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ABSTRACT. Isolated 17,20-lyase deficiency is an extremely rare form of congenital adrenal hyperplasia caused
by mutations in the CYP17AT gene, characterized by impaired androgen synthesis with preserved cortisol
production. The clinical picture is often subtle, leading to delayed diagnosis. The description of clinical cases is
crucial for understanding the features of this pathology. The article presents a detailed clinical description and
analysis of the diagnostic pathway in a 13-year-old female patient with primary amenorrhea and delayed puberty.
The examination included assessment of the hormonal profile, pelvic imaging, cytogenetic study, and molecular
genetic Sanger sequencing of the CYP77A1 gene with verification of findings in the parents. The patient with a
46,XX karyotype was found to have hypergonadotropic hypogonadism, cystic transformation of the ovaries, and an
abnormally elevated level of 17-OH-progesterone. Genetic analysis revealed compound heterozygous pathogenic
variants in the CYP17A1 gene: c.1039C>T (inherited from the mother) and c.1319G>A (inherited from the father),
confirming the diagnosis of isolated 17,20-lyase deficiency. Prescription of combined therapy with low doses of
dexamethasone and estradiol valerate led to positive dynamics: the appearance and progression of secondary
sexual characteristics, menarche, normalization of the hormonal profile, and regression of ovarian cysts. This case
demonstrates the successful diagnosis of an extremely rare isolated form of 17,20-lyase deficiency, which requires
a multidisciplinary approach and targeted genetic testing. The combination of pathogenic variants ¢.1039C>T and
c.1319G>A in the CYP17A1 gene leading to this form of congenital adrenal hyperplasia is described for the first
time. Personalized therapy aimed at suppressing the ACTH-dependent pathway and replacing estrogen deficiency
proved to be highly effective clinically and in laboratory findings, ensuring normal pubertal development.
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PE3IOME. N3onupoBaHHbiin geduunt 17,20-nnasbl — KpaiiHe peakas Gopma BpOXAEHHO! AMCHYHKLMN KOpbI
HaANOYEYHNKOB, 00yCNOBAEHHAs MyTauuamu B reHe CYPT7AT v xapakTepuaytoLascsa HapyLweHMeM CUHTe3a aH-
APOreHoB Npu COXpaHHoIi NpoayKLuum koptTusona. KnuHuyeckas kapTuHa 4acTo CTepTa, YTo NPUMBOAUT K NO3JHEN
AnarHocTuke. OnucaHme KIMHUYECKMX CITyYaeB MMEET KNOYEBOE 3HAYEHME AJist NOHUMaHUA 0COBEHHOCTEN Teye-
HUSA 3TOM naToNormn. B ctaTbe npeacTaBneHo NOAPOGHOE KIIMHUYECKOE OMUCAHNE U aHANIM3 AMarHOCTUYECKOTo
nyTV y NnauueHTkn 13 neT ¢ NnepBMYHOIN ameHopeeit 1 3afepXKoii N0NoBOro paseutus. B pamkax o6cnefoBaHus
BbIMOJIHEHbI OLIEHKA FOPMOHaNbHOro Npoduns, BU3yanusaLnus OpraHoB Manoro Tasa, LUTOreHeTUYecKoe uccne-
JOBaHNE N MONEKYNISIPHO-TEHETUYECKOE CeKBEHUpoBaHue reHa CYPT7AT ¢ BepuduKaumeil HaxXoLoK y pofuTenen.
Y nauueHTku ¢ Kapuotunom 46,XX BbIiBNEHbI TMNEProHafoTPONHbIA r’MNOroHaAn3M, KUCTO3Has TpaHchopMauus
ANYHUKOB M aHOMasbHO MOBbILWEHHbIN YypoBeHb 17-0H-nporectepoHa. 'eHeTUYeCKMidi aHann3 BbIABUIT KOMNayHA-
reTepo3nUroTHble NaToreHHble BapuaHTbl B reHe CYPT17A7: ¢.1039C>T (yHacnegoBaH oT MaTepu) u ¢.1319G>A
(yHacnepoBaH 0T 0TLa), YTO NOLTBEPAMNO fMArHO3 M30aMpoBaHHoro aeduuuta 17,20-nnasbl. HasHayeHue Kom-
OUHUPOBaHHOII Tepanum HU3KMMM [,03aMU JeKcamMmeTa3oHa M 3cTpaauona Banepara NnpuBeno K MoN0XMUTENbHOI
AVHAMUKe: NOAB/IEHMIO U MPOrpeccUpoBaHMi0 BTOPUYHBIX NONOBbIX MPU3HAKOB, MEHAPXE, HOpManusaLu ropMo-
HanbHOro Npoduns n perpeccy KMCT AMYHUKOB. peacTaBneHHoe HabnoaeHe 4EMOHCTPUPYET YCNELWHY0 Aua-
FHOCTUKY KpaliHe pefKoi n3onupoBaHHoii popmbl geduumnta 17,20-nnasbl, Tpedyowen MeXANCLUNIMHAPHOTO
NoAXoAa U LeneHanpaBNeHHOro reHeTMYecKoro TeCcTMpoBaHus. Brnepebie onucaHa KOMOMHALNS NaTOrEHHbIX
BapuaHToB €.1039C>T 1 ¢.1319G>A B reHe CYPT7AT, npuBoAsLas K LaHHO GopMe BPOXKLEHHOW LUCHYHKLMN
Kopbl HaANOYeYHUKOB. MepcoHanu3npoBaHHas Tepanus, HanpaseHHas Ha NofaBfieHne apeHoOKOPTUKOTPOMHO-
ro FOPMOH-3aBUCMMOTO MYTW M 3aMeLLeHMe 3CTPOreHoBOro AeduumnTa, fOKasana CBOK BbICOKYH KIUHUYECKYHO
1 nabopatopHyto 3G heKTUBHOCTb, 06ecneynB HopManbHoe Ny6epTaTHOE pasBUTHE.

