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Abstract Mutations of the steroid 5α-reductase type 2
(SRD5A2) gene in 46,XY subjects cause masculinization
defects of varying degrees, due to reduced or impaired en-
zymatic activity. In this study, sequence abnormalities of the
SRD5A2 gene were assessed by polymerase chain reaction
with specific primers and automated sequencing analysis
in DNA samples from 20 patients with suspected steroid
5α-reductase type 2 deficiency from 18 Brazilian families.
Eleven subjects presented SRD5A2 homozygous single-
base mutations (two first cousins and four unrelated pa-
tients with G183S, two with R246W, one with del642T,
one with G196S, and one with 217_218insC plus the A49T
variant in heterozygosis), whereas four were compound het-
erozygotes (one with Q126R/IVS3+1G>A, one with Q126R/
del418T, and two brothers with Q126R/G158R). Three pa-

tients were heterozygous for A207D, G196S, and R266W
substitutions. The V89L polymorphism was found in het-
erozygosis in one of them (with A207D) and in one case
with an otherwise normal gene sequence. The A49T variant
was also detected in heterozygosis in the second case with-
out other sequencing abnormalities. Four patients harbor
yet non-described SRD5A2 gene mutations: a single nu-
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cleotide deletion (del642T), a G158R amino acid substitu-
tion, a splice junction mutation (IVS3+1G>A), and the
insertion of a cytosine (217_218insC) occurring at a CCCC
motif. This is the first report of a single-nucleotide insertion
in the coding sequence of the SRD5A2 gene. In addition to
these new mutations, this investigation reveals the preva-
lence of G183S substitution among a subset of African–
Brazilian patients and presents evidences of the recurrence
of already known mutations.

Keywords Male pseudohermaphroditism .
Differentiation . Mutation . Splice defect

Introduction

The steroid 5α-reductase type 2 enzyme is encoded by the
SRD5A2 gene on chromosome 2 and is predominantly ex-
pressed in external genital tissues and prostate. Steroid 5α-
reductase type 2 deficiency, an autosomal recessive disorder
(OMIM 607306), leads to the impairment of the conversion
of testosterone (T) to dihydrotestosterone (DHT). Both hor-
mones bind to the same androgen-receptor protein in cell
nuclei, but perform different physiological roles: T plays a
major role in the stimulation of Wolffian ducts during sex-
ual differentiation and probably in the control of spermato-
genesis, whereas DHT is considered the essential androgen
for normal development of external genitalia in the male
fetus [1]. DHT also mediates most events of male puberty,
including maturation of facial and body hair, genital, and
prostate growth.

The diagnosis of 5α-reductase type 2 deficiency can be
difficult, mainly before the age of puberty. It should be
suspected in all prepubertal male pseudohermaphrodites,
especially those with perineal hypospadias and in those who
virilize at puberty without evidence of gynecomastia. In the
majority of cases, this diagnosis can be confirmed by dem-
onstration of an abnormally high T/DHT serum ratio before
and/or after hCG administration [2–4]. Early diagnosis of
5α-reductase type 2 deficiency is important because of its
bearing on the assignment of sex in the affected infant. If the
gonads are not removed, virilization occurs during puberty;
as a consequence, individuals who were raised as females
frequently experience a postpubertal change in gender iden-
tity and role from female to male [5]. Considering the nat-
ural history of this disease, male assignment of neonatal
diagnosed patients would be the recommendation of choice
[2], but differentiation of a female gender identity also oc-
curs in a minority of patients [6].

Mutations of the SRD5A2 gene in 46,XY subjects result
in a spectrum of external genital phenotypes ranging from
complete female to nearly complete male with mild symp-
toms of undermasculinization [5, 7, 8]. To date, over 40
different mutations scattered throughout the gene have been
described. Most of them are missense or nonsense muta-
tions, although total deletion of the gene and nucleotide
deletions as well as splice-junctions alterations have also
been reported [9–11]. Some of them are recurrent mutations
reported among various ethnic groups, whereas others pre-

sumably reflect a founder effect. In addition, polymor-
phic variations at codons 49 (A49T) and 89 (V89L) have
been correlated with masculinization defects and may rep-
resent genetic risk factors for the occurrence of hypospa-
dias [11, 12].

