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ABSTRACT. Inherited adrenal and gonadal 33-hydroxy-
steroid dehydrogenase (33-11SD) deficiency is most likely
caused by a mutation of the type 1I 33-1ISD gene. Cloning
and sequencing of exons I-II, IlI, and IV and portions of
the adjacent introns, amplified by polymerase chain reac-
tion using primers specific for the type II gene, in one male
pseudohermaphrodite with salt-wasting classic 38-HSD
deficiency congenital adrenal hyperplasia revealed the
same mutation in all nine clones of exon IV consisting of a
missense mutation at codon 248 |[GTC (Val) = AAC (Asn)]
followed by a frameshift mutation at codon 249 |[CGA
(Arg) — TA], resulting in a stop codon TAG, and normal
sequences of exon I-II and III and the adjacent portions
of introns. The same codon 248 and 249 mutations were
found on one clone of his mother’'s DNA, but two other
clones revealed normal sequences. These data indicate a
homozygous combined missense/frameshift mutation in
exon IV of the type II 38-HSD gene resulting in severe
salt-wasting adrenal and gonadal 38-HISD deficiency in the
patient. (Pediatr Res 34: 698-700, 1993)

Abbreviations

33-HSD, 38-hydroxysteroid dehydrogenase
CALl, congenital adrenal hyperplasia

def, deficiency

PCR, polymerase chain reaction

A5-17P, 17-OH pregnenolone

DHEA, dehydrocpiandrosterone

17-OHP, 17-OH progesterone

3B-HSD catalyzes the conversion of the A5-38-hydroxysteroids
(pregnenolone, A5-17P, DHEA, and androstenediol) to the cor-
responding A4-3g8-ketosteroids (progesterone, 17-OHP, andro-
stenedione, and testosterone, respectively). Inherited 33-HSD def
is transmitted as an autosomal recessive trait and impairs adrenal
and gonadal steroidogenesis (1, 2). Severe adrenal 33-HSD def
causes the classic salt-wasting and non-salt-wasting forms of
CAH duc to cortisol def with or without aldosterone def, respec-
tively, and concomitant gonadal 38-HSD def in genctic males
resulting in varying degrees of sexual ambiguity due to inade-
quate testicular testosterone production beginning carly in fetal
life (1, 2).
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Recently, two types of human 38-HSD gene have been char-
acterized (3-5). The type I gene has been found to be expressed
in placenta, skin, and mammary gland (3, 4). The type Il gene
was found to be expressed in adrenals and gonads (5). The type
I and 11 genes consist of four exons divided by three introns (6)
that are 93% homologous in the coding regions (3-5) and are
located on chromosome 1p13 (7). The nucleotide sequence of
the type Il gene predicts a 33-HSD protein of 371 amino acids
excluding the methionine start codon (5). To date, only one
study describing mutations of the type Il 33-HSD gene in three
families with 33-HSD def CAH has been reported (8). We now
report another mutation in the type Il 33-HSD gene in one
patient with classic salt-wasting 33-HSD def CAH.

CASE REPORT

The patient is a Mexican Hispanic male born at term in 1980
with a birth weight of 3.7 kg. Small phallus (2 ¢cm). 3rd-degree
hypospadias, and bifid scrotum containing normal-sized testes
were noted at birth. Adrenal crisis occurred on d 8 with presen-
tation of scrum Na* 116 mmol/L, K* 6.2 mmol/L, HCO;™ 16
mmol/L. Bascline scrum DHEA level (147 nmol/L; normal <
42 nmol/L in newborn infants) at the time of adrenal crisis was
markedly elevated. The patient did well with i.v. normal saline
infusion and hydrocortisone and dcoxycorticosterone acetate
administration with resolution of adrenal crisis. The patient’s
karyotype was 46,XY. Multiple surgical repairs of the external
genitalia resulted in near normalization of the hypospadias.
Elevated basal A5-17P level (17 nmol/L; normal < 6.9 nmol/L)
with increased A5-17P to 17-OHP ratio (38; normal < 3.5) and
clevated serum DHEA level (80 nmol/L: normal < 7 nmol/L)
at age 6 y on maintcnance hydrocortisone therapy further pro-
vided hormonal evidence of 35-HSD def CAH. Pubarche oc-
curred at age 10 y and the patient has been growing along the
25th percentile in height and weight. The patient developed
gynccomastia at age 11 y. At age 12 y, the patient’s testes (3-mL
volume) and penis (length 5 cm) were small. The parents of the
patient were reportedly not related. but both parents and their
relatives as well as the grandparents were all born in the same
city of Chihuahua, Mexico. The parents and the only female
sibling of the proband reside in Mexico, and were reported to be
healthy.

