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Homozygous complete deletion of CYP21A2 causes a

simple virilizing phenotype in an Azeri child
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Background: Congenital adrenal hyperplasia (CAH) classical form comprises salt wasting (SW) and simple
virilizing (SV) forms. This group accounts for about 75% of the affected individuals. Variation in mutation of
CYP21A2 gene may cause different phenotypes.
Objectives: We reported a case of SV 21-hydroxylase deficiency that was misdiagnosed as a boy due to completely
reversed external genitalia.
Methods: Allele-specific PCR for eight common mutations and dosage analysis of the CYP21A2 gene by SALSA
multiplex ligation-dependent probe amplification (MLPA) were done.
Results: The molecular analysis revealed a 30 Kb homozygous deletion of CYP21A2 gene.
Conclusion: Genotype-phenotype correlation expected SW form of the disease rather than SV form hence, this
discrepancy might be caused by other genes or modifier genes.
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Congenital adrenal hyperplasia (CAH) is a group
of autosomal disorders due to a deficiency of cortisol
synthesis characterized by ambiguous genitalia in girls.
Approximately 90 to 95% of the cases are ascribed
to large deletions and mutations in a gene named
CYP21A2 encoding 21-hydroxylase enzyme [1]. This
gene is located in 3’ side relative to complement factor
4 (C4) on chromosome 6p21.3 [2]. A wide spectrum
of mutations in CYP21A2 gene brings up high
variability in phenotypes. These forms are divided into
three main groups of salt wasting (SW), simple
virilizing (SV), and non-classic forms. There are many
reports on the distribution of mutations that may be
different in ethnic groups [3]. Although genotype often

predicts the phenotype [4], ethnicity may have a role
in genotype-phenotype correlation [5]. Due to a
duplicated tandem repeated module (CYP21A1P
pseudogene and CYP21A2 gene) in this chromosomal
region, there is a high rate of recombination events
known as gene conversions [6], such that eight
mutations found in the pseudogene are commonly
found in all studied populations. About 75% of the
CYP21A2 mutations are due to microconversions from
the CYP21A1P pseudogene, and 20% of alleles show
large gene deletions and/or gene conversions, with a
few rare and novel mutations [1].

In genetic counseling, genotypic evaluation
generally helps to predict the phenotype or confirm
the clinical diagnosis. However, discordance
of genotype-phenotype correlation has been
reported [7, 8]. Here, we report an Azeri child with a
SV form who is homozygous for CYP21A2 deletion.
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Materials and methods
A 3.9-year-old child was referred to Children’s

Medical Center Hospital, Tehran University of
Medical Sciences, after four periods of human
chorionic gonadotropin (hCG) injection for bilateral
cryptorchidism and appearance of pubic hair. The
patient was born as the only child of a first cousin
marriage in an Azeri family living in Tehran.

The patient was misdiagnosed during infancy and
was raised as a boy. Detailed clinical examinations,
biochemical tests, and karyotype analysis were carried
out. Following signing the informed consent, 5 mL
peripheral blood was taken from the patient and all
family members for DNA isolation by salting out
method. Allele-specific PCR [9] was done for eight
common mutations of CYP21A2 as previously
described. Dosage analysis of the CYP21A2 gene
by SALSA multiplex ligation-dependent probe
amplification (MLPA) kit P050B2 (MRC-Holland,
Netherlands) was also performed for gene dosage
analysis. MLPA results were analyzed using
GeneMarker V 1.85 (SoftGenetics). PCR
amplification of CYP21A1P was performed with the
following mutant primers: 3ms (5′-ACTACCCGGA
CCTGTCCTTGGTC-3′) and 6ma (5- TCAGCTGCT
TCTCCTCGTTGTGG-3′) [9].

Results
The patient had no family history of CAH.

Biochemical diagnosis showed elevated 17-
hydroxyprogesterone (17OHP) level of 90 ng/mL
(272 nmol/L), Δ4-androstenedione of 8 ng/mL
(28 nmol/L), cortisol 10 mcg/dL (276 nmol/L), and
adrenocorticotropic hormone (ACTH) of 200 pg/mL,
diagnostic for classical 21-hydroxylase deficiency.
Plasma renin activity (PRA) was higher than upper
limit with normal serum sodium (139 mmol/L) and
potassium (4.5 mmo/L) level, and karyotype was
46,XX. Pelvic sonography showed absence of testes;
normal ovaries, fallopian tubes, uterus, cervix and
upper vagina were apparent. Detailed examinations
confirmed 46,XX disorder of sexual differentiation
(DSD) with complete sex reversal of external genitalia,
Prader stage 5 resembling normal male genitalia, with
complete fusion of the labial folds and a penile
appearance of the clitoris.