In this paper, we report the molecular data of SRD5A2
gene from 18 families and 20 patients with suspected ste-
roid 5α-reductase type 2 deficiency from three different
services in Brazil, in order to provide evidence of the muta-
tional spectrum of this disease and its relevance for correct
diagnosis and genetic counseling.

Patients and methods

Twenty patients with clinical signs of 5α-reductase type 2
deficiency from 18 unrelated families were included in this
study. Informed consent was obtained from all patients or
parents according to the approved by the Ethics Commit-
tee of Faculty of Medical Sciences from State University
of Campinas (UNICAMP), Sao Paulo, Brazil. The clinical
diagnosis was based on ambiguous genitalia in patients
with 46,XY karyotype and elevated testosterone/DHT ratio.
Some patients, in pubertal age, had also virilization without
gynecomastia.

Eleven patients from ten families were followed in an
interdisciplinary service for diagnosis and treatment of in-
tersex cases in Campinas, Brazil (UNICAMP, patient num-
bers 5–9, 12, 14, 15, 18, 19, and 20 in Table 1). The other
eight patients from seven families were followed in a ge-
netics service in Salvador, BA, Brazil (State University
of Bahia, patient numbers 1 to 4, 10, 11, 13, 17 in Table 1)
and one patient in a pediatrics service in Sao Paulo, SP,
Brazil (State University of Sao Paulo, patient number 16 in
Table 1). Patients 1 and 2 are cousins, and patients 14 and 15
are brothers.

The clinical data, as age at diagnosis, sex at first con-
sultation, definitive sex assignment, family history of sex
ambiguity, consanguinity, classification of the external gen-
italia according to Sinnecker et al. [7] criteria and pubertal
development were obtained retrospectively. Total T and
DHT serum levels were also obtained retrospectively and
confirmed with new evaluation at UNICAMP. The total T
measurement was performed with commercial kit by elec-
trochemiluminescence (Roche Elecsys 2010) and the DHT
measurement by solid phase radioimmunoassay, with the
n-hexane technical extraction procedure. In the prepubertal
patients who were older than 4 months, the samples for
total T and DHT determinations were collected following
hCG stimulation (Profasi-Serono, 2000 IU, IM, for 3 con-
secutive days and collected at the 4th day).

Genomic DNAwas isolated from blood leukocytes of the
patients according to routine protocols. Polymerase chain
reaction (PCR) products generated by exon flanking prim-
ers [13] were purified using the Wizard PCR Preps kit
(Promega, Madison, Wis., USA) and were sequenced using
the ABI377 Automated DNA Sequencer (PerkinElmer,
Applied Biosystems) according to the manufacturers’ pro-
cedure. All sequencing reactions were performed with PCR
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Table 1 Clinical features, ethnic background, geographical origin, and molecular data of 20 subjects with 5α-reductase deficiency from 18
Brazilian families. T Testosterone, DHT dihydrotestosterone

Patient Consanguinity/
family history

Age at
diagnosis
(years)

External
genitaliaa

Gonadal
position
R/L

T/
DHT
ratio

Social
sex

Ethnic
background/
geographical
origin

Molecular lesion Other
molecular
variation

Type Location Mutation

Class 1: homozygotes
1b +/+ 5 4b I/I 86c F AE/BA Missense Exon 3 G→A,

G183S
2b +/+ 2 4b I/I 50c F AE/BA Missense Exon 3 G→A,

G183S
3 −/− 16 3b S/S 87d M AE/BA Missense Exon 3 G→A,

G183S
4 −/− 27 3b I/I 95d F AE/BA Missense Exon 3 G→A,

G183S
5 +/− 21 days 3b S/S 70d F AE/BA Missense Exon 3 G→A,

G183S
6 −/− 20 3b S/S 96d F→M AE/SP Missense Exon 3 G→A,

G183S
7 +/+ 16 3b I/S 82d Fe E/MG Missense Exon 4 G→A,

G196S
8 +/+ 3 months 3b S/S 70d ?→F AE/BA Missense Exon 5 C→T,

R246W
9 +/− 14 3b I/I 65d F→M AE/SP Missense Exon 5 C→T,

R246W
10 −/− 19 3b S/S 87d M AE/BA Frameshift Exon 1 217_218

insC
A49T
(heterozygous)

