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ABSTRACT	 The transcription factor GATA4 is found in Sertoli and Leydig cells, whereas SOX9 is ex-
clusive to Sertoli cells, being both factors essential for the normal development of murine and human 
fetal testis. In turn, the steroidogenic acute regulatory protein (STAR) is specifically expressed in Leydig 
cells. Nevertheless, the function of STAR, GATA4 and SOX9 in peripubertal, adolescent and adult tes-
tes in Klinefelter syndrome and azoospermic patients remains poorly understood. To characterize the 
developmental expression of STAR, GATA4 and SOX9 in human testicular somatic cells, we performed 
immunofluorescence using fetal, peripubertal, adolescent and adult testes. Our findings demonstrate that 
STAR is absent in early fetal stages, but present in Leydig cells from 12 weeks of gestation, as well as 
in peripubertal, adolescent and adult Klinefelter patients, in the adult testis with idiopathic azoospermia 
and in men showing normal spermatogenesis. GATA4 was expressed in both Sertoli and Leydig cells 
during all the studied developmental stages and in peripubertal, adolescent and adult patients with and 
without spermatogenesis. SOX9 was mainly expressed in Sertoli cells in fetal, peripubertal, adolescent 
and adult Sertoli cell patients. In patients with Klinefelter syndrome as well as in men with or without 
spermatogenesis SOX9 was also found in Leydig cells. Our findings support the premise that STAR is a 
key steroidogenic protein for androgen development in the fetal testis, that GATA4 regulates Sertoli and 
Leydig cells during testis development and that SOX9 regulates the development of Sertoli cells and is 
present in the Leydig cells of patients with azoospermia.
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Introduction

Spermatogenesis is a highly complex process involving a large 
diversity of cell types, hormones, paracrine, genetic and epigenetic 
factors. It takes place in the seminiferous tubules and begins with 
the proliferation of spermatogonia, concluding with the release of 
mature spermatozoa into the lumen of the testicular tubule (Neto 
et al., 2016; Fabregues and Matorras, 2025). In human spermato-
genesis, apart from the germinal cells, there are two cells which 
play an important role: Sertoli cells and Leydig cells (Fabregues 
and Matorras, 2025). Sertoli cells are a type of sustentacular cells 
which are a structural component of seminiferous tubules. They 

are stimulated by the FSH (follicle stimulating hormone), and 
their main function is to nourish developing sperm cells during 
spermatogenesis (Fabregues and Matorras, 2025). Leydig cells 
are the predominant cells in the intertubular space (Holstein et 
al., 2003). They are stimulated by the LH (luteinizing hormone) 
and their main function is androgen production (Fabregues and 
Matorras, 2025).

Abbreviations: ART, Assisted Reproduction Techniques; dpc, days post coitum; 
FSH, follicle-stimulating hormone; OA, obstructive azoospermia; SA, secretory 
azoospermia; SCOS, Sertoli cell-only syndrome; STAR, steroidogenic acute 
regulatory protein; TESE, testicular sperm extraction; WG, weeks of gestation.

https://doi.org/10.1387/ijdb.250005ce
www.intjdevbiol.com
cristina.eguizabalargaiz
bio-bizkaia.eus


92    Martin-Inaraja et al.

The steroidogenic acute regulatory protein (STAR)-related lipid 
transfer (START) domain is formed by 210 aminoacid-residues 
and binds lipids, including sterols (Ponting and Aravind, 1999; 
Manna et al., 2016). In mammals, the START domain is found 
in 15 different proteins, grouped into six different subfamilies in 
terms of sequence and ligand similarities. STAR (also known as 
STARD1) is a member of the first subfamily (STARD1/STARD3 
subfamily) (Meier and Clark, 2012). This protein binds cholesterol 
and helps its transfer from the outer to the inner mitochondrial 
membrane. As the conversion of cholesterol to pregnenolone in 
the inner membrane of the mitochondria is the first enzymatic 

