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A broad expression of aromatase and estrogen receptors
(ERs) in the testis suggests an important role for estrogens
in regulating testicular cell function and reproductive events.
The aim of the present study was to show whether Leydig
cells in vitro isolated from cryptorchid testes of two inbred
strains of mice, KE and CBA, are a site of estrogen synthesis.
Using immunocytochemistry, aromatase, estrogen receptor ·
(ERα), and estrogen receptor β(ERβ) were localized in cul-
tured Leydig cells. Immunoreactive aromatase was found in
the cytoplasm of control Leydig cells and those isolated from
cryptorchid males, however the intensity of immunostaining
was different, being stronger in Leydig cells deriving from
cryptorchid mice. The strongest aromatase immunostaining
was found in cryptorchid-KE Leydig cells. Strong immunoex-
pression of ERα was detected in the nuclei of both KE-and
CBA-Leydig cells. The intensity of ERα immunostaining was
stronger in cultured cells deriving from cryptorchid testes.
ER‚ immunoexpression was detected predominantly in KE-
Leydig cells. Control CBA-Leydig cells were negative for ER‚ or
the result was inconclusive, whereas in cryptorchid CBA-
Leydig cells a weak immunostaining was present in their
nuclei. Western blot analysis confirmed the results obtained
by immunocytochemistry. In KE- and CBA-Leydig cells aro-
matase as a band of 55 kDa protein was present, whereas
ERα molecular weight was 67 kDa on Western blots. No
band was detected for ERβ. Radioimmunological analysis
revealed that androgen and estrogen levels secreted by
Leydig cells in vitro were strain-dependent. Additionally, in
KE-Leydig cells that derived from cryptorchid mice estrogen
level was distinctly higher in comparison with that of the
respective control.
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D
ata obtained from the studies on aromatase-
and estrogen receptor gene knockout mice
(ArKO, αERKO) point at an essential physi-

ological role of estrogens in male fertility, however
estrogens may also exert a deleterious effect on tes-
ticular cell function (Rosenfeld et al., 1998; Couse
and Korach, 1999; O’Donnell et al., 2001; Mahato
et al., 2001). Estrogen action, like that of other
steroid hormones, is mediated by specific intracellu-
lar receptors in target cells. It has been established
that besides classical estrogen receptor α (ERα),
novel receptor termed β (ERβ) exists. In species
studied to date two types of ERs exhibit different tis-
sue localization pattern and the level of expression.
Several studies have documented the presence of
estrogen receptors α and/or β within the same tis-
sue, which suggests that estrogen action could be
mediated either by ERα or ERβ. Involvement of both
ERs in the regulation of one cell function is also pos-
sible (Sharpe, 1998; Kuiper et al., 1998; O’Donnell
et al., 2001).The fact that both ERα and ERβ have
been found in numerous mammalian species suggests
that selective effects of estrogens may depend on
promotors that are differentially responsive to ERα
and ERβ (Jefferson et al., 2000).

Identification of the sites of expression of ERα
and ERβ in the testis is essential to elucidate the
role of estrogens in testicular physiology (Hess et
al., 1997, 2001; Saunders et al., 1998; Durkee et
al., 1998; Van Pelt et al., 1999; Bilinska et al.,
2000, 2001; Kotula-Balak et al., 2003). In
humans, differential expression pattern of ERs in
the testis has been found to be analogous to that
seen in the ovary. In the latter, ERβ immunostaining
was found in the nuclei of granulosa cells and ger-
minal epithelium cells, the ERα occurred in theca
cells whereas in the testis, ERβ immunoexpression
was detected in the nuclei of Sertoli, Leydig, and
germ cells while ERα was restricted to Leydig cells.
All together these data indicate that there is a cell-
and species-specific localization for each of the ERs.
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The presence of aromatase and ERs in mouse,
rat, and bank vole testicular tissue was demon-
strated by means of immunohistochemistry (Nitta
et al., 1993; Janulis et al., 1996; Saunders et al.,
1998, 2001; Levallet et al., 1998; Bilinska et al.,
2000, 2001), in situ hybridization (Van Pelt et al.,
1999; Pelletier et al., 2000; Mowa and Iwanaga,
2001), and RT-PCR (Levallet and Carreau, 1997;
Carreau et al., 1999; Makinen et al., 2001).
Recently, aromatase immunoexpression (Rago et
al., 2003) and aromatase mRNA (Lambard et al.,
2003) have been detected in human ejaculated
spermatozoa. However, only limited information is
available about aromatase gene expression or the
specific localization of aromatase and estrogen
receptors in cultured Leydig cells (Gennisel et al.,
2001; Papie et al., 2002).

