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Abstract

The majority of patients with congenital adrenal hyperplasia (CAH) present with a deficiency of 21-hydroxylase or
11-beta-hydroxylase, which account for 90% and 7% of cases, respectively. However, CAH due to 17a-hydroxylase
deficiency (170HD) is an extremely rare form of CAH (<1% of all CAH cases) that leads to a deficiency of cortisol and
sex steroids, along with features of aldosterone excess. This is a case of a 51-year-old single female who was referred to
us for the evaluation of new-onset hypertension and hypokalaemia of one-year duration. She was born out of a second-
degree consanguineous marriage and reared as a female. She was diagnosed to have testicular feminization syndrome
when she presented with a history of primary amenorrhea, absence of secondary sexual characteristics, and bilateral
labial swellings at pubertal age. Subsequently, she underwent gonadectomy at the age of 16. Due to the presence of
hypertension, metabolic alkalosis and bilaterally enlarged adrenals on CT scan, 46, XY disorders of sexual development
(DSD) was considered. A karyotype confirmed the presence of 46, XY chromosomal sex, and genetic analysis revealed
a mutation in the CYP17A1 gene, thus confirming the diagnosis of 17a-hydroxylase deficiency.
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INTRODUCTION

Disorders of sexual development (DSD) refer to a diverse
group of congenital disorders that result in a discrepancy
between an individual’s sex chromosomes, gonads, and/or
the anatomic sex. The 46, XY DSD could be due to a defect
in gonadal development or androgen biosynthesis, an
error in steroidogenesis as that found in congenital adrenal
hyperplasia (CAH), or due to a defect in androgen action.

Congenital adrenal hyperplasia occurs due to enzyme
defectsinvolved in adrenal and gonadal steroid biosynthesis.
Most CAH cases result from a deficiency of 21-hydroxylase
or 11-beta-hydroxylase, accounting for 90% and 7% of cases,
respectively.'? Deficiency of 21-hydroxylase and 11-beta-
hydroxylase affects only the adrenal steroidogenesis,
whereas those with a mutation in 17a-hydroxylase/17,20-
lyase (CYP17Al) and 3-B-hydroxysteroid dehydrogenase
type 2 (HSD3B2) have an additional impairment in gonadal
steroid biosynthesis. Consequently, 21-hydroxylase
and 11-beta-hydroxylase cause DSD exclusively in 46,
XX individuals. Congenital adrenal hyperplasia due to a
mutation in STAR protein, cholesterol side chain cleavage
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(CYP11A1), and CYP17A1 all cause DSD exclusively in
46, XY individuals. Moreover, deficiencies in HSD3B2 and
P450 oxidoreductase cause DSD in both sexes.

Congenital adrenal hyperplasia caused by 17a-hydroxylase
deficiency (170OHD) is extremely rare, occurring in
approximately 1 in 50,000 individuals.* The classical
description of 170HD is that of a phenotypic female
(46, XX or underandrogenized 46, XY) who presents at
puberty with primary amenorrhea and lack of secondary
sexual characteristics, with low-renin hypertension, and
hypokalaemic metabolic alkalosis. Here, we report a case of
46, XY DSD due to 170HD, whose diagnosis was confirmed
by CYP17A1 genotyping. It is important to diagnose this
rare condition because persistent hypokalemia in these
individuals can lead to life-threatening cardiac arrhythmias,
entailing careful monitoring and treatment in the acute
phase. In the long-term, there is a risk of osteoporosis if
they have not been started on gonadal steroid replacement
from the time of puberty. Additionally, they are at a
greater risk of developing gonadoblastoma and an invasive
mixed germ cell tumor.
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CASE

A 5l-year-old single female was referred for evaluation
of new-onset hypertension accompanied by hypokalemia
with documented bilateral adrenal hyperplasia. She was
born out of a second-degree consanguineous marriage and
reared as a female. Family history was unremarkable. She
had a history of primary amenorrhea, absence of secondary
sexual characteristics, and bilateral labial swelling at
pubertal age and was mistakenly diagnosed to have
testicular feminization syndrome as her karyotype was 46,
XY. The patient did not have any gender dysphoria and
identified socially as a female. Initially, she was normo-
tensive. The patient and her family members consented to
gonadectomy, penile reduction and feminine genitoplasty
for this case. Subsequently, when she was 16 years old,
she underwent bilateral gonadectomy where her bilateral
labioscrotal gonads were removed, and her phallus was
surgically reduced.

