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SUMMARY During our investigations of polymorphisms at, and in the immediate chromosomal
vicinity of, the 21-hydroxylase locus in families with 21-hydroxylase deficiency, three families
were found to show marked discordance in clinical features of HLA identical subjects. In one
family, there is discordance between a boy with the simple virilising form of 21-hydroxylase
deficiency and his two younger sisters, who are both HLA identical to their brother, but who
have additional salt wasting features. In the other two families, one subject is severely affected
and has very high 17-hydroxyprogesterone levels, but has an HLA identical sib who is
asymptomatic and shows only slightly raised 17-hydroxyprogesterone levels. In all cases, HLA
identity, as indicated by protein polymorphism studies (HLA-A, B, DR, C4A, C4B, and Bf
typing), has been verified at the gene organisation level using 21-hydroxylase and complement C4
DNA probes. An HLA-Bw47 bearing haplotype in one of the latter families has not been
transmitted to the affected child and appears to carry a normal 21-OHB allele and two genes
which specify C4A allotypes.

Approximately 90 to 95% of cases of congenital
adrenal hyperplasia are attributable to a deficiency
in steroid 21-hydroxylation.1 2 The adrenal zona
fasciculata is the site of 21-hydroxylation of 17-
hydroxyprogesterone by a cytochrome P450c21.
This represents one step in a glucocorticoid pathway
which leads ultimately to the synthesis of cortisol. In
addition, cytochrome P450c21 mediates the 21-
hydroxylation of progesterone in a mineralocorti-
coid pathway culminating in the production of
aldosterone. Although the glucocorticoid pathway
appears to be largely confined to the zona fascicu-
lata, the mineralocorticoid pathway occurs in the
adrenal zona glomerulosa, and also in the adrenal
zona fasciculata where its magnitude is small in
comparison with cortisol synthesis. Deficiency in
steroid 21-hydroxylase may lead to failure to convert
17-hydroxyprogesterone (17-OHP) to 11-deoxy-
cortisol. The ensuing accumulation of precursor
proximal to the 21-hydroxylase block is followed by
shunting of 17-OHP into an androgen biosynthesis
pathway, leading to overproduction of androgens
and virilisation. Classical 21-hydroxylase deficiency

Received for publication 4 May 1988.
Accepted for publication 8 June 1988.

occurs in one in 5000 to 10 000 births and results in
ambiguous genitalia in the case of female births.
Additionally, 50 to 80% of classical cases show an
inability to conserve dietary sodium which, if
untreated, may lead to death in the early neonatal
period ('salt wasting'). In such cases, aldosterone
synthesis is expected to be substantially impaired
following a block in 21-hydroxylation of pro-
gesterone. Non-classical 21-hydroxylase deficiency
is characterised by late onset development of
symptoms of androgen excess or by an apparent lack
of symptoms ('cryptic form') and is found in 0-3% of
Caucasians.
The inheritance of 21-hydroxylase deficiency is

autosomal recessive and asymptomatic heterozy-
gous carriers may be identified by an abnormal
steroid response to intravenous ACTH. Close
genetic linkage of 21-hydroxylase deficiency to the
HLA complex has been known for a decade.3 4
However, discordance in clinical symptoms between
HLA identical sibs has been occasionally reported,
notably with regard to discordance between the
degree of salt wasting,5 6 and a proposal has been
advanced that the adrenal zona fasciculata and zona
glomerulosa are under separate genetic regulation.7