11 −/− 19 3b I/S 30f F AE/BA Frameshift Exon 4 del642T
Class 2: compound heterozygotes

12 −/− 18 3b S/S 15d F→Mg E/SP a) Missense Exon 2 A→G,
Q126R

b) Frameshift Exon 2 418delT
13 −/− 15 3b S/S 96f F AE/BA a) Missense Exon 2 A→G,

Q126R
b) Splice
junction

Exon 3/
intron3

IVS
+1G>A

14h −/+ 2 3b S/S 51c ?→M E/SP a) Missense Exon 2 A→G,
Q126R

b) Missense Exon 3 G→C,
G158R

15h −/+ 4 3b S/S 38f F→M E/SP a) Missense Exon 2 A→G,
Q126R

b) Missense Exon 3 G→A,
G158R

Class 3: heterozygotes
16 −/− 2 3a S/S 91c M E/SP Missense Exon 5 C→T,

R246W
17 −/− 8 3b I/I 21c M AE/BA Missense Exon 4 C→A

A207D
V89L
(heterozygous)

18 −/− 1 month 3b S/S 25d M E/SP Missense Exon 4 G→A,
G196S

Class 4: no abnormality identified
19 −/+ 23 3a S/S 87d M E/SP – – – V89L

(heterozygous)
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Fig. 1 Partial sequences of the
SRD5A2 gene showing the new
mutations detected in the pres-
ent study. a In patient no. 10, the
insertion of a C between nucle-
otides 217 and 218 of the first
exon leads to a premature stop at
codon 135; b In patient no. 11,
the deletion of a T in exon 4
leads to an ORF alteration. c In
patient no. 13, a G→A mutation
in the donor splice site of the
third intron and d In patient
no. 14, a G→A mutation in the
third exon replaces a glycine (G)
to an arginine (R) at position
158; The arrows point to the
mutations. N = G/A

Patient Consanguinity/
family history

Age at
diagnosis
(years)

External
genitaliaa

Gonadal
position
R/L

T/
DHT
ratio

Social
sex

Ethnic
background/
geographical
origin

Molecular lesion Other
molecular
variation

Type Location Mutation

20 −/− 4 3b S/S 25c F→M E/SP – – – A49T
(heterozygous)

I Inguinal, S scrotal, F female, M male, ? undefined, AE African–European-derived, E European-derived, BA State of Bahia, MG State of
Minas Gerais, SP State of Sao Paulo, R right, L left
aAccording to the classification of Sinnecker et al. [7]
bFirst cousins
cAfter hCG stimulation
dBasal
eFerraz et al. [14]
fData before gonadectomy
gFerraz et al. [15]
hBrothers

Table 1 (continued)
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products from two separate reactions, using sense and
antisense primers. The A49Tand the V89L genotypes were
determined for the heterozygous patients, as well as for the
two without sequencing abnormalities. In one case (patient
no. 11), the exon 1 PCR product was cloned in the vector
pGEMT, using the Easy Vector Cloning kit (Promega),
followed by sequencing analysis with the exon-specific
primers.

Results

The clinical features of the subjects are summarized in
Table 1. Patients’ ages varied from 21 days to 27 years; ten
were more than 14 years old and only one has not already
reached puberty (case 13), whereas the others were below
8 years of age and in prepubertal stage. Female was the
initial sex assignment in 12 patients, male in six, and un-
defined in two. The definitive sex of rearing was female in
seven cases and male in 13 cases. Consanguinity was
registered in five families, and five others had similar cases
(cases 1 and 2 are cousins, and cases 14 and 15 are brothers).
The genital ambiguity according to Sinnecker et al. [7]
criteria was grade 4b in two patients (cases 1 and 2), grade
3a in other two (cases 16 and 19), and grade 3b in the
remainder cases, with palpable gonads in all cases. The total
T levels varied from normal to elevated levels for age and
pubertal stage, whereas the majority of patients had DHT
values close to the lower limit of the method, varying from
0.03 ng/ml to 0.06 ng/ml. Three patients had been submitted
to gonadectomy before present evaluation, and T/DHT ratio
was not repeated.

