THE MEDICAL BULLETIN OF

SISLI ETFAL HOSPITAL

DOI: 10.14744/SEMB.2021.28044
Med Bull Sisli Etfal Hosp 2022;56(2):291-298

Clinical and Genetic Characteristics of Patients with Common
and Rare Types of Congenital Adrenal Hyperplasia: Novel
Variants in STAR and CYP17A1

Ozge Koprulu,' ©© Behzat Ozkan,' (© Sezer Acar," © Ozlem Nalbantoglu,’ ©© Beyhan Ozkaya Donmez,’
Gulcin Arslan,’ © Filiz Hazan,? © Semra Gursoy?

'Division of Pediatric Endocrinology, Dr. Behcet Uz Children's Training and Research Hospital, Izmir, Turkey
2Department of Medical Genetics, Dr. Behget Uz Children's Training and Research Hospital, Izmir, Turkey
3Department of Pediatric Genetics, Dr. Behcet Uz Children's Training and Research Hospital, Izmir, Turkey

Abstract

Objectives: Congenital adrenal hyperplasia (CAH) is a group of autosomal recessive diseases characterized by salt wasting or
virilization. 21 hydroxylase deficiency (21-OHD) accounts for 90-95% of all cases of CAH and caused by the genetic defects of
CYP21A2. Other forms include 3-fB-hydroxysteroid dehydrogenase deficiency, 11-B-hydroxylase deficiency (113-OHD) (%5-8),
17-a-hydroxylase deficiency (17a0-OHD), and steroidogenic acute regulatory protein (STAR) defects (congenital lipoid adrenal hy-
perplasia) with mutations in HSD3B2, CYP11B1, CYP17A1, and STAR, respectively. Objectives: Herein, we aimed to present the clini-
cal and genetic features of 64 patients with various types of CAH.

Methods: Sixty-four patients with CAH, monitored in the Izmir Dr. Behcet Uz Children Hospital Division of Pediatric Endocrinology,
were retrospectively analyzed for the clinical, laboratory, and genetic data.

Results: Fifty-six patients (87.5%) had 21-OHD and four patients (6.3%) had 17a-OHD, three patients (4.7%) had 113-OHD, and one
patient (1.5%) had STAR defect. The most common presenting features in 21-OHD were ambiguous genitalia. Patients with 21-OHD
were diagnosed earlier than the rare groups. Disease-causing variants of CYP21A2 were identified in 46 patients. The most common
mutations were 1VS2, Q318X, 172N, and large deletions. Three patients with 113-OHD were presented with enlargement of penis
and early pubic hair at the median presenting age of 26 months. 17a-OHD deficiency was detected in 4 cases. Genetic analysis re-
vealed two different homozygous CYP17AT variants. The patient with STAR defect was presented with dehydration and cholestasis
in 44 days of the life. Genetic analysis of patient with STAR deficiency revealed a novel homozygous variant.

Conclusion: The current study reported a genotype-phenotype correlation consistent with literature data in CAH cases with 21-
OHD. This study also reported novel homozygous variants in STAR and CYP17A1 genes that lead to rare types of CAH.
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Congenital adrenal hyperplasia (CAH) is a group of au-  terized by salt wasting (SW) caused by impairment of adre-
tosomal recessive diseases which is the most common  nal cortisol and/or aldosterone biosynthesis or virilization
cause of adrenal deficiency in children. It is mainly charac-  due to excessive androgen biosynthesis.I" Phenotypically,
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CAH can be divided into two forms; classical and non-
classical (NC). The classic form can vary in SW and simple-
virilizing (SV) phenotypes. The impairment of the enzyme
activity determines the form of the disease. The incidence
of classical CAH is about 1:14,000-1:18,000 live births.”?
21 hydroxylase deficiency (21-OHD) accounts for 90-95%
of all cases with CAH and caused by the genetic defects
of CYP21A2. Other forms include 3-B-hydroxysteroid de-
hydrogenase deficiency (33-HSD), 11-B-hydroxylase de-
ficiency (113-OHD) (5-8%), 17-a-hydroxylase deficiency
(170-OHD), and steroidogenic acute regulatory protein
(STAR) defects (congenital lipoid adrenal hyperplasia)
with mutations in HSD3B2, CYP11B1, CYP17A1, and STAR,
respectively.®!