Recently, molecular mapping studies have
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assigned the 21-hydroxylase locus to the class III
region of the HLA complex, flanked centromeri-
cally by class II HLA loci, and telomerically by class
I HLA loci. Two 21-hydroxylase genes, 21-OHA
and 21-OHB, have been uncovered, being located
immediately centromeric to the complement C4A
and C4B genes, respectively.-10 Of these, only 21-
OHB appears to be functional regarding 21-
hydroxylation of steroids, while the 21-OHA gene
has been considered to represent a pseudogene.113
Analyses of the 21-OHIC4 gene region have shown a
high incidence of apparent deletion of the 21-OHB
gene associated with 21-hydroxylase deficiency.1416
In particular, haplotypes with the very rare HLA-
Bw47 allele, which are strongly associated with salt
wasting 21-hydroxylase deficiency, have been
considered to be associated with concomitant 21-
OHB gene deletion, and a compound deletion of a
21-OHB gene and a C4B gene has been suggested
from some studies.8 14 16 In the present investiga-
tion, we report some unusual 21-hydroxylase
deficiency families which show profound dis-
cordance between the clinical features of sibs who
appear to be HLA identical, both in terms of
serologically defined polymorphism and in gene
organisation at the 21-OH and C4 loci. In one of
these families, there is the additional unusual
observation of HLA-Bw47 bearing haplotypes
which appear to carry a functional 21-hydroxylase
gene.

Materials and methods

17-HYDROXYPROGESTERONE ASSAYS
Serum 17-hydroxyprogesterone levels were assayed
as described previously.17 Samples were taken at
time zero and at 30 minutes and 60 minutes after an
intravenous administration of 250 mg ACTH (syn-
acthen).

HLA ANTIGEN SEROLOGY
Typing for HLA-A and B antigens was carried out
using the standard NIH technique, while HLA-DR
typing was performed with peripheral blood B
lymphocytes isolated by their adherence to nylon
wool columns. All antisera were obtained locally or
through mutual exhange with collaborating labor-
atories and were thoroughly screened using cell
panels typed with International Histocompatibility
Workshop antisera.

FACTOR B TYPING
Factor B tBf) typing was conducted by standard
techniques 8 using high voltage electrophoresis of
serum in agarose gels followed by immunofixation
with specific goat antihuman factor B (Atlantic
Antibodies).

COMPLEMENT c4 TYPING
After agarose gel electrophoresis of plasma or
serum samples that had been treated with carboxy-
peptidase and desialated using neuraminidase,19
complement C4 types were identified by immuno-
fixation with a specific antiserum to human C4
(Atlantic Antibodies) and by a specific gel overlay
containing sensitised sheep red blood cells and C4
deficient guinea pig serum.

SOUTHERN BLOT HYBRIDISATION
Genomic DNA samples were prepared from whole
blood samples by standard methods.20 Individual
restriction nuclease digestions were conducted over-
night at 65°C using 8 1ig human genomic DNA and
25 units of enzyme essentially as recommended by
the manufacturers (Boehringer-Mannheim). Digests
were subjected to agarose gel electrophoresis (0-8%
agarose in Tris-Borate-EDTA buffer, 3 V/cm,
overnight) before transfer of resolved DNA frag-
ments onto nylon membranes (Amersham Hybond-
N) by standard techniques."1 Blots were pre-
hybridised for five hours at 65°C in a solution of
5xSSC, 0.1% SDS, 0-25% Marvel (Cadbury),
which contained 100 Rg/ml denatured herring sperm
DNA. Hybridisation was conducted overnight in a
solution with the same composition as the pre-
hybridisation solution, but supplemented by the
addition of PEG-6000 to a final concentration of 6%
and denatured radioactive DNA probe to a final
concentration of 5 ng/ml. The 21-hydroxylase gene
probe used was a 1-8 kb KpnI-EcoRI fragment
(21A-1-8). This was subcloned after appropriate
digestion of a genomic clone, pSV4Kpn, that
contained a 4 kb KpnI fragment derived from the
cosmid clone, cos 1E3.9 The 21A-1-8 probe repre-
sented a portion of the 21-OHA gene which was
equivalent to a region spanning from exon 4 to the
beginning of the 3' untranslated region of the
functional 21-OHB gene. The C4 DNA probe was a
500 bp BamHI-KpnI fragment (C4B-500) subcloned
from the cDNA clone pAT-A22 and represented a
region at the extreme 5' end of a full length cDNA
copy of mRNA expressed by the C4B gene. Both
probes were radiolabelled with Xt_-32P dCIP] to a
specific activity exceeding 10 cpm/gg using a
hexanucleotide priming procedure.23 Hybridisation
washes were concluded in a solution of 0-1 xSSC at
65°C before conventional autoradiography at
-70°C. Densitometry of autoradiographic signals
was conducted on a LKB-Brumma 2202 Ultroscan
Laser Densitometer.

