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Cholesterol side-chain cleavage enzyme deficiency
caused by a novel homozygous variant in P450 side-
chain cleavage enzyme gene (CYPTIAT) in a 46, XX
Korean girl
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The CYP11AT gene encodes for the cholesterol side-chain cleavage enzyme (P450scc), which initiates steroid hormone bio-
synthesis. Defective P450scc activity results in severe glucocorticoid and mineralocorticoid deficiencies. We describe a case
of P450scc deficiency due to a novel homozygous CYP77AT variant inherited from the mother with a possibility of uniparen-
tal disomy (UPD). The patient was a female, had no family history of endocrine disease, and showed adrenal insufficiency at
13 days of age. Hormonal analysis with an adrenocorticotropic hormone stimulation test showed both glucocorticoid and
mineralocorticoid deficiencies, presumed to be a defect of the early stage of steroidogenesis. Exome sequencing reported a
novel homozygous frameshift variant of CYPTTAT (c.284_285del, p.Asn95Serfs*10), which was inherited from the mother.
Additionally, homozygosity in 15922.31¢26.2, which included CYP77A7, was identified using a chromosomal microarray. It
was suggested that the possibility of maternal UPD was involved as the cause of a P450scc deficiency by unmasking the ma-
ternally derived affected allele. To our understanding, P450scc deficiency associated with UPD encompassing CYP71AT had
not been reported in Korea before. Genetic analysis can help diagnose rare causes of primary adrenal insufficiency, including
P450scc deficiency.

Key words: Cholesterol side-chain cleavage enzyme (P450scc), CYP11A1, Adrenal insufficiency, Uniparental disomy.

Introduction that initiates steroid hormone biosynthesis and is encoded by
the CYP11AT gene. P450scc deficiency is a rare autosomal reces-

Primary adrenal insufficiency (PAl) is a disorder issued froma  sive disorder, with approximately 60 patients from more than 40
deficient production of glucocorticoids and/or mineralocorti-  families reported to date [4-9]. Until now, around 40 pathogenic
coids that are normally synthesized in the adrenal cortex [1-3].  or likely pathogenic variants of CYP77A 7T have been reported
Cholesterol side-chain cleavage enzyme (P450scc) isan enzyme  [10]. Defective P450scc activity inhibits normal steroidogenesis
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resulting in severe adrenal and gonadal deficiencies [4,11]. We
report the first Korean case of P450scc deficiency caused by a
novel CYPT1AT variant with an association with uniparental
disomy (UPD). This study was approved by the Institutional
Review Board of Seoul National University Bundang Hospital
(NO. B-2112-727-701). Informed consent was received from the
patient's parents.

Case

A 13-day-old female infant was hospitalized to Seoul Na-
tional University Bundang Hospital with chief complaints of
decreased oral intake and feeding cyanosis. She was delivered
at 38 weeks of gestation, weighing 2.2 kg, without any peri-
natal complications. She was the second child of healthy non-
consanguineous parents. Newborn screening for inborn error of
metabolism showed a normal level of 17-alpha-hydroxyproges-
terone (17-OHP). At admission, the patient's height was 47 cm
(~0.7 000 standard deviation score [SDS]), and weight was 2.0 kg
(-2.6 SDS). On physical examination, her external genitalia ap-
peared normal. Blood tests revealed hyperkalemia (9.5 mmol/L)
and hyponatremia (125 mmol/L). She had elevated adrenocor-
ticotropic hormone (ACTH) (531 pg/mL; reference range, 0-60),
and increased plasma renin activity (84.5 ng/mL/h; reference
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range, 2.0-35.0). A standard-dose ACTH stimulation test (using
0.125 mg of synacthen [ACTH-(1-24)]) showed poor responses
of cortisol and 17-OHP (Table 1). Adrenal imaging by ultraso-
nography revealed normal-sized adrenals. After the diagnosis
of glucocorticoid and mineralocorticoid deficiency was made,

Table 1. Clinical and hormonal data

: Latest  Normal age
ltems Bassline visit  range (basal)
Age 13days 5yrsand NS
3 mos

Height, cm (SDS)

47(=07) 47(-07) NS

Weight, kg (SDS) 2.0(-26) 47(-0.7) NS
External genitalia Normal  Normal NS
female  female
Blood glucose, mg/dL 71 87 70-110
Sodium, mmol/L 125 139 135-145
Potassium, mmol/L 9.5 4.3 3.5-55
Cortisol, pg/dL (basal/post ACTH) ~ 3.5/8.2  11.0/ND 2-11
170H-Progesterone, ng/mL 0.5/1.2 ND 01-0.8
(basal/post ACTH)

ACTH, pg/mL 217 715 0-60
Plasma renin activity, ng/mL/h 84.5 0.9 2.0-35.0
Aldosterone, ng/dL & ND 5-175

SDS, standard deviation score; ACTH, adrenocorticotropic hormone; ND,
Not done; NS, not significant.

Fig. 1. A chromosomal microarray showed a 30-Mb region of homozygosity (black box with star). The homozygosity on chromosome 15 (human
genome assembly GRCh37 [hg19], chr15: 66481835-96607321) demonstrating a copy number state of 2 (A) and no heterozygous single nucleo-
tide polymorphisms (B). The red arrow denotes the location of the CYP77A47 gene.
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hydrocortisone with 0.8 mg three times per day (15.0 mg/m?/d),
and 9a- fludrocortisone with 0.1 mg once daily were prescribed
to the patient.

