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Genetics and biochemical variability of variants of 21
hydroxylase deficiency
M T GORDON*t, D I CONWAYi, D C ANDERSONt, AND R HARRIS*

From *the Department ofMedical Genetics, St Mary's Hospital, Hathersage Road, Manchester M13 OJH; and
.;the Department of Medicine, Hope Hospital, Eccles Old Road, Salford M6 8HD.

SUMMARY In a population and family study we have examined the relationship between HLA
types, classical congenital adrenal hyperplasia (CAH), and variants of 21 hydroxylase (21 OH)
deficiency detected by increased blood levels of 17 hydroxyprogesterone (17 PO) in response to
ACTH after overnight suppression with dexamethasone ('short Synacthen test'). In a non-CAH
population, 7-7% of subjects were found to have raised 17 PO response suggesting reduced
activity of 21 OH. Such subjects with raised 17 PO levels were designated simply as type 2
responders because the relationship with genotype was unknown. Post-ACTH levels of 17 PO
were significantly greater in type 2 responders than in obligate carriers of CAH. A total of 2.5%
of the population studied also had raised progesterone (PO) levels in the Synacthen test.
HLA-A28 and B14 (in linkage disequilibrium) were significantly increased in frequency and
HLA-B12 decreased in the type 2 responders. HLA-Bw47, which is known to be associated with
CAH, was found only among obligate carriers of classical CAH. Because type 2 response and
classical CAH are linked to HLA but are associated with different antigens, it is likely that they
are determined by two (or more) alleles.

Congenital adrenal hyperplasia (CAH) resulting in
infantile virilisation with or without salt loss, due to
21 hydroxylase (21 OH) deficiency, is inherited as
an autosomal recessive linked to the HLA system.'
Recent reports describe two variants of 21 OH
deficiency, not evident at birth, which have been
designated respectively as 'cryptic'2 and 'late
onset'.3 Persons with the cryptic form have no
relevant symptoms while women with late onset 21
OH deficiency present with amenorrhoea and viri-
lisation. In both instances the severity of the
biochemical abnormality, as reflected in peaks of 17
hydroxyprogesterone (17 PO) after ACTH, was
only marginally less than that found in classical
(homozygous) CAH.4 These variants do occa-
sionally occur in families where the proband has
classical CAH.s 6 However, it is now well estab-
lished that both cryptic and late onset forms of 21
hydroxylase deficiency are associated with a pre-
ponderance of HLA-B14,7 and classical CAH with a
different antigen, HLA-Bw47.8
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Building, Hope Hospital, Eccles Old Road, Salford M6 8HD.
Received for publication 30 May 1984.
Accepted for publication 23 November 1984.

We have reported population studies9 10 in which
apparently normal subjects with no known family
history of CAH had raised levels of 17 PO in
response to ACTH stimulation. These were desig-
nated simply as type 2 responders because the
relationship to the various forms of 21 OH de-
ficiency was unknown. In some instances there was a
concomitant excessive rise in progesterone (PO)
levels and the response of 17 PO to ACTH was
frequently greater than that seen in obligate carriers
of CAH. Early in these studies we encountered
some women with type 2 response who were
infertile. This led us to undertake a study of the
frequency of this variant which we then showed was
not related to any specific form of female
infertility. It)
We were able to take advantage of this extensive

clinical study to examine the genetics of type 2
response and to relate this to classical CAH by
investigating the HLA types and 17 PO and PO
responses to ACTH in normal volunteers, gynaeco-
logy clinic patients, the families of type 2 respon-
ders, and obligate carriers of classical CAH. We
examine here the relationship of type 2 responses to
cryptic, late onset, and classical CAH and the
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possibility that the type 2 response represents
another allelic variant of 21 hydroxylase.

