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Abstract

Background Deficiency of 17f-hydroxysteroid dehydrogenase type 3 (17p-HSD3) is a rare autosomal recessive 46,XY dis-
order of sex development (DSD). It is due to pathogenetic variants in the HSD17B3 gene. Mutated genes encode an abnormal
enzyme with absent or reduced ability to convert A4-androstenedione (A4-A) to testosterone (T) in the fetal testis. Affected
individuals are usually raised as females and diagnosis is made at puberty, when they show virilization.

Methods A girl with a presumptive diagnosis of complete androgen insensitivity syndrome underwent endocrine and genetic
assessment. Long-term follow-up was reported.

Results The diagnosis of 17p-HSD3 deficiency was made (stimulated T/A4-A ratio: 0.15; HSDI17B3 gene analysis:
¢.2774+4A>T in intron 3/c.640_645del (p.Glu214_Glu215del) in exon 9. After extensive information, parents decided to
maintain female sex. Gonadal removal was performed and histological evaluation demonstrated deep fibrosis of testicular
tissue. Follow-up till 8.5 years of age showed somatic and neuro-psychological development fitting with the female sex.
Conclusions Management of a child with the rare 17p-HSD3 deficiency remains challenging. Any decision must be carefully
evaluated with parents. Long-term follow-up must be warranted by a multidisciplinary DSD team to evaluate the adequacy
of the choices made on quality of life in later life.
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Introduction

Disorders (or differences) of sex development (DSD) are
congenital conditions, whereby the sex chromosome, gonads
and/or genital phenotype are atypical in respect to the usual
embryonic developmental pathways. The term 46,XY DSD
refers to the group with 46,XY karyotype and impaired
synthesis or function of androgens [1]. Among them,
17p-hydroxysteroid dehydrogenase type 3 (17p-HSD3) defi-
ciency, also known as 17-keto-reductase deficiency (OMIM
#264300), is a very rare autosomal recessive DSD at least in
Western countries, whereas it is relatively frequent in some
Arab populations, as that of Gaza strip [2, 3].

17p-HSD3 deficiency consists of a defect in the last step
of testicular steroidogenesis, in which A4-androstenedione
(A4-A) is converted into testosterone (T); it is due to
impaired activity of 17p-HSD3 isoenzyme, which is highly
expressed in the developing testes [2, 4]. Pathogenetic loss
of function variants in the HSDI17B3 gene are the cause of
17p-HSD3 deficiency [4, 6]. The impairment of T synthesis
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during foetal development results in undervirilization of
genitalia in 46,XY foetuses [2, 3, 6]. Thus, newborns with
173-HSD3 deficiency may have a phenotypic spectrum rang-
ing from normal-appearing female external genitalia with a
blind vaginal pouch to micro-phallus with hypospadias or
variable degrees of genital ambiguity; the testes are often
found in the inguinal canal or in a bifid scrotum/labia majora
[2, 3, 6]. The Wolffian structures maybe present, almost
rudimentary [2, 3, 6]. Most affected children are raised as
females at least in Italy [7, 8] as in other countries, albeit
some more virilised subjects are raised as males [5, 6, 9-12].
Virilization occurs at puberty: the adolescents may expe-
rience enlargement of the phallic structures, deepening of
the voice, male body appearance and male secondary hair
growth [2, 3, 12]. Virilization may depend on the higher
levels of A4-A itself from puberty onward; in fact, A4-A is
a weak androgen which binds androgen receptor and may
induce androgenic effects. Indeed, T synthesis may occur
through alternative 178-HSD isoenzyme pathways or by the
residual activity of mutated 17p-HSD3 enzyme [2, 4, 13].

Hormonal profile is characterized by low serum levels
of T associated with increased concentrations of A4-A [2].
Thus, T:A4-A ratio less than 0.8 is considered the diagnostic
hallmark of 17-BHSD?3 deficiency [9], when other defects of
testosterone synthesis including Leydig cell hypoplasia and
testicular dysgenesis have been ruled out [14].

Here, an additional girl with proven 17-fHSD3 defi-
ciency is reported. She was early diagnosed and follow-up
till 8 years of age described.

