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170-Hydroxylase deficiency, a rare form of congenital adrenal hyperplasia, presents diagnostic and treatment challenges because of
the limited number of cases reported.

This report discusses the case of a 17-year-old Chinese girl who suffered from unexplained dizziness, headaches, and high blood
pressure. She had amenorrhoea during puberty and had been diagnosed with ovarian delay. Initially, she was diagnosed with hyper-
tension and received three antihypertensive medications. However, her blood pressure remained poorly controlled. Gene sequen-
cing revealed 17a-hydroxylase deficiency caused by compound heterozygous mutations in CYP17A1. One of the mutation sites,
potentially novel, has not been reported previously. Subsequently, dexamethasone therapy was initiated, her blood pressure
was controlled, and the symptoms disappeared. During the 1-year follow-up, her blood pressure remained normal, and the symp-
toms did not recur.

17a-Hydroxylase deficiency is a rare cause of secondary hypertension. Despite the low prevalence, it should not be overlooked in
younger patients.

17a-Hydroxylase deficiency ® Case report ® Congenital adrenal hyperplasia ® Heterozygous mutation ® Hormone
replacement therapy ® Secondary hypertension

8.2 Arterial hypertension ® 9.3 Peripheral artery disease

e (CYP17A1 mutation is a rare cause of secondary hypertension, with ~100 known mutations; however, few compound heterozygous
mutations have been reported.

e Its presence should prompt clinical suspicion for secondary hypertension caused by 17a-OHD when patients have delayed puberty and/or
primary amenorrhoea or sexual infantilism, with or without hypokalaemia.

e Steroid replacement is the primary treatment for 17a-OHD and requires take for life.
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Congenital adrenal hyperplasia (CAH) is an autosomal recessive genetic
disease. Epidemiologically, its prevalence in live-born infants ranges
from 1/14 000 to 1/18000 worldwide." 17a-Hydroxylase deficiency
(170-OHD) is the rarest type of CAH, accounting for only 1% of all
CAH cases.” 170-OHD is caused by mutations in CYP17A1, which en-
codes the P450c17 protein, an enzyme crucial in the synthesis of gluco-
corticoids and sex hormones.® 17a-OHD blocks glucocorticoid and sex
hormone synthesis pathways and stimulates the overproduction of
11-deoxycorticosterone (DOC) through a non-17a-hydroxylation
pathway.* As an aldosterone precursor, DOC mimics the effects of
mineralocorticoids, increasing blood pressure.® 17a-OHD often leads
to the mismanagement of hypertension, and >94% of patients were
misdiagnosed with hypertension, simple gonadal hypoplasia, and andro-
gen resistance syndrome.

Herein, we describe the case of a young patient with hypertension
who was ultimately diagnosed with 17a-OHD, with compound hetero-
zygous CYP17A1 mutations. One of the mutation sites, potentially no-
vel, has not been reported previously.
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of 164/114 mmHg. Initially, she was admitted to a local hospital and re-
ceived antihypertensive treatments, including an oral regimen of nifedi-
pine (extended-release, 30 mg daily), metoprolol (extended-release,
23.75 mg daily), and irbesartan (150 mg daily). However, her blood
pressure remained poorly controlled, so she was transferred to our
cardiac centre for further treatment.

She had amenorrhoea during puberty and was previously diagnosed
with ovarian hypoplasia. At birth, she exhibited external genitalia
consistent with a female, and her growth trajectories in height and
weight were consistent with those of her female peers. On physical
examination, her height and weight were 157 and 42 kg, respectively,
with Tanner stages B1 and PH1, and her clitoris measured ~0.5 x 0.4
cm. Ambulatory blood pressure monitoring indicated a significant ele-
vation in the mean blood pressure and 24 h blood pressure load,
with an altered circadian rhythm. Electrolyte analysis demonstrated a
marked reduction in potassium levels, and abdominal CT detected
thickening at the left adrenal junction, with indistinct visualization of
the uterus and ovaries. Besides low renin, hypokalaemia, and high adre-
nocorticotropin (ACTH) levels, results of the other tests such as liver
and renal function tests, thyroid function test, measurements of albu-
min and troponin levels, electrocardiography, transthoracic echocardi-
ography, renal artery and large vessel ultrasonography, and pituitary
MRI were normal. Nifedipine was administered to control her blood

Time Events Treatment
2017 No menarche The patient was diagnosed with ovarian retardation.
2019 The patient experienced paroxysmal dizziness, headache, and chest  No treatment was given.
tightness.
Early August 2021 Abnormal blood pressure was detected during a test before Nifedipine controlled-release tablet 30 mg orally once daily.

COVID-19 vaccination.

Mid-August 2021 Blood pressure was poorly controlled.

15 February 2022
pressure remained.

18 February 2022

thickening of the left adrenal junction, and other examination

results were normal.

Dizziness, headache, chest tightness symptoms, and high blood

Blood potassium level decreased significantly. CT detected

Daily nifedipine controlled-release tablet 30 mg orally, metoprolol
sustained release tablet 23.75 mg, and irbesartan 150 mg to
control blood pressure.