Given that the patient presented with hypertension,
hypokalaemia, metabolic alkalosis, and bilaterally enlarged
adrenals on abdominal imaging, the diagnosis of 1770HD
was considered. Anthropometry demonstrated eunuchoid
body proportion [height 154 cm, weight 51 kg, BMI 21.6
kg/m?, and upper segment: lower segment ratio 0.94,
arm span 175 cm]. Blood pressure was 160/100 mm Hg.
Both axillary and pubic hair were absent, and the breast
was Tanner stage 1. Genital examination revealed female
external genitalia with single urethral opening in the
perineum (post-genitoplasty).

Investigations

Serum sodium was 135 mEq/L [normal range (NR) 135-
145 mEq/L] and potassium was 2 mEq/L [NR: 3.5-4.5
mEq/L]. Hormonal investigations revealed an 8 am basal
cortisol of 3.6 mcg/dl [NR: 4.3-22.4 ug/dL, assay sensitivity
(AS) 0.20-75 pg/dL, CV <7%]; plasma adrenocorticotropic
hormone (ACTH) 137 pg/ml [NR 0-46 pg/mL, AS: 9 pg/
mL, CV<9.6%]; follicle-stimulating hormone 95.24 mIU/
mL [NR:1.4-18.1 mIU/mL, AS:0.3 — 200 mIU/mL, CV<4%]
and luteinizing hormone 25.74 mIU/mL [NR:1.5-9.3 mIU/
mL, AS:0.07 — 200 mIU/mL, CV<3.8%]; serum testosterone
<7 ng/dL [NR:14-76 ng/dL, AS:10 — 1500 ng/dL, CV <7.6%].
Bone mineral density was assessed using dual energy X-ray
absorptiometry [Hologic Discovery Wi DXA machine]
which showed a lumbar spine and femoral neck T score of
minus 3.8 and minus 4 respectively.

Computed tomography of the abdomen (Figure 1) showed
bilaterally enlarged adrenals and absent Miillerian struc-
tures, thus reinforcing the karyotype confirmation of 46,XY
DSD. For molecular testing, the patient’s consent for a
CYP17A1 gene analysis was obtained and the blood sample
sent to the Molecular Endocrinology Laboratory at Christian
Medical College, Vellore, India. DNA extraction was carried
out on whole blood samples using the Qiagen Gentra Kit
method. All the coding exons and splice site regions of the
CYP17A1 gene were amplified using in-house designed
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primers. Next-generation sequencing with the Ion torrent
PGM was performed using previously published protocols.*
The NGS-based approach achieved an average base coverage
depth of 370x, with 99.89% of the target sequenced at 20x,
covering the complete coding and splice site regions of the
CYP17A1 gene. The patient was found to be homozygous
positive for a reported CYP17AI1: ¢.160_162delTTC
mutation, resulting in deletion of phenylalanine at codon
54 (p. Pheb4del) in exon one, as shown in Figure 2. This
mutation has been described in earlier reports from both
Japan and New Zealand in patients with similar phenotypes
and both 46,XY and 46,XX karyotypes.>” Structural and
functional studies of the mutant protein with cos-1 cells lines
have shown that this deletion alters the protein folding, thus
reducing the activity of 17a-hydroxylase (<37%) and 17,20
lyase (<8%) compared to the wildtype protein resulting in