Sox9 is a Sry-box–containing gene that encodes a 
transcriptional activator. During mouse gonadogenesis, SOX9 is 
detected in the male gonad from 11.5-12.5 dpc (Kobayashi et al., 
2005). From this stage onwards, SOX9 expression is restricted 
to the Sertoli cell lineage and persists in the adulthood (Sekido 
et al., 2004; Ming et al., 2022). In humans, SOX9 is present in 
chromosome 17. The mutation of SOX9 in humans causes a 
number of sex and skeletal developmental abnormalities known 
as Campomelic dysplasia (Foster et al., 1994). SOX9 is important 
during sex determination in mammals to induce (somatic) testis 
formation from a bipotential gonad (Bi et al., 2001; Vining et al., 

Fig. 1. Characterization of somatic testicular cells in human fetal gonads from first 
trimester. Immunofluorescence on histological sections of testis from 9 to 12 weeks of 
gestation (WG) for VASA (red), GATA4 (green), STAR (grey) and DAPI (blue) (A) and VASA 
(red), SOX9 (green), STAR (grey) and DAPI (blue) (B). Germ cells (white asterisk), Sertoli 
cells (red asterisk), Leydig cells (yellow asterisk). Scale bars are 100 μm.

reaction of steroidogenesis, the delivery of cholesterol 
by STAR can be considered the first rate limiting step 
of steroidogenesis (Stocco and Clark, 1996; Tugaeva 
and Sluchanko, 2019; Jiang and Jorgensen, 2024). 

STAR transcript can be detected in several uro-
genital human organs, such as adrenal gland, kidney, 
ovary and testis (Meier and Clark, 2012). In mice, 
STAR is detected in the cytoplasm of fetal Leydig cells 
of 13.5 days post coitum (dpc) and its expression 
increases during development. The absence of the 
expression of STAR at 11.5 dpc suggests that STAR 
androgen production begins in differentiated Leydig 
cells, in case of mice at 12.5-13.0 dpc (Warita et al., 
2013). In humans, STAR is known to be expressed 
in adult Leydig cells, but also in Leydig cells of fetal 
testes ranging from 14.5-19 weeks of gestation (WG) 
(Pollack et al., 1997; Wang et al., 2022). However, 
there is no data about the expression of STAR in first 
trimester fetal testes and it is unknown if the same 
expression pattern happens in human and mice nor 
its expression in the absence of spermatogenesis.

GATA transcription factors are structurally-related 
zinc finger proteins that recognize a consensus DNA 
sequence, known as a GATA motif, which is an essen-
tial cis-acting element in the promoters and enhanc-
ers of a variety of genes (Orkin, 1992). Members of 
the GATA family, namely GATA4, GATA5 and GATA6, 
are expressed in gut epithelium, heart, yolk sac endo-
derm, gonads and a limited number of other tissues 
in mouse embryonic development (Arceci et al., 1993; 
Soudais et al., 1995; Morrisey et al., 1996, 1997; Narita 
et al., 1996; Fujiwara, 2017). GATA4 transcript and 
protein can be detected in the mouse gonadal ridges 
of both sexes as early as 11.5 dpc and in remains ex-
pressed in Sertoli and Leydig cells throughout devel-
opment and adulthood (Viger et al., 1998; Ketola et al., 
1999; Viger et al., 2022). Treatment of Leydig or Ser-
toli tumor cell lines with gonadotropins increases the 
steady state level of GATA4 transcripts (Heikinheimo 
et al., 1997; Ketola et al., 1999), suggesting hormonal 
regulation of this transcription factor. Gonadotropin 
or androgen action is not, however, a prerequisite 
for the basal expression of Gata4 in the testis, as the 
presence of GATA4 was demonstrated in Sertoli and 
Leydig cells in genetically hypogonadal mice and in 
rat Sertoli cells after chemical abolition of Leydig cells 
(Narita et al., 1996; Kyrönlahti et al., 2011; Schrade et 
al., 2015, 2016).
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2021). Furthermore, most patients with 46XY karyotype and 
heterozygous for SOX9 show variable male-to-female sex reversal 
(Bi et al., 2001; Croft et al., 2018). Mice with a Sox9 heterozygous 
mutation die at birth with a syndrome similar to that of human 
Campomelic dysplasia. In contrast to humans, XY Sox9 +/- mice 
form normal appearing testes (Bi et al., 2001). Mice containing a 
homozygous mutation in Sox9 die soon after 11.5 dpc because of 
cardiovascular defects (Bi et al., 2001). In vitro culture of mouse 
11.5 dpc genital ridges of XY Sox9 -/- results in gonads lacking 
testicular cords and Sertoli cell marker expression, but with the 
expression of ovarian-specific markers (Chaboissier et al., 2004; 