11B-OHD, is the second prevalent type of CAH following
210HD and associated with low cortisol and variable min-
eralocorticoid production.” 17a-OHD, is one of two hyper-
tensive forms of CAH. Frequent symptoms include mild
hypocortisolism, ambiguous genitalia in 46,XY individuals
or ovarian failure at puberty in 46,XX individuals, and hy-
pokalemic hypertension due to increased DOC and corti-
costerone.” Defects in STAR block the influx of cholesterol
from the outer mitochondrial membrane to the inner and
disrupt all steroidogenesis. STAR mutations cause congeni-
tal lipoid adrenal hyperplasia (lipoid CAH).!

To date, more than 200 mutations of CYP21A2 have been
described worldwide. The most frequent mutations in CY-
PA21A2 are IVS-2, large conversion/deletions, 172N and
R356W in Turkey.”? Q318X mutations and large gene dele-
tions constitute the most severe disease with low enzyme
activity.® CAH shows a continuous phenotypic spectrum
in 21-OHD. Genotyping is important in confirming the di-
agnosis, maintains prognostic information about severity
and essential for genetic counseling.”! Herein, we aimed to
present the clinical and genetic features of 64 patients with
various types of CAH.

Methods

A total of 64 patients with CAH, monitored and treated at
Division of Pediatric Endocrinology in the Izmir Dr. Behcet
Uz Children Hospital between 1998 and 2020 years, were
retrospectively analyzed. A questionnaire was used to eval-
uate all clinical, biochemical data related to the diagnosis
and treatment. The diagnosis for patients was based on the
clinical features and serum hormone assays. Studies were
performed with the approval of the Ethics Committee of
the Behget Uz Children’s Hospital (2020/386). Patients and
parents provided written informed consent.

The study was designed retrospectively and the clinical,
laboratory and genetic data of all patients were obtained

from file records. Genetic results of patients with 21-OHD
were obtained by Multiplex Ligation-Dependent Probe
Amplification (MLPA) and/or strip assay (Revers Dot Blot)
analysis. In addition, genetic analysis of patients with
17a-OHD 11B-OHD, and STAR deficiency were performed
by Next Generation Sequencing (NGS) or Sanger sequenc-
ing methods.

DNA Extraction

Genomic DNA of the patients and some of the parents was
extracted from the peripheral blood as described in manu-
facturer’s protocol on a DNA Isolation system (Magpurix
Blood Dna Extraction Kit, Zinexts Life Science Corp., Tai-
wan). Primary quality control of the isolated DNA samples
was performed using Qubit (Thermofisher, ABD).

MLPA Analysis

CYP21A2/CYP21A1P deletions, duplications, and large
gene conversions were analyzed by MLPA with the SALSA
P050 CAH MLPA kit (MRC-Holland BV, Amsterdam, Hol-
land). It includes 27 MLPA probes with amplification prod-
ucts between 130 and 382 nucleotides, eight probes for
CYP21A2 gene (large rearrangements, SNP at 113 bp be-
fore start codon, IVS-12A/C-G, 706_713del8, 172N, V237E,
M239K, and F306+T) and four probes for CYP21A1P pseu-
dogene. Furthermore, the probemix contains six probes
for the TNXB gene and one for the ATF6B gene to further
define CYP21A2 gene deletions. To analyse MLPA data we
used ABI 3500 capillary electrophoresis system and Coffaly-
ser software (MRC Holland, Amsterdam, The Netherlands),
an Excel-based program. The area under the peak for each
amplified fragment was measured and normalized to the
peak areas of normal control individuals.

Strip Assay Analysis
Some CYP21A2 variants (P30L, 12 splice, Del 8bp E3, 1172N,

Cluster E6, V281L, L30 frame shift, Q318X, R356W, P453S,
and R483P) were analyzed by Revers Dot Blot.

