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Abstract

Classic congenital adrenal hyperplasia
(CAH) due to steroid 21-hydroxylase
deficiency is a common endocrine disorder in
children. In the present study, we
genotyped 62 patients from 57 unrelated
families. Our results showed that the most
common mutation was 1172N (22.8%),
followed by intron 2 splicing mutation
(21.1%), deletion or large gene conversion
(LGC)(14%) and R356W(8.8%). One
novel mutation in exon 9 was detected in a
simple virilizer who also carried the 1172N
mutation.  There was good correlation
between genotype and phenotype.  All
patients with both null alleles are salt losers.
Patients with intron 2 as the determining
aleles are al sat losers except one ssimple
virilizer.  All patients carrying 1172N are
simple virilizer.
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I ntroduction

Classc CAH due to 21-hydroxylase
deficiency is a common disorder in children.
Forty-nine mutations of the steroid 21-
hydroxylase gene has been reported [1-3].
Although some discrepancies have been
reported, the genotype generally correlates
with the phenotype [4,5]. The mutation
study of CAH patients in Taiwan has been
reported [6-8]. However, the phenotype-
genotype correlation has not been reported
before. In the present study, we analyzed the
molecular pathology of 62 classic CAH
patients with allele-specific PCR and PCR-
single strand conformation polymorphism
(SSCP) in order to provide information for the
rapid diagnosis in the suspected neonates and
prenatal diagnosisin high-risk families.
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Results

One hundred and fourteen chromosomes
from 57 unrelated familieswere studied. As
shown in Table 1, the most common
mutation was 1172N(22.8%), followed by
In2(21.1%), deletion or large gene
conversion(14%) and R356W(8.8%). One
patient had uncharacterized bands of exon 9
on SSCP ge. Sequencing revealed an
insertion of 41 bp from intron 6 (nt. No.
1520-1560) at codon 396 and deletion of
13bp from codon 396 to codon 420 of exon 9.
The mutation causes a stop codon (TAG) 15
amino acid downstream the insertion site.



Table 1 Mutation frqgeuencies on affected

aleles
Mutation alele Number of chromosomes  Percentage(%6)
P30L 1 0.9
In2 24 21.1
P30L, In2, Ex3 7 6.1
In2, Ex3 7 6.1
1172N 26 22.8
P30L, In2, Ex3, 1172N 1 0.9
Ex6 cluster 1 0.9
Q318X 5 4.4
R356W 10 8.8
Q318X, R356W 4 35
cdn483 GG C 3 2.6
R483P 1 0.9
EX9, insdels 1 0.9
Déeletion or large conversion 16 14.0
Unknown 7 6.1

Tota

=
N

100%

The correlation between the genotype and
phenotype was aso studied. All patients
with null aleles were salt-loser. Patients
with In2 as the determining allele were al
salt losers except one simple virilizer.  All

patients carrying 1172N were ssimple virilizers.

Both the patients with the Cdn483 GG -
C/R483P and Cdn483 GG - C/del or LGC
were salt-loser. The patient with 1172N/ex9,
insertion and deletion mutation was a simple-
virilizer. One patient with P30L, In2, Ex3,
1172N/P30L mutation was a simple virilizer
rather than the predicted nonclassic
phenotype.

Discussion

Allele-specific PCR isasimple and rapid
method to detect known mutations [9].
Using this approach, we found 101
chromosomes (among 114 chromosomes)
carrying the 8 common mutations. P30L,
IVS656(In2), Exon3 deletion (Ex3), 1172N,
Exon 6 cluster (Ex6), V28IL, Q318X,
R356W. The mutation frequencies were
172N (22.8%), In2(21.1%), deletion or
LGC(14%), and R356W(8.85), which was
similar asthe previous report [7].  We found
19 chromosomes(16.7%) having more than
one mutation: 1n2, Ex3(6.1%), P30L, In2,
Ex3(6.1%), P30L, In2, Ex3, 1172N(0.9%),
and Q318X, R356W(3.5%)(Table 1). All
these mutations are located in tandem on the
chromosome. This further supports that the
mutations are caused by a conversion event
involving a segment of the chromosome.

We detect a novel mutation in exon 9.
A 13-bp fragment from codon 396 to codon
400 (G GTC TGG GAG AGG) was deleted
and a 41-bp fragment (CACTCTGTACT-
CCTCTCCCCAGGCCAGCCGCTCAGCC-
CGCT) was inserted at the deleted region.
The mutation was inherited from the mother.
Because the inserted sequence is derived
from the intron 6 (nt. No. 1520-1560), this
may also be an event of unequal crossing
over. The mutation generates a premature
stop codon 15 amino acid downstream of the
insertion.  This should result in a non-
functional P450c21 because the heme-
binding domain (codon 421 to 440) is deleted
[10]. However, the patient was a simple-
virilizer because she also had an [172N
mutation that has residual enzyme activity.

The correlation between phenotype and
genotype of our patients was good except in
two cases. One patient with the genotype of
P30L, In2, Ex3, 1172N/P30L was a simple
virilizer rather than a nonclassic patient.
We suspect that the promoter region of both
alleles was also converted to the pseudogene
sequence because we could not amplify the
full-length of CYP21 using a specific primer
(nt. no. -122  -103) annedling to the
promoter sequence. It has been shownin in
vitro expression studies that the transcription
rate of the pseudogene promoter was three to
five fold less efficient than CYP21 [11,12].
Reports of biochemical data of subjects with
heterozygous or  homozygous  gene
conversions in the promoter region suggest
that these gene conversions in the promoter
region could be related to mild nonclassic
form of CAH [13]. Our simple-virilizing
patient carrying both the conversion of
promotoer region and P30L suggests that the
function of 21-hydroxylase is further
impaired as compared to each single
mutation. In the genotype of In2/R356W,
one patient was salt wasting and the other
was a simplevirilizer.  The phenotype
variation of In2 in combination with a null
allele has also been reported.
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