Subjects and methods

A total of 341 subjects was investigated after the
studies had been approved by the Salford Area
Ethical Committee and fully informed consent had
been obtained. The patient groups were as follows.
(1) Eighty-nine volunteers (65 females, 24 males),
mainly hospital medical and laboratory staff.
(2) Two hundred and four female endocrine clinic
patients referred with a variety of problems de-
scribed in detail previously.9
(3) Eleven (six male, five female) parents of
children with classical congenital adrenal hyperpla-
sia (CAH) due to 21 OH deficiency.
(4) Thirty-seven members of eight families ascer-
tained through a proband with type 2 response from
groups (1) and (2) above.

In subject groups 1 and 2, 60 minute 17 PO levels
were estimated in 285 subjects, 60 minute PO levels
in 279, and both steroids in 274.
HLA, Bf, and glyoxalase I (GLO) typing was

performed on the following.
(i) Thirteen type 2 responders detected following
investigation of groups (1) and (2) above.
(ii) Seventy-six unrelated persons with normal 17
PO levels from groups (1) and (2) above. These
were all randomly selected.
(iii) Seventy-four parents (obligate carriers) of
patients with CAH, derived from 39 families.

SHORT SYNACTHEN ADRENAL STIMULATION
TEST
Dexamethasone (1-5 mg) was administered orally at
23.00 hours. After an overnight fast, Synacthen
(1-24 ACTH, 250 rig) was given intramuscularly
between 09.00 and 10.00 hours. Blood was taken at
0 and 60 minutes, allowed to clot, centrifuged, and
the serum stored at -20°C until the time of assay.
All female subjects were tested within seven days of
the onset of menstruation, at a time when ovarian
secretion of PO and 17 PO were at a minimum.

STEROID ASSAYS
17 PO and PO were measured by radioimmunoassay
after ether extraction and celite column
fractionation.

HLA TYPING
HLA-A and -B typing was performed by the
standard NIH two stage microlymphocytotoxicity
test. One hundred and twelve well defined sera were

used to identify most of the antigens. A monospeci-
fic antiserum was available for HLA-Bw47 which
was also detected by a pattern of extra reactions in
three antisera for HLA-B40 cross reacting groups.
Glyoxalase I phenotyping was performed on red cell
lysates using a modification of the method of Kompf
et al, 12 and Bf typing by immunofixation after
electrophoretic separation of sera in agarose gels.'3

STATISTICAL ANALYSIS
The steroid data were analysed using the statistical
package for the social services on the 7600 computer
at the University of Manchester Regional Computer
Centre. Increments of steroid levels during Synac-
then stimulation after overnight dexamethasone
suppression were calculated and groups were com-
pared using the Mann-Whitney non-parametric
tests. A graphical method making use of probability
curves14 allowed the detection of subgroups with
raised 17 PO or PO levels. Owing to difficulties in
obtaining parental steroid data and HLA types,
linkage was sought between HLA and type 2
response genes by the sib-pair method of Penrose.'5
(It must be noted that this method overestimates
significance since the standard error of the statistic is
only very approximate and is an underestimate.)
Delta values as a measure of linkage disequilibrium
were calculated as described by Lamm and Degos. 16

Results

SHORT SYNACTHEN STIMULATED STEROID
LEVELS IN THE NON-CAH POPULATION
The frequency distributions for Synacthen stimu-
lated 17 PO and PO 60 minute incremental levels
are shown in figs 1 and 2, with steroid values for
each group of subjects in table 1. A wide variation
in steroid response to ACTH stimulation was
observed. Some persons exhibited high levels of 17
PO in response to ACTH, in some cases with a
concomitant rise in PO which was suggestive of a
reduction in adrenal 21 hydroxylase activity in these
subjects. Since there was no significant difference
between the normal volunteer and gynaecology
patient groups for the 60 minute increment levels,
data from these groups were pooled. The limits
which define apparently normal 21 OH activity were
determined by plotting the 60 minute increment
levels for each steroid on probability paper (figs 1
and 2). This revealed a polymodal distribution for
both steroids suggesting the existence of different
populations with differing 21 OH activities. The
normal limits were taken at the first point of
inflexion (-*-), these being 7-0 nmol/l for 17 PO
and 5-0 nmol/l for PO. For 17 PO, 22 of 285 subjects
tested (7 7%) had increment values above 7-0
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TABLE 1 Steroid 60 minute increment levels following ACTH stimulation in normal male andfemale volunteers and in
females with various gynaecological conditions.

