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Summary

Congenital adrenal hyperplasia (CAH) is one of the most common inherited rare endocrine disorders. This case report
presents two female siblings with delayed diagnosis of non-classical CAH 3B-hydroxysteroid dehydrogenase type 2
(3BHSD2D/HSD3B2) despite early hospital admission and apparent CAH manifestations such as infections, hirsutism,
menstrual disturbances, and PCOS phenotype. Initially, sister 1 was misdiagnosed with PCOS and then 11-hydroxylase
deficiency (CYP711BT7), based on ultrasound, biochemical findings, and negative genetic testing for 21-hydroxylase
deficiency (CYP21A2). Additional diagnostic workup was performed when sister 2 also presented with symptoms

of androgen excess. Genetic testing for CAH/steroid disorders finally revealed that both siblings were compound
heterozygous for two variants in the HSD3B2 gene: a frameshift variant, c.558dup, p.(Thr187Hisfs*17) and a novel
missense variant, c.65T>C, p.(Leu22Ser). A Synacthen test showed an insufficient cortisol increase. In vitro studies of
the variants in a cell model revealed loss of function for the p.(Thr187Hisfs*17) and partial activity for p.(Leu22Ser)
confirming non-classic CAH. Overlapping symptomatology and lack of specialized knowledge on steroid biosynthesis
and associated rarest forms of CAH may explain the delayed diagnosis. However, with newer diagnostic methods
comprising a less biased approach, very rare forms of non-classical CAH may no longer be overlooked in the future.
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Learning points

* Non-classic 3BHSD2 is likely underdiagnosed.
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* Late diagnosis of mild non-classic 3BHSD2 does occur and one should be aware of this diagnosis.

+ Early diagnosis of NCCAH may prevent many consequences such as severe hirsutism, prolonged menstrual
irregularities, infertility, or even adrenal crisis with severe infections.

+ Comprehensive steroid profiling and genetic testing should be used earlier, especially when in doubt about a

diagnosis.

Background

Congenital adrenal hyperplasia (CAH) is one of the
most common inherited endocrine disorders (1) and
the most frequent cause of primary adrenal
insufficiency in  children (2). 21-hydroxylase
deficiency (210HD/CYP21A2) represents > 95% of all
cases of CAH (3), whereas 3B-hydroxysteroid
dehydrogenase type 2 deficiency (3BHSD2D/HSD3B2)
is extremely rare and accounts for < 0.5% of all
CAH cases (1, 4). A newly published Danish nation-
wide cohort study reported an incidence of 3pB-
hydroxysteroid dehydrogenase of 0.01 per 1000000
(3). CAH is divided into two major types: a classical
and a non-classical form (NCCAH). The classical
form is furthermore divided into a simple-virilizing
and a salt-wasting (SW) type, where the latter accounts
for ~75% of classic 210HD (1). The clinical and
hormonal spectrum of CAH is broad and depends
on the type of genetic variant, residual enzymatic
activity, and age at presentation (1). The enzyme
3B-hydroxysteroid dehydrogenase appears in two
isoforms, type 1 and type 2 encoded by the HSD3BI
and HSD3B2 genes, respectively. In humans, HSD3B1
is mainly expressed in the placenta and peripheral
tissues including the prostate, liver, skin, and
mammary glands, while HSD3B2 is mostly expressed in
the adrenal glands and gonads (1). Mild forms and late-
onset 3HSD2D usually manifest with acne, precocious
puberty, growth acceleration in children, menstrual
disturbances, hirsutism, and polycystic ovarian
syndrome (PCOS) in young females (1, 4).

Individuals with the classical SW phenotype are
normally diagnosed at newborn screening or in
relation to the development of an adrenal -crisis
with infections early in life where they present with
hyponatremia, hyperkalaemia, metabolic acidosis,
and hypoglycaemia. Individuals with NCCAH with
mild symptoms are usually diagnosed later, e.g. prior
to puberty, in adolescence, or during adulthood (4,
5, 6). Still, some may never be diagnosed, and some
researchers even argue for the existence of NCCAH
forms of 3BHSD2D, which is rare compared with
NCCAH 210HD (4). We report two Danish sisters with

delayed diagnosis of NCCAH due to partially impaired
3BHSD2 activity and characterize both the known and
the new genetic variants.