METHOD

The genomic DNA of the patient and his mother were pre-
pared from peripheral white blood cells. Exon 1 through 11, exon
I1I, exon 1V, and portions of the adjacent introns of the type Il
33-HSD gene were amplified by PCR using primers designed
according to published type Il 33-HSD gene sequences (6). The
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amplified areas of the gene are shown in Figure 1. The primer
sequences are —22s (5’-CTCCAGTCCTTCCTCCAGGG-3")
and 481a (5'-AGGTCAACCTCCCCACACCC-3") for exon LII;
3998s (5'-TCACGGATGTGTGACAATTC-3") and 4478a (5'-
CTGATCCTCATTTAACCAAC-3’) for exon Il1: and 6596s (5'-
CATGTGGTTGCAGCTCCTTT-3") and 7615a (5'-GAAGAA-
GACAGTAAGTTGGG-3') for exon IV. The thermocycling of
PCR was 95°C for 1 min, 56°C for | min, and 72°C for | min
for 30 cycles for exon I and I1. The annealing temperature was
50°C instead of 56°C for exons III and 1V. The PCR products
were run on agarose gel for verification of the predicted DNA
sizes and then subcloned into plasmid vectors and transformed
into competent Escherichia coli cells using the TA Cloning Kit
from Invitrogen Inc. (San Diego, CA). Plasmid DNA was sc-
quenced by the dideoxynucleotide method using Sequenase Ver-
sion 2.0 from USB Lab (Cleveland, OH). The primers for the
sequencing were the same as those for PCR, with an addition of
two internal primers, 6881s (5'-ACCTTGTACACTTGTGC-3")
and 7301a (5'-TGTGGCGGTTGAAGGG-3'), for sequencing
the middle region of exon IV.

RESULTS

Sequencing of all nine clones of exon 1V from the patient
revealed a missense mutation at codon 248 [GTC (Val) —» AAC
(Asn)] and a frameshift mutation at codon 249 [CGA (Arg) —
TA] resulting in a stop codon TAG (Fig. 2). The possibility that
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Fig. 1. Schematic of primers (< and ») designed for PCR amplifica-
tion and sequencing analysis of the type 11 33-HSD gene. All primers
were used for both PCR and sequencing except 6881s and 7301a, which
were used for sequencing only. s indicates sense strand; « indicates
antisense strand. Nwumbers just above the exon/intron boxes indicate
nucleotide numbers. The hoxes represent exons, with the shaded arcas
indicating coding regions and wnshaded areas indicating untranslated
regions. The arcas between boxes vepresent introns. The vertical line in
the shaded area of Exon 1V (bp 7091-7095) indicated by an arrow is the
site of mutation in the patient.
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Fig. 2. Scquencing of exon IV of the type 11 33-HSD gene demon-
strating identical mutations on all nine clones from the patient with
classic salt-wasting 33-HSD def CAH and the same mutation in one
clone from the patient’s mother with two normal clones from the
mother’s DNA. These data indicate the presence of the homozygous
mutation on the 33-HSD gene in the patient and heterozygous mutation
in the patient’s mother.
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these mutations are artifacts gencrated during PCR was excluded
by repetition of PCR, subcloning. and scquencing. Sequencing
of exons I to lII, including portions of adjacent introns, of the
type II gene in the patient revealed normal sequences. These
results suggest a homozygous combined mutation consisting of
missense and frameshift mutations at codons 248 and 249 in
this patient. Sequencing analysis of one clone of exon 1V of the
type I 33-HSD gene from his mother also revealed the same
mutation as that found in the paticnt, but two other clones
revealed normal sequences, confirming the presence of a heter-
ozygous mutation state in the mother.

DISCUSSION

In this genetic male, the presentation of the ambiguous geni-
talia, the salt-wasting adrenal crisis, markedly clevated serum
DHEA during the neonatal period. and elevated DHEA and AS-
17P levels with elevated A5-17P/17-OHP ratio during childhood
while on maintenance hydrocortisone therapy were consistent
with severe classic adrenal and gonadal 33-HSD def. The muta-
tion of the type II 33-HSD gene identified in this paticnt provides
the molecular basis of the severe 33-HSD def affecting both
adrenal and gonadal steroidogenesis in the patient. The molec-..
ular findings of the type 11 33-HSD gene mutation in a few other
33-HSD def patients were recently reported (8). A nansense
mutation at codon 171 in two families was reported. In another
family, the same nonscnse mutation was found on one allele,
and an inscrtion of a single base between codons 186 and 187
resulted in a frameshift leading to a stop codon at codon 202 in
the other allele (8). In our patient, a missensc mutation at codon
248 was followed by a change of two nucleotides including a
dcletion of one C or G and substitution by T resulting in a stop
codon at codon 249. The missense mutation at codon 248 results
in an altered amino acid 247 and the frameshift mutation at
codon 249 yields a stop codon resulting in a predictable truncated
type I1 33-HSD protein of 247 amino acids instead of the normal
371 amino acids. Both alleles likely bear the same mutation
because the probability of sequencing the same allele in nine
clones is only 0.00195. In addition, complete sequencing of three
clones of exons I to 11l did not reveal any mutation. The same
mutation in exon IV of the type 1l 33-HSD gene found in one
allele but not the other allele from the mother confirmed the
heterozygosity of this mutation in the mother. Thus. the com-
bined missense/frameshift mutation on both alleles of the gene
found in our patient was associated with severe adrenal and
gonadal 33-HSD def as was demonstrated in the patient. Al-
though the genesis of this mutation is not presently understood.
the data provide additional information on the molecular basis
of salt-wasting classic 38-HSD def CAH.
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