17 hydroxyprogesterone (nmol/l)

Dexamethasone 60 minute
suppressed levels increment values

No Mean SD No Mean SD

(1) Male volunteers 22 4-2 2-3 22 2-2 3-4
(2) Female volunteers 63 0-8 0-6 63 3-5 3-4
(3) Female patients 200 1-4 1-2 2()0 2-9 2-6

p value 1-2 p<0.001 p value 1-2 NS
1-3 p<0-001 1-3 NS
2-3 p<0-001 2-3 NS

Progesterone (nmolll)

Dexamethasone 60 minute
suppressed levels incrernent values

No Mean SD No Mean SD

(1) Male volunteers 19 1-4 0 6 19 1-9 1-9
(2) Female volunteers 59 1-2 0 5 59 1-5 1-3
(3) Female patients 201 1-3 1-1 201 15 1-6

p value 1-2 NS p values 1-2 NS
1-3 NS 1-3 NS
2-3 NS 2-3 NS
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FIG 1 17OHprogesterone 60 minute incrementfrom 285
subjects showingfrequency distribution (histogram ofleft
scale) and its transformation into cumulative percent
probability (*-- *and right scale). --*- represents
the first point ofinflexion, the limit ofnormal response to
ACTH.

nmol/l (from now on designated the type 2 re-
sponse). These included two male volunteers, five
female volunteers, and 15 gynaecological patients,
representing 9-1%, 9-7%, and 9-5%, respectively of
each group tested. A total of 2-5% of subjects tested
for PO (two male volunteers, two female volun-
teers, three female patients) were found to have
raised increment values of this steroid.
Table 2 shows the steroid data for 274 subjects

tested for both steroids and according to 17 PO
response placed into the categories of type 1
(normal response) and type 2 (raised response). For
comparison, data for carriers of CAH are also
shown.

COMPARISON OF CARRIERS OF CAH WITH TYPE
I AND TYPE 2 RESPONDERS
Although CAH carriers had significantly greater 17
PO increment levels at 60 minutes than subjects with
type 1 response to Synacthen (p<0.001), only
45 5% of CAH carriers (four males and one female)
in fact had 17 PO levels greater than 7 nmol/l. Only
one female carrier was found to have a PO
increment value above the normal range (5.0
nmol/l), although there was a significant difference
between carriers and type 1 responders for this
steroid also (p<0-001). Although the 17 PO levels of
type 2 responders were significantly greater than
those of CAH carriers (p<0Q005), using this steroid
as a marker, there was substantial overlap between
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FIG 2 Progesterone 60 minute increment period data from
279 subjects showing frequency distribution (histogram of
left scale) and its transformation into cumulative percent
probability (@-* and right scale). -4 - represents
first point of inflexion, the limit ofnormal response to
ACTH.

these two groups. There was no significant differ-
ence in PO increment values between type 2
responders and carriers (p=> 005).

HLA ANTIGEN FREQUENCIES
The frequencies of HLA-A and -B antigens, and of
Bf and GLO variants in 13 unrelated type 2
responders, 76 type 1 responders, and 74 CAH
carriers are shown in tables 3 and 4. HLA-A28 and
HLA-B14 were found to be increased and HLA-B12
absent among type 2 responders. These differences
were significant before correction. HLA-Bw47
occurred in eight of the known carriers but in none
of the type 2 responders. This association was not
statistically significant. There was a significant in-
crease in the BfF1 allele in the type 2 responder
group (p=00309) when they were compared with
carriers for CAH. The BfF1 allele was found in one
A28 B14 positive subject. A delta value of 0-118 was
calculated as a measure of linkage disequilibrium
between HLA-A28 and HLA-B14 antigens among
type 2 responders. This value was significant
(Fisher's p=0-0319) and suggests the existence of a
susceptibility haplotype.

