DOI Number: 10.5958/2320-608X.2020.00012.8

S5-Alpha-Reductase 2 Deficiency in Newborns: A Review

Narasimha Prasad Vijayashankar’!, Artem Artemev?, Anastasia Pougno?, Gopikumar MS?

!Assistant Professor, Department of Pharmacology, Xavier University School of Medicine, Aruba, *Basic Science

Students, Xavier University School of Medicine, Aruba, 3Associate Professor, Department of Physiology, Xavier
University School of Medicine, Aruba

Abstract

Disorders of sex development (DSD) are mostly associated with gender ambiguity at birth and poses a real
challenge in diagnosis. 5 alpha reductase 2 deficiency (SAR2D) is one such DSD associated with deficiency
of a key male sex hormone called as Dihydrotestosterone (DHT) due to lack of 5 alpha reductase type 2
enzyme which converts testosterone to Dihydrotestosterone. This hormone is very vital for the development
of external genitalia during embryogenesis, and the deficiency leads to partial or abnormal male external
genitalia in the affected neonate. SAR2D is due to mutation in steroid-5- alpha-reductase, alpha polypeptide
2 (SRD5A2) genes on chromosome 2, band p23. Clinical presentation of these children vary from normal
male genitalia to a completely female genitalia. SAR2D is associated with deficiency of DHT and normal or
increased testosterone levels. Most of the children with 5SAR2D are raised as females and gender conversion
to male happens at around puberty due to masculine and voice changes caused by testosterone. Early
diagnosis is beneficial in treating this problem. Elevated testosterone: DHT ratio with administration of beta
human chorionic Gonadotropin (HCG) is the gold standard test in diagnosis of this defect. Most patients of 5
alpha reductase 2 deficiency are considered infertile, but with recent advancements in assisted reproductive
techniques a few SAR2D have been successful in giving birth to their offsprings.
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Introduction

DSD are a group of pediatric disorders associated
with inconformity of gonads, chromosomes and hence
external genitalia. DSD can be of two types based on
the chromosomal status as 46, XX DSD and 46, XY
DSD. In 46, XY DSD the primary sex organ is most of
the affected individuals is testes, but associated with a
deficiency in sex hormones or abnormal response of the
individuals to the sex hormones. In majority of 46, XY
DSD, if the Y chromosome is normal and the primary
sex organ is tests, then the major mutations are seen in
either androgen receptor or in SRD5A2 genes. SRD5A2
genes regulate the production of an important enzyme
called as DHT which is involved in conversion of
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testosterone to DHT. DHT plays a very important role
during early embryogenesis by its role in development
and differentiation of male external genitalia. Deficiency
of DHT during first trimester in the developing male
fetus will impact the development of external genitalia
leading to ambiguous genitalia in new borns.

46, XY DSD, that too specifically SAR2D pose a
major challenge for the parents and physicians of such
individuals, as they must navigate the disorder, correctly
diagnose it and manage it to preserve the quality of life.
Every effort should be made to accurately diagnose a
newborn with ambiguous genitalia. The diagnosis and
care for patients with DSD involves a holistic approach
and discussion among endocrinologists, surgeons,
psychologists, social workers and family members. The
degree of patients’ masculinity and penis size, response
to androgens and treatments, social culture and norms,
and quality of life are considered in the care (-2,

Gender Ambiguity _in SAR2D: The -earliest
description of the SAR2D and its surgical repair dates
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to before century, made by the Greek historian Diodorus
Siculus. It describes Callo, who is supposedly a married
female, who developed a tumor in the genital area.
When a physician operated him, he discovered male
genital parts with a functioning urethra, which he was
able to bring to surface. Thus, the individual became a
fully functioning male named Callon ©.

In another study, a 21 year-old-woman, born out of
a non-consanguineous marriage presented to physician
with undeveloped breasts, ambiguous genitalia, deep
voice, and primary amenorrhea. She had normal serum
hormone profiles except for elevated total testosterone
and an elevated testosterone to DHT ratio. Subsequently,
on diagnosis with 5AR2D, she opted to remain as
a female and underwent a surgery with hormonal
replacement therapy using estrogen “.

In another study, six Arab subjects were evaluated
for male pseudohermaphroditism. Out of six subjects,
one subject was pubertal, 2 subjects were prepubertal and
the remaining three were post pubertal. All the subjects
were raised as females till the point of evaluation. One
of the subjects was also married as a female. After their
evaluation 2 subjects changed their gender to male, two
remained as female and the other two subjects decided
to take up a conservative female role and equivocal sex
status. ©

Genetics of SARD2: The rare SAR2D was first
described in 1974 in patients with pseudovaginal perineo-
scrotal hypospadias, micro phallus, and cryptorchid
testes ©. The condition is autosomal recessive and
often found in males born in consanguineous parents in
areas with high rates of inbreeding . The major gene
mutations in SAR2D occur in the androgen receptor
(AR) and steroid-5-alpha-reductase 2, (SRD5A2) genes
M, Type 1 isoenzyme is encoded by the SRD5A1 gene
located on chromosome 5p15, and expressed mainly in
the liver and non-genital skin ©. Type 2 isoenzyme is
encoded by the SRD5A2 gene on chromosome 2, band
p23, and is expressed at high levels in the prostate,
the epididymis, seminal vesicles, genital skin, and its
efficiency leads to male pseudohermaphroditism, with
incomplete differentiation of male genitalia .

