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REPRODUCTIVE TISSUES AND SPERM CELLS -
A REVIEW”

R. Krejéirova, P. Postlerova, R. Rajmon

Czech University of Life Sciences Prague, Faculty of Agrobiology, Food and Natural
Resources, Department of Veterinary Sciences, Prague, Czech Republic

The effect of endogenous estrogens on the male reproductive tissues and development of gametes is an essential for the repro-
ductive success. Estrogens affect the target cells via estrogen receptors (ERs) by both genomic and non-genomic pathways.
The ER localization in the testis, epididymis, and sperm cells is a key to understanding the effect of estrogens on the sperm
development, maturation, and function. The ER detection in male reproductive tissues and sperm cells at different develop-
ment stages is described in representative mammalian species (human, mouse, rat, horse, and pig), in which the ER localizati-
on has been most described. According to various authors the ER occurrence in the male reproductive tissues and spermatozoa
is quite distinct. Discrepancy in the published results is probably caused either by the application of different tissue prepara-
tion methods, or the choice of specific antibodies. Inconsistent findings should be subjected to further investigation to better

understand the role of ERs in the male gamete development and mammalian reproduction

ERo, ERB, GPER, testes, epididymis, germ cells
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INTRODUCTION

Estrogens represent one of the major groups of
hormones that have the ability to regulate reproductive
processes in both females and males and thus affect
their fertility. Their effect on the organism is very varied
depending on the targeted tissue. However, some sub-
stances from the external environment also have estro-
genic effects similar to those of endogenous estrogens.
Environmental estrogens, xeno- and phytoestrogens,
are so-called endocrine disruptors with the ability to
bind estrogen receptors (ERs) and affect physiologi-
cal processes in the body. They can act through ERs
agonistically or antagonistically and display either
estrogenic or anti-estrogenic effects. They also have
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the ability to influence the reproduction process and
gametogenesis (Shemes, Shore,2012). Although
estrogens were previously considered to be female
sex hormones, they play also an indispensable role
in the development and activity of male reproductive
organs (Luconi etal.,2001; 2002). Estrogens play
an important role in spermatogenesis, sperm matura-
tion, capacitation, acrosome reaction, and fertilization
(Pelletier, E1-Alfy,2000; Lukoseviciute
et al., 2005; Kotula-Balak etal., 2012). High
levels of estrogens disrupt the spermatogenesis, while
the low ones have a positive effect (Carreau etal.,
2011). Spermatozoa are also affected by estrogens
during their transport and deposition in the female
reproductive tract (Dostalova etal., 2017).
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The effect of estrogens is determined by the pres-
ence of estrogen receptors (ERs) in the cells of tar-
geted tissues to which they are able to bind, thus
initiating the cellular responses (Carpino et al.,
2004b; Chimento etal., 2010a, b). Detection and
localization of ERs is essential for understanding the
effect of estrogens on the organism (Razandi et
al., 2004). The molecular mechanism of ER activity
is linked with their cell localization. Beside the cy-
tosol and cell nucleus, these receptors are also found
in the plasma membrane or endoplasmic reticulum
(Razandi etal., 2004). Classic steroid hormone
signaling includes nuclear and cytosolic receptors
(Levin, 2009). After binding the hormone, the re-
ceptor binds to the DNA regulating gene transcription
and subsequently affects the cell activity (Beato et
al., 1996). While the genomic effects of estrogens via
classic ERs have been explained satisfactorily, the
estrogen non-genomic effect via membrane receptors
proceeds through a different molecular mechanism,
as yet unexplained (Pedram etal., 2007). The non-
genomic manner of action is very fast in comparison
with the genomic one and runs for several seconds to
a few minutes (Gruber etal., 2002; Heldring
et al., 2007).

At present, three ERs are known in somatic cells.
The first two are the classic estrogen receptors ERa
(ESRI1 according to the new nomenclature) and ER
(ESR2 according to the new nomenclature) that mediate
the effects of estrogens in genomic (nuclear) signal-
ing, but appear to be involved in the non-genomic
pathway as well (Whiting et al., 2000). Later,
a membrane-associated G protein-coupled estrogen
receptor 1 (GPER-1, also referred as GPER or GPR30)
was described (Filardo etal., 2007). This estrogen
receptor is associated with rapid non-genomic signal-
ing out of the nucleus (Wang et al., 2014).

