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Abstract: Recent evidence suggested a positive correlation between environmental estrogens (EEs) and high inci-
dence of abnormalities in male urogenital system. EEs are known to cause the abnormalities of testes development
and testicular descent. Diethylstilbestrol (DES) is a nonsteroidal synthetic estrogen that disrupts the morphology
and proliferation of gubernacular cells, and its nongenomic effects on gubernaculum testis cells may be mediated
by G protein-coupled estrogen receptor (GPER). In this study, we detected the expression of GPER in mouse guber-
nacular testis and investigated the effects of DES on the expression of GPER in gubernaculum testis cells. RT-PCR
analysis revealed that GRER mRNA was expressed in the gubernaculum. GPER protein was detected in the paren-
chymal cells of the gubernaculum early in development. Furthermore, we demonstrate that GPER inhibitor G15
relieved DES-induced inhibition of GPER expression in gubernaculum testis cell, but ER inhibitor ICl 182780 had the
converse effects on DES-induced inhibition of GPER expression in these cells. These data suggest that the effects
of DES on mouse gubernaculum testis cells are mediated at least partially by the regulation of GPER expression.
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Introduction

The relationship between environmental pollu-
tion and adverse trends in male reproductive
health is still one serious problem worldwide,
especially the environmental estrogens (EES)
[1]. Increasing incidence of testicular cancer,
low semen quality, high incidence of unde-
scended testis and hypospadias have been
postulated as the symptoms of one underlying
entity, testicular dysgenesis syndrome (TDS) [2,
3]. Therefore, it is urgent to explore the effect
of EEs on male productive system, but the
underlying mechanism remains largely elusive
[4, 5].

Testicular descent indicates the migration of
the testis from the abdominal cavity to the
scrotum and is essential for proper functioning
of the testis. Testicular descent is an integral
part of the male differentiation process. The
process of the normal testicular descent is
generally subdivided into two phases:

tansabdominal and inguinoscrotal migration
phases. The migration involves the regression
of the cranial suspensory ligament and the
development of the gubernaculums. Several
studies indicate that hormonal effects on the
gubernaculum may mediate testicular descent
[6-8]. It is known that estrogen exerts its eff-
ects through ER. Mouse testis gubernaculum
showed growth retardation, atrophy, and even
cryptorchid symptoms in ERa knockout mice
(ERKO) [9]. However, recent data suggest that
G protein-coupled estrogen receptor (GPER) is
implicated in the nongenomic effects of EEs
[10]. EEs were shown to activate GPER-cCAMP/
protein kinase A (PKA)-CREB signaling pathway
in seminoma cells [11].

Diethylstilbestrol (DES) is a nonsteroidal
synthetic estrogen, and exposure to DES leads
to high rate of reproductive abnormalities in
males, such as hypospadia, testicular hypo-
plasia, epididymal cysts and cryptorchidism
[12]. Recently, we isolated mouse gubernaculum
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testis cells and showed that DES impaired the
morphology as well as the proliferation and
contractility of gubernaculum testis cells [13],
and the nongenomic effects may be mediated
by GPER-protein kinase A-ERK-CREB signaling
pathway [14]. Therefore, we propose that GPER
is another important estrogen receptor to
mediate nongenomic effects. In this study, we
detected the expression of GPER in mouse
gubernacular testis and investigated the
effects of DES on the expression of GPER in
gubernaculum testis cells.

Materials and methods
Mouse gubernaculums testis

Kunming mice were maintained at the Animal
Research Laboratory in the Medical College
of Shantou University. These mice were kept
under controlled conditions at a fixed tempera-
ture and under a 12-h night/dark cycle, and
with free access to water and laboratory chow.
After mating, gestational mice were housed
individually. The day of vaginal plug was desig-
nated day O (GDO) and the day of parturition
was designated day O (PDO). Thereafter, the lit-
ter males and mother were kept together until
the young were 3-5 days old. Mice were killed
by decapitation in different stages (GD17,
GD19, PDO, PD3, PD7, PD14, PD21) and guber-
naculum tissues were collected for following
experiments.