Patients and methods
Clinical report

The girl was born at term after a first uncomplicated preg-
nancy and an uneventful delivery from non-consanguineous
Italian healthy parents; family history was unremarkable. At
birth, she showed female phenotype, but bilateral inguinal
hernia. Sonography showed the presence of bilateral testes
and karyotyping demonstrated a 46,XY karyotype. Diag-
nosis of complete androgen insensitivity syndrome (CAIS)
was made. She was referred to us at the age of 2 to verify
the diagnosis.

Methods

Height and weight data were expressed as SD according
to WHO standards (https://www.who.int/childgrowth/
software/en/). Mid-parental height was calculated using
measured parental heights adjusted for female sex: father’s
height + mother’s height/2 — 6.5 cm. Genital phenotype was
scored using external masculinization score (EMS) [15].
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Table 1 Growth parameters at diagnosis and follow-up

2.0 years 8.5 years
Height, SDS 0.39 0.81
Weight for age, SDS 1.23 1.38
Weight for height, SDS 1.32 0.66
BMLI, SDS 1.40 0.66
MPH, SDS —0.36% -

*Calculated according to WHO female sex standard (https://www.
who.int/childgrowth/software/en/)

Table 2 Hormonal gonadal function at diagnosis

Baseline Reference values* After hCG

LH, IU/L 1.2 0.1-0.2 -
FSH, IU/L 1.9 0.1-0.9 -
A4-androstenedione, 0.56 0.1-2.2 6.60
nmol/L
Testosterone, nmol/L ND 0.1-1.5 1.0°
T/A4-A - 0.15
DHT, nmol/L ND 0.1-2.6 0.02
T/DHT - 50.0
AMH, nmol/L 128.5 395.0-1335.0 -

*According to Fanelli et al. 2018 [16]; reference values with this
stimulation test: testosterone 8.7 +4.5; DHT 1.1 +0.6 [18]

Baseline blood samples for anti-miillerian hormone
(AMH), LH, and FSH measurements were obtained in the
fasting state between 8:00 and 9:00 a.m.; normative levels
were derived from values reported in a recent review [16].
Basal and stimulated levels of A4-A, T, and DHT were
measured by commercially available kits; hCG test was per-
formed using recombinant hCG (Ovitrelle®, Merck Europe
B.V. 250 pg) as previously described [17], adopting the nor-
mative values proposed by Oliveira et al. [18].

Genomic DNA was extracted from peripheral blood
sample according to standard procedures and sequencing of
exons and the intron—exon boundary of androgen receptor
(AR), SRD5A2, and HSD17B3 genes was done using previ-
ously described procedures [7].

Results

At the first visit, the girl presented with normal female height
and weight, fitting with her mid-parental height (Table 1).
EMS was 3. Ultrasound scanning did not demonstrate any
Miillerian structures. The endocrine evaluation showed
slightly increased gonadotropin levels; basal steroid gonadal
hormone measurements were uninformative; low values of
AMH were detected (Table 2). hCG test demonstrated an
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increase of A4-A, while T increase was blunted determining
a stimulated T:A4-A ratio below 0.8 (Table 2). Abnormal T/
DHT ratio was also detected (Table 2).

Genetic analyses demonstrated the presence of two
genetic variants in the HSDI17B3 gene: ¢.277+4A>T in
intron 3 and ¢.640_645del in exon 9, the latter causing the
deletion of two amminoacids in the protein (p.Glu214_Glu-
215del). The former variant was inherited from the father
and it is reported as causative of 17p-HSD3 deficiency [5,
9, 12, 19], while the latter was inherited from the mother
and has not been identified before, to the best of our knowl-
edge (Human Gene Mutation Database: https://www.hgmd.
cf.ac.uk/ac/all.php; LOVD3 database: https://databases.
lovd.nl/shared/variants/HSD17B3/unique). No variants were
found in AR or in SRD5A2 genes. After ample discussion
regarding the diagnosis of 17-pHSD3 deficiency, including
reported evolution at puberty and fertility issues as well as
management options, the parents chose to maintain female
sex after accurate neuro-psychological evaluation of the girl;
the decision to remove gonads were also done. Histological
evaluation demonstrated immature male gonads with deep
fibrosis of tunica vaginalis and interstitium. Ectopic adrenal
rest is present near to left epididymis. Findings of neoplastic
degeneration were not found. The girl continued to grow
according to her female percentile; clinical data at last evalu-
ation are in Table 1; during follow-up, she showed age and
female sex appropriate neuropsychological development,
choose girl’s clothes and played with typical girl’s toys.