Case presentation

We present two sisters aged 23 (proband; sister 1)
and 25 (sister 2). Both were full-term girls who were
born to a non-consanguineous Caucasian couple,
with an uneventful pregnancy and delivery. Physical
examination at birth was with normal findings, no
dysmorphic features, no signs of virilization, or any
pathological conditions. They have no family history of
hormonal disorders, diabetes, cardiovascular diseases,
or similar conditions. Through patient records, we
obtained medical history, biochemistry, genetics, and
phenotypic presentation. Both patients gave written
consent to participate in this study. According to local
law, further ethical approval was not necessary.

Sister 1: First hospital admission with viral intestinal
infection at age 4. Eight years later referred to the
paediatrics unit due to growth acceleration and
hirsutism, and later because of primary amenorrhoea.
Differential diagnoses in chronological order were
as follows: acromegaly and hirsutism, primary
amenorrhoea, PCOS, and lastly CAH due to 210HD.
Acromegaly was disproven. A Synacthen test at age 10
showed a borderline cortisol response of 437 nmol/L
and normal androstenedione, but slightly increased
DHEAS of 15.4 (normal range (NR): < 1-12 pmol/L) and
testosterone of 4.5 (NR: < 2.4-3.5 nmol/L) (Table 1).
Ultrasound revealed polycystic ovaries. Physical
examination at age 16 showed pubic hair Tanner 4, mild
acne (face, back, and breasts), and normal body mass
index and blood pressure. Biochemical values revealed
normal electrolytes, increased 17-hydroxyprogesterone
(170HP4) of 33.9 nmol/L. (NR: < 3-10 nmol/L), high-
normal total testosterone of 3.6 nmol/L (NR: < 2.4-3.5
nmol/L), increased DHEAS at 27 pmol/L (NR: < 1-2
umol/L), and increased luteinizing hormone (LH) of
16.3 TU/L (NR: < 2.4-12.6 IU/L), but normal basal levels
of renin, aldosterone, cortisol, and ACTH. NCCAH
due to 21-hydroxylase deficiency was suspected,
but the genetic test for CYP21A2 variants was negative.
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Table 1 Plasma hormone levels at 0, 30, and 60 min after IV
injection of 250 pg Synacthen at a reevaluation of two young
adult women aged 23 and 25 years manifesting with ongoing
androgen excess and menstrual irregularities.

Post injection of

Synacthen
At30  At60
Parameter/subject RR 0 min min min
ACTH 7-64
Sister 1 39 - -
Sister 2 73 - -
Progesterone (nmol/L) <3.7
Sister 1 2.1 2.7 2.8
Sister 2 4.2 5.4 6.2
170HP4 (nmol/L) <3
Sister 1 7.7 104 11.9
Sister 2 3.8 6.0 7.0
Cortisol (nmol/L) 171-536
Sister 1 356 335 387
Sister 2 329 385 465
Androstenedione (nmol/L) 2.4-8.9
Sister 1 2.8 2.6 2.7
Sister 2 5.4 6.6 6.8
DHEAS (pmol/L) 1-12
Sister 1 4.0 4.0 33
Sister 2 102 114 11.6
Androstenedione/DHEAS
ratio
Sister 1 0.70 0.65 0.82
Sister 2 0.53 0.58 0.58
Testosterone (nmol/L) <24
Sister 1 0.56 0.51 0.53
Sister 2 0.48 0.93 1.1
170HP4, 17-hydroxyprogesterone; DHEAS, dehydroepiandrosterone

sulphate; RR, reference range.