In KE and CBA mice, differences in relation to fer-
tility parameters have been studied for many years
(Krzanowska, 1970) and described in detail in her
further reports (Styrna and Krzanowska, 1995;
Krzanowska and Bilinska, 2000; Styrna et al.
2002).A site of androgen aromatization both in con-
trol and cryptorchid testes of those mice has recent-
ly been reported (Bilinska et al., 2003).Therefore,
for the present study we used the testes of KE and
CBA mice as a source of Leydig cells in vitro. The
goal of this study was twofold. First, to establish a
cell culture model of Leydig cells that derived from
cryptorchid mice. Such a model would be useful for
further analysis of pathophysiology of cryptorchid
testis. The second, to check whether the hormonal
profiles and ER expressions in Leydig cells in vitro
undergo changes during culture. Finally, in the light
of our earlier paper (Bilinska et al., 2003) it was
important to show whether in Leydig cell in vitro the
alterations caused by cryptorchidism are rather
involved in testosterone secretion or testosterone
metabolism. For this purpose aromatase, ERα, and
ERβ were localized immunohistochemically in the
cell cultures and the presence of the proteins was
checked on Western blots. Additionally, testosterone
and estradiol secretion by cultured Leydig cells was
determined radioimmunologically in the culture
media.

Materials and Methods

Animals 
Induction of cryptorchidism in mature male mice

from KE and CBA/Kw inbred strains has been

described previously in detail (Krzanowska and
Bilinska, 2000). Experiments were performed in
accordance with Polish legal requirements under
the license provided by the Commission of Bioethics
at the Jagiellonian University. All mice were given
commercial pelleted diet, water ad libitum, and
maintained under 12h light-dark cycle.Testes from
KE and CBA mice, both control and cryptorchid,
served as a source of Leydig cells.

Cell isolation and culture
Six decapsulated testes from mice of each strain

were used for the preparation of Leydig cell sus-
pension. Briefly, the crude Leydig cells were
obtained by trypsin digestion (2 x 5 min; 0.25%
trypsin in PBS), then they were serially sieved
through 156 µm and 74 µm pore-size steel meshes
(US Standard Sieve ASTME, Dual MFG Chicago).
The supernatant was collected and centrifuged at
180x g for 5 min, then the cell pellet was subjected
for purification by centrifugation on continuous 10-
90% (v/v, 50 mL) Percoll gradient (Pharmacia,
Uppsala, Sweden) using the method described by
Schumacher et al. (1978) with our own modifica-
tions. After centrifugation, 800 x g, for 25 min at
4°C as low temperature significantly prevents cell
aggregation, the cell band containing Leydig cells
was collected, washed, and centrifuged once or
twice at room temperature with low-speed (90 x g
for 10 min). Finally, the cells were washed twice in
PBS, resuspended in culture medium; Medium 199
supplemented with 3% calf serum, L-glutamine
and sodium bicarbonate, containing penicilin (120
i.u./mL). Average inoculum contained 1 x 105

cells/mL of culture medium. The purity of the cells
was about 84-86% as it was checked by a histo-
chemical test for ∆5, 3β-hydroxysteroid dehydroge-
nase (∆5, 3β-HSD) activity. Viability of the cells
assessed by trypan blue exclusion test was <93-
95%. The Leydig cells were cultured for 48 hours
at 37∆C in a humidified atmosphere of 5% CO2 in
air, in 24-well-culture dishes (Nunc, Kalmstrup,
Denmark).The cell cultures were performed in trip-
licate. For immunocytochemistry each well was
closed with a round coverslip of appropriate diam-
eter.The culture media were collected and stored at
-20º for hormone determinations.