Primary cell culture and treatment

Primary gubernaculums testis cells were iso-
lated from mice as described previously [13].
The cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with
5% charcoal dextran-treated fetal bovine serum
(FBS) under 5% CO, and 95% air at 37°C.
Subcultured cells were randomly divided into
different groups treated with different concen-
trations of DES and/or 1 uM GPER antagonist
G15, or 1 nM ER antagonist ICI 182780.

Immunohistochemistry

Gubernaculum cells were fixed in 4% parafor-
maldehyde in PBS for 15 min, washed in 0.1 M
PBS for 15 min three times, and permeabilized
in 0.5% Triton X-100 in PBS for 15 min.
Endogenous peroxide activity was blocked by
treating with 3% hydrogen peroxide for 30 min.
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The cells were supported on coverslips by
grease-pencil markings and immersed in 5%
BSA for 30 min to block nonspecific binding
sites before incubation with rabbit polyclonal
antibody against GPER (1:100, Santa Cruz
Biotech, Santa Cruz, CA, USA) in PBS at 4°C
overnight. Slides were rinsed in PBS for 15 min
followed by incubation with the appropriate bio-
tinylated goat anti-rabbit IgG for 30 min at room
temperature. Then the slides were incubated
with streptavidin-biotin-(peroxidase) complex
at room temperature for 20 min followed by
staining with a diaminobenzidine chromogenic
kit. The stained cells were visualized under a
microscope.

Immunoelectron microscopy

Gubernaculum testis was removed from PD3
mouse and fixed in 0.5 ml of fixation solution
(pH 7.4): 4% paraformaldehyde, 0.1% glutaral-
dehyde 0.3% trinitrophenol, 0.1 M sodium
dimethylarsenate. For proper fixation, the
minimum incubation time was 4 h at 4°C. The
tissues were washed with PBS, dehydrated
with series of ethanol dilution, embed with LR
White resin at 60°C until polymerization was
completed (usually 2-3 days). The samples
were cut into sections and place onto Formvar
and carbon-coated nickel grids. After blocking
with 20% goat serum for 1 h, the grids were
incubated with rabbit polyclonal antibodies for
GPER diluted at 1:50 in blocking buffer for 2 h
atroom temperature, followed by the incubation
with anti-Rabbit IgG conjugated with 10 nm
colloidal gold particles (Sigma, USA) for 1 h at
room temperature. The grids were washed and
dried on filter paper and observed under
electron transmission microscope.

Real-time PCR

Total RNA was extracted from mouse gubernac-
ulums testis using trizol and was used to syn-
thesize cDNA. Specifically, 1 pyL of 1 g/L RNA
was mixed with 4 uL of 5 x Prime Script buffer,
1 uL RT enzyme mix I, 1 yL of oligo dT primer, 1
pL of random 6 mers, and 13 pL of DEPC water,
and then incubated at 37°C for 15 min followed
by 85°C for 5 s to inactivate reverse transcrip-
tase. The cDNA was then used as the template
to amplify the target genes using real-time PCR
in a 20 pL system containing 2 pL of cDNA, 10
uL of 2 x SYBR Premix, 0.4 uL of Ex Taq, 0.4 uL
of forward primer, 0.4 uL of reverse primer, 0.4
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Figure 1. Expression of GPER in mouse gubernaculums testis. A. Immunohistochemical staining of GPER in guber-
naculums testis. a. GD19, b. PDO, c. PD3, d. PD7 (x 400). B. Immunoelectron microscopy showing colloidal gold
particles positively stained by GPER antibody. C. RT-PCR analysis of GPER and GAPDH expression in gubernaculums
testis. D. Western blot analysis of GPER protein expression in mouse gubernaculums testis at different stages of
testis descent. E. Densitometry analysis of the blots shown in D (n=3). GAPDH served as loading control. *P<0.05,
**P<0.01 versus PDO control.