Expression of STAR, GATA4 and SOX9 in testes of Klinefelter 
syndrome patients

At the moment of testicular tissue sampling, the Klinefelter 
syndrome patients were 13, 15 and 19 years old. STAR 
expression was detected in all the samples, located in the 
interstitial space between tubules in a cytoplasmic spotty 
pattern. No differences were noticed between the three patients 
of different ages (Fig. 3, Table 1). GATA4 and SOX9 expression 
was evident in all the Klinefelter syndrome patients. Similar to 
fetal samples, GATA4 was expressed in Sertoli cells inside the 
seminiferous tubules, but also in Leydig cells between the tubules 

Fig. 2. Characterization of somatic testicular cells in human fetal gonads from second 
trimester. Immunofluorescence on histological sections of testis from 14 to 21 weeks of 
gestation (WG) for VASA (red), GATA4 (green), STAR (grey) and DAPI (blue) (A) and VASA 
(red), SOX9 (green), STAR (grey) and DAPI (blue) (B). Germ cells (white asterisk), Sertoli 
cells (red asterisk), Leydig cells (yellow asterisk). Scale bars are 100 μm.

Yao et al., 2004). Therefore, SOX9 is essential 
for diverting an intrinsically ovarian program of 
organogenesis towards testis formation. There 
are only few studies about the characterization 
of testicular somatic cells in infertility related 
diseases, such as Klinefelter syndrome and 
azoospermia (Van Saen et al., 2015; Savchuk et 
al., 2019; Tirumalasetty et al., 2024; Martin-Inaraja 
et al., 2025). In this study, we characterized the 
somatic cell developmental in Sertoli and Leydig 
evaluating the expression of testicular somatic cell 
proteins (STAR, GATA4 and SOX9). We analyzed in 
fetal, peripubertal, adolescent and adult testis with 
some specific conditions as Klinefelter syndrome 
and idiopathic secretory azoospermia as well 
as in patients with azoospermia but with normal 
spermatogenesis (vasectomy and obstructive 
azoospermia).

Results

Expression of STAR, GATA4 and SOX9 in fetal 
human male gonads.

Three different proteins were identified in im-
portant somatic cell types on the human testis 
development: SOX9 for Sertoli cells, GATA4 for 
Sertoli and Leydig cells and STAR for Leydig cells. 
In the case of STAR expression, clear differences 
were noticed at different stages of fetal develop-
ment. At 9-10 WG, STAR was absent, however, some 
expression was observed at the end of the first 
trimester, at 12 WG (Fig. 1, Table 1). The expression 
of STAR increased during development, being very 
significant at 14 WG and afterwards (Fig. 2, Table 
1). As expected, STAR expression only appeared 
between the seminiferous tubules, in the interstitial 
space, where Leydig cells are located.