The patient's karyotype was 46,XX. Whole exome sequencing
was done on a NextSeq 500 system (Illumina Inc.,) with 2x150
paired-end reads. Reads were aligned to the human genome
build 37 (Hg19). A novel homozygous frameshift variant of
CYP11AT (c.284_285del, p.Asn95Serfs*10) was identified and
confirmed using Sanger sequencing. The mother of the patient
was a heterozygous carrier of the variant, while the father had
none.Asa UPD in the 15023¢26.1 region was suspected on
exome sequencing, a single-nucleotide polymorphism (SNP) mi-
croarray using the Affymetrix Cytoscan 750K array (Affymetrix)
was additionally conducted. A SNP microarray revealed a 30 Mb
homozygosity of 15022.31q26.2 region that includes CYPTIAT
(Hg19, chr15: 66481835-96607321), consistent with segmental
UPD without any genomic copy number variations (Fig. 1). This
finding, in conjunction with the patient's previous biochemi-
cal testing for PAI, provided confirmation that the etiology of
P450scc deficiency was due to maternal UPD encompassing the
CYPT1AT variant.

While taking hydrocortisone and 9a-fludrocortisone, she
showed catch-up growth and a stable clinical course without
adrenal crisis. On her latest visit (5 years and 3 months of age), she
was prescribed hydrocortisone, 3.3 mg three times per day (12.0
mg/m’/d), and 9a-fludrocortisone (0.1 mg daily). Her height was
104.0 cm (-1.4 SDS), and her weight was 23.3 kg (- 1.5 SDS). She
had normal plasma renin activity (0.9 ng/mL/h; reference range,
1.0-6.5) but had high ACTH levels (715 pg/mL; reference range,
0-60) without hypoglycemia or electrolyte imbalance (blood
glucose 87 mg/dL, sodium 139 mmol/L, and potassium 4.3
mmol/L, respectively) (Table 1).

Discussion

P450scc deficiency is an extremely rare cause of PAl and re-
sults from defects in the CYP77AT gene on chromosome 15¢23-
q24. P450scc deficiency is similar to congenital lipoid adrenal
hyperplasia (CLAH) in clinical characteristics and hormonal
profile but is not accompanied by adrenal enlargement, a typical
finding in CLAH [4,11,12]. Most reported patients had highly el-
evated ACTH levels with low adrenal and gonadal steroid levels.
Abdominal imaging revealed normal or small adrenal glands.
In contrast to 46,XX patients, 46,XY patients show a disorder of
sexual development.

To our knowledge, approximately 60 cases of P450scc de-

ficiency caused by CYPT1AT variants have been reported so
far (Supplementary Table 1). Our 46,XX female case presented
with decreased oral intake and feeding cyanosis in the neonatal
period, with normal 17-OHP levels, giving the impression of
defects of early stages in steroid biosynthesis. Among 13 previ-
ously reported female cases with proven 46,XX karyotype, four
were followed until puberty; one developed hypergonadotropic
hypogonadism at 12 years of age, and one female patient was
prescribed medication for precocious puberty with normal men-
struation cycle in adulthood [10,13]. Although our 5-year-old
female patient had normal external genitalia without any signs
of gonadal dysfunction, careful monitoring of pubertal progres-
sion will be needed.

The CYPT1AT variant identified in our case was previously not
reported and considered pathogenic according to the Ameri-
can College of Medical Genetics and Genomics (ACMG) criteria
(PVS1+PM2+PP4) [14]. Chromosomal microarray analysis sug-
gested a 30 Mb homozygosity region in 15922.31926.2, which
included CYP71A1. UPD is a genetic condition characterized by
the inheritance of both copies of a chromosome pair from one
parent alone [15]. This phenomenon can result in disturbances
of imprinted genes at certain imprinted loci in humans, leading
to clinically recognizable imprinted disorders such as Prader-
Willi syndrome (PWS) and Angelman syndrome (AS), which arise
from maternal UPD15 and paternal UPD15, respectively [16].
In addition, UPD can rarely result in clinical conditions by al-
lowing two copies of a recessive variant to be transmitted from
a heterozygous carrier parent [17]. Notably, this unusual non-
Mendelian form of inheritance related to UPD has been linked to
several cases of recessive disorders, including cystic fibrosis [18].
Furthermore, UPD can result in an unusual association between
two rare genetic disorders [19,20]. For instance, a case involv-
ing the co-occurrence of AS and P450scc deficiency has been
reported, which originated from a large segmental UPD (15¢11.1
to 15026.2) unmasking a novel recessive variantin CYP11A7 [20].
In our case, as only the mother carried the variant as a hetero-
zygote, it was suggested that maternal UPD was involved as the
cause of P450scc deficiency in the proband by unmasking the
maternally derived affected allele. The homozygous region iden-
tified in the patient did not encompass the 15q11-q13 chromo-
somal region that is typically associated with PWS/AS. Further-
more, no clinical manifestations were observed in the patient
that were indicative of PWS/AS. Moreover, a comprehensive
analysis of the region of segmental UPD, which encompassed
a total of 43 recessive disease-causing genes, was conducted
using whole-exome sequencing. However, this analysis did not
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reveal any additional novel nonsynonymous homozygous vari-
ants within this region.

The diagnosis of PAl in pediatric patients is often delayed as
many symptoms and signs of PAl are nonspecific. In cases of
normal 17-OHP levels, genetic analysis can be helpful in diag-
nosing rare causes of PAl, including CLAH, X-inked adrenoleuko-
dystrophy, and P450scc deficiency as in this case who developed
symptoms early in their infancy [3,5,12,13]. In conclusion, the
diagnosis of P450scc deficiency in our case was established
through a comprehensive genetic analysis that combined exome
sequencing and a SNP array. This underscores the critical role of
genetic analysis in uncovering the rare etiologies underlying PAI.
Furthermore, our case serves as an illustrative example of the
potential for UPD to reveal recessive disorders such as CYP11A1
defects in patients who present with adrenal insufficiency.
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