NGS Analysis

46,XY DSD and 46,XX DSD Custom Target Capture NGS
Panels (Celemix, Inc., Seoul, Korea) were performed to
analyze 34 genes. Libraries were arranged according to
manufacturer’s instructions. Target capture NGS was per-
formed on an Illumina MiniSeq NGS System (lllumina, Inc.,
San Diego, CA, USA). The data were analyzed using “SEQ”
variant analysis software (Genomize, Istanbul, Turkey) ac-
cording to the reference genome of GRCh37(h19). ClinVar
(https://www.ncbi.nlm.nih.gov/clinvar/) and literature in-
formation were considered for collecting the information
about known variants. We also used the search engine
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Varsome (https://varsome.com/), which has information
from 30 external databases, to investigate the pathoge-
nicity of the novel variant. The pathogenicity of the iden-
tified sequence variants was reported using an automatic
variant classifier that evaluated the submitted variant
according to the American College of Medical Genetics
(ACMG) 2015 guidelines, classifying it as one of “patho-
genic,”"likely pathogenic,”“likely benign,”“benign” or “un-
certain significance!”™?

Sanger Sequencing

STAR gene was amplified by polymerase chain reaction.
All of the coding exons and exon-intron boundaries of the
gene were analyzed by Sanger sequencing. The sequences
were analyzed with SeqScape Software V3 sequencing pro-
gram (Applied Biosystems, ThermoFischer). The Ensembl
database (GRCh37.p13) with ENST00000276449 transcript
ID of STAR was used to compare the individual’s and the
reference sequence. For segregation analysis, primers were
designed for all needed regions.

Statistical Analysis

The values statistically analyzed by SPSS (Statistical Pack-
age for the Social Sciences) v25 (IBM, Armonk, NY, USA). Re-
sults were given as median (range). To calculate the median
value of a group, Mann-Whitney U test was used.

Results

Characteristics of CAH Patients

This retrospective study included 64 subjects (39 females
and 25 males) with CAH from 61 unrelated families. Par-
ents of patients were consanguineous in 40 (65%) of the
61 unrelated families, whereas 21 families did not declare
consanguinity. Frequency of consanguinity was 65% in all
patients: 59% in the 21-OHD patients, and 66% in the pa-
tients with 113-OHD. All the parents of the patients with
17a-OHD were consanguineous.

Fifty-six of the patients (87.5%) had 21-OHD and four pa-
tients (6.3%) had 17a-OHD, three patients (4.7%) had
113-OHD, and one patient (1.5%) had STAR defect. The
most common presenting features in 21-OHD were ambig-
uous genitalia (46%), vomiting/fatigue (32%), premature
pubarch (11%), jaundice (4%), and diarrhea (4%). Ambigu-
ous genitalia was the presenting symptom in 22 of the 32
female patients with 21-OHD whereas vomiting was the
most common presenting symptom in males.

Patients with 21-OHD

Patients with 21-OHD were classified according to their
phenotype: SW (n: 39, 70%), SV (n: 13, 23%), and NC forms

(n: 4, 7%). The median presenting age of the groups was
19 days (0-74 days), 3.23 years (0-8.1 years), 14 years of
age (8.69-17 years) in SW, SV, and NC forms, respectively.
Patients with 21-OHD were diagnosed earlier than the rare
groups; median ages at diagnosis were 20 days (0-14.6
years) versus 2.1 years (1.7-2.5 years) and 11.08 years (3.1-
14 years) in 113-OHD, 17a-OHD, respectively. Among 21-
OHD patients; female patients were diagnosed earlier than
males; median ages at diagnosis were 9 versus 31 days,
respectively. Considering the psychiatric evaluations and
family request, a 21-OHD patient with SV whose genital
appearance was compatible with Prader stage 5 reared as
male despite of 46,XX karyotype.

A total of 47 patients with 21-OHD were analyzed for the
CYP21A2 gene variants. Disease-causing mutations were
identified in 46 patients. Thirty-seven patients (80.4%) were
homozygous and eight patients (17.3%) were compound
heterozygous. The most common mutation was IVS2 (n: 13,
28.2%), followed by Q318X (n: 6, 13%), 1172N (n: 5, 10.8%),
and large deletions (n: 4, 8.7%). The genotype and pheno-
type of patients with 21-OHD are shown in Table 1.