During fetal development, GATA4 was clearly 
present in the Sertoli cells (9 WG to 21 WG), but 
also in interstitial cells where Leydig cells are 
located (12 WG to 21 WG). Its expression was 
nuclear, but with spots (Fig. 1, Fig. 2, Table 1). 
SOX9 expression was restricted to the Sertoli cells, 
with a defined nuclear expression from 9 WG to 
21 WG (Fig. 1, Fig. 2, Table 1). The expression of 
GATA4 and SOX9 remained constant during dif-
ferent fetal stages from 9 WG to 21 WG (Fig. 1, 
Fig. 2, Table 1).
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(Fig. 3, Table 1). Its staining was nuclear but less spotty in the 
Klinefelter syndrome patients than in the fetal testis. In addition, 
SOX9 showed a pronounced expression inside the tubules with 
a nuclear staining (Fig. 3, Table 1), similar to that observed in 
fetal testis and also outside of tubules in one patient (Fig. 3, #15 
years patient). We noticed that germ cells (VASA-positive) were 
not present in the testicular tissue sampling analyzed (Fig. 3, 
Table 1).

Expression of STAR, GATA4 and SOX9 in the testis of adult pa-
tients with azoospermia

Two groups of patients were constituted regarding the 
presence of spermatogenesis at the moment of testicular 
biopsy for testicular sperm extraction (TESE). The first group 
was composed of adult patients diagnosed with azoospermia in 
whom there was evidence of spermatogenesis (corresponding 
to 2 cases of post-vasectomy azoospermia and 1 case of 
obstructive azoospermia) (Fig. 4, Table 1). The second group 
was composed of adult patients diagnosed with azoospermia, 
but showing absence of spermatozoa after sample analysis (all 
of them corresponding to idiopathic secretory azoospermia) (Fig. 
5, Table 1).

The expression of STAR was detected in all patients and it was 
similar between both groups of adult patients and comparable to 
that of Klinefelter syndrome patients. STAR was expressed in the 
interstitial Leydig cells and in a cytoplasmic spotty pattern (Fig. 
4, Fig. 5, Table 1). 

GATA4 expression was observed in Sertoli cells inside 
seminiferous tubules, but also in the interstitial space in Leydig 
cells. There was no difference between adult patients groups, the 
positive and negative for spermatozoa (Fig. 4, Fig. 5, Table 1).

Finally, SOX9 expression in all adult samples followed the 
same pattern as in Klinefelter syndrome patients and fetal testis, 
giving a clear nuclear staining only in the somatic cells inside 
the seminiferous tubules (Fig. 4, Fig. 5, Table 1). Nevertheless, 
in adult negative samples for spermatozoa (patient #4), some 
cells in the interstitial space had a clearly cytoplasmic staining 
for SOX9 not seen before (Fig. 5, Table 1).

Expression of VASA during testis development and adulthood in 
patients with infertility

In male testis from 5-10 WG, most germ cells are OCT4 (or 
POU5F1) positive and expressed no or low levels of VASA (Fig. 1, 
Table 1), whereas VASA is expressed in fetal germ cells from 10 
to 21WG (Fig. 1, Fig. 2, Table 1). In Klinefelter syndrome testis, we 
did not find any VASA positive germ cells (Fig. 3, Table 1). In adult 
testis, we found VASA positive germ cells in almost all samples 
(Fig. 4, Fig. 5, Table 1), except in one azoospermic patient (patient 
#4) without spermatogenesis (Fig. 5, Table 1).

Discussion

This study provides the expression pattern of steroidogenic 
protein STAR and the transcription factors GATA4 and SOX9 in 
human testis during fetal development, peripubertal, adolescent 
Klinefelter syndrome patients and two groups of adult azoosper-
mic patients (with and without spermatogenesis) (Table 1). The 
two main types of azoospermia are: secretory azoospermia, where 
spermatogenesis is compromised, and obstructive azoospermia, 
where spermatogenesis is normal but the spermatozoa cannot go 
outside, such in cases after vasectomy. Both have been addressed 
in our study.