KNIOYEBDBIE CNNOBA: BpoxzeHHas AUCHYHKLMS KOPbI HaZM0YeYHUKOB, gepuuynt 17,20-nuasel, CYP17A1, nepsuy-
Hasl aMeHopes, 3aiepxKa Mos0BOro pa3BUTUSA, TUNEProHaoTPOMHbIA rMNOroHagu3M, KOMNayHA-reTepo3nroTHole
MyTayuu, noapoCTKu
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INTRODUCTION

17,20-lyase deficiency is the rarest form of con-
genital adrenal hyperplasia (CAH), characterized by
impaired androgen and cortisol synthesis accom-
panied by excessive mineralocorticoid production
[1]. This deficiency is caused by mutations in the
CYP17AT1 gene, which encodes the enzyme 17a-hy-
droxylase that also possesses 17,20-lyase activity.
17a-hydroxylase converts pregnenolone and pro-
gesterone into 17-hydroxypregnenolone and 17-hy-
droxyprogesterone, while 17,20-lyase subsequently
converts 17-hydroxypregnenolone into dehydroe-
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piandrosterone (DHEA) (Fig. 1) [2]. The molecular
mechanisms underlying this dual catalytic activity
and the imbalance between the two functions in
different mutations continue to be actively investi-
gated [3]. The dual catalytic activity of the enzyme
explains the existence of different forms of CAH:
combined 17a-hydroxylase and 17,20-lyase defi-
ciency, as well as isolated 17,20-lyase deficiency.
Notably, most mutations in the CYP17A1 gene re-
sult in the loss of both enzymatic functions [4, 5].
Among all forms of congenital adrenal hyper-
plasia, 17a-hydroxylase/17,20-lyase deficiency ac-
counts for less than 1% of cases. Based on a review
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Fig. 1. Scheme of the main steroidogenesis pathways in the adrenal cortex and gonads: DHEA — dehydroepiandrosterone;
3BHSD2 — 3B-hydroxysteroiddehydrogenasetype 2; 17BHSD — 17B-hydroxysteroiddehydrogenase. Solid arrows indicate

the direction of enzymatic reactions (adapted by [2])