Admitted to our cardiac centre and stopped taking metoprolol and
irbesartan but continued nifedipine controlled-release tablets 30
mg daily.

Endocrinology consultation and sex hormone and bone age X-ray

examinations

2 March 2022

The patient had high levels of 11-deoxycorticosterone, low levels of

sex hormones, and prolonged bone age development.

Considering that the patient may have congenital adrenal
hyperplasia, chromosome karyotyping and genome sequencing
were performed.

Dexamethasone was administered. The blood pressure returned

2 April 2022 The patient had compound heterozygous CYP17A1 mutations with
a karyotype of 46, XY.
22 July 2022 The patient was admitted to the Department of Urology of our

hospital.
February 2023

The patient was a 17-year-old Chinese girl who presented with chronic
symptoms of dizziness, headache, and chest tightness but had never
been treated. Her blood pressure was abnormally high during a pre-
vaccination check-up for COVID-19, with an average blood pressure

The patient had a follow-up visit to the heart centre of our hospital.

to normal, and dizziness, headache, and chest tightness
disappeared.

The patient underwent laparoscopic surgery, and testicular tissue
was removed.

The patient had normal blood pressure and continued taking
dexamethasone.

pressure; however, it was ineffective. Considering the possibility of a
rare form of secondary hypertension, further diagnostic tests were
conducted.

Skeletal radiography showed delayed bone age, and comprehensive
hormone profiling revealed disruptions in the metabolic pathways of miner-
alocorticoids, sex hormones, and glucocorticoids (Table 7). VWhole-exome
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Table 1 Biochemical and hormonal parameters of the
patient
Parameter Patient
Age at diagnosis 17
Height (cm)/weight (kg) 157/42
Blood pressure (mmHg) 164/114
Bone age (year)
Radius, ulna, and small bones, RUS 6 1
Carpal bones, CARP 1 1
Karyotype 46,XY
Na*/K* (mmol/L) 13829 |
Cortisol (8 a.m. 4.6-19.5 ng/dL) 0751 |
ACTH (8 am. 7.2-63.3 pg/mL) 316 1
Cortisone (10-53 ng/mL) 0.000 |
11-Deoxycorticosterone (<300 pg/mL) 3061700 1t
Corticosterone (0.18-19.70 ng/mL) 260400 1
LH (1.24-8.62 IU/mL) 47040 1
FSH (1.27-12.96 mlU/mL) 83320 1
TSH (0.27-4.2 mlU/mL) 2510
Progesterone (0.10-0.84 ng/mL) 12.100
PRL (2.64-13.13 ng/mL) 448570 1
Oestradiol (<262 pg/mL) <10
Androstenedione (434-1976 pg/mL) 0.900 |
Testosterone (0.16—1.33 ng/mL) <0087 |
Renin (4.0-24.0 pg/mL) 0.600 |
Aldosterone (40-310 pg/mL) 62
ARR (0-30) 103330 1

ACTH, adrenocorticotropic hormone; LH, luteinizing hormone; TSH, thyroid
stimulating hormone; FSH, follicle-stimulating hormone; PRL, prolactin; ARP,

aldosterone/renin.
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sequencing revealed compound heterozygous mutations in CYP17A1, with
a 46, XY karyotype. c.985_987delinsAA (p.Tyr329Lysfs90) and c.1117del
(p.-His373Thrfs46) heterozygous mutations were identified, which were
inherited from her mother and father, respectively (Figures 1 and 2). She
was diagnosed with 170-OHD and started taking dexamethasone (0.75
mg orally daily); consequently, her blood pressure returned to normal,
and the symptoms disappeared. Six months later, the patient underwent
laparoscopic surgery, and the testicular tissue in the groin area was re-
moved (Figure 3). At the 1-year follow-up, her blood pressure remained
normal with dexamethasone alone.

Discussion

This report described a patient with a feminine appearance misdiag-
nosed with hypertension and received inappropriate treatment. The
patient had a history of primary adolescent amenorrhoea. After admis-
sion, a comprehensive series of diagnostic examinations were per-
formed, which excluded aortitis, aortic stenosis, renal artery stenosis,
and primary hyperaldosteronism. Genetic testing ultimately revealed
that the patient had 170-OHD. After diagnosis, all antihypertensive
medications were discontinued, and daily oral dexamethasone therapy
was started. Subsequently, her blood pressure returned to normal, and
the symptoms disappeared.

CYP17A1, located on chromosome 10q24—q25, is linked to ~100
known mutations.”® However, cases involving compound heterozy-
gous mutations are not common. In the present case, the patient’s par-
ents had no clinical signs of 170-OHD, and both only had a single
heterozygous mutation in one chromosome, whereas another is nor-
mal. However, the patient exhibited heterozygous mutations at two
loci on each chromosome.

