invo lve d in the synthesis of 11-hydroxylated 
glucocorticoids in the ret icular is and fo r a ides terone in the g lomeru losa . 
Notably, a rece nt article (3) references unpublished observa tions that indica te 
the existence of at least two tandemly repeated li S-h ydro xy lase genes . 

The characterization of the de fects - in the liB-h ydro xy lase are as yet qui te 
rudimen tary. In fact, the only stud y published th us far on the subject is one 
tha t supports the multifunc tiona l cata lytic activity asc ribed to 
11 3-hydro xy lase . In this s tudy (62) a n RFLP was uncovered using the 
li S-h yd ro xy la se as probe tha t segregates with a defect in the te rmina l step in 
aldoste rone biosy n thes is (corticosterone methy l oxidase II). 

Treatment 

The e ffects of treatme nt with suppressive doses of gl ucocort icoids is 
miraculous . The goal of the rap y , o f course, is to provide adequate 
glucocorticoids to a llow the feedback suppression that is impossib le without 
ef fect ive sy nthes is of cortiso l . One of the most impr ess ive rep resen tat ions of 
the physiologic results of this the ra py is thi s simple graph, which shows the 
average final he ight at taine d o f CAH patients stratifie d by thei r ages at the 
time that suppressive therapy became available (63) . It is e vident that as a 
result of this therapy that individuals with that were prev iously destined to 
pre mature closure of the epiph yses , in stead a re able to attain their nor ma l 
heights. Replacement the ra py of patie n ts with the salt-wasting for m of CA li 
would a lso include suppleme n tation with flu or ine !. Pat ients with · the salt ­
lo sing fo rm should hav e the adequacy of this the rapy assessed by measure me nt o f 
pl asma ren in act ivit y. 
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Conclusions 

Heterogeneity characterizes both the phenotypes and enzymatic defects that 
underlie congenital adrenal hyperplasia. A variety of molecular defects have 
been described that are thought to be responsible for CA H caused by 
21-hydroxylase deficiency, ranging from deletions to point mu tation ~ to gene 
conversions . This, in turn, appears to resu lt from a remarkable degree of 
plasticity at the 21-hydroxylase loci within the general population. 

A I though less common than 
118-hydroxylase deficiency appears to 

21-hydroxylase deficiency, CAH due to 
be caused by defects in a cytochrome P-450 

of ste roidogene sis in addition to 
the protein and DNA levels provide direct 
'uspected between the liS-hydroxylase and 
synthesis of aldosterone. 

that catalyzes multiple steps 
113-hydro.x>·iation. Rt:cent st udies at 
evidence of a link that has long been 
the cata l ys i s of the terminal steps in the 
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