Results

Our investigations of 21-hydroxylase deficiency
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families have identified three families (A, B, C,
fig 1) where there is discordance in clinical symptoms
between sibs who are HLA identical on the basis of
serologically defined polymorphisms (HLA-A, B,
DR, C4A, C4B, Bf typing).
The three HLA identical affected children in

family A all showed abnormally high 17-
hydroxyprogesterone (17-OHP) levels (table). The
two sisters, II.2 and 11.3, showed marked virilisation
and also salt loss in the early neonatal period. The
oldest child, a boy (II. 1), was pubertal at 10 years of
age and when fully grown was short in stature
compared to his parents. However, in other respects

A B

1 2 1 2
I 0 EIH[}

ab cd ab cd

II L a 3 2

ac ac ac ac acc

C

1 2

ab cd

3

ac ad ad

FIG 1 Pedigrees offamilies A, B, and C. Haplotypes are as
follows. A: a=DRI B14A3; b=DR4 B44A2; c=DR2 B5
A2; d=DR4 B44A2. B: a=DR4 C4BQo C4A3 BfS B44
A2; b=DRI C4BQo C4A3 BfFB44A2; c=DR4 C4BI
C4A3 BfS B40A30; d=DR6 C4BQo C4A3 B44A32.
C: a=DR7 C4BQo C4A1 BfFBw47A3; b=DR2 C4BJ
C4A3 BfS B7Al; c=DR4 C4BQo C4AI C4A3 BfFBw47
A3; d=DR6 C4BS C4A4 BfS B22 A3.

he was clinically unremarkable and was not investi-
gated until after the birth of his sisters, whereupon
his tissue type was found to be identical to theirs.

In family B, the affected girl, II.1, had severe

clitoromegaly and labial fusion while her HLA
identical sister, II.2, showed no abnormal clinical
features indicative of 21-hydroxylase deficiency.
Plasma renin activity in the affected child was only
minimally raised (15 ng/ml/hour at six months of
age). However, abnormally high 17-OHP levels in
I. 1 were consistent with the simple virilising form of
21-hydroxylase deficiency, while her sister, II.2,
showed only slightly raised 17-OHP levels (table).

Initial investigations in family C have been
reported previously.'7 The affected boy, II.3,
showed a failure to thrive in the early neonatal
period with vomiting and weight loss. At three
weeks, Na+ was 113 mmol/l and K+ was 8-0 mmol/l.
As shown in the table, he showed abnormally high
17-OHP levels while his HLA identical brother,
II.2, showed no symptoms of 21-hydroxylase
deficiency and only moderately raised 17-OHP
levels after ACTH stimulation, consistent with a

carrier status. Interestingly, the oldest child, II.1,
who is a HLA-Bw47 homozygote and shares one

HLA haplotype with his two brothers, appears to be
biochemically normal. The mother has a haplotype
which carries the HLA-Bw47 antigen, but this
haplotype is not the one that is transmitted to the
affected child, and she, too, has normal 17-OHP
levels (table).

In order to investigate the basis of the clinical

TABLE 17-hydroxyprogesterone levels of individual members of families A, B, and C before and after ACTH
stimulation. Basal 17-OHP levels were recorded after overnight dexamethasone suppression in the case of members of
family A only.