All attempts to amplify the CYP21A2 gene using
PCR primers located within the exons failed to yield
the expected amplification products, whereas the
presence of CYP21A1P pseudogene was confirmed

by PCR amplification using the 3ms and 6ma
primers. MLPA analysis revealed the absence of the
CYP21A2 coding probes (in exons 3, 4, 6, 8), absence
of 5’CYP21A2 gene, triplication of 5’CYP21A1P and
3’ CYP21A1P, and triplication of g.656A/C>G (I2G)
in intron 2 of the gene. The absence of the related
CYP21A2 probes indicated gene deletion and the
triplication of pseudogene and confirmed the predicted
haplotypes of the patient.

Discussion and conclusion
Detailed physical examinations and biochemical

tests of this 3.9-year-old child from an Azeri family
showed 46,XX DSD with male external genitalia due
to a clinically SV form of CAH. Molecular analysis of
the patient revealed complete deletion of both
CYP21A2 genes. MLPA analysis allowed detection
of three copies of CYP21A1P, which results in an allele
with complete gene conversion and an allele with a
30kb homozygous deletion of CYP21A2 gene as shown
in Figure 1. Our results demonstrated the segregation
of allele b and c from parental and maternal alleles,
respectively. Allele b depicted a haplotype with a
complete CYP21A2 gene conversion and allele c
indicated a 30kb gene deletion. No PCR amplification
of the CYP21A2 gene could be performed using the
patient’s DNA, which confirmed the predicted
haplotype. In contrast, the CYP21A1P pseudogene
PCR products were readily amplified using the
patient’s DNA. In fact, haplotypes D (bimodule) and
E (monomodule) (Figure 1B) were the same
haplotype of the CYP21A2 gene. Therefore, allele b
and c are the same; and the genotype is functionally
homozygous for the specified alleles. The CYP21A2
gene, encoding a member of the cytochrome P450
family, is transcribed into the 21-hydroxylase protein
(P450c21). P450c21 is a transmembrane protein,
anchored by one of the two hydrophobic stretches of
the N-terminus. This enzyme is involved in and the
biosynthesis of the important adrenal steroid hormones
aldosterone and cortisol, which regulate plasma
volume, carbohydrate metabolism and many other
functions, which P450c21 deficiency causes CAH.
Patients with complete CYP21A2 gene deletions have
no enzymatic activity and are categorized as null
mutations. Therefore, the phenotype for a homozygous
deletion is expected to show salt wasting crises and
SW CAH. However, the severity of salt wasting
crises may be affected by other mechanisms of sodium
homeostasis. Transcription and production of some
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of the factors in the steroidogenesis pathway
may influence the phenotypic variability [1].
Mineralocorticoid receptors may change the
sensitivity to the steroids [10].

To our surprise, there was no sign of salt wasting
in this patient, even if both copies of the CYP21A2
gene were completely deleted. To our knowledge, this
is the first example where a 46,XX CAH patient with
Prader 5 genitalia and complete deletion of both
CYP21A2 alleles did not show the SW phenotype
during infancy. This discrepancy may be explained
by improvement of aldosterone biosynthesis in SW
form [11]. Other studies have also shown that
complete gene deletion of CYP21A2 gene presented
as different forms of CAH [8, 11].

Other enzymes might contribute to 21-hydroxylase
activity, which may function in tissues other than
the adrenal gland [1, 4, 12, 13]. Alternatively, some
isozymes of multifunctional enzymes in cortisol
biosynthesis pathway may at least drive critical

reactions and somehow compensate the deficiency
of 21-hydroxylase. Understanding these isozymes or
modifiers and their functions within the steroidogenic
pathways might lead to approaches to achieve
novel successful therapies for CAH. Functional
investigations, however, might decode this dilemma.
PCR amplification of the patient’s parents revealed
both having at least one normal CYP21A2 gene with
no common mutation. Phenotypic variability has been
described for other genetic diseases in the Iranian
population [14]; however, further studies are needed
to clarify this discrepancy for our patient.

In addition, ethnic differences reflecting genotypic
variations cannot be ignored, given the different ethnic
groups in Iran (e.g Persian, Azeri, Gilaki, Mazandarani,
Kurd, Lur, Turkmen, Arab, Balooch). Previous studies
of this sort have helped to explain ethnic-based
differences in the phenotypes observed for mutations
in the GJB2 gene [14, 15].

Figure 1. The family pedigree of the affected CAH child with CYP21A2 gene lesion, the only child of a consanguineous
marriage. A: depicts the distribution of alleles inherited by the child. B: demonstrates the haplotypes of
the alleles of the CYP21A2 gene: allele a shows a bimodule RCCX carrying a CYP21A2 gene and its CYP21A1P
showing haploype A, allele b carries haplotype D with complete CYP21A2 gene conversion, and allele c carries
haplotype E with a 30Kb gene deletion. Gray box indicate the CYP21A2 gene; black boxes indicate
the pseudogene, CYP21A1P. C4 indicates complement factor 4 (serum protein) and TNXA/B indicates tenascin-
X A/B (extracellular matrix protein). Allele b and c have the same functional effect.
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