Puc. 1. Cxema OCHOBHbIX NyTEN CTEPOMAOTEHE3A B KOPE HAAMOUYEYHUKOB M roHapax: AF9A — AerMaApoanMaHAPOCTEPOH;
3BHSD2 — 3B-ruppokcucteponppermaporeHasda mna 2; 17pHSD — 17[-ruapokcucreponasernaporeHasa. CnaoWHbIe
CTPEAKM YKa3blBatoT HanpaBAeHWEe GepMEHTATUBHbIX peakumit (apanTmpoBaHo no [2])
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of the literature, the prevalence of this deficiency
remains uncertain due to the extreme rarity of the
disorder and the limited number of clinical cases
reported worldwide. To date, no more than 150 in-
dividuals with this condition have been described.
These data refer primarily to the combined form of
the enzyme deficiency, whereas the prevalence of
isolated 17,20-lyase deficiency has not been estab-
lished.

Herein, we present a clinical case of a patient
with isolated 17,20-lyase deficiency confirmed by
molecular genetic testing. The patient has a normal
female karyotype (46,XX). We describe the diagnos-
tic workup for delayed puberty and the observed re-
sponse to hormone therapy.

CASE PRESENTATION

The patient was born from the second preg-
nancy and first term delivery. Her birth weight
was 3500 g, length 51 cm, and Apgar scores were
8/9. At 7 months of age, she was diagnosed with
hereditary spherocytosis (Minkowski-Chauf-
fard syndrome). At 10 years of age, gallstones
with clinical signs of cholestasis were detected.
At 11 years of age, after prolonged conservative
therapy had been ineffective, she underwent la-
paroscopic cholecystectomy and splenectomy.
In the postoperative period, she developed recur-
rent adhesive disease, which led to a series of
relaparotomies for adhesiolysis and abdominal
drainage. At 12 years of age, she underwent ap-
pendectomy and ileostomy, followed by restora-
tion of gastrointestinal patency and closure of the
ileostomy. Only at the age of 13, when she presen-
ted with abdominal pain, ultrasound examination
revealed uterine hypoplasia and cystic adnexal
masses (up to 39 mm). Based on these findings,
the girl was consulted by a gynecologist for the
first time; there were no indications for surgical
treatment, and endocrinological evaluation was
recommended. Thus, at approximately 14 years
of age, the child was first seen by a pediatric en-
docrinologist. In addition to abdominal pain, she
reported the absence of menstruation and lack of
hair growth in androgen-dependent areas. Family
history revealed that the mother had menarche at
16 years of age and also had sparse axillary and
pubic hair. Obtaining the paternal history was diffi-
cult because the parents lived separately.

At the time of examination by the pediatric en-
docrinologist, the patient had a proportional body
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habitus with evenly distributed subcutaneous fat.
Notably, there was a complete absence of hair
growth in androgen-dependent areas as well as
on the shins and forearms. Tanner stage was B2,
P1, with no menstruation (Me-); no axillary hair
was observed, and the external genitalia were nor-
mally developed and of female type. Height was
average at 163 cm (+0.41 SDS), and weight was
appropriate for height at 57 kg (+0.71 SDS). Blood
pressure was within the normal range for age.

Outpatient contrast-enhanced magnetic reso-
nance imaging (MRI) of the pelvis was performed.
It revealed a multicystic mass in the right ovary
measuring 67x61x49 mm, with its medial border
adjacent to the left ovary. The left ovary was nor-
mally positioned, measuring 28x22x16.8 mm, and
contained follicles up to 18 mm within the stroma;
no mass lesions were detected. The uterus was
in anteflexio with no abnormalities; its dimensions
were not specified.

Outpatient hormonal testing also demonstra-
ted elevated levels of luteinizing hormone (LH) up
to 26.0 mlU/mL and follicle-stimulating hormone
(FSH) up to 13.9 mIU/mL. The estradiol level was
normal (17 pg/mL). Given the finding of hypergo-
nadotropic hypogonadism, further in-depth evalu-
ation in a specialized endocrinology hospital was
recommended.