Table 1. Variants of CYP21A2 and clinical classifications

Genotype Number of cases Clinical type

SW sV NC

Large deletions 3 3 0 0
IVS2 (a) 9 8 1 0
1172N (a) 4 1 3 0
R356W (a) 3 3 0 0
P30L (a) 3 0 2 1
Q318X (a) 3 3 0 0
del8bp (a) 1 0 1 0
IVS2, Q318X (a) 1 1 0 0
1172N, E6cluster (a) 1 1 0 0
P30L, IVS2, del8bp (a) 3 3 0 0
V281L, Q318X (a) 1 1 0 0
Q318X, L307fs (a) 1 1 0 0
Q318X (a), IVS2 (b), del8bp (b) 1 1 0 0
1172N/V237E+M239K (CH) 1 1 0 0
1172N/V281L (CH) 2 0 1 1
IVS2/R356W (CH) 2 1 1 0
V281L/Q318X (CH) 2 1 0 1
IVS2/P453S (CH) 1 0 1 0
Large del/I172N, V237E, M239K 1 1 0 0
P454S (a), V281L (b), R340H (b) 1 0 0 1
V281L/ND 1 0 1 0
IVS2/ND 1 1 0 0

SW: Salt wasting; SV: Simple virilizing; NC: Nonclasiccal; a: Homozygous
pattern; b: Heterozygous pattern; CH: Compound heterozygous; ND: Non-
determined.
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Patients with 17a-OHD

17a-OHD was detected in four cases from two unrelated
families. The first patient from the family one (patient 1)
was presented with puberty tarda and the diagnosis of
CAH in the index patient prompted investigations in other
siblings (patient 2,3). Patient four was referred for puberty
tarda at the age of 14 years. LH and FSH levels were sig-
nificantly elevated, consistent with gonadal failure. A lapa-
roscopic examination and gonadectomy was planned for
patient four who had a 46,XY karyotype, which was not ac-
cepted by the parents. This patient was followed up with
laboratory markers and imaging for the development of
malignancy. Genetic analysis revealed two different homo-
zygous CYP17AT1 variants (c.1319 G>A, c.991 G>A). c.1319
G>A (p.Arg440His) variant was previously reported in a
patient with absent pubertal development, mild hyperten-
sion and hypergonadotropic hypogonadism.!'%

€.991 G>A (p.Glu331Lys) was interpreted as “Uncertain Sig-
nificance”according to ACMG criteria. Moreover, this variant
has not been identified in HGMD (http://www.hgmd.cf.ac.
uk) and the Exome Aggregation Consortium. In addition,
this variant was strongly predicted to be a disease-causing
variant with in silico analyses with MutationTaster (muta-
tiontaster.org), SIFT (sift.jcvi.org), and PolyPhen-2 (genetics.
bwh.harvard.edu/pph2). This 46,XY individual was referred
us because of puberty tarda at age of 14 years with female
appearance. Parents and unaffected sibling were carriers.

Detailed clinical and laboratory findings of the rare forms
CAH are provided in Table 2.

Patients with 113-OHD

All three patients with 113-OHD were presented with en-
largement of penis and early pubic hair. The median pre-
senting age of these three patients was 26 months. Of the
patients with 113-OHD, two patients had 46,XY karyotype,
and one patient had 46,XX karyotype. All patients with
11B-OHD reared as males. The weight SDS and height SDS
of the 11B-OHD cases were +2.9, +3.9, +3.8 SDS and +3.1,
+2.9, +3.6 SDS, respectively. Bone age of all patients with
11B-OHD was advanced and median bone age was 7 years.
Two different variants that were previously reported were
detected in two patients who underwent CYP11B1 genetic
analysis among three patients with 113-OHD (c.896 T> C,
c.1342 C>T).ma

Patient with STAR Deficiency

The patient with STAR defect was presented with dehydra-
tion, vomiting, inability to weight gain (her birth weight
was 4000 g and her current weight was 3800 g), and pro-
longed jaundice in 44 days of life. As a result of investiga-
tions, elevated total and direct bilirubin (17.5 and 10.5 mg/