The patients’ ethnical and geographical origins and mu-
tations are also summarized in Table 1. Twelve patients
belonged to families with reported mixed ancestries (Afri-
can- and European-derived) and, with exception of patient
no. 9, were born in Bahia, a northeastern Brazilian state with
a highly miscigenated population. Present-day African-
Brazilians are considered the product of an original African
gene pool that received European and Amerindian genes for
about 12 generations [16]. The other eight patients were
reported as European-derived only and were born either in
Minas Gerais state (one case) or in Sao Paulo state (seven
cases). Both states are located in a southeastern region,
which received a greater contingent of European immigra-
tion in the last two centuries, composed mainly by Por-
tuguese, Italian, Spanish, and German individuals.

Four new mutations were identified: the insertion of a
cytosine between nucleotides 217 and 218 in the first exon
(217_218insC), the deletion of a thymine at position 642
of exon 4, a point mutation at the donor-splicing site of the
third intron (IVS3+1G>A), and a C→G transition at codon
158 leading to amino acid substitution (G158R) (Fig. 1).
Eleven subjects presented SRD5A2 homozygous single-
base mutations (six with G183S, two with R246W, one with
del642T, one with G196S, and one with 217_218insC),
whereas other four were compound heterozygotes (one with
Q126R/IVS3+1G>A, one with Q126R/del418T and two
brothers with Q126R/G158R). In addition, three were het-

erozygous for A207D, G196S, and R266W substitutions,
and in one case, no sequencing abnormalities were detected.
Two of them were heterozygous for the V89L polymor-
phism: patient no. 17 with the A207D substitution, and
patient no. 19 with no sequencing abnormalities. Patient no.
20 was heterozygous for the A49T variant, without other
molecular alterations. The finding of both homozygous
217_218insC and heterozygous A49T mutations in the first
exon of patient no. 10 on direct sequencing of the PCR
product was confirmed by the cloning procedure.

Discussion

Because the diagnosis of steroid 5α-reductase type 2
deficiency is sometimes difficult due its clinical variability
and cannot be ruled out by a lack of an elevated T/DHT
ratio, the molecular characterization of the mutations is a
relevant tool for the correct ascertainment of this disease.
The investigation of this series of Brazilian patients’ sus-
pected steroid 5α-reductase type 2 deficiency leads to the
findings of four new mutations, reveals the prevalence of
G183S substitution, and presents evidences of the recur-
rence of already known mutations.

The six missense mutations detected in the present series
(Q126R, G158R, G183S, G196S, A207D, and R246W) are
mutations that lead to amino acid substitutions occurring in
conserved regions of the type 2 enzyme of humans, rats, and
monkeys [17], suggesting that these positions are important
for enzymatic activity. Indeed, the causative role or the
Q126R, G183S, A207D, and R246W substitutions was
confirmed by site-directed mutagenesis and in vitro assays
[18]. In addition, with the exception of G158R, these mu-
tations have already been found in patients with steroid
5α-reductase type 2 deficiency and are included in the
SRD5A2 Human Gene Mutation Database [9].

The prevalence of G183S substitution can probably been
attributed to a founder gene effect, because it has been ob-
served in five individuals from Bahia State (two were first-
degree cousins) and in one patient from Sao Paulo State, all
of them with mixed African–European descent. This sub-
stitution has been reported before in two Brazilian patients
[19] and in four affected members of a family from the
Dominican Republic [20]. Although the 183 code position
might be a hot spot of the SRD5A2 gene as suggested by Cai
et al. [20], it is noteworthy to mention that, until now, this
mutation was reported only among Brazilian patients from
mixed African–European ancestry and in the Dominican
Republic. A founder effect can be considered when we take
into account that both countries have a strong component of
African descendent in their nowadays populations in con-
sequence from the slave trade that occurred between the
sixteenth and seventeenth centuries, in the Dominican Re-
public, and during the Colonial Period in Brazil [16, 21].