Family Form of 21- Family 17-OHP after ACTH Status
hydroxylase member stimulation (nmolll)
deficiency

0 30 60
min min min

A SV/SW I.1 6-6 7-9 10-1 Carrier?*
I.2 0-9 ND 8-6 Carrier?*

II.1 3.6 453-0 578-0 Affected (SV)
11.2 2-1 370.0 401-0 Affected (SW)
11.3 5-8 360-0 467 0 Affected (SW)

B SV 1.1 9-5 13.0 16-0 Carrier
1.2 4-0 13-0 13-0 Carrier
11.1 46.0 880-0 1240-0 Affected
II.2 0-5 12-0 14-5 Carrier

C SW 1.1 8-0 11-0 13-0 Carrier
1.2 0-4 6-0 9-0 Carrier?t

11.1 3-6 6-0 6-0 Carrier?t
11.2 7-5 42-0 52-0 Carrier
II.3 1350-0 ND ND Affected

*17-OHP levels within the normal range but expected to be obligate carriers.
t17-OHP levels within the normal range; carrier status uncertain.
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discordance between such apparently HLA identical
subjects, and of HLA-Bw47 bearing haplotypes that
do not appear to be associated with 21-hydroxylase
deficiency, we have used a 21-hydroxylase gene
probe, 21A-1*8, and a complement C4 cDNA
probe, C4B550, to identify DNA polymorphism in
the 21-OHIC4 gene region in all members of families
A, B, and C. By using these probes against genomic
Southern blots of DNA samples from family
members, it is possible to identify gene deletions
and gene replacement events at the 21-OHIC4
loci. Such events are known to be frequent in this
region of chromosome 6, and in companion studies
of an additional 21 21-hydroxylase deficiency
families, we have found that in 48% (20/42) of
disease haplotypes the 21-hydroxylase deficiency is
attributable to 21-OHB gene deletion, or to replace-
ment of 21-OHB by a gene resembling 21-OHA
through gene conversion-like mechanisms (Sinnott
et al, unpublished data). The remaining 52% of
disease haplotypes showed the normal gene organi-
sation, that is, 21B C4B 21A C4A, and in these
cases the 21-hydroxylase deficiency is presumed to
result from pathological point mutation or small
insertion/deletion events in the 21-OHB gene that
cannot be resolved by conventional DNA probing
methods.
When Southern, filters of TaqI digested genomic

DNA are hybridised with 21-OH gene probes, such
as 21A-1*8, the 21-OHA and 21-OHB genes are

A B

i* -7.0*0m m -i..

_4 _

6._0
.~-6.0 Uw Is MW -6.0

* oft -5.4

characterised by 3-2 kb and 3-7 kb bands
respectively.8 Hybridisation of C4-5' probes, such
as C4B550, to the same filters can distinguish C4A
genes (characterised by a 7-0 kb band) from C4B
genes (characterised by either a 6-4 kb band, a 6-0
kb band, or a 5*4 kb band).14

Fig 2 shows autoradiograms of Southern hybri-
disation of the two probes against TaqI digested
genomic DNA from all members of families A, B,
and C. Densitometry analysis of the Southern
hybridisation profiles shows identical patterns be-
tween HLA identical sibs in each of the three
families. In family A each of the children, I.1, IL.2,
and 11.3, shows equivalence in intensity for the three
C4 specific bands of size 7-0 kb, 6.0 kb, and 5-4 kb.
In addition, the children show a 2:1 ratio between
the 21A associated 3-2 kb band and the 21B
associated 3-7 kb band. The maternal DNA sample
(1.2) shows a ratio of 3:2 between the C4B associ-
ated 6*0 kb and the C4A associated 7 0 kb bands and
also a ratio of 3:2 between the 3-2 and 3-7 kb bands.
The paternal DNA sample (1.1) shows a ratio of
2:1:2 for the 7-0 kb:6-0 kb:54 kb comparisons and a
3:2 ratio for the 3-2 kb:3*7 kb comparison (data not
shown). These data are consistent with the inter-
pretation that both disease haplotypes have the
organisation 21B C4B 21A C4B 21A C4A. One of
these haplotypes (a) is an example of an HLA-B14
containing haplotye which has frequently been
shown by others4 26 to exhibit this pattern of

C

_" -7.0

-6.0

it -'M 41 -5.4~~~~~~~ * .r-37

3_~~~~0-^3.2

IIl1 11-2 1.2 1.1 II-3

7 th PR +-37

.~~~-.

d *-3...