STAR appears to play an essential role in the acute response 
of steroidogenic cells facilitating the intramitochondrial transloca-
tion of sterol to the cholesterol side-chain cleavage enzyme. STAR 
transcript is abundant in second trimester testis, where it has been 
observed in Leydig cells (Pollack et al., 1997; Van Saen et al., 2015; 
Savchuk et al., 2019; Jiang and Jorgensen, 2024). In agreement 
with both studies, we have observed STAR from 12-21 WG in fetal 
Leydig cells as a result of fetal testicular androgen formation. In 
addition, we report the increase of STAR protein from fetal stages 
up to adulthood supporting the physiological function and normal 
development of Leydig cells. After the fetal testosterone peak at 
12 WG, Leydig cells slowly regress to mature again after birth to 
produce testosterone during puberty up to adulthood (Prince, 
2001). In consistency with our data in adult testis, Leydig cell 
hyperplasia can occur in Klinefelter Syndrome patients and azo-

Table 1

Summary of somatic and germ cell markers expression during human testis development

Fetus Klinefelter syndrome Normal spermatogenesis Idiopathic SA

<12 WG 12WG >12 WG Peripubertal  
patients

Adolescent  
patients

Adult patients  
with vasectomy or OA Adult patients

SC LC GC SC LC GC SC LC GC SC LC GC SC LC GC SC LC GC SC LC GC

STAR
(Leydig 
cells)

n/a - n/a n/a + n/a n/a + n/a n/a + n/a n/a + n/a n/a + n/a n/a + n/a

GATA4
(Sertoli 
and Ley-
dig cells)

+ - n/a + + n/a + + n/a + + n/a + + n/a + + n/a + + n/a

SOX9
(Sertoli 
cells)

+ n/a n/a + n/a n/a + n/a n/a + n/a n/a + n/a n/a + - (except 
patient 4) n/a + n/a n/a

VASA
(Germ 
cells)

n/a n/a + (except 
9WG) n/a n/a + n/a n/a + n/a n/a - n/a n/a - n/a n/a + (except 

patient 4) n/a n/a +

SC, Sertoli cells; LC, Leydig cells; GC, Germ cells; OA, Obstructive Azoospermia; SA, Secretory Azoospermia; +, expression of marker; -, no expression; n/a, not applicable.
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ospermic patients consistent with increased STAR expression and 
over-expression of genes involved in steroidogenesis (Wikström 
et al., 2004; D’Aurora et al., 2015, 2017; Hauptman et al., 2021).

In agreement with data described previously (Ketola et al., 
2000; Guo et al., 2021), we report that GATA4 protein is present in 
Sertoli and Leydig cells and absent from the germ cells during fetal 
development and adulthood. This is also in agreement with several 
animal studies which detected GATA4 expression only in somatic 
cells, mainly in Sertoli cells, during testis development (Viger et 

During testis development, SOX9 expression in Sertoli cells 
was maintained. SOX9 is a Sertoli-cell marker crucial during male 
sexual development (Hemendinger et al., 2002; Guo et al., 2021). 
Its function is well studied during sexual differentiation (De Santa 
Barbara et al., 1998; Svingen and Koopman, 2013; Lindeman et 
al., 2021), however its continuous expression in the testis during 
development suggests an additional role in spermatogenesis. 
Our results showed that SOX9 protein is present specifically in 
Sertoli cells during first and second trimester in agreement with 

Fig. 3. Characterization of somatic testicular cells in human prepubertal and pubertal testis 
of Klinefelter syndrome patients. Immunofluorescence on histological sections of testis from 
prepubertal and pubertal Klinefelter syndrome patients of 13,15 and 19 years-old for VASA 
(red), GATA4 (green), STAR (grey) and DAPI (blue) (A) and VASA (red), SOX9 (green), STAR 
(grey) and DAPI (blue) (B). Germ cells (white asterisk), Sertoli cells (red asterisk), Leydig cells 
(yellow asterisk). Scale bars are 100 μm.