uL of 50 x ROX reference dye Il, and 6.8 pL of
dH,O under the following conditions: 95°C for
30 s, followed by 40 cycles at 95°C for 5 s,
55°C for 30 s, and 72°C for 30 s. The primers
were as follows: GPER forward primer,
5-CCCAGATGCCACTCCTAACT-3' and reverse
primer, 5-ACCCAGTCTCCTTCCACCTT-3’; GAPDH
forward primer, 5-GGAAGGGCTCATGACCACAGT-
3’, and reverse primer, 5’-GGAAGGCCATGCCA-
GTGA-3'. Relative expression levels of GPER
and GAPDH were analyzed using image analy-
sis software (BandScan 5.0).

Western blot analysis

Gubernaculums testis tissues and cells cul-
tured under indicated conditions were harvest-
ed and lysed as described previously [13]. The
lysates were separated by sodium dodecysul-
fate-polyacrylamide gel electrophoresis and
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transferred into the membranes, which were
incubated with rabbit polyclonal antibody
against GPER (1:100) or GAPDH (1:1,000) at
4°C overnight. The membranes were washed
three times with TBST and incubated with per-
oxidase conjugated goat anti-rabbit secondary
antibody (1:1,000; Santa Cruz Biotech, Santa
Cruz, CA, USA) for 1 h at room temperature.
Finally, the membranes were washed three
times with TBST and visualized using Western
Blotting Luminol Reagent (Santa Cruz Biotech,
Santa Cruz, CA, USA) according to the manufac-
turer’s instruction.

Statistical analysis

Data were presented as mean + SEM and ana-
lyzed by Student t and X? tests using SPSS 13.0
software (SPSS, Chicago, IL). Differences were
considered significant at P<0.05.
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Figure 2. Western blot analysis of the expression of GPER in mouse guber-
naculum testis cells. A. Cells were treated with DES or additionally pretreated
with ICI 182780 or G15 as indicated, and GPER expression was detected by
Western blot analysis. B. Densitometry analysis of the blots shown in A (n=3).
*P<0.05, **P<0.01 versus the corresponding control in the left, V V P<0.01,

V P<0.05 versus DES in the same time point group.

Results
Localization of GPER in gubernaculum testis

First we examined the localization of GPER in
mouse gubernaculums testis. Immunohisto-
chemistry analysis showed that GPER staining
was strong both on the membrane and in the
cytoplasm and the positive cells were located
at the loosened mesenchymal part of guber-
naculum testis bulb (Figure 1A). Moreover,
ultrastructural analysis of subcellular localiza-
tion of GPER protein by immunoelectron micros-
copy showed that GPER was mainly localized in
the mesh-like network of the cytoplasm, which
may refer to rough endoplasmic reticulum
(Figure 1B). The expression of GRER mRNA was
detected in the gubernaculums testis by
RT-PCR (Figure 1C).

Western blot analysis showed that GPER was
expressed in gubernaculum testis during differ-
ent stages of testicular descent, including
GD17, GD19, PDO, PD3, PD7, PD14 and PD21
(Figure 1D). GPER protein level in PD3 was

7220

GAPDH

increased evidently and de-
creased in PD21. Compared
with PDO, Western blot anal-
ysis showed that GPER pro-
tein level was increased in
GD17 and PD3 (P<0.01), and
decreased in GD19 and
PD21 (P<0.5) (Figure 1E).