Karyotype was 46,XX. Therefore, with a picture of
polycystic ovaries, low sex hormone-binding globulin
(SHBG), relatively high testosterone, and increased
DHEAS and LH the diagnosis PCOS was put forward.
Exercise was recommended, but no improvement
occurred. Further assessment of 24 h wurinary
steroid metabolites showed increased C19-androgen
metabolites and increased 170HP4 metabolites, and
a Synacthen test showed a normal cortisol response of
620 nmol/L and an increase of 170HP4 to 15.9 nmol/L.
Based on these biochemical and clinical findings
NCCAH due to 11-hydroxylase deficiency (110HD)
was suspected. Treatment with hydrocortisone (10+5
mg) was started, and later dexamethasone (0.1 mg)
added since it was not possible to suppress androgens
sufficiently with hydrocortisone only. This treatment
normalized her menstruation and biochemical
findings. The remaining complaint was hirsutism. The
gynaecological examination was normal. At age 23
she was referred to genetic counselling.
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Sister 2: First hospital admission was at 1 year of age
due to fever, vomiting, diarrhoea, flaccidity, poor
contact, and possibly pneumonia, described as an
episode of near death by the mother. Seven years later
hospitalized with fever, dehydration, and vomiting
with the suspicion of urinary tract infection and
adrenal insufficiency. A Synacthen test was performed
showing a peak cortisol of 437 nmol/L. In the
following years, the patient had several hospital
contacts due to fever, nausea, stomach pain, and
headache with spontaneous recovery and no
identified causes. At age 16 during an acute event and
hospitalization, she was suspected to have Morbus
Addison, and a Synacthen test was performed but
showed a normal cortisol response of 674 nmol/L
(cortisol NR > 500 nmol/L). Follow-up in the
gynaecological outpatient clinic due to dysmenorrhoea
resulted in treatment with a birth-control pill after an
MR scan of internal genitalia revealed normal ovaries
with follicles and no pathological findings. Eight years
later, at the age of 24 years, diagnostic workup due to
hyperandrogenic symptoms, menstrual irregularities,
and hirsutism was repeated. Blood samples showed
normal androgen levels and 170HP4. Gynecological
examination was normal. At age 25, she was
referred to genetic counselling together with sister 1.
Treatment with hydrocortisone (10+5 mg) was
started to control the hyperandrogenic symptoms.

Investigation

Genetic analysis

Genetic testing on DNA extracted from peripheral
blood was performed on sister 1 at the age of
23 years using a next-generation sequencing (NGS)-
based gene panel targeting 12 genes related to
congenital adrenal hyperplasia (ARMC5, CYP11Al,
CYP11B1, CYP11B2, CYP17A1, CYP21A2, HSD3BZ,
PDE11A, PDE8B, POR, PRKAR1A, STAR) (Blueprint
Genetics, Finland). The reference genome was GRCh37.
Testing for the identified variants in sister 1 was
subsequently performed in sister 2.

Hormone analyses

Cortisol was measured using automated
chemiluminescence immunoassay (ADVIA® Centaur
Cortisol, 10994924, Siemens) on the ADVIA® Centaur
XPT Immunoassay System (Siemens). Progesterone
was measured using an automated
electrochemiluminescence assay (Elecsys Progesterone
III, 0709539, Roche Diagnostics) on the Cobas 8000
analyzer, e-module (Roche Diagnostics). 170HP4,
androstenedione, testosterone, and DHEAS were
measured using an in-house LCMS-MS assay (Sciex). The
assays were calibrated using a commercially available
6-point calibration curve (Chromsystems). These methods
are accredited according to the DS/EN ISO 15189.

Downloaded from Bioscientifica.com at 08/05/2024 12:03:50PM

via Open Access. This work is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.
https://creativecommons.org/licenses/by-nc/4.0/



https://creativecommons.org/licenses/by-nc/4.0/

C @zdemir and others

A Synacthen test (sampling before and after 30 and
60 min) was performed after 5 days off medication
with hydrocortisone and/or dexamethasone after IV
injection of 250 pg Synacthen®. Response levels
of cortisol > 500 nmol/L are considered normal in
adults, and in most cases exclude adrenocortical
insufficiency (7).