al., 1998; Ketola et al., 1999; Kyrönlahti et al., 2011; 
Viger et al., 2022). Given that Sertoli cells prolifer-
ate only during the fetal and prepubertal periods, 
the intense GATA4 expression in fetal Sertoli cells 
may suggest a role in the proliferation of these 
testicular supportive cells. In fetal Sertoli cells, the 
strongest GATA4 expression level coincides with 
high serum follicle-stimulating hormone (FSH) 
levels at the beginning of the second trimester (Ka-
plan et al., 1976), suggesting that in vivo, GATA4 
may be under gonadotropic control during the 
fetal period. In general, Leydig cells showed con-
sistently lower GATA4 expression when compared 
to Sertoli cells. A connection between GATA4 and 
steroidogenesis is supported by the fact that in 
Leydig cells GATA4 expression is most intense 
in the second trimester and during puberty, when 
testosterone production is at its peak (Tapanainen 
et al., 1981). Furthermore, GATA4 was low in Ser-
toli and Leydig cells in patients with azoospermia, 
suggesting that androgen action could influence 
GATA4 expression. In Klinefelter syndrome testes, 
in general, there are few somatic cells (Martin-
Inaraja et al., 2025) and we found no difference on 
the GATA4 expression pattern in Sertoli or Leydig 
cells in comparison with fetal and adult testis. 

In light of our findings, we propose that a nor-
mal testicular response to gonadotropins as well 
as androgen action are needed for normal GATA4 
expression in the human testis, particularly in 
Leydig cells. However, gonadotropin and/or an-
drogen actions are not prerequisites for the basal 
expression of GATA4 in Sertoli and Leydig cells. 
A gonadotropin stimulus may be more important 
for GATA4 expression during fetal development 
than postnatally, given that Klinefelter Syndrome 
and adult azoospermic patients (idiopathic se-
cretory azoospermia, vasectomy and obstructive 
azoospermia) had no effect on GATA4 expression. 
However, it is likely that not only gonadotropins 
and androgens but also other factors may be 
involved in the regulation of GATA4 in Sertoli and 
Leydig cells. Recently, GATA4 expression has 
been shown to be intense in testicular somatic 
cell tumors, such as Sertoli and Leydig cell tumors 
(Siltanen et al., 1999; Laitinen et al., 2000). Hence, 
it was proposed that GATA4 may influence cell pro-
liferation during tumorigenesis in human somatic 
cell-derived gonadal tumors (Morrisey et al., 1996; 
Narita et al., 1996). 

B

A



96    Martin-Inaraja et al.

azoospermia (Daigle et al., 2015). In general, 
Sertoli cells showed strong SOX9 expression sug-
gesting a link between SOX9 protein and andro-
gen production. In agreement, an up-regulation of 
SOX9 in Sertoli cells has been observed in Sertoli 
cell-only syndrome (SCOS) azoospermic patients 
(Lan et al., 2013).

Finally, VASA (or DDX4) is a cytoplasmic 
protein expressed in post-migratory germ cell 
precursors from 10WG until adulthood with 
normal spermatogenesis (Altman et al., 2014; 
Eguizabal et al., 2016). As we expected we found 
germ cells with expression for VASA during hu-
man testis development with the exception of 
Klinefelter syndrome patients and patient without 
spermatogenesis.

Conclusion

This study supports the premise that STAR 
is a key steroidogenic protein for androgen de-
velopment in the fetal testis. In addition, GATA4 
regulates Sertoli and Leydig cells during testis 
development and SOX9 regulates the develop-
ment of Sertoli cells and is present in the Leydig 
cells of patients with azoospermia. In conclu-
sion, the expression of these three key genes, 
STAR, GATA4 and SOX9 was detected during the 
development from fetal to adult human testicular 
somatic cells and its expression was found to 
be increased in Klinefelter syndrome and in azo-
ospermic patients. These data could point out to 
potential causes of germ cell loss and pathologi-
cal features such as fibrosis and hyalinization in 
patients with infertility related diseases.