Upon admission to the endocrinology depart-
ment, serum electrolytes, liver enzymes, and glu-
cose were within reference ranges. No evidence
of thyroid pathology was found, and cortisol was
normal. Androgen levels were as follows: 17-hy-
droxyprogesterone was elevated at 10.2 ng/mL,
testosterone was elevated at 1.68 nmol/L. Dehy-
droepiandrosterone sulfate (DHEA-S) was normal
at 0.8 pg/mL, and androstenedione was normal at
0.82 ng/mL. Pelvic ultrasound was performed. It
revealed a uterine body length of 50 mm, width of
26.7 mm, and anteroposterior diameter of 12 mm.
In place of the right ovary, a polycystic mass
measuring 110x90x80 mm was observed. The left
ovary measured 30x13x16.8 mm and contained
small follicles. Due to the development of catar-
rhal symptoms, the evaluation was not completed.

One month later, the girl was readmitted, again
presenting with abdominal pain. Repeat hormonal
testing showed a decrease in androgen levels. Spe-
cifically, 17-hydroxyprogesterone was 6.87 ng/mL
(previously 10.20 ng/mL), and androstenedione
was 0.2 ng/mL (previously 0.82 ng/mL). DHEA-S
was 0.03 pg/L (previously 0.8 yg/mL), and testo-
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sterone was 1.12 nmol/L (previously 1.68 nmol/L).
LH and FSH levels remained elevated (23.06 and
13.5 mlU/mL, respectively), while estradiol was
low at 21.5 pg/mL. Alpha-fetoprotein, beta human
chorionic gonadotropin (B-hCG), and the tumor
markers CA 19-9 and HE4 were within normal limits.
CA 125 was 54 U/L, which decreased to 21 U/L one
month later on follow up. Physical examination
was unchanged, and sexual development remained
the same. Follow up pelvic MRI, compared with
previous imaging, showed marked progression of
pathological findings. In the region of both ovaries,
multilocular masses with heterogeneous (mucinous
and hemorrhagic) contents and multiple septa-
tions were observed. The right mass measured
77%x67x44 mm with a volume of 118 cm?, and the
left mass measured 76x51x42 mm with a volume
of 85 cm?®. A significant amount of heterogeneous
fluid was present around the masses. The uterus
was hypoplastic, with dimensions including the
cervix of 57x12x15 mm. Based on the MRI findings,
bilateral ovarian biopsy and diagnostic vaginoscopy
were performed. Histopathological examination of
the biopsy specimens revealed a follicular cyst of
the left ovary and a serous cyst of the right ovary.

The girl was consulted by a clinical geneticist.
Given the delayed puberty, karyotyping was per-
formed. Cytogenetic analysis revealed a normal
female karyotype (46,XX). The genetic workup
for the causes of delayed puberty then focused
on monogenic etiologies. Polymerase chain reac-
tion was used to screen for recurrent mutations
in the CYP21A2 gene to exclude the classic form
of congenital adrenal hyperplasia (CAH). No va-
riants in the CYP21A2 gene were identified. A de-
cision was made to rule out CYP17A7T associated
CAH. Sanger sequencing of the CYP17A1 gene
was performed, which identified two pathogenic
variants in a heterozygous state: ¢.1039C>T and
c.1319G>A. As a second step, the variants were
confirmed by trio sequencing (the patient and her
parents). The results confirmed biallelic involve-
ment of the CYP17A1 gene in the patient. The
c.1039C>T variant was inherited from the mother,
and the ¢.1319G>C variant was inherited from the
father.

Based on the comprehensive laboratory and
instrumental findings, together with the clinical
presentation, the girl was diagnosed with congeni-
tal adrenal hyperplasia due to isolated 17,20-lyase
deficiency. The corresponding codes are OMIM
#202110, ORPHA:90793, and ICD 10 E25.0.