Figure 1. Contrast-enhanced computed tomography of the
abdomen showing bilateral adrenal hyperplasia (red arrows).
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Figure 2. The NGS reads were aligned to hg19 reference
genome and viewed on Integrative Genomics Viewer
(IGV.2.9.4) as seen in the top image. The gray reads show
homozygous deletion of three base pairs (GAA) at codon 54 in
exon1 CYP17A1(NM_000102.4):c.160_162del (p.Phe54del).
The below image shows the sanger chromatogram of
CYP17A1:P.Pheb4del corroborating the NGS results with
homozygous deletion of three base pairs (GAA) at codon 54.
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partial combined 17a-hydroxylase/17,20 lyase deficiency.”
Based on the guidelines of the American College of Human
Genetics released in 2015, the identified mutation is
classified as pathogenic.

Therapeutic intervention and outcome

She was started on a once-daily dose of oral prednisolone (2.5
mg) and spironolactone (50 mg). Additionally, she received
a single intravenous infusion of zoledronic acid (4 mg) once
yearly dose along with oral calcium (1000 mg daily) for the
management of osteoporosis due to long-standing gonadal
hormone deficiency. On follow-up, her serum potassium
normalized, and her blood pressure was under control.

DISCUSSION

Congenital adrenal hyperplasia due to 170HD is rare,
first described by Biglieri et al.® This enzyme is encoded
by the CYP17A1 gene, located on chromosome 10q24.3.
Individuals with this form account for about 1% of all
CAH cases.” A defect in the CYP17A1 gene results in
two different types of enzyme deficiency: (1) combined
17a-hydroxylase/17,20-lyase deficiency and (2) isolated
17,20-lyase deficiency. The combined form of 17OHD is
the most common and is characterized by the impaired
synthesis of cortisol and gonadal steroids. Depending on
the residual enzyme activity (>1% and <1%), it is classified
as a combined severe and combined partial form of 170OHD,
respectively. Affected 46,XY individuals due to combined
severe form of 170HD classically present with a female
phenotype accompanied by primary amenorrhea, absence
of secondary sexual characteristics (absent or sparse
axillary and pubic hair), female external genitalia with a
blind vaginal pouch and variable degrees of hypertension
usually detected in adolescence. The gonads (testes) may
be located in the intra-abdominal or inguinal region or in
the labioscrotal folds. Combined partial form of 17OHD
in 46,XY individuals presents with ambiguous genitalia
or severe hypospadias with or without hypertension. The
normal production of anti-miillerian hormone (AMH) from
the testes leads to the regression of miillerian structures
(uterus, fallopian tubes and upper one third of the vagina).
Affected 46,XX females usually have normal female
external and internal genitalia, but the ovaries cannot
secrete estrogen during puberty resulting in absent breast
development with hypergonadotropic hypogonadism,
absent axillary and pubic hair due to lack of adrenal and
ovarian androgens. In both 46,XX and 46,XY affected
individuals, 17OHD results in impaired synthesis of
cortisol and sex steroids with a consequent increase of
ACTH and accumulation of steroid precursors, which are
diverted into the mineralocorticoid synthesis pathway
resulting in the decrease of 17-hydroxypregnenolone,
17-hydroxyprogesterone, 11-deoxycortisol, cortisol,
DHEA, androstenedione, estrogen/ testosterone and
consequently excess production of DOC, corticosterone,
and 18-hydroxycorticosterone respectively. High levels of
DOC, due to its mineralocorticoid effect, induce sodium
and fluid retention associated with hypertension and
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hypokalaemia. Despite having a low level of cortisol,
patients with 17OHD rarely develop adrenal crisis due to
elevated levels of corticosterone, which contributes some
glucocorticoid activity, thus preventing an adrenal crisis.
Most 170HD patients have low aldosterone levels caused
by elevated levels of DOC, resulting in suppression of
the renin-angiotensin system. The isolated 17,20-lyase
deficiency is very rare and is characterized by low androgen
production leading to genital ambiguity in males, normal
production of glucocorticoids and mineralocorticoids.