II 1.2 11.1 11.2 1.1 1 2 11.1 11.2 11.3

FIG 2 Southern autoradiogram of TaqI digested genomic DNA from indicated members offamilies A, B, and C, probed
simultaneously with the 21-hydroxylase specific probe, 21A-1-8, and the complement C4 specific probe, C4B550. Numbers
denote the size ofbands in kilobases.
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gene organisation at the 21-OH and C4 loci. In
disease haplotypes of this type, 21-hydroxylase
deficiency is expected to be attributable to a
pathological point mutation or a small insertion or
deletion in the single 21-OHB gene.

In family B equivalent analyses show that each
family member shows a 1:1 ratio for the 7-0 kb and
6&0 kb C4 bands, and also for the 3-2 and 3-7 kb 21-
OH bands. These results are consistent with a
normal organisation of 21-OH and C4 genes, that is,
21B C4B 21A C4A, on each haplotype, and the
disease haplotypes are again expected to carry
undetected pathological point mutation in the 21-
OHB gene.

In family C densitometry analysis of the Southern
hybridisation profile of DNA representing the
father (I.1) and his three sons (11.1, 11.2, and 11.3)
shows in each case a 2:1 ratio in intensity between
the C4A associated 7-0 kb TaqI band and the C4B
associated 6*0 kb (11.1) or 5*4 kb (11.1, II.2, II.3)
bands, and also a 2:1 ratio between the 3*2 kb and
3-7 kb bands. This is consistent with the inter-
pretation that haplotypes b and d carry the conven-
tional organisation of 21-OH and C4 genes, with the
21-OHB gene on disease haplotype d apparently
carrying a pathological point mutation. However,

__ - * ; ~~~~~~C4A4

m C4B5
_ C4A1

_ C4B1

11.3

FIG 3 Agarose gel electrophoresis ofcarboxypeptidase B
and neuraminidase treated serum samples ofindicated
members offamily C, followed by immunofixation with a
specific antiserum to human C4 (left panel) or by a
haemolytic gel overlay (right panel). Markers to the
right ofpanels correspond to the electrophoretic positions
ofindicated C4 alleles as determined using parallel controls
(not shown).

the a haplotype, DR7 Bw47 A3, appears to show a
compound deletion of the 21B and C4B genes, as
has been su-ggested by the findings of several other
groups.8 14 In addition, the maternal DNA
sample (1.2) reproducibly shows equivalence in
intensity between the two C4 TaqI bands (7.0 kb
and 5-4 kb) and also between the two 21-OH bands
(3-7 kb and 3*2 kb), consistent with a conventional
21-OH/C4 gene organisation for both haplotype d
and also the Bw47 bearing haplotype c. However,
complement allotyping identifies three C4A anti-
gens in the mother (C4A1, C4A3, and C4A4) and
two C4A antigens in the father (C4A1, C4A3) (fig
3). As II.2 and II.3 both show only C4A1 and C4A4
in equal intensity, we infer that the C4A4 allele only
is carried on haplotype d, while the C4A1 and C4A3
alleles are carried on haplotype c. The presence in
I1.1 of a C4A1 band at twice the intensity of a
companion C4A3 band is explicable by inheritance
of haplotype c which bears the C4A1 and C4A3
alleles, and of haplotype a which carries the C4A1
allele. Consequently, haplotype c appears to have a
21B C4A/C4B 21A C4A gene organisation, where
C4A/C4B signifies a fusion gene that resembles C4A
at the complement allotyping level (either C4A1 or
C4A3), but resembles C4B at the DNA level by
showing a 5-4 kb TaqI RFLP.