FAMILY STUDIES
HLA genotypes of members of the families of eight
index cases of type 2 response are shown in fig 3.
Nine family members were found to have raised 17
PO levels (type 2 response). These included four
sibs (AII.3, DII.1, EII.1, FII.2), a half sister
(EII.4), two parents (BI.1, D1.2), an uncle (EI.1),
and the son of the proband in family A (AIII.1).
The four sibs with type 2 response were HLA
identical to the affected proband in the respective
families (A, D, E, and F) while all sibs sharing only
one or no haplotypes with the proband were found
to have normal 17 PO and PO increment values.
Analysis of linkage between HLA and the type 2
response, by the Penrose sib pair method,15 gave a
probability in favour of linkage of p=0003.

Discussion
We used the short Synacthen test, after overnight
dexamethasone suppression, to provide an in vivo

TABLE 2 60 minute stimulated levels following Synacthen stimulation in type 1 (normal) and type 2 responders and in
carriers ofCAH.

17 hvdroxvprogesterone Progesterone
60 minute 60 minute
increment values increment values
(nmol/l) (nmolll)

No Mean SD No Mean SD

(1) Type I responders 252 2-2 1-4 252 14 1-(
(2) Type 2 responders 22 10(6 3-5 22 4-3 3 4
(3) Carriers for CAH 11 6-2 4 2 10 2-5 1-6

p values 1-2 p<0lO1 p<O (X)l
1-3 p<O-001 p<O0((l
2-3 p<0005 p NS

The Roagland MedicalIi-brS

357

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.22.5.354 on 1 O
ctober 1985. D

ow
nloaded from

 

http://jmg.bmj.com/


M T Gordon, D I Conway, D C Anderson, and R Harris

TABLE 3 Number ofmutually unrelated subjects who carried specific HLA antigens among three hydroxylase phenotype
classes.

HLA 1 2 3 Significance
Type 2 Type 1
responders responders Carriers 1 and 2* 1 and 3*
(n= 13) (n= 76) (n = 74)

No % No % No %

A 1 4 30-8 25 32-9 20 2710 NS NS
2 4 30-8 37 48-7 39 52-7 NS NS
3 5 38-5 27 35-5 25 33-8 NS NS
9 4 30-8 12 15-8 9 12 2 NS NS
10 - - 10 13-2 8 10-8 NS NS
11 3 23-1 4 5-3 11 14 5 NS NS
19 1 7-7 18 23-7 14 18 4 NS NS
28 5 38-5 9 11-8 7 9-5 0 0288 0(0150

B 5 1 7-7 8 10-5 13 17-6 NS NS
7 3 23-1 21 27-6 21 28-4 NS NS
8 5 28-5 12 15-8 12 16-2 NS NS
12 - - 20 26-3 27 36-5 0-0275 0-)055
14 5 38-5 3 3 9 9 12 2 0-0014 0 0317
175 - - 10 13-2 7 9-4 NS NS
16 2 15-4 3 3-9 2 2-7 NS NS
17 1 7-7 10 13-2 7 9.4 NS NS
18 1 7-7 4 5.3 4 514 NS NS
21 - - 3 3.9 1 1-3 NS NS
22 1 7-7 2 266 3 4 1 NS NS
27 - - 5 6-6 3 4-1 NS NS
35 4 30-8 19 25-0 8 10 8 NS NS
37 - - 3 3.9 2 2-7 NS NS
40 - -8 10-5 15 20 3 NS NS
47 - - 1 1-3 8 10-8 NS NS

NS=non-significant.
*=Fisher's exact probability (one sided), uncorrected for number of observations.

measurement of 21 hydroxylase activity, assuming
that an unusually high 17 PO response reflects a

reduction in 21 hydroxylase activity. However, we

and others17 have found that this method does not
provide very good discrimination of obligate carriers
of 21 hydroxylase deficiency.