A second founder gene effect may be illustrated by the
Q126R substitution, which was found in four compound
heterozygotes of this series, one of them previously de-
scribed by Ferraz et al. [15]. This mutation has been de-
tected in subjects from Brazil, Belgium, Louisiana, and
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New York, all with presumed Portuguese ancestry [22]; in
a French sibship [23]; and in a German individual [7].
These observations may indicate that the Q126R mutation
is relatively common among Caucasians and could have
been spread through European migration in the last cen-
turies, although the possibility of a hotspot cannot be ex-
cluded. In contrast, the R246W substitution seen in three
unrelated patients of this series seems to be a good ex-
ample of recurrent mutation due to a hotspot in the exon 5
of the gene. Indeed, two mutant alleles (R246Wand R246Q)
arise from mutation at either position of a CG dinucleotide
and have been found in seven different ethnic groups: African-
American, White-European, Pakistanis, Dominican Repub-
licans, Brazilians, Egyptians, [22], and Chinese [11].

Other hotspots of the SRD5A2 gene may be represented
by the G196S and A207D substitutions. The first one has
been described in Greek, Turkish, Swedish, and Brazilian
patients (7, 8, 14, 24, and this series), whereas the second
was initially identified in a compound heterozygous Aus-
trian individual [24], followed by the description of two
siblings of Mexican origin, with this specific alteration in
homozygous state [25]. To our knowledge, this is the third
report of A207D substitution, occurring in a Brazilian male
of African–European descent in heterozygous state (patient
no. 17). This patient is also heterozygous for the V89L
polymorphism, but the methodology employed in the pres-
ent work does not allow us to establish if the A207D sub-
stitution is in trans or in cis with the 89L allele and parents’
DNA, which could help us to determine the inheritance of
these alleles, was not available. If we presume that they are
in different alleles, it would be possible to suggest that the
reduction of enzymatic activity of the 89L variant by ap-
proximately 30% [26] could significantly contribute to
clinical manifestation of genital ambiguity, because the
207Dmutation leads to complete inactivation of the enzyme
[22]. Because neither functional determination of 5α-re-
ductase activity in genital skin fibroblasts or in vitro exper-
iments with SRD5A2 expression vectors containing the
targeted mutations have been performed, this question re-
mains widely open.

One of the new mutations described in the present study
was detected in a compound heterozygote (Q126R/IVS3
+1G>A, patient no. 13). It has been demonstrated that the
Q126R substitution inactivates the enzymatic function in
vitro and is associated with a drastically decreased half-life
of the mutant protein [18]. The second mutation takes
place at the first nucleotide of the donor-splicing site of
the third intron (IVS3+1G>A). Thus, it can be predicted
that altered RNA messenger processing would lead to an
anomalous protein, either by intron retention or by the use
of an alternative splicing site. Moreover, the high T/DTH
ratio (96) observed in this patient is a good indication that
this new mutation also leads to an inactive enzyme. Thus,
the partial virilization of external genitalia observed in this
patient can hardly be attributed to the residual function of
the proteins coded by these alleles. This mechanism of
virilization can also not be true for patients homozygous
for SRD5A2 gene deletions or for mutations introducing
premature stop codons, not allowing any translation of a

functional enzyme [27, 28]. Together, these observations
are in agreement with the hypotheses proposed by Hiort
et al. [28] that [1] significant levels of T or its precursors
have enough androgenic potential to induce marked viril-
ization of the external genitalia in early fetal life, and [2]
variable fetal T levels could be a major determinant for the
variable genotype–phenotype correlation in this disorder.

In the present series, three other patients (nos. 12, 14,
and 15) were compound heterozygotes where one of the
alleles carried the Q126R codon alteration. In the other
allele, patient no. 12 exhibited a del418T on exon 2, which
leads to a frameshift at codon 140 and introduced a pre-
mature stop codon at amino acid 159 [15]. Patient nos. 14
and 15 were brothers, and a new missense mutation was
found (GGA→AGA, G158R). Although no in vitro study
had been done to evaluate the effect of this mutation on
5α-reductase activity, its function may be affected by the
substitution of a negatively charged amino acid (glycine)
by a positively charged one (arginine) in a conserved pro-
tein domain. It is interesting to note that the four com-
pound heterozygous patients in which one of the alleles
leads to the Q126R amino acid change exhibited the same
external genitalia phenotype (3b, according to Sinnecker
et al. [7]).