DES affects GEPR expres-
sion in gubernaculum testis
cells

(=3 DES

E=3 ICI182780-DES
B G15-DES

To confirm that the rapid
effects of DES are mediated
by GPER in gubernaculum
testis cells, we detected the
expression of GPER in guber-
naculum testis cells treated
with DES. Western blot analy-
sis showed that GPER pro-
tein level in gubernaculum
testis was inhibited by DES.
Next we pretreated cells with
ER inhibitor ICI 182780 or
GPER inhibitor G15 before
the cells were treated with
DES. Compared with the DES
group, pretreatment with ICI
182780 increased the level
of GPER, especially at the time point of 10 min
(P<0.01), but after the time point of 1 h the
level of GPER was decreased obviously
(P<0.05). In contrast, compared with the DES
group, pretreatment with G15 decreased the
level of GPER at different times (P<0.05) (Figure
2). These results suggest that DES affects
GEPR expression in gubernaculum testis.

Discussion

Environment estrogens (EEs) is one major type
of environmental endocrine disruptors (EDs).
Epidemiological evidence suggests that expo-
sure to EEs is associated with deteriorating
male reproductive function, such as male infer-
tility and/or lower semen quality which are
termed TDS [15]. However, the mechanism by
which EEs affect the male reproduction is
unclear.

EEs have been known to perturb the male
reproductive system, and were thought to
directly affect the testes. However, regions
other than testis, such as gubernaculums have
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began to attract attention, since they influence
testis development and testicular descent, and
are involved in abnormalities of the male repro-
ductive system [16]. We focused on the effects
of EEs on gubernaculums testis for years, and
had established experimental models in vivo
(embryonic exposure to EEs) and in vitro
(gubernaculums testis cell culture) to inves-
tigate the effects and mechanisms of EEs on
the development of gubernaculums testis [13,
14].

As the main receptors of estrogen, ER plays
important role to mediate the biological effects
of estrogens in gubernaculum testis because
testis gubernaculum grew slowly, were atro-
phied, and even developed cryptorchid
symptoms in Era knockout mice [9]. In addition,
Era and Erg mRNA and proteins have been
detected in rat gubernaculum testis [17].
Furthermore, recent data showed that GPER
was expressed in both nonneoplastic and
neoplastic human testes [18]. In agreement
with these previous studies, using immuno-
histochemistry analysis we showed that GPER
was located at the loosened mesenchymal part
of gubernaculum testis bulb, and was stained
both on the membrane and in the cytoplasm.
RT-PCR proved that GPER mRNA was expressed.
Western blot analysis showed that GPER was
expressed in gubernaculum testis during diff-
erent stages of testicular descent. According to
the process of the normal testicular descent,
the expression of GPER increased gradually in
intansbdominal phase and decreased in
inguinoscrotal migration phases. These data
suggest that GPER is potentially involved in
mediating the rapid response of gubernaculum
testis cells to EEs.

DES is a non-steroidal synthetic estrogen,
which has been used as estrogen therapy to
prevent miscarriages and other complications
of pregnancy. Recent data demonstrated the
occurrence of long-term effects after develop-
mental exposure to DES, and the possibility for
adverse effects to be transmitted to subse-
quent generations [19]. Consequently, DES
became the first and classic example of an in
utero estrogenic toxicant in humans and ani-
mals. To provide evidence that GPER mediates
the rapid effects of EEs, we treated gubernacu-
lums testis cells with DES. We found that DES
inhibited the expression of GPER in gubernacu-
lum testis cells. In addition, GPER inhibitor G15
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relieved DES-induced inhibition of GPER expre-
ssion in gubernaculum testis cell, but ER inhibi-
tor ICI 182780 had the converse effects on
DES-induced inhibition of GPER expression in
these cells. Taken together, our data suggest
that the rapid effects of DES on gubernaculums
testis cells are unlikely to be mediated by ER
but instead mediated by GPER.

In summary, in this study we demonstrated that
GPER is expressed in gubernaculum testis at
tissue, cellular, and molecular levels, and DES
affects the expression of GPER in the cultured
gubernaculums testis cells. The nongenetic
effects of DES on gubernaculums testis are
unlikely to be mediated by ER but instead
mediated by GPER partly. Therefore, our data
provide new insight into the role of EEs in the
etiology of male reproductive system and will
help develop better approaches for the
prevention and therapy of male reproductive
malformation.
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