The differential diagnosis of 46, XY DSD with palpable

gonads includes:

1. Defect in gonadal development - partial gonadal
dysgenesis.

2. Disorder in androgen synthesis-Leydig cell hypoplasia
due to LHCGR mutation, deficiency of STAR, CYP11A1,
3HSDB2, 170HD, POR, 17BHSD3, 5areductase type 2.

3. Disorder in androgen action - partial androgen insen-
sitivity syndrome.

A thorough clinical examination is crucial in the evaluation
of patients with DSD. As our patient presented with female-
type external genitalia, primary amenorrhea, and palpable
gonads at puberty along with hypokalemic hypertension
and bilateral adrenal hyperplasia, the diagnosis of CAH
due to 17a-hydroxylase deficiency (combined severe) was
considered since none of the above-mentioned conditions
except 170HD will present with hypokalemia and
hypertension in an individual with 46,XY DSD. Laboratory
investigations are essential to establish the diagnosis in
these settings, which may not be available in many centers;
hence, the need to perform these tests in other facilities.
We were unable to perform DOC, aldosterone, and renin
levels which could reinforce the diagnosis. Nevertheless,
as previously described, clinical and available biochemical
findings supported the diagnosis of CAH due to 1770HD. The
genetic diagnosis in this patient revealed the presence of a
deleterious CYP17A1 mutation. Genetic testing is critical for
confirmatory diagnosis of 17a-hydroxylase deficiency due
to the presence of varying clinical and biochemical features.
Several point mutations, large deletions, and duplications
in the CYP17A1 gene have been reported earlier in the
homozygous and compound heterozygous states.!"*

The decision about the sex of rearing in DSD is complicated
and challenging, especially for those with a 46, XY karyotype.
Traditionally, a female phenotype of the external genitalia
with palpable gonads results in female sex rearing as it was
thought that learning, or "nurture,” has a more significant
influence on gender identity than biology or "nature."’®
Similarly, our patient was raised and identified as a female
as the external genitalia was female with palpable gonads;
consequently, feminizing genitoplasty was performed in
the past. Another critical issue in the treatment of 46,XY
DSD is the appropriate time of gonadectomy. Although
data are limited, some reports have shown an increased risk
of Sertoli and Leydig cell tumors in phenotypic girls with
170HD and other forms of 46, XY DSD with undescended
testis.”” Additionally, there have been no reported cases of
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biological fertility in individuals with 46,XY DSD due to
170HD. From a comprehensive perspective, the decision
to perform gonadectomy and feminizing genitoplasty
was appropriate in this case. However, current guidelines
recommend that the decision of gonadectomy should
be individualized. Once the sex of the rearing is decided
conclusively, the incongruent gonadal tissue can be
removed after age 14 years after obtaining informed consent
from parents and the concerned individual unless there are
compelling indications like suspicion of malignancy.'®

Most CAH cases, including 170HD, are inherited in an
autosomal recessive form. Hence, there is a 25% probability
that other siblings of the index case will have CAH and a
50% probability that each will be an asymptomatic carrier.
Genetic testing of other familial members is essential in the
recognition of the disease for individualized management
as it will aid in sex assignment and estimate the viability
of fertility.

CONCLUSION

A 46,XY DSD due to 170HD may be missed during
adolescence. The diagnosis of 17OHD should be considered
in a 46,XY DSD presenting with atypical female external
genitalia, and absence of secondary sexual characters
irrespective of the presence of hypertension, as the
presentation of the disorder may vary and hypertension may
present later in life. Genetic testing is necessary to confirm
the diagnosis of 170HD. Treatment with glucocorticoids
reduces the excess mineralocorticoid precursors and usually
normalizes hypokalaemia and hypertension.
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