¢.985_987delinsAA mutation is prevalent among Chinese, which dis-
rupts the active site of 17a-hydroxylase.” The ¢.1117del is unreported
and unannotated in the ClinVar database; however, it likely was a novel
pathogenic mutation site. The deletion of a base pair at this mutation
site alters the reading frame, resulting in a cascade of downstream co-
don changes, and a stop codon appears prematurely in the 46th amino
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Figure 1 lIdentification validation of hemizygous variants in CYP17A1 in patients with 17a-OHD. (A) Whole-exome sequencing identified two het-
erozygous CYP17A1 variants in the patient. The NCBI reference sequence number of CYP17A1 is GenBank: NM_000102.4. (B) Locations of the iden-
tified CYP17A1 variants in relation to the critical functional domains of CYP17A1.
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Figure 2 CYP17A1 gene Sanger sequencing results of the patient and parents. (A) DNA of the patient and parents at c¢.985_987delinsAA where F1
and F2 indicate the fasta sequence at that position on the two chromosomes of the father, M1 and M2 indicate the fasta sequence at that position on the
two chromosomes of the mother, and S1 and S2 indicate the fasta sequence at that position on the two chromosomes of the patient. (B) DNA of the
patient and parents at c.1117del with the same marker as A. (C and D) Peak plot results of the Sanger sequencing of A and B, respectively.

acid. The premature termination of translation result in the loss of 90
amino acids, generating a new protein with a different composition
and structure from 17-hydroxylase. To support this hypothesis, we
modelled the 3D structure of the human 17a-hydroxylase protein be-
fore and after the mutation (Figure 4). Therefore, we believe that the
c.1117del is a novel pathogenic mutation. Notably, a stop codon is lo-
cated in 418 base pairs downstream from both mutation sites, which
warrants further investigation.

Neonatal kidneys are not sensitive to mineralocorticoids, and ex-
cess mineralocorticoids do not usually cause symptoms in infancy.
Thus, 17a-OHD often goes undiagnosed until adolescence when

significant clinical symptoms emerge.'® 170-OHD can present any-
time from infancy to age 30 years, causing hypertension and
hypokalaemia in nearly 95% of cases," and 88% of patients are not
diagnosed until adolescence or even later."” The onset of hyperten-
sion varies in both age and severity, even among individuals with the
same mutations.” The clinical manifestations of 17a-OHD are influ-
enced by genetic and environmental factors."* The atypical clinical
signs of 17a-OHD must be differentiated from conditions such as
primary aldosteronism, Turner syndrome, and P450-oxidoreductase
deficiency. Initially, the patient was suspected of primary hyperaldos-
teronism because of symptoms such as high blood pressure and
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Deleterious heterozygous variants of CYP17A1 were found in patients with 17a-OHD

CYP17A1 variant Vi V2

cDNA alteration

c.985_987delinsAA c.1117del
Variant allele . "
hemizygous hemizygous
Frotelnatteration p.Tyr329Lysfs'90 p.His373Thrfs'46
Variant type frameshift frameshift
B

CYP1747-hg19 : ENSG00000148795

c.1117del

€.085_987delinsAA
3 (p.His373Thrfs*46)

(p.Tyr320Lysfs*90)
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Figure 3 Both gonads of the patient were removed during surgery. (A) Laparoscopic view of what appears to be testicular tissue medial to the inner
ring opening. (B) Pathological section of the gonads showing primitive spermatogenic tubules with calcification, absence of spermatogenic cells at all

levels, and proliferation of supporting cells.
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Figure 4 3D representation of the CYP17A1 protein. Left: a normal protein 3D prediction model of the gene. Right: a protein model of the gene with
a ¢.1117del mutation. The mutant protein has fewer spirals and folds in its structure compared with the normal protein.

hypokalaemia. However, after a series of tests, she did not meet the
diagnostic criteria for the disease. Considering the patient’s history
of primary amenorrhoea, genetic testing was performed, and the pa-
tient was eventually diagnosed with 17-OHD.

Mullerian ducts ordinarily develop into the fallopian tubes, uterus,
and upper third of the vagina. During foetal development, testicular
Sertoli cells produce anti-Mullerian hormone (AMH), causing the de-
generation of the Mullerian ducts. Patients with 17a-OHD often have
reduced AMH release, which results in the incomplete degeneration
of these structures. Therefore, patients with 17a-OHD have a juvenile
female vulva at birth, regardless of karyotype 46, XX or 46, XY. In this

case, although the patient had a 46, XY karyotype, she was raised as a
woman because she had a vulva at birth.

Although 170-OHD is a rare cause of secondary hypertension, there
are some signs providing clues to its diagnosis. Patients with clinical
manifestations of endocrine abnormalities (such as male pseudoher-
maphroditism, delayed puberty, and primary amenorrhoea) and concomi-
tant hypokalaemia, low plasma renin concentration or plasma renin
activity, and low plasma aldosterone concentration should be suspected
of 170-OHD. Genetic testing is the key to diagnosis.”® This case under-
scores the significance of recognizing genetic factors contributing to
hypertension, particularly in younger individuals.
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