Immunocytochemistry
Cultured Leydig cells were processed for the visu-

alization of aromatase and ERs using the immuno-
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cytochemical technique described previously
(Bilinska et al., 2000). After fixation with 2%
formaldehyde freshly prepared from paraformalde-
hyde for 15 min and permeabilization with 0.1%
Triton X-100 in Tris-buffered saline (TBS; 0.05 M
Tris-HCl plus 0.15 M NaCl, pH 7.6) for 3 min the
cells were incubated overnight at 4°C in a humidi-
fied chamber in the presence of primary antibodies:
1) a rabbit polyclonal antibody against human
P450 aromatase (1:400; a kind gift from Dr. Y.
Osawa), 2) a mouse monoclonal antibody against
human ERα (1:100; ERα-1D5; Dako, Glostrup,
Denmark), and 3) a rabbit polyclonal antibody
against rat ERβ (1:100; PA1-310; Affinity
BioReagents, Golden CO, USA). Next, biotinylated
secondary antibodies, horse anti-mouse or goat
anti-rabbit IgGs (1:400; Vector, Burlingame CA,
USA), were applied, respectively. All antibodies
were diluted in TBS. Finally, avidin-biotinylated
horseradish peroxidase complex (1:100; Dako) was
used. After each step of staining procedure the cells
were carefully rinsed with TBS. Peroxidase activity
was visualized using 0.01% hydrogen peroxide,
0.05% diaminobenzidine, and 0.07% imidazole
(Sigma  Chemical Co., St Louis MO, USA) dis-
solved in TBS. Experiments were repeated three
times. For negative control, Leydig cell cultures
were incubated in the presence of irrelevant IgGs
instead of primary antibodies.The cells were exam-
ined with a Leica DMR microscope (Germany)
using Nomarski interference contrast.

Western blot analysis
Cultured Leydig cells from mice of both strains

served as the source of protein for immunoblot
analysis. The cells were homogenized in 50 mM
Tris-EDTA; pH 7.5 as described previously (Kotula-
Balak et al. 2004). Protein concentration was
determined with Bradford reagent (Bio-Rad
Protein Assay; Bio-Rad Laboratories GmbH,
München, Germany), using bovine serum albumin as
a standard. Protein aliquots (50 µg each) were
mixed with an equal volume of 2 x concentrated
sample buffer (Bio-Rad) and denaturated by boil-
ing for 3 min. Then, the samples were run on dis-
continous polyacrylamide gels (5% stacking and
10% separating gel) under reducing conditions.
After electrophoresis, the separated proteins were
electrophoretically transferred to nitrocellulose
membranes at 90 mA, overnight at 4°C.Then, they
were washed again overnight with TBS (the same as

for immunocytochemistry) containing 5% non fat
dried milk. Afterwards, the membranes were incu-
bated in the presence of the same antibodies as for
ICH. Antibodies were diluted 1:1000 in TBS. Next,
the membranes were rinsed to remove the unbound
antibody and incubated with a horse anti-mouse or
goat anti-rabbit IgGs (1:600; Vector Lab.,
Burlingame, CA, USA) coupled to horseradish per-
oxidase (1:1000) for 1.5 h at room temperature.
Bands were visualized by incubation in TBS con-
taining DAB (0.5mg/mL), and 0.3% H2O2. Porcine
granulosa cell culture was used as the positive con-
trol. In order to check repeatability of these find-
ings 3 separate analyses were performed. As a stan-
dard, Kaleidoscope Standard proteins (Bio-Rad
Lab., Richmond, CA, USA) were used.

Steroid analysis
Leydig cell culture media were analyzed for

androgen and estrogen contents using appropriate
radioimmunoassays as described in detail (Kotula-
Balak et al. 2004). Androgen concentrations were
determined using [1,2,6,7,-3H]-testosterone (The
Radiochemical Centre, Nycomed Amersham,
Buckinghamshire, England), specific activity, 81.0
Ci/mmol, as tracer and an antibody raised in rabbit
against testosterone-3-o-carboxy methylo-oxime-
bovine serum albumin (BSA), whereas estrogens
were assessed using [2,4,6,7,-3H]-estradiol (The
Radiochemical Centre, Nycomed Amersham), spe-
cific activity, 86.0 Ci/mmol, as tracer and an anti-
body raised in rabbit against estradiol-17β-6-
oxime-BSA. Androgen antibody cross reacted with
5α-androstane-17β-o1-3-one (100%), with dihy-
drotestosterone (20.8%), with androstendione,
(15.6%), with androsterone (7.4%), and with
dehydroepiandrosterone (3.5%). Eight other
steroids cross reacted for less than 0.01%.
Coefficients of variation within and between assays
were 7.3% and 9.7%, respectively.