dL), moderate AST elevation (119 IU/L), mild hyponatre-
mia (131 mmol/L), elevated serum level of ACTH, and low
level of cortisol and hepatomegaly (3 cm palpable) were
detected (Table 2). Her external genital appeared normal
female without palpable gonads and she had both vagi-
nal and urethral openings. Pelvic ultrasonography and
MRI revealed no uterus or fallopian tubes; however, bilat-
eral gonad structures were detected in the inguinal canal.
Chromosome analysis from peripheral blood cells revealed
46,XY. Hydrocortisone treatment was given for adrenal in-
sufficiency. In the follow-up, signs of cholestasis, elevated
AST, inability to weight gain, and hyponatremia were com-
pletely improved. After STAR deficiency was diagnosed clin-
ically and genetically, the patient underwent gonadectomy
and was reared as a girl. Gonad pathology was compatible
with atrophic testis and malignant degeneration was not
detected. Genetic analysis of patient with STAR deficiency
revealed a novel homozygous variant in the 3rd exon of
STAR gene (c.219_223delGGCCT and p.Ala74SerfsTer16),
which has not been identified in the Human Gene Muta-
tion Database (HGMD) or Genome Aggregation Database
(gnomAD). This variant that caused a frame shift mutation
generating downstream stop codon was interpreted as
“Pathogenic” according to ACMG criteria and was strongly
predicted to be a disease-causing variant with Mutation-
Taster. Parents were obligatory carriers.

Discussion

CAH is a group of autosomal recessive diseases causing en-
zyme deficiencies in the adrenal steroidogenesis. The most
prevalent cause of CAH is 21-OHD. In our population, the in-
cidence of classical 21-OHD and 113-OHD is approximately
1:15,000 and 1:60,000, respectively.'™ In spite of CAH is an
autosomal recessive disorder, the high female/male ratio of
CAH suggests that female CAH cases are usually diagnosed
at birth due to ambiguous genitale, while males are usually
missed, misdiagnosed or died early due to SW crisis.l'*'

In studies from the screened populations it was reported
that the diagnosis rates of males increased and death rates
due to SW crisis decreased with screening. As a result, the
female/male ratio was equal in these populations.''® More-
over, parental consanguinity rate among the patients was
higher than the general population in Turkey (78% vs.
24%).17 In the current study included 39 females and 25
males (female/male ratio was 1.56) and the frequency of
consanguinity was found to be 65% in all cases and 59%
in 21-OHD cases, and these rates were high in line with the
literature data. Likewise, recent studies, in our study, female
patients were diagnosed earlier than males; median ages
at diagnosis were 14 versus 38 days, respectively. This was
similar among 21-OHD patients too (9 days vs. 31 days).
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In most populations; 21-OHD accounts for about 90-95%
of CAH.”!' A cohort from Turkey reported this percent as
85%,"®! Click or tap here to enter text.similar to the rate of
21-OHD (88%) in our study. The distribution of the 21-OHD
patients was 70%, 23%, and 7% in the SW, SV, and NC form,
respectively, which also coincided with the previous pub-
lished data.l'*'>'¥ The distribution of the forms was similar
whether underwent neonatal CAH screening or not. The
unexpected low rates of NC form may be due to inability of
NC cases to be diagnosed in neonatal screening too. In the
current study, all four of NC cases were female. This shows
that NC male cases are undiagnosed because they are as-
ymptomatic.

At present, more than 200 mutations of the CYP21A2 gene
have been reported. Over the last two decades, has seen
significant progress in our understanding of the genotype-
phenotype correlation of 21-OHD.?” There are numerous
studies about this issue worldwide and in our country.
781920 The first study on the molecular basis of CAH patients
in Turkish population, included 56 patients. In this study;
the most frequent mutations were IVS-2, large conversion,
172N, R356W, and large deletions.”’ Larger cohort study by
Turan et al. confirmed that IVS-2 was the most prevalent
mutation in Turkey and mutation frequencies of patients
were closely similar. Our study shows similar frequencies
of the most common mutations with recent studies pub-
lished from Turkey.'" The studies display the most frequent
mutation is IVS-2 worldwide, the only exception was the
V281L in the studies from America. This is likely due to the
large number of NC cases or the large number of Ashkenazi
Jews in study population.?’23 In our study, the most com-
mon variants were 1VS2, 1172N and P30L in the SW, SV, NC
forms, respectively. The previous studies display V281L is
the most frequent in NC cases. Compared with other stud-
ies, the difference may be due to small number of NC cases
in our study.”?]

The most challenging cases were those showing multiple
mutations which had more than one homozygous or more
than two heterozygous mutations and two heterozygous
genotype cases. Multiple mutations thought to be result
from parental consanguinity. The two cases with heterozy-
gous mutations should be evaluated further.