PRACTICAL NOTES

Based on the above findings, the adolescent
was started on replacement therapy with glucocor-
ticoids (dexamethasone 0.25 mg/day) and estro-
gens (estradiol valerate 0.5 mg/day). On therapy,
she developed hair growth on the labia and pubis,
breast enlargement, and feminization of her body
shape, with menarche occurring after 4 months.

Six months after starting therapy (at 14 years
and 10 months of age), the girl was hospitalized
in the endocrinology department for follow up as-
sessment of treatment efficacy and safety. Posi-
tive changes were observed, including increased
feminization of the body habitus with fat redistri-
bution to the thighs and abdomen, breast enlarge-
ment, and the appearance of pubic hair (Fig. 2).
Blood pressure and heart rate were within the nor-
mal range for age. Laboratory testing showed a de-
crease in LH to 5.63 mIU/mL (from 23.06 mIU/mL
before therapy), while FSH remained elevated at
17.73 mIU/mL. Androgen levels also normalized.
Specifically, 17-hydroxyprogesterone decreased
to0 2.24 ng/mL (from 6.87-10.2 ng/mL before the-
rapy), and testosterone decreased to 0.1 ng/mL
(from 1.12-1.68 ng/mL before therapy). DHEA
S and androstenedione were unchanged, having
previously been within reference ranges. Pelvic
ultrasound demonstrated positive changes, inclu-
ding an increase in uterine size (length 50 mm, an-
teroposterior diameter 21.7 mm, width 28.7 mm,
cervix 22x19 mm) and a reduction in ovarian vo-
lumes. The right ovary measured 49x23.4x23 mm
with a volume of 13.8 cm?®, and the left ovary
measured 34x12.5x12.5 mm with a volume of
2.77 cm?. Given the positive clinical and laborato-
ry response, the dexamethasone dose was main-
tained at 0.25 mg/day, while estradiol valerate
was increased to 1.5 mg/day.

A subsequent laboratory follow up was performed
another six months later (at 15 years and 4 months
of age), i.e., one year after starting therapy. A height
gain of 6 cm over the year was noted, while weight re-
mained unchanged. Tanner stage was B4, P3 4, with
menstruation present (Me+); no axillary hair growth
was observed. FSH levels finally reached target va-
lues at 3.65 mIU/mL (previously 17.73 miU/mL),
and LH was 0.65 mIU/mL. Androgen levels re-
mained low: DHEA S was 0.2 pmol/L, testosterone
was 0.08 nmol/L, and 17 hydroxyprogesterone was
2.91 nmol/L. Pelvic ultrasound showed no adverse
changes. No adjustment was made to hormone
replacement therapy. The adolescent continued
under regular follow up.
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Fig. 2. The patient’s appearance during hormone repla-
cement therapy (photos by the authors)

Puc. 2. BHelHWI BUA NALMEHTKN Ha GOHE 3aMeCTUTEAbHOM
ropMOHaAbHOM Tepanunn (GoTo aBTOPOB)

DISCUSSION

The most common clinical presentation of
combined 17a-hydroxylase/17,20-lyase deficien-
cy is a pubertal female patient with delayed pu-
berty (primary amenorrhea and lack of secondary
sexual characteristic development), hyperten-
sion, and hypokalemia [1, 6]. The classic triad
of pronounced arterial hypertension has been
repeatedly described in the literature [7]. Such
children initially present to a pediatrician. How-
ever, the symptoms of arterial hypertension and
hypokalemia are not consistently present [8-10]
and occur mainly in cases of complete absence
of 17a-hydroxylase activity [11]. Because of ab-
dominal pain due to developing ovarian polycys-
tosis, which may subsequently impair reproduc-
tive function [12], the next physician managing
such a child is often a surgeon [13]. It is only af-
ter this that adolescent girls present to a pediat-
ric gynecologist or endocrinologist, as illustrated
by the present clinical case.

In our case, the patient presented with pri-
mary amenorrhea, lack of secondary sexual cha-
racteristic development, abdominal pain, and a
history of multiple surgical interventions. At the
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same time, she had a complete absence of arteri-
al hypertension and hypokalemia, which are cha-
racteristic of 17a-hydroxylase deficiency. This
finding led us to suspect isolated 17,20-lyase
deficiency.