Material and Methods

Ethical permits
Human peripubertal and adolescent samples 

from patients diagnosed with Klinefelter syn-
drome and human adult samples diagnosed with 
azoospermia were obtained from Cruces Univer-
sity Hospital (Spain), according to an investiga-
tion project approved by the Basque Committee 
of Ethics and Clinical Research (PI2014205). The 
collection and use of human fetal material from 
elective abortions (without medical indication) 
was approved by the Medical Ethical Committee 

previous studies in mouse and human (Kobayashi et al., 2005; 
Van Saen et al., 2015). Van Saen and colleagues (2015) have 
claimed SOX9 expression in fetal interstitial cells in human testis 
(Van Saen et al., 2015), however we were unable to confirm that 
claim in fetal testis. Nevertheless, analysis of SOX9 expression 
after birth revealed, in addition to expression in Sertoli cells, that 
some patients (1 in 3 Klinefelter Syndrome patients and 1 in 3 
azoospermic patients) expressed SOX9 protein in interstitial 
Leydig cells. This may suggest a role for SOX9 in Leydig cells 
in infertility related diseases, such as Klinefelter syndrome and 

of the Leiden University Medical Center (P08.087). Oral and writ-
ten information was given also to these patients and all of them 
signed an informed consent.

Human fetal, peripubertal, adolescent and adult sample collection
Calculation of the gestational age (in weeks and days) was 

based on measurements of crown-rump length obtained by ultra-
sonography. In total six human fetal testis from 9, 10, 12, 14, 20 
and 21 WG were included in this study and were isolated in 0.9% 
NaCl solution (232225, Fresenius Kabi).

Fig. 4. Characterization of somatic testicular cells in human adult testis of azoospermic 
patients positive for spermatozoa. Immunofluorescence on histological sections of testis 
from adult azoospermic patients for VASA (red), GATA4 (green), STAR (grey) and DAPI (blue) 
(A) and VASA (red), SOX9 (green), STAR (grey) and DAPI (blue) (B). Germ cells (white asterisk), 
Sertoli cells (red asterisk), Leydig cells (yellow asterisk). Scale bars are 100 μm.
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Fig. 5. Characterization of somatic testicular cells in human adult testis of azoospermic 
patients negative for spermatozoa. Immunofluorescence on histological sections of testis 
from adult azoospermic patients for VASA (red), GATA4 (green), STAR (grey) and DAPI (blue) 
(A) and VASA (red), SOX9 (green), STAR (grey) and DAPI (blue) (B). Germ cells (white asterisk), 
Sertoli cells (red asterisk), Leydig cells (yellow asterisk). Scale bars are 100 μm.

from 32 to 48 years old. Two of them had a previous 
vasectomy because of previous children and four had 
an idiopathic azoospermia. All of them were subjected 
to a TESE with the aim of obtaining testicular sperm 
to be used in ART. None of them was under hormonal 
treatment. Testicular biopsies revealed spermatozoa 
in three of them (1/4 azoospermia; 2/2 vasectomies).

Immunofluorescence staining and imaging
The testes were fixed in 4 % paraformaldehyde 

for 2 h, dehydrated with 70%, 96% and 3 cycles of 
100% of ethanol for 1h each, cleared in 2 cycles of 
xylene for 1h each and embedded in paraffin wax 
in 3 cycles of 1h and 20min each. Serial section (5 
µm) were de-paraffined, rehydrated and incubate in 
an antigen-retrieval solution (0.01M citric buffer, pH 
6). The immunofluorescence staining was performed 
using the following antibodies and their dilutions: 
STAR (sc-166821, SantaCruz, 1:50), GATA4 (sc-9053, 
SantaCruz, 1:250 and ab84593, Abcam, 1:250), SOX9 
(AB5535, Merck Millipore, 1:500), VASA (AF2030, R&D, 
1:2000). Alexa Flour 488, Alexa Flour 555 and Alexa 
Flour 647 from Invitrogen were used as secondary 
antibodies (all in 1:500). Slides were counterstained 
with DAPI (dilution 1:5000; Life Technologies) and 
mounted in ProLong Gold Antifade Mountant (Life 
Technologies). Images were taken using a FluoView 
FV500 confocal microscope (Olympus).
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