Discussion

We have investigated the profound discordance in
clinical symptoms between apparently HLA identi-
cal sibs in three families with classical 21-hydroxylase
deficiency. Although mild variability of expression
of 21-hydroxylase deficiency, for example, in the
extent of virilisation of affected female sibs, is
commonly observed, the marked discordance be-
tween HLA identical sibs observed in the present
study would appear to represent an extreme posi-
tion. Such clinical discordance may or may not be
accompanied by profound discordance in bioche-
mical markers of 21-hydroxylase deficiency, such as
17-OHP levels. Family A is an example of the type
where biochemical assay of 17-OHP levels does not
readily distinguish between the HLA identical sibs,
but where there is, nevertheless, marked discord-
ance in clinical symptoms. Such families may not be
uncommon.5 6What appears to be more remarkable
is the profound discordance in both clinical symp-
toms and 17-hydroxyprogesterone levels in mem-
bers of families B and C who appear to be HLA
identical. Such families appear to be very rare.

Clinical and biochemical discordance between
apparently HLA identical subjects can be attributed
either to genetic differences within the HLA com-
plex of these persons, or to differential involvement

14
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of factors other than those mapping to the HLA
complex. As there is no easy way of measuring
steroid 21-hydroxylase activity directly in the diffe-
rent subjects, we have to rely on demonstration of
abnormal levels of metabolites proximal and distal
to the presumed enzymic block, and on the clinical
symptoms consequent upon these. Accordingly,
differences in the regulation of the relevant meta-
bolic pathways at the hypothalamic/pituitary levels
may have a profound influence on metabolite levels
and the clinical expression of 21-hydroxylase defi-
ciency. In this regard it has often been observed that
persons with 21-hydroxylase deficiency maintain
naturally raised 17-hydroxyprogesterone levels
throughout life, whereas natural imbalance in
Na+/K+ levels, causing early neonatal salt wasting
symptoms, may not be evident in the same subject
later in life. Feedback inhibition by cortisol of
ACIH production could conceivably vary consider-
ably owing to differences between HLA identical
sibs in the set point or threshold cortisol levels that
determine ACTH inhibition. In the present inves-
tigation, the affected child in family B (II.1) showed
a normal basal serum cortisol level of 350 nmol/l,
which increased to 1800 then 2000 nmol/l after 30
and 60 minutes respectively of stimulation by ACIH
in the synacthen test. The corresponding figures for
her unaffected, HLA identical sister, 195, 670, and
845 nmol/l respectively, were lower but also in the
normal range, which, together with the 17-OHP
results, is consistent with differential metabolic
drive in the glucocorticoid pathways of the sibs.

Clinical discordance in the absence of significant
differences in 17-OHP levels of HLA identical
subjects is most easily explained by differential
regulation of 21-OH expression by factors that do
not map to the HLA complex. However, it is
conceivable that profound clinical discordance,
accompanied by marked discordance between the
17-OHP levels, of apparently HLA identical sub-
jects could alternatively be the result of genetic
differences mapping within the HLA complex of
such subjects. For example, one of the parents may
not be a carrier of 21-OH deficiency and differential
germinal mutation at the 21-OH locus in this subject
could account for the required genetic differences
between his or her apparently HLA identical
children. Our companion studies on other British
classical 21-hydroxylase deficiency families have
indicated that approaching 50% of pathological
mutations at the 21-OH locus involve gene deletion
or replacement of the 21-OHB gene by a gene
resembling 21-OHA. Consequently, our first step in
analysing possible genetic differences at the 21-OH
locus in apparently HLA identical sibs was to
examine the evidence for differential gene deletion/