Sanger sequencing of the CYP17A1 gene re-
vealed two pathogenic variants in a heterozygous
state: ¢.1039C>T and c.1319G>A. The c.1039C>T
variant in the CYP17A1 gene is known to cause im-
paired interaction between cytochrome b5 and the
17a-hydroxylase/17,20-lyase enzyme, partially re-
ducing its activity [14]. In this context, 17a hydroxy-
lase activity is better preserved than 17,20-lyase
activity [9,15]. Cases of compound heterozygous
CYP17A1 variants in 17a-hydroxylase/17,20-lyase
deficiency have been reported in the literature,
with the clinical presentation varying significantly
depending on the mutation combination [10,16,17].
For example, Van Den et al. described two women
with a 46,XY karyotype who carried compound he-
terozygous CYP17A1 mutations [18]. S. Yamagata
et al. reported a 67 year old patient with a ho-
mozygous ¢.1039C>T mutation in the CYP17A1
gene and a normal female karyotype (46,XX) [9].
This patient had a muted clinical presentation of
CYP17A1 associated CAH, including developed
secondary sexual characteristics, menstruation
until menopause, hypertension, hypokalemia, and
signs of hyperaldosteronism with suppressed re-
nin activity. In our case, the c.1039C>T variant in
the CYP17AT gene was inherited from the mother,
who has sparse hair growth in hormone-dependent
areas and relatively late menarche (at 16 years of
age). The ¢.1319G>C variant was inherited from the
father. Heterozygous carrier status of a CYP17A1
mutation is hypothesized to lead to steroidogenesis
insufficiency [15]. Our case is the first to report
a combination of two heterozygous mutations,
.1039C>T and c.1319G>A, in the CYP17AT gene
resulting in isolated 17,20-lyase deficiency in our
patient.

CONCLUSION

This clinical case clearly demonstrates the ef-
fectiveness of a comprehensive approach to diag-
nosing rare forms of disorders of sex development.
Targeted genetic testing played a key role by identi-
fying two pathogenic variants in the CYP17A1 gene
in a compound heterozygous state in a patient with
a 46,XX karyotype and primary amenorrhea. This is
the first report of a combination of two heterozy-
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gous mutations, ¢.1039C>T and c.1319G>A, in the
CYP17A1 gene, which confirmed the diagnosis of
isolated 17,20 lyase deficiency. Successful the-
rapy combining suppression of ACTH dependent
steroidogenesis with low dose dexamethasone
and estrogen replacement therapy led to positive
outcomes, including the onset of menstruation,
development of female secondary sexual charac-
teristics, and regression of cystic ovarian chan-
ges. These findings underscore the importance of
personalized treatment and the need for lifelong
multidisciplinary follow up of such patients.
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nutepatypbl; K.B. Ckobenesa — pa3spaboTka
KOHLenuuu cTaTbl, 06CNefo0BaHNE U JieyeHue
nauueHTku, pegaktuposanue tekcrta; [I.P. Typcy-
MeToBa — 0630p IMTEpaTypbl, HANUCaHNE TEKCTA,
NOAroToBKa UNNOCTpaLnii, opopmneHne 6mbano-
rpapum.

Bce aBTOpbI NpoYnu U 0f06punn GuHanbHy
BEpCUio nepea nybnukawmeil.

KoHdnukT uHTEepecoB. ABTOpbLI 3adBNAIT 06
OTCYTCTBUM ABHbIX U NOTEHLMANbHbIX KOHONUK-
TOB WHTEPECOB, CBA3aHHbIX C Ny6nuKauunen aaH-
HOMI cTaTbMm.

WHdopmupoBaHHoe cornacue Ha nybnuka-
uuio. ABTOpPbI NOJYYMNN NMUCbMEHHOEe cornacue
3aKOHHbIX NpeAcTaBUTeNel nauneHTa Ha ny6nu-
Kauuio MeLULNHCKUX faHHbIX.
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