The specificity of the antiserum for estrogen was
high. The antibody cross reacted with estradiol
(100%), with estrone (68%), and with estriol
(2.4%). Cross reactions for other steroids were
below 0.1%. Coefficients of variation within and
between assays were 3.2% and 7.5%, respectively.
The lower limit of sensitivity of the assays was 5
pg/tube. All samples were assayed in duplicates
from at least 3 separate experiments. Testosterone
levels are expressed in ng/105 cells, whereas estra-
diol levels are expressed as pg/105 cells. Statistical
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Figures 1. A-L) Immunocytochemistry of Leydig cells in vitro. Leydig cell cultures immunostained for aromatase, ERαα, and ERββ. Scale bar
represents 10 µµm. Immunoreactivity for aromatase in control (A) and cryptorchid (B) KE-Leydig cells as well as in control (C) and cryp-
torchid (D) CBA-Leydig cells. Positive staining is visible only in the cytoplasm of the cells. Note a stronger immunoreactivity for aromatase
in Leydig cells of cryptorchid mice (arrows). Immunoreactivity for ERαα in control (E) and cryptorchid (F) KE-Leydig cells as well as in con-
trol (G) and cryptorchid (H) CBA-Leydig cells. Only nuclear immunostaining is visible. Note a stronger immunoreactivity for ERαα in Leydig
cells of cryptorchid mice (arrows). Immunoreactivity for ERββ in control (I) and cryptorchid (J) KE-Leydig cells. A nuclear immunostaining of
ERββ is visible. Note a stronger immunoreactivity for ERββ in Leydig cells of cryptorchid mice (arrows), see also a larger magnification (insert
in J). No immunoreaction for ERββ in control CBA-Leydig cells (K), whereas in cryptorchid CBA-cells (L) a weak immunoreactivity in the nuclei
is visible (arrows). No immunoreactions are found in the respective negative controls (see inserts in A, E, I).



evaluation of the data included one-way analysis of
variance (with the significance level at p<0.05) and
the Duncan's multiple range test.

Results

Morphological analysis of isolated Leydig cells
prior to culture revealed differences in cell size of
more than 60% of the cells when control cells ver-
sus those of the cryptorchid were compared. Leydig
cells that derived from cryptorchid mice possessed a
larger nuclei than those of the controls. In cultured
cells of either control or cryptorchid mice the num-
ber of nucleoli was similar (2-3/cell).There were also
no differences in the rate of monolayer formation by
Leydig cells obtained either from control or cryp-
torchid mice. All Leydig cells growing in a 48-hour-
monolayer system required a similar time to attach
and form a confluent monolayer, however, after fur-
ther 24h in culture, Leydig cells that derived from
cryptorchid males became fibroblast-like which was
not the case with the cells of the controls.

Immunocytochemistry
Using immunocytochemistry, a specific, cytoplas-

mic or nuclear immunostaining, however different
in its intensity, was revealed in almost all Leydig
cell cultures (Figure 1A-L).

The immunostaining for aromatase was detected
in the cytoplasm of all Leydig cells obtained either
from control or cryptorchid males (Figures A, B, C,
D).The intensity of aromatase immunostaining was
stronger in KE-Leydig cells than in those of CBA
(Figures A, B vs C, D). Moreover, a distinct differ-
ence in the staining intensity was observed between
Leydig cells that derived from control or cryp-
torchid mice.Those of cryptorchid males expressed
always much stronger staining than those of the

controls (Figures B, D vs A, C).
Immunostaining for ERα was found in Leydig cell

nuclei however, there were no distinct differences
between the intensity of the staining in KE and CBA-
Leydig cells (Figures E, F, G, H). The nuclear
immunostaining was always very strong in Leydig
cells that were isolated from cryptorchid individuals
(Figures F, H).

Positive ERβ immunoexpression was detected in the
nuclei of KE-Leydig cells, predominantly in those
deriving from cryptorchid males (Figures I, J).
Frequently, individual cells in Leydig cell monolayer
expressed various intensity of the staining as did for
aromatase and ERα (compare with Figures B, F).
Control CBA-Leydig cells were negative for ER‚ or the
result was inconclusive, only non-specific background
staining in the cytoplasm was noticed (Figure K),
whereas in cryptorchid CBA-Leydig cells a weak
immunostaining was detected in the nuclei (Figure L).