SRD5A?2 was cloned and shown to contain five exons
and four introns, which have over 65 known mutations,
including point mutations, deletions, and insertions .
The most frequent polymorphism at exon 1, V89L, at the
89 codon, results in valine to leucine substitution, and

Decreases 5-alpha-reductase 2 activity by approximately
30%. V89L polymorphism is also more prevalent in
patients with micropenis than in normal males © ®.
Results of one major study of 33 subjects confirm the
predominance of homozygous (69.1%) vs. compound
heterozygous mutations (30.9%), whereas deletions and
disruptive mutations were relatively rare. Mutations was
predominantly seen in exons 1 (35.8%) and 4 (21.7%),
whereas exons 3 (11.3%) and 5 (9.4%) seemed to be
rare®?),

In another study involving 24 subjects with 5 alpha
reductase 2 deficiency from Saudi Arabia born out of
a consanguineous marriage. Direct sequencing of their
SRD5A2 gene was done from their peripheral blood
using PCR technique. Their gene analysis revealed 3
missense mutations (p.R246Q, p.P181L, p.A228T) in
11 subjects, one splice site mutation (IVS1-2A>G)
in 11 subjects and 2 nonsense mutations (p.R227X and
p.R103X) in 2 subjects 9.

In Spain, 146 index patients with 46, XY DSD
were studied between 2002 and 2010. In these patients,
gonads were confirmed as testes. SRDS5A2 gene
mutation was found in 9 index patients. One of the
mutations (p.Y188CfsX9) has never been reported
before, suggesting that there may be more mutations
unrecognized yet 11,

Epidemiology: The largest SAR2D affected kindred
known are New Guinean, Dominican and Turkish. The
New Guinean kindred’s mutation was the first group
described, with deletion of the So-reductase 2 gene of
more than 20 kb resulting in a full loss of enzymatic
activity. The Dominican kindred have a missense
mutation in exon 5, substituting thymidine for cytosine
and resulting in a substitution of tryptophan for arginine,
resulting in reduction in binding of Sa-reductase-2 to
its critical cofactor NADPH and a great decrease in
enzymatic activity. The Turkish kindred have a single
base deletion in exon 5, causing a frame shift mutation
with complete loss of enzymatic activity .

5AR2D was also identified in populations not
considered at risk of inbreeding, such as Europeans or
North Americans, particularly in Quebec (2.

Clinical Presentation: 5-alpha- reductase 2
deficiency is characterized by external female phenotype
at birth, with a shallow vaginal pouch, hypospadias,
which is an opening of the urethra on the underside of
the penis, and a clitoral-like phallus. Presence of bilateral
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testes and normally developed internal male genitalia
™, but an underdeveloped prostate and a bifid scrotum.
This is due to the inability to convert testosterone to
dihydrotestosterone (DHT). DHT is responsible for
the differentiation of genital tubercle and urogenital
sinus into the prostate, urethra and external genitalia.
Thus, male differentiation fails to occur despite high
circulating testosterone levels 319,

Gender Choice and Fertility: Most of the patients
with 5 alpha reductase 2 deficiency are assigned female
gender at birth and are raised as female child. At puberty,
the surge in testosterone production prompts virilization,
and enlargement of the genitalia with appearance of
secondary sexual characteristics like development like
muscle growth deepening of voice, pubic and axillary
hair @7, Lack of breast development and amenorrhea
prompts the suspicion of diagnosis at puberty for most
of the subjects with 5 alpha reductase 2 deficiency. 19,

Fertility is a challenge due to low sperm production,
defective transformation of spermatogonia into
spermatocytes, and the inability to liquefy semen due to
a lack of prostate specific antigen and seminal fluid .
Two known extremes of the phenotype are an arginine
substitution for glycine at position 35, resulting in a
female phenotype with minor virilization at puberty,
and a serine substitution for a glycine at position 196
resulting in a predominantly male phenotype *. Other
mutations lead to subtle abnormalities in the enzyme
may underlie some forms of commonly encountered
urogenital birth defect in males as well as androgen-
dependent disorders such as male pattern baldness,
acne, hirsutism, and benign or cancerous growth of the
prostate (1419,