duplication/replacement events at the 21-OH/C4
loci in those concerned. Out of the six disease
haplotypes in families A, B, and C, three carried an
abnormal gene organisation indicative of such muta-
tional events, but no differences could be detected
in the 21-OH/C4 gene organisation of HLA identical
sibs. In the case of family C, the same paternal HLA
haplotype, DR7 Bw47 A3, is inherited by all three
children and in each case Southern hybridisation
against TaqI digested genomic DNA appears to
suggest a deletion of the 21-OHB and C4B genes.
However, in the other five disease haplotypes, there
remains the possibility of undetected differential
point mutation at the 21-OH locus in equivalent
haplotypes in HLA identical sibs. We are currently
addressing this possibility by DNA cloning and
sequencing studies.
Other possible explanations for the discordance

between apparently HLA identical sibs that involve
genetic differences mapping to the HLA complex
include differential paternity, double cross over,
large scale gene rearrangements, and gene conver-
sion. Of these, we have eliminated the possibility of
differential paternity (possibly involving close male
relatives) of HLA identical sibs: all Southern
hybridisation bands detected in the HLA identical
sibs by a hypervariable minisatellite DNA probe27
can be derived from the presumed parents (data not
shown). Also, double cross over is an extremely
unlikely proposition because of the molecular dis-
tances involved (about 1050 kb from HLA-DR to
HLA-B). The rare possibility of large scale gene
rearrangements that result in translocation of the
21-OH gene outside the HLA complex can be
investigated by long range mapping using pulsed
field Southern blotting, while DNA cloning and
sequencing studies may be expected to show
clustered nucleotide differences characterising
differential mutation owing to gene conversion-like
mechanisms.

Irrespective of the mechanism underlying clinical
and biochemical discordance between apparently
HLA identical sibs, the evidence for discordance
introduces an extra, small degree of uncertainty in
prcnatal diagnosis of 21-hydroxylase deficiency.28
Any diagnosis, whether on the basis of serologically
defined or DNA based polymorphisms, that relies
on the demonstration of HLA identity between a
previously affected child and a fetus in a subsequent
pregnancy will occasionally admit false positives. It
is equally possible that, on occasions, apparent
success in prenatal treatment of 21-hydroxylase
deficiency may derive from such naturally occurring
discordance between HLA identical sibs.

Finally, the HLA-Bw47 containing maternal ha-
plotype in family C which is not transmitted to the

15
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affected child (DR4 Bw47 A3) appears to have an
exceptional gene organisation at the 21-OH/C4 loci.
This haplotype appears to contain two C4 genes,
one of which is a conventional C4A gene. The other
C4 gene resembles a C4B gene at the DNA level,
but specifies a C4A allotype and may have arisen by
a gene conversion-like mechanism, as recently
proposed in the case of a C4A6 C4A11 C4BQo
haplotype.29 Additionally, Southern hybridisation
using a 21-OH gene probe against genomic DNA
from the mother in family C shows no evidence for
reduced representation of the 3-7 kb TaqI band
associated with the 21-OHB gene, which in other
reports has been suggested to reflect 21-OHB gene
deletion or replacement of 21-OHB by 21-OHA.
We have obtained a similar finding for one DR7
Bw47 A3 haplotype (Sinnott et al, unpublished
data), and a similar lack of 21-OHB deletion in DR7
Bw47 A3 haplotypes has recently been reported in
the Old Order Amish.30 This finding endorses the
view that Bw47 bearing haplotypes are hetero-
geneous with regard to their accompanying 21-OHB
alleles, and consequently are not always associated
with 21-OHB gene deletion as previously supposed.
In the majority of cases, there is a null 21-OHB
allele owing to 21-OHB gene deletion or to 21-OHB
gene replacement events,31 which is strongly associ-
ated with salt wasting congenital adrenal hyper-
plasia. However, occasionally, Bw47 bearing
haplotypes carry normal 21-OHB alleles.
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