Positive immunostainings for aromatase, ERα, and
ERβ were not found when the primary antibodies
were replaced by normal horse or goat serum, respec-
tively (see, inserts in Figures A, E, and I).

Western blot analysis
In both KE- and CBA-Leydig cells in vitro,obtained

either from control or cryptorchid males, immunode-
tectable aromatase protein as bands of about 55 kDa
(Figure 2, lanes 1, 2, 3, 4) and the ERα protein as
bands of about 67 kDa (Figure 3, lanes 1, 2) were
detected.There was no ERβ protein detected in KE-
and CBA-Leydig cell cultures (not shown).

Radioimmunological analysis
Radioimmunological analysis of steroid hormone

levels revealed differences between testosterone
and estradiol secretion by control and cryptorchid
Leydig cells (Figure 4). Strain-dependent differ-
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Figure 2. Western-blot analysis of aromatase in control and
cryptorchid KE- and CBA-Leydig cells.  Lane 1 - control KE-cells;
lane 2 - cryptorchid KE cells; lane 3 - control CBA-cells; lane 4
- cryptorchid CBA-cells. Lane MW contains prestained protein
standards with molecular weights in kDa.

Figure 3. Western-blot analysis of ERαα in control and cryp-
torchid KE-Leydig cells. Lane 1 - control KE-cells; lane 2 - cryp-
torchid KE-cells. Lane MW contains prestained protein stan-
dards with molecular weights in kDa.



ences in both hormone levels as well as in estradiol
formation were also found. Testosterone levels in
CBA-Leydig cells in vitro were much higher than in
those of KE. In the cell cultures, estradiol was of
various level, being higher in KE-Leydig cells than
in CBA-Leydig cells.

In detail, testosterone secretion by control CBA-
Leydig cells was distinctly higher than that of cryp-
torchid CBA-Leydig cells, whereas in control KE-
Leydig cells testosterone secretion was only slightly
higher than that of cryptorchid KE-Leydig cells.The
differences were statistically significant at p<0.05
(see, Figure 4).

Estradiol secretion in cryptorchid CBA-Leydig
cells, was much lower than in those of KE and high-
er than that of control CBA-Leydig cells (p< 0.05),
whereas in cryptorchid KE- cells estradiol secretion
was distinctly higher in comparison with that of the
controls. Statistical significance was found at the
level p<0.05 (see Figure 4).

Discussion

Differences related to the localization of aro-
matase and estrogen receptors in cultured Leydig
cells that have been isolated from control and cryp-
torchid mice of KE and CBA strains were studied
by means of immunocytochemistry and Western
blot analysis. Very often, the staining in individual
Leydig cells of the same culture was of various
intensity that could reflect a functional heterogene-
ity of Leydig cells in vitro. In all KE- and CBA-
Leydig cell cultures the positive stainings for both,
aromatase and ERα, were detected. However, the
intensity of immunoreaction for aromatase was
found to be strain-dependent.The ERα staining was
of similar intensity in KE- and CBA-Leydig cells.
These results in vitro fit well with our earlier study
performed on testicular sections (Bilinska et al.,
2003). Moreover, in the present study, strain-
dependence phenomenon was visible in relation to
ER‚ expression that was observed in control and
cryptorchid KE-Leydig cells. In control CBA-
Leydig cells, either the cells were immunonegative
for the ERβ or non specific, very weak staining in
the cytoplasm made definitive immunolocalization
inconclusive. Also by Western blot we were unable
to detect the presence of ERβ protein in CBA-
Leydig cells. In the cells isolated from cryptorchid
CBA mice a weak ERβ immunoexpression was
localized to Leydig cell nuclei, however in these
cells no band for the ERβ was found.Therefore, we
may conclude that in CBA-Leydig cells in vitro only
the ERα is responsible for mediating of estrogen
action. Comparing the intensity of immunostainings
for both ERs in KE-Leydig cells it was clear that
the intensity of ERβ immunostaining was always
weaker than that of ERα.These results suggest that
ERα possibly plays the main role in estrogen-medi-
ated regulation of KE-Leydig cell function, howev-
er the additive role of ERβ can not be excluded. It
should be added that the presence of immunoreac-
tive ERβ observed in KE-Leydig cell cultures is in
agreement with previous findings of Saunders et al.
(1998) and Rosenfeld et al. (1998) who also
detected positive immunoreaction for ERβ in rat
and mouse Leydig cells, respectively. In contrast,
our previous studies revealed that bank vole Leydig
cells are equipped only with ERα by which the
action of estrogen is mediated (Bilinska et al.,
2000; 2001).This corroborates the study of Fisher
et al. (1997) who have shown the expression of
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Figure 4. Testosterone (A) and estradiol (B) secretion by cul-
tured Leydig cells of CBA and KE mice obtained either from con-
trol or cryptorchid individuals. Means ± SD (n = 3); means with-
out common superscripts (a, b, c) are statistically different
(p<0.05). 