A yet non-described, one-nucleotide deletion was de-
tected in homozygosis in patient no. 11 (del642T). This
thymine deletion on exon 4 predicts a frameshift at amino
acid position 215, resulting in the addition of 22 amino
acids at the C-terminal of this 254-amino acid isozyme. It
is likely that this alteration would compromise enzymatic
activity but, in this case, the possible effect of postpubertal
T production must be taken into account, because gonad-
ectomy occurred at age of 18 years, 1 year before being
evaluated by us. At age of 19 years, this patient remains at
the female-rearing sex.

The finding of the insertion of a cytosine between the 217
and 218 bases of the first exon of the gene on both alleles of
the SRD5A2 gene of patient no. 10 is very intriguing,
because parental consanguinity is denied, and heterozygo-
sis for the A49T rare variant is also present. The single
nucleotide insertion at codon 73 results in a disruptive al-
teration, because a premature stop codon is predicted to
occur at amino acid position 135. This is the first report of
an insertion in the SRD5A2 gene, arising in a C-rich se-
quence. Insertions of less than ten nucleotides are assumed
to arise by non-random mechanisms [29], and it has been
suggested that even short repetitive motifs such as CCCC
have ~10- to 15-fold susceptibility to insertions and dele-
tions than nonrepetitive sequences, due to slippage-me-
diated process [30]. In the present case, parents’ DNAwas
not available, andwemight consider either the possibility of
independent origin of this rare mutation in two different
alleles or a single origin in an unknown common ancestor,
with the A49T substitution arising as a secondary event.

The presence of one 49T allele was the sole change de-
tected in patient no. 20 from the present series, which ex-
hibited a perineoscrotal hypospadias and a T/DHT ratio of
25. The 49Tenzyme has been correlated with an increase of
5α-reductase activity in vitro [31], but it was further
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demonstrated that the 49T allele, both in homozygous or
heterozygous condition, leads to lower serum androgen
concentration, indicating that this rare variant may be less
efficient that initially thought [32]. Interestingly, the A49T
codon substitution was found in one or both alleles of the
SRD5A2 gene in five out of seven patients with isolated
hypospadias [12]. Thus, Silver and Russel [12] suggested
that partial deficiency of 5α-reductase activity and inade-
quate levels of DHT in the fetal urethra may be sufficient to
cause the phenotype of hypospadias without other clinical
features of 5α-reductase deficiency. This hypothesis is re-
inforced by the observations that the expression of 5α-
reductase type 2 is localized to the stroma surrounding the
urethra, especially along the urethral seam area in the ven-
tral portion of the remodeling urethra in male fetuses
between 16 and 22 weeks of gestation [33].

We did not find a second mutation or polymorphic var-
iants that could negatively affect the 5α-reductase type 2
activity in two patients (nos. 16 and 18) and only the poly-
morphic V89L was found in heterozygosis in patient no.
19. It is possible that undetected mutations could map out-
side of the exons and the immediate flanking introns an-
alyzed here or could be present in the promoter region of
SRD5A2, which was not explored in our study.

In the present series, all patients had severe external
genitalia defects (from frankly ambiguous to male geni-
talia with severe undervirilization) not allowing genotype–
phenotype correlations. Moreover, as discussed above, two
distinct phenomena may counteract in the degree of viri-
lization exhibited by 5α-reductase deficiency patients: the
absence or partial 5α-reductase type 2 enzymatic activity
and the individually variable testosterone levels during the
development of male external genitalia. Probably, geno-
type–phenotype correlation in these patients would be more
reliable through the analysis of the grade of virilization at
puberty (such as the penile length and the distribution of
genital and facial hair), or the sexual orientation (sexual
attraction and relationship). Unfortunately, this analysis has
not been done, because 11 patients were still at the pre-
pubertal stage.

In conclusion, the investigation of this series of Bra-
zilian patients leads to the findings of four new mutations,
reveals the prevalence of G183S substitution, presents evi-
dences of the recurrence of already known mutations, and
reinforces the importance of molecular analysis for the
correct diagnosis of 5α-reductase type 2 deficiency and for
genetic counseling.
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