Characterization of identified
HSD3B2 variants in non-steroidogenic
cells

Construction of expression vectors

Human full-length HSD3B2 cDNA cloned into a
pcDNA3 mammalian expression vector was available
from previous work (Flick’s laboratory, Bern,
Switzerland). Mutant cDNA expression vectors were
generated using PCR-based, site-directed mutagenesis
following the QuikChange protocol by Stratagene
(Agilent Technologies Inc.). For PCR, 2 uL. WT-HSD3B2
plasmid (430 ng/pL) and 1 pL each (forward/reverse)
primer (20 uM) were used, and temperatures/time for
denaturation, annealing, and extension stages were
95°C/0.5 min, 55°C/1 min, and 68°C/8 min, respectively.
The resulting mutated plasmids were selected
through digestion with Dpnl (10 U) at 37°C for 60 min
and subsequently propagated in Escherichia coli.
The success of the Dpnl digestion was confirmed by
culturing positive (WT without Dpnl) and negative
(WT with Dpnl) controls. Mutant plasmids were then
extracted from cultivated colonies using PureYield™
Miniprep kit (Promega Corporation), and true colonies
with mutant plasmid were confirmed by direct
sequencing (MicroSynth AG). Thereafter, colonies with
mutant plasmids were grown in big inoculums before
extraction using a NucleoBond™ Maxi kit (Macherey-
Nagel). Finally, the sequences for extracted WT and
mutant plasmids were confirmed by direct sequencing
(MicroSynth AG). Primer sequences used in site-
directed mutagenesis are available upon request.

Cell line, transient transfection, and
steroid profiling

HEK293T cells (ATCC) were cultured in Dulbecco’s
Modified Eagle Medium (DMEM; Thermo Fisher
Scientific) with 10% fetal bovine serum (FBS; Life
Technologies Inc.) and 1% penicillin/streptomycin (pen/
strep; Life Technologies Inc.) at 37°C in 5% CO,. The cells
were divided into 12-well plates (BD Biosciences) 24 h
before transfection in a density of 2 x 105 cells/well.
For transfection, Lipofectamine™ 2000 transfection
reagent (Thermo Fisher Scientific) was used according
to the manufacturer’s instructions, and the cells were
transiently transfected (1 pg plasmid DNA/well) either
with the empty pcDNA3 vector (negative control),
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WT-HSD3B2, or one of the mutant HSD3B2 plasmids
(c.65T>C mutant or c.558dup). One day (24 h) after
transfection, cell media was changed and 48 h after
transfection the cell medium was enriched with a steroid
mixture, which was prepared in DMEM (including
10% FBS and 1% pen/strep) and included substrates
for HSD3B2 (pregnenolone, 17-hydroxypregnenolone
(170HP5) and dehydroepiandrosterone (DHEA)) at five
different concentrations (0.1, 0.3, 1.0, 3.0, and 10 uM).
Twenty-four hours later the cell supernatants were
collected for LC-MS steroid profiling, while the cells
were frozen for further experiments. Equal expression
of the WT and variant HSD3B2 was confirmed by
extracting total RNA from frozen cells with TRIzol
reagent (Invitrogen AG) and Direct-zol RNA kit (Zymo
Research), followed by reverse transcription and PCR
amplification with specific primers (data not shown).
Primer sequences are available upon request.

Steroid measurements

Collected cell supernatants were stored at -20°C until
analysis by an in-house LC-MS/MS using previously
described and validated methods (8). Briefly, 500
uL collected cell media were spiked with 38 uL a
mixture of internal standards (3.8 nM each), a protein
precipitation step using zinc sulphate and methanol
followed and steroids were extracted using solid-
phase extraction with an OasisPrime HLB 96-well
plate (Waters Corporation). Samples were re-
suspended in 100 pL 33% methanol in water and 20
uL injected into the LC-MS instrument (Vanquish
UHPLC coupled to a QExactive Orbitrap Plus, Thermo
Fisher Scientific) using an Acquity UPLC HSS T3
column (Waters Corporation). Data from the mass
spectrometer was processed using TraceFinder 4.0.
Kinetic conversion parameters were calculated using
GraphPad Prism 9 (GraphPad Software Inc.).