ERα in rat Leydig cells. Based on other immunocy-
tochemical studies, the predominance of ERα over
ERβ in Leydig cells has also been established
(Pelletier and El-Alfy, 2000). On the contrary,
according to Saunders et al. (2001), in testicular
cells of human and non-human primates, neither
Leydig nor other cells express ERα immunoreactiv-
ity, however ERβ immunoexpression have been
detected in Leydig, Sertoli, and peritubular cells.

In the present study we also showed differences in
the intensity of immunostaining of aromatase and
ERs between Leydig cells that derived from control
or cryptorchid males. In cultured Leydig cells of
cryptorchid mice all immunostainings were always
stronger than those in the cells of respective con-
trols. Similar pattern of aromatase expression was
previously observed in testicular sections of cryp-
torchid mice (Bilinska et al., 2003). An increase in
immunostaining intensity for aromatase as well as
higher estrogen level was also observed in Leydig
cells of mouse mutant strain, B10. BR-Ydel in com-
parison to those that derived from control mice,
B10. BR (Kotula-Balak et al., 2004). In transgenic
mice with aromatase overexpression that looked
like cryptorchid males, Leydig cell hypertrophy and
hyperplasia has frequently been found (Li et al.,
2001). It could be anticipated to our in vitro study,
in which the cells prior to culture, isolated from
cryptorchid mice were larger in size than those of
the respective controls. It should be added that the
cells isolated from cryptorchid individuals
expressed 3β-hydroxysteroid dehydrogenase activi-
ty, and grew in culture maintaining the features of
steroidogenic cells as did the controls, however,
after additional 24 h in culture the shape alter-
ations observed in cryptorchid cells, not in the con-
trol cells, could be explained by dedifferentiation of
the cells in vitro, that easily loose the hormonal and
enzymatic activity.

All together these data are in agreement with the
hypothesis that the androgen:estrogen ratio is
essential for physiological function of the testis
(Sharpe, 1998; Couse and Korach, 1999; O’Donnell
et al., 2001). Moreover, it has been established that
a disturbed balance in sex hormone biosynthesis
can provoke morphological and functional changes
not only in germ cells but also in somatic cells.
According to Bergh et al. (1984) it is also possible
that disturbances in Leydig cell function result in
part from an increase in testicular temperature and
in part from changes in testicular microcirculation.

On the contrary, Wu and Murono (1996) reported
that a higher temperature stimulates Sertoli cells to
produce a growth factor which induces Leydig cell
regeneration.This could explain the good condition
of Leydig cells that were isolated from cryptorchid
testes and then cultured in vitro, as shown in the
present study. In these cells we also observed
strain-dependent differences in testosterone and
estradiol secretion. CBA-Leydig cells in vitro
secreted a high amount of testosterone that posi-
tively correlates with a very strong 3β-HSD activi-
ty in cultured Leydig cells as detected earlier histo-
chemically (Godowicz and Bilinska, 1981). In con-
trast, a low level of testosterone in KE-Leydig cells
could be somehow responsible for frequent sperm
abnormalities that appear in KE strain of mice
(Krzanowska and Bilinska, 2000). On the other
hand, a relatively high secretion of estradiol by KE-
Leydig cells correlates well with a high expression
of aromatase as detected in these cells and could
indicate a strong potential for androgen aromatiza-
tion in KE-Leydig cells in vitro.

Finally, we can conclude that KE- and CBA-
Leydig cells obtained from cryptorchid mice are
able to grow in vitro, and during 48 hours in culture
they maintain their steroidogenic features as in
vivo. The Leydig cells express the aromatase and
are target for estrogens. Estrogenic effects within
these cells are principally mediated by the ERα.
Moreover, cryptorchidism in KE mice is a cause of
a distinct increase in testosterone metabolism
rather than impairment of testosterone secretion by
KE-Leydig cells in vitro.
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