Discussion

Here, an additional Italian girl with 17-BHSD3 deficiency
is reported. A wrong diagnosis of CAIS was firstly per-
formed, as it is not unusual for this disease [7, 9-12, 19].
The endocrine evaluation may also suggest a Sa-reductase-2
deficiency, that is the other main differential diagnosis [3, 6,
7, 9—12]. Thus, molecular analyses are often mandatory to
reach a definite diagnosis.

17-BHSD3 deficiency is considered the commonest DSD
due to a biosynthetic testosterone defect (3, 6, 7), but it is
very rare at least in European countries. A frequency of
1:147.000 was estimated in a Dutch study [9]. In Italy, only
11 patients were collected in a multicentric study of the Ital-
ian DSD Study Group, which is an association connecting
the main Italian centres involved in the care of DSD [8].
The large dsd-LIFE study collecting data from 14 centres
in six European countries (France, Germany, the Nether-
lands, Poland, Sweden, United Kingdom) also individuated
11 patients with 17-BHSD3 deficiency (~0.4% of all 46, XY
DSD group) [20]. In our previous paper, five girls were
reported and two of them were from the same area of the
present one [7], suggesting a higher frequency of this 46, XY

DSD in some regions of South Italy. Anyway, no founder
effect seems to operative because different genetic vari-
ants were found in this girl and the other ones coming from
the same region (Table 3). As far as we know, there are 67
mutations identified in this gene at this time (https://www.
hgmd.cf.ac.uk/ac/gene.php?gene=HSD17B3). These muta-
tions include intronic splice sites, exonic deletions, missense
and non-sense mutations, four of which are small deletions.
The present study describes a girl that proved to be a com-
pound heterozygote for the gene responsible for 17HSD3
production. The genetic variants were inherited from the
parents. The ¢.2774+4A>T in intron 3 has been previously
reported in several patients of various countries [9-12, 17]
and it may be spread worldwide by North European common
founders [9]. The ¢.2774+4A>T variant was demonstrated
to be pathogenetic by disrupting normal splicing [5, 9].
The ¢.640_645del (rs747176985) is a new in frame vari-
ant in exon 9 of gene HSD17B3 (NM_000197.1), it is not
located in a repeat region and determines the loss of two Glu
residues (p.Glu214_Glu215del), its GnomAD exomes allele
frequency is 0.00000812, smaller than the threshold for the
recessive HSD17B3 gene. Although mutations throughout
the gene have been described, a mutation cluster region in
exon nine with complete elimination of 178-HSD3 activ-
ity was identified in many populations. Our variant is not
reported in ClinVar database (https://www.ncbi.nlm.nih.gov/
clinvar) and in other Locus Specific database (HGMD and
LOVD3) and in silico predictions indicated its pathogenic
role (ACMG classifications: Pathogenic computational ver-
dict because of one pathogenic prediction from GERP vs
no benign predictions). Functional studies will be needed to
confirm the pathogenetic role of the unreported variant in
exon 9 of HSD17B3 gene.

Decision on the sex of rearing is challenging in several
46,XY DSDs. The Chicago Consensus indicates that diag-
nosis, genital appearance, surgical options, need for life-long
replacement therapy, the potential for fertility, views of the
family and circumstances relating to cultural practices must
be considered [1]. The Global DSD Update Consortium
recommended male sex assignment [21]. Indeed, such con-
clusion was likely based on data of the Arab population of
Gaza strip [2]. Gaza people with 17-BHSD3 deficiency are
usually reared as girl before puberty, when they undergo to

Table3 [7-pHSD3 gene variations and related phenotypes in the
three Italian girls from Puglia