Genetic analysis

Genetic testing identified two compound heterozygous
variants in the HSD3B2 gene in both sisters. The
first variant, c.558dup, p.(Thr187Hisfs*17), was a
duplication of one base pair in exon 4 (out of 4) which
generates a frameshift leading to a premature stop
codon (Fig. 1A). The variant, in the heterozygous state,
is reported in one individual in the population variant
database Genome Aggregation Database (gnomAD)
and once in the literature in a patient with 3HSD2D
as compound heterozygous with another nonsense
variant leading to a severe, classic phenotype (9).
Further, it has been reported as pathogenic three
times in ClinVar. The second variant was a novel
missense variant c.65T>C, p.(Leu22Ser) in exon 2
leading to the substitution of a highly conserved leucine
to serine. The variant was absent in gnomAD. It has
not been reported in either ClinVar or the literature.
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A-E. Genetic characterization of a novel and a known HSD3B2 variant. An overview of gene and detected variants, pedigree of the family, variants
visualized, in silico analysis for the variant, and conservation of the affected amino acid is provided and detected variants in the HSD3B2 gene. HSD3B2
contains four exons. The missense variant c.65T>C, p.(Leu22Ser) is located in exon 2 and leads to the substitution of the amino acids leucine to serine.
The frameshift variant c.558dup, p.(Thr187Hisfs*17) is a duplication of one base pair in exon 4 leading to a premature stop codon. B. Pedigree of the
family. The two affected sisters marked with black are compound heterozygous for the identified variants. The parents are each heterozygous for one of
the detected variants in HSD3B2 and are carriers of the condition. C. Variants visualized using Integrative Genomics Viewer (https://software.
broadinstitute.org/software/igv/). As presented in the boxes, the missense variant in HSD3B2, c.65T>C is seen in 55 % of the reads in dark blue and the
duplication in HSD3B2, c.558dup, is seen in 52% of the reads visualized as a small purple line. D. Results from in silico analysis for the newly identified
variant c.65T>C, p.(Leu22Ser). The variant was predicted to be deleterious to protein function by in silico software analysis. E. Conservation of the
affected amino acid. The novel variant c.65T>C, p.(Leu22Ser) leads to the substitution of leucine to serine. As indicated by the red square, leucine is
present at this position in 12 out of 12 species and is thus a highly conserved amino acid.

The variant is predicted to be deleterious to protein
function using PolyPhen-2 and SIFT software analyses
(Fig. 1C, D, and E). Based on the collected information
on the variants, c.558dup, p.(Thr187Hisfs*17) was
considered as pathogenic and c.65T>C, p.(Leu22Ser)
as likely pathogenic. Further genetic testing revealed
that parents were carriers of one of these variants
each (Fig. 1B) confirming compound heterozygosity.

In vitro functional characterization of the
identified HSD3B2 variants

To assess the disease-causing effect of the two identified
HSD3B2 variants, we tested the functional activity of
the two variants in non-steroidogenic HEK cells for
their enzymatic steroid conversion capacity using
direct substrates pregnenolone, 170HP5, and DHEA.
While the WT HSD3B2 enzyme was able to convert all
tested substrates pregnenolone, 170HP5, and DHEA

to progesterone, 170HP4, and androstenedione,
respectively, the frameshift variant p.(Thr187Hisfs*17)
showed complete loss of activity and the missense
variant p.(Leu22Ser) had partial activity. The activity
of p.(Leu22Ser) to convert P5, 170HP5, and DHEA
to progesterone, 170HP5, and androstenedione was
approximately 20-50% of WT activity, with DHEA
being still converted by about half of WT activity.
Conversion velocities (uM/24 h) of WT and variant
(y-axis) against substrates P5, 170HP5, and DHEA
(x-axis with substrate concentrations) are shown
in Fig. 2A, B, and C.