Diagnosis: Traditionally, the diagnosis relies on
DHT measurement, but the results being equivocal can
sometimes lead to misdiagnosing the condition. An
alternative approach for diagnosis of SAR2D is urinary
steroid profiling (USP), a readily available testing
option. In one study, of the 15 patients undergoing
USP, all showed low ratios in at least 2 of the 4 pairs of
5-alpha- and 5-beta-reduced steroid metabolites. USP is
considered as an ideal test for biochemical phenotyping
in SAR2D 3 months after the birth of the child. !> ',
Mutational analysis of SRD5A42 by PCR and direct DNA
sequencing of all 46, XY DSD patients is the key to
the diagnosis of SAR2D, as this is the ultimate tool for
diagnosis. Making use of this wonderful technology for
identifying the chromosomal abnormalities of DSD will

probably help to get a confirmed diagnosis %19,

The biological diagnosis of 5AR2D is usually
supported by an increase in the T/DHT ratio after human
chorionic gonadotropin (HcG) stimulation testing,
which is first line of diagnosis in infants and pre-pubertal
children *®, In some cases, however, the diagnosis
cannot be ruled out by if there is no evidence of elevated
T/DHT ratio after HCG stimulation. ¢ ' T/DHT ratio
greater than 8.5 is suggestive of the deficiency and these
babies and infants should be investigated further with
molecular analysis of the 5-alpha-reductase-2 gene 2.

In another major study, over 72% of patients
presented a ratio above 10, confirming that this ratio is
a good indicator and could easily be used for screening
patients ©. Adult subjects deficient in 5a-reductase-2
activity also have elevated T/DHT ratios with normal-
to-elevated testosterone levels compared with normal
subjects. What distinguishes them from androgen-
insensitive subjects who may also have abnormal T/
DHT ratios is abnormal ratios of 58- to Sa-reduced
glucocorticoid and other steroid metabolites, indicating
that this condition is a generalized defect in hepatic
steroid Sa- metabolism 7.

The definitive diagnosis of mutation causing
5AR2D can now be made by using special techniques
like complementary DNA analysis by using the biopsy
material of the tissues, peripheral blood and cultures
obtained from fibroblasts - '®

Treatment options in SAR2D: Early diagnosis of
SAR2D is a key factor in its treatment. Early diagnosis

allows the children to be raised as males at an early
age and children can avoid embarrassment of gender
conversion at a later age. In an interesting case study, two
siblings, 3 years apart, both undergoing DHT treatment
were successful in increasing phallic size. The siblings
were born to Pakistani parents who were first cousins
and practising Muslims. When the first child was born,
early diagnosis and management of SAR2D encouraged
them to raise this baby as a male in accordance with the
chromosomal sex. The younger sibling was born just
when the older one was being diagnosed. (V.

DHT gel treatment for pediatric micropenis was
studied with 76 pediatric patients with 46, XY DSD,
who were treated with DHT gel (0.1-0.3 mg/kg/day) for
three to six months. 22 of these patients had SRD5A2
mutations. The penis length of the patients significantly
improved with DHT treatment. The length of the penis



60

International Journal of Physiology, January-March 2020, Vol. 8, No. 1

increased significantly after long term treatment with
DHT resulting in greater improvement. Therefore,

the study shows that local application of DHT gel can
promote penis growth effectively without systemic o
adverse reactions .

Often

these individuals require long-term

psychological support to aid in making an informed

decision. If the parents chose to raise a female, 3.

gonadectomy and surgical correction of the external
genitalia are indicated to avoid masculinization, with
vaginoplasty for a healthy sexual life. An estrogen-only
hormone replacement therapy must be administered these
patients throughout life until the 50th year of age ©. In
New Guinea, where tribal culture is gender-segregated 4.
with very traditional male and female roles, rituals and
rules, the upbringing and transition from female to male

is very difficult for 5SAR2D individuals .

Conclusion

The multiples studies on SAR2D underline the wide

spectrum of phenotypes and biological profiles in patients
with the condition. So far, no genotype- phenotype 6.
relationship could be determined . Diagnosis is made
by a combination of criteria such as DSD, virilization
at puberty, and a marked increase in the T/DHT ratio
after HCG testing. Due to often false negatives, DNA
sequencing of the entire SRD5A2 gene is necessary.
Physicians must be informed and aware of DSD and

5AR2D in particular, and make informed clinical -

decisions with the family of the affected individuals, due
to the often-sensitive matter in a variety of communities
and societies. SAR2D should be considered in all XY

newborns with ambiguous genitalia and normal or high

plasma testosterone secretion ©. The decisions made
should consider the fact that at puberty, the individuals
often become masculine and identify as males. Also,

management decisions

should aim at preserving

functionality, quality of sexual and day-to-day life.
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