Pt 17-PHSD3 constitu-
tion

Phenotype EMS score

Present girl ¢.2774+4A>T/
¢.640_645del

417] RS8OW/R80OW
5171 R8OW/A203E

Female 3

Ambigous genitalia 8
Ambigous genitalia 6
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virilization and the majority adopt a male gender identity
[2]. This scenario may be related to local social and cultural
influences [2, 6]. In several countries, most children with
17-BHSD3 deficiency and almost female genitalia are raised
as girls and underwent gonadal surgery [5, 7, 9-12, 22], as
in the present girl, who presented female somatic and behav-
ioural growth pattern during follow-up as also reported in
other cases [10, 23]. The long term outcome of these patients
remains largely unknown, but a recent paper reported that
girls with early gonadal removal retained female gender
identity with follow-up extending to 26 years of age [10].
These authors concluded that there is insufficient data to
support male gender reassignment in girls with very early
diagnosis and that early gonadal removal may be an option
in view of retention of female sex [10]. This conclusion is in
line with our own experience with the girls of our previous
paper [7], who now reached young adulthood without any
signs of gender dysforia (unreported data). The same Global
DSD Update Consortium stated that there is evidence of sat-
isfactory sexual function both among people with 17-pHSD3
deficiency raised as males and those raised as females [21].
Sex difference in brain development and postnatal behav-
iour are largely determined by in utero gonadal secretion; T
exposure largely contributes for guiding one’s sexual orien-
tation and to a lesser extend gender identity [24]. The pre-
sent girl likely received very low androgen exposure during
intrauterine life and in the postnatal minipuberty, because
the phenotype was minimum masculinized and testoster-
one production assessed in infancy was severely impaired.
Anyway, data remain scarce and longer follow-up in larger
homogeneous samples selected on the basis of objective
clinical score, as EMS or structural variation of the brain
by MR scanning, are needed. Fertility issue is an additional
point, that must be taken into account. While spontaneous
or assisted paternity has been documented in Sa-reductase
2 deficiency [25]—that is due to impaired conversion of T
to DHT—fertility is poorly addressed in 17-fHSD3 defi-
ciency [10]. To the best of our knowledge, only an Arab
male patient self-reported fatherhood [26]. Indeed, testicular
histology is often not consistent with reproductive possibil-
ity and spermatogenesis is absent in adulthood [2, 10, 11];
in the present girl, hormonal parameter predictive of repro-
ductive function [27] were very poor and severe fibrosis of
testicular tissue was detected. Histological data did not show
evidence of malignancy at surgery, but immunostaining for
the presence of precursor malignant lesions by recent bio-
markers were not performed [10, 11, 22]. The risk of germ
cell tumours has been estimated as 28% in this DSD [28].
Indeed, the overall risk of gonadal neoplasia in patients
with 17-BHSD3 deficiency is currently largely unknown,
due to the paucity data on gonadal histology. Two recent
reviews reported seven patients with malignancy: patients
showed findings of carcinoma in situ and two patients (21
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and 61 years old) presented with Leydig cell tumour [29,
30]. The youngest reported case was 13 years old and it has
been suggested that cell abnormalities can be present from
the second decade of life [29]. Thus, they may be undetect-
able at gonadal surgery in the present girl. Anyway, patients
who maintained the gonads may require surgical, medical
or radiological therapies adjunctively impairing endocrine
function and fertility in adolescence or adulthood.

Conclusions

Jurgensen et al. [23] pointed out that there are no generally
established “right” or “wrong” decision in the difficult field
of sex assignment in some rare 46,XY DSD as 17p-HSD
deficiency, but every family has to find its own path when
dealing with the specific nature of their child [29]. At any
rate, the decision about sex of rearing should be made in
light of the best possible prediction of future sexual func-
tion, virilization, and satisfaction with gender identity. At
this regard, it has been suggested that early gonadal removal
likely results in retention of female gender identity at adoles-
cence in very poor virilised children [10]. A more conserva-
tive approach regarding gonads may be done today, manag-
ing puberty with GnRH analogs to permit the involvement
of affected persons in the decision-making process, allowing
them to better explore their gender identity [31].
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