Discussion

We present two female siblings with a delayed
diagnosis of NCCAH due to 3BHSD2D. We show clinical
data compatible with the diagnosis, biochemical
results, and the genetic workup that identified the
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A-C. Functional characterization of two HSD3B2 variants p.
(Thr187Hisfs*17) and p.(Leu22Ser) in vitro. Non-steroidogenic HEK cells
were transiently transfected with wild-type (WT) and variant HSD3B2
expression vectors for 48 h (A-C). Activity of transfected cells to convert
either A) pregnenolone (P5) to progesterone (P4), B)
17-hydroxypregnenolone (170HP5) to 17-hydroxyprogesterone (170HP4),
or C) dehydroepiandrosterone (DHEA) to androstenedione (A4) at given
substrate concentrations (x-axis) was assessed by measuring steroids in
the supernatants after 24 h incubation by LC-MS/MS. Conversion is given
as pM/24 h. Graphs were produced by GraphPad Prism from data of three
independent experiments performed in triplicate.
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underlying genetic variants in the HSD3B2 gene.
We also provide functional studies attesting loss-of-
function to the previously reported frameshift variant
p-(Thr187Hisfs*17) (9) and partial activity to the novel
missense variant c.65T>C, p.(Leu22Ser), not hitherto
reported in the literature or databases.

Delayed diagnosis is a common problem in rare
disorders. CAH is a rare disorder and especially
patients with the non-classical forms of CAH are often
diagnosed with a significant delay (3), especially if
other steroid enzymes than 21-hydroxylase (CYP21A2)
are affected, as they are very rare. Late diagnosis
of NCCAH often has severe consequences in terms
of androgen excess and fertility issues and it can be
difficult to treat (1, 10). Diagnosis of NCCAH is
challenging due to an often unspecific phenotype and
poor genotype-phenotype correlation (11, 12). Many
patients are misdiagnosed with PCOS and therefore
do not receive the correct treatment (12). This applies
to the case history of sister 1, who went through the
differential diagnosis of first NCCAH due to 210HD,
then PCOS, followed by 110HD, before she was finally
diagnosed with 3HSD2D.

PCOS is the most common endocrine disease among
fertile women (13). Studies have shown that many
females with NCCAH (mostly due to 210HD) had initially
been diagnosed with PCOS because of overlapping
features such as acne, polycystic ovaries, and/or
hirsutism (14, 15). Thus all current guidelines for
diagnosing PCOS ask for investigations to exclude CAH
or other known disorders causing androgen excess
before putting the label PCOS on a woman as PCOS is
a diagnosis by exclusion (16). In the reported siblings
the common clinical symptom and sign was hirsutism,
which is known to be the most common phenotypic
manifestation of NCCAH (71-96%) (12), together with
menstrual irregularities (4). However, not all patients
with mild symptoms and hormonal imbalance come
to medical attention (17), and on the other hand, not
all patients with mild symptoms need treatment (1,
18). Some females are diagnosed for the first time in a
fertility clinic due to infertility (19) or as a result of the
diagnosis of another family member (12) as sister 2 of
this report. She sought medical help after 8 years with
hirsutism and dysmenorrhoea after cortisol deficiency
was ruled out by an ACTH test at the age of 16.

NCCAH may also affect the metabolism (20). Insulin
resistance in NCCAH may be due to the underlying
steroid disorder (21, 22) or a consequence of the drug
therapy with glucorticosteroids (23).

For CAH (as for many other rare diseases), knowing the
specific diagnosis at the molecular level is important for
the patient and the caring physician as treatment and
management of the disease with all its consequences
can be more specific and effective (2). A genetic workup
with a broader approach than just a single gene
candidate analysis can help in reaching a diagnosis
more successfully. This was certainly true for our cases
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where a gene panel analysis for known genes causing
CAH and PAI has led to the final diagnosis.