In the present investigations, 7*7% of those tested
(in whom there was no reason to suspect classical
CAH) were found to have evidence in the short
Synacthen test suggestive of some impairment of 21

hydroxylase activity (the type 2 response). Since this
is at least three times the estimated frequency of
carriers for classical CAH (2-3%),18 another ex-

planation was sought for the majority of cases with a

type 2 response. Only 45% of obligate carriers
tested gave a positive response for Synacthen, with
the implication that about 88-0% of subjects with
raised 17 PO levels were not carriers of classical
CAH.

In earlier studies, we have found classical CAH to

TABLE 4 Frequency of Bfand GLO alleles in type 2 responders compared with type 1 responders and carriers for CAH.

Allele 1 2 3 Significance level
Type 2 Type I
responders responders Carriers I and 2 1 and 3

No % No % No %

Bf F 2 8-3 26 20-6 23 20-9 NS NS
S 20 83-3 95 75-4 87 79-1 NS NS

Fl 2 8-3 3 2-4 - - NS 0-0309
S1 - - 2 1-6 - - NS -

H=24 H=126 H=110

GLO 2 16 66-7 77 57.5 27 61-4 NS NS
1 8 33-3 57 42-5 17 38-6 NS NS

H=24 H= 134 H=44

H=No of haplotypes.
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FIG 3 HLA genotypes and 17 OHprogesterone and progesterone 60 minute incremental values in eight families with type 2
responders. 17 OHprogesterone and progesterone increments 60 minutes after ACTH are qualitatively indicated as follows:
* *denotes raised 17OH progesterone and progesterone levels; *denotes raised 17 OH progesterone but normal progesterone
increments. 0, * family members with type 2 response. NT=not tested for steroid levels or HLA.

be associated with HLA-Bw47.8 In the present
investigations, HLA-Bw47 was found only in obli-
gate CAH carriers, while A28 and B14 (in linkage
disequilibrium) were found to be significantly
associated (p=0-0319) with the type 2 response and
not with CAH. HLA-B114 has been previously
reported to be associated with cryptic and late onset
CAH7 which are probably one and the same
condition. However, published data suggest that in
such cases the 17 PO response is similar to that seen
in classical CAH4 with an order of magnitude

greater than the type 2 response that we have
described. The latter response might therefore be
associated with the heterozygous state but not the
homozygous state for late onset/cryptic CAH.
There was evidence of familial segregation of the

type 2 response with HLA. In four families, sibs had
a type 2 response and were found to be HLA
identical which suggested strongly that the response
was a homozygous condition controlled by a gene
linked to HLA and therefore probably a variant 21
hydroxylase. We believe that type 2 responses may
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TABLE 5 Possible scheme to accountfor clinical and
biochemical variation in 21 hydroxylase activity, based on
one 'normal' and three CAH allelicforms ofthe enzyme.

Clinical Hormonal 21 hydroxylase
phenotype phenotype genotype

Normal Type 1 A-A
Normal Type 1/2 A-B

A-C
A-D

Normal Type 2 B-B
B-C
B-D

Classical CAH C-C
CAH
Cryptic/
late onset CAH CAH C-D

D-D
Allelic variants of 21 hydroxylase
21 OH (type 1, normal) A
21 OH (type 2) B
21 OH (classical CAH) C
21 OH (cryptic/late onset CAH) D

occur in both heterozygotes and homozygotes, as is
suggested by the family data where some non-HLA
identical relatives were found to have raised 17 PO
levels.

It has been suggested that there are at least two
deficiency alleles, namely classical and late onset/
cryptic,5 at one or more genetic loci linked to HLA.
We propose that the type 2 response may represent
another allelic variant of 21 hydroxylase. In table 5,
a scheme is presented to describe the possible
biochemical and clinical permutations that could be
predicted in the population if this is true.

It is clear that the short Synacthen test cannot
distinguish between these possible genetic com-

pounds. If our explanation is correct, then a

biochemical test of hydroxylase activity cannot be
used as a means of reliably detecting the carrier state
of classical CAH in the general population. In
families with a known case of CAH, HLA studies
are likely to remain the most suitable approach for
detecting carriers, to be superseded perhaps even-

tually by DNA restriction enzyme analysis of the
major histocompatibility system.
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