11B-OHD, the second common form of CAH representing
5-8% of the total cases. In our study, the ratio was similar
with previous studies. In another study among Turkish pop-
ulation, the distribution of 113-OHD was higher.'® The dis-
tinction may be due to regional differences. The most com-
mon clinical features of 113-OHD are ambiguous genitalia
in 46,XX fetuses and hyporeninemic hypokalemic hyper-
tension due to high concentrations of deoxycorticosterone

(DOCQ). In classic 11B-OHD, extreme androgen production
causes virilization of external genitalia and isosexual pre-
cocious puberty in females and males, respectively. Simi-
larly, all three of the patients with 113-OHD were present-
ed with enlargement of the penis and early pubic hair at a
median age of 24 months (21-30 months). Hypertension,
occurs in approximately two-third of the cases due to the
potent mineralocorticoid DOC." In recent study, hyperten-
sion is observed one of the 3 cases at the time of diagno-
sis (33%).24 The study reported by Kandemir et al. showed
similar hypertension frequency in 113-OHD.*! In affected
females, gender identity may be either male or female.
This is thought to be due to pre and postnatal androgen
exposure or the extent of genital virilization.?® In our study
group; one of the patients with the 113-OHD was reared as
male, despite of 46,XX karyotype. In two patients who had
performed genetic analysis, two different variants was de-
tected in CYP11B1, one of which is the most prevalent vari-
ant (¢.896 T>C, p.Leu299Pro) in Turkey according to Bas et
al., suggesting founder effect and additionally, c.1342 C>T
(p.Arg448Cys) variant was also previously reported in some
Turkish families.®”

170-OHD is a rare form of CAH. The most common presen-
tation is puberty tarda in the literature.”®?? In our study, the
index case (Patient 1) was presented likewise. In this index
case and two siblings; c.1319G>A variant, previously re-
ported by Fardella et al. was detected in CYP17A1.1% Reports
suggest that 15% of the 17a-OHD patients may be normo-
tensive.®% Interestingly, in our study none of the patients
were hypertensive. Single blood pressure measurements
to evaluate hypertension may be misleading in childhood
due to technical difficulties, blood pressure monitoring
methods (e.g., holter devices) may be more helpful in these
patients. Variable degree of hypertension in the 170HD pa-
tients suggests, duration of this decompensated situation
should be an important factor to the clinical severity of hy-
pertension.®" A novel variant was found in one of the four
cases (from 2 unrelated families) with 17OHD. Considering
the proper segregation of the parents, in silico analysis re-
sults and clinical phenotype, this variant was considered
pathogenic.

STAR defects prevent the transport of cholesterol into mi-
tochondria and lead to lipoid CAH. Congenital lipoid ad-
renal hyperplasia is characterized by severe SW and 46,XY
DSD. Due to two-hit hypothesis age at onset may be later
than the other SW CAH forms. Furthermore, the genotype
may affect the severity of the disease.®2**! Most STAR muta-
tions are located between exon 5 and 7, and represent no
measurable enzyme activity and thus cause severe disease.
Some mutations, retaining 10-20% STAR protein activity,
are related to milder form of lipoid adrenal hyperplasia. In
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milder form typically adrenal insufficiency develops after
infancy, mineralocorticoid secretion is minimally affected
and masculinization can be affected to varying degrees.
Most patients with lipoid adrenal hyperplasia have female
external genitalia regardless of karyotype.?* Our case was
admitted for jaundice at 44 days of the life and had direct
hyperbilirubinemia, mild hyponatremia, hyperkalemia, and
external female genitalia with hyperpigmentation. Our
case showed intermediate phenotype with severe insuffi-
cient masculinization and without neonatal adrenal crisis.
Hormone analysis revealed low plasma cortisol, 170H-pro-
gesterone and DHEA-S levels, while elevated ACTH level,
suggesting primary adrenal insufficiency, and adrenals
were in normal size. Following molecular genetic studies
of this patient, we identified a novel homozygous variant
in the STAR.

Conclusion

The current study reported a genotype-phenotype cor-
relation consistent with literature data in CAH cases with
21 OHD. Determining the mutation type using molecular
genetic methods in 21-hydroxylase deficiency, which is the
most common cause of CAH, may be suggestive in terms of
predicting the clinical course. This study also reported two
different novel homozygous variants in STAR and CYP17A1
genes that lead to rare types of CAH (STAR deficiency,
170-OHD).
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