CAH is a subcategory of primary adrenal insufficiency
(PAD, and the most frequent cause of PAI among
children (2). PAI is relatively rare and can manifest
nonspecific and therefore be overlooked. Even though
NCCAH is primarily known to be less severe than
classical CAH, there are still some possible consequences,
which can be prevented or minimized by early diagnosis
and treatment. Treatment with glucocorticoids in
patients with NCCAH is only needed in symptomatic
patients, and in situations of stress, if the cortisol
response after ACTH stimulation 1is insufficient
(12, 18). It is important to realize that patients with
NCCAH treated with GCs have an increased risk for
an adrenal crisis with severe stress (fever, infections,
surgery, etc.). Thus, NCCAH patients given GCs need
to be instructed concerning emergency dosing of
their GCs, and sick day rules, and should carry an
emergency card warning for possible adrenal crisis.
Thus, sister 1 should be instructed for emergencies
for two reasons, first because she is receiving GCs,
and second, because she failed the ACTH test. Sister
2 was not originally treated with GCs, and her latest
ACTH test was normal. Nevertheless, in order to
control hyperandrogenic symptoms she is now also
receiving GCs. In her case, it is noteworthy that her past
medical history with multiple hospital stays with
infections and unspecific symptoms hints at possible
events of relative cortisol deficiency in her past. In
fact, a retrospective study by Rushworth et al. (24)
reported a decline in adverse events due to cortisol
insufficiency with increasing age for CAH children.

The typical steroid profile of classic CAH due to HSD3B2D
is elevated delta5 steroids (pregnenolone, 170HPS5,
and DHEA) with decreased downstream metabolites
and increased ratios of delta5/delta4 steroids (e.g.
preg/prog, 170HP5/170HP4, DHEA/A4). Thus severe
3BHSD2 deficiency leads to mineralocorticoid and
glucocorticoid deficiency and variable degree of
androgen deficiency, while mild, non-classic 3HSD2
may manifest with a less clear steroid pattern that
may only be recognized after ACTH stimulation
and running a comprehensive steroid profile. Both
siblings presented with fluctuating single steroid
levels over the years, especially testosterone, 170HP4,
and cortisol. Unfortunately, a comprehensive steroid
profile including the diagnostic marker steroids for
3beta deficiency was never available. Basal cortisol
levels are typically normal in all forms of NCCAH but
may be Dborderline after ACTH stimulation.
Testosterone and 170HP4 are typically elevated
upon ACTH stimulation with NCCAH due to 210HD.
Testosterone and 170HP4 are not typically elevated
with NCCAH due to HSD3B2 but may present with
slightly elevated levels intermittently as the type
1 enzyme of 3beta may convert precursors in the
periphery (25). This may have caused confusion in the
reported patients. In addition, the steroids measured
did not represent a comprehensive view of all
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steroid pathways and enzymes (and thus possible forms
of CAH) of the adrenal cortex, and were actually only
focusing on a possible 210HD. In addition, the negative
genetic testing for CYP21A2 variants of sister 1 has
likely led to the exclusion of NCCAH and contributed
further to the delayed diagnosis as other, rarer forms of
NCCAH have not been considered.

Conclusion

In conclusion, atypical clinical and hormonal
phenotypes of rare steroid disorders and a lack
of specific knowledge among endocrinologists or
paediatricians may lead to delayed diagnosis. In such
cases, comprehensive steroid profiling and/or genetic
testing are essential tools leading to a correct diagnosis.

Early diagnoses of NCCAH may prevent consequences
such as severe hirsutism, prolonged menstrual
irregularities, infertility, or even adrenal crisis with
severe infections, and delayed treatment. It is important
to consider a very rare, non-CYP21A2 gene variant
form of CAH when females present with hirsutism,
menstrual irregularity, PCO, and present with unusual
biochemical findings, not compatible with 210HD.
This argues for the need to perform comprehensive
steroid profiling and genetic testing, at least in unusual
cases, as a correct diagnosis is key to proper treatment,
prediction of prognosis, and genetic counselling.
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