Classic estrogen receptors ERa and ERp

Two subtypes of ERs belonging to the family of
nuclear receptors are known: ERa (also referred to as
ESRI1 in the literature) and ER (referred to as ESR2)
(Kumar etal.,, 2011). ERa and ERP receptors may
act as transcription factors or trigger extranuclear-ini-
tiated kinase signaling pathways (Kulkoyluoglu,
Madak-Erdogan, 2016).

ERa and ERP have a similar structure. Both are com-
posed of distinct but functional interacting domains: the
N-terminal domain, the DNA-binding domain, and the
ligand-binding domain. It was found that the N-terminal
domain of human ERa and ERP shares less than
20% amino acid identity. This results in a relatively
high specificity of effects on the targeted genes, depend-
ing on the ER subtype (Ogawa etal., 1998; Zhao
et al., 2008). Their expression is tissue-specific and
they have a different function (Grober etal.,2011;
Kulkoyluoglu, Madak-Erdogan, 2016).
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Both subtypes of classic ERs have different ligand
specificity and transcriptional activity (Acconcia,
Kumar, 2006).

There is information on the localization of ERa
and ERp in the cell membranes, where these receptors
participate in non-genomic signaling (Razandi et
al., 2004; Levin, 2009). The membrane ERa ap-
pears to be very similar and possibly identical to the
nuclear receptor (Razandi etal.,2002). Presumably,
the classic receptors move to the plasma membrane;
this process is determined by palmitoylation of ERs,
allowing association of the ER with transport protein
caveolin-1 and subsequent transfer to the caveolar
region in the plasma membrane (Acconcia et al.
2003; Pedram etal., 2007,2012), where the receptor
can interact with many signaling proteins and activate
G-protein subunits (Razandi etal.,2002; Kumar
et al., 2007).

Localization of ERo and ERJ in the tissues of
male reproductive organs. Classical estrogen recep-
tors are not distributed in the male tissues evenly.
Their highest number is found in the reproductive
tract(Lombardi etal.,2001) and their localization
has been described across mammalian species. The
expression of both isoforms (ERa and ERP) also dif-
fers. The occurrence of ERa is more specific, whereas
ERp is ubiquitous in the entire male reproductive tract
(Eddy etal,, 1996;Franca etal.,2005;Carreau,
Hess, 2010). The distribution of both ER subtypes
in various regions of the male reproductive tract is
not only species-specific, but also differs within the
species, for example, depending on age (Carpino
et al., 2004b; Solakidi etal., 2005). The presence
of ERs in male reproductive organs, namely the testis
and epididymis, has been studied in several mammalian
species, predominantly in small laboratory animals
and humans. Additionally, the ERs in male reproduc-
tive tissues have been also described in farm animals,
mostly in horses and pigs, in relation to the effect of
endogenous estrogens on reproduction. Particularly in
pigs, a high sensitivity to low doses of xenoestrogens
was reported (Prelusky, 1994).

In the literature, the information on the distribu-
tion of ER isoforms has often been controversial. In
reproductive tissues and spermatozoa of different
species, ERs have been localized and detected using
various polyclonal and monoclonal antibodies by im-
munohistochemistry and immunocytochemistry and by
Western blot analysis. Nevertheless, the difference in
the published results could have been caused also by
either the application of different tissue preparation
methods, or the choice of specific antibodies. Published
results on localization of classical ERs in the testis,
epididymis, and sperm cells of mouse, rat, human,
stallion, and pig are summarized in the Table 1 (for the
ERa detection) and Table 2 (for the ERf detection).

Detection of ERa and ERp in the testis. Data
on the ERs in the testicular tissue is very different.
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Table 1. Detection of ERa in testicular and epididymal tissues, germ cells, and spermatozoa in selected mammalian species

Human Mouse Rat Stallion Boar
Testicular interstitial tissue/ . +ad (22), . .
N.D. + (35 + 12 + 30), — 25
myoid cells (35) im (12) —im (22) im (30), —im (25)
. +ad (12, 23), +ad (22), +wad (9,17, 25),
Leyd 11 —(6, 16, 31 + (16, 35
cydig celis (6,16, 31) (16,35) +im (12) | +SCim (22) +im (30), — im (17, 25)
+ad (9), + d (17
, +ad (12), ~ad (22), ad (9), + SCad (17),
Sertoli cells ~ (6, 16, 31) ~ (16, 35) im(12) +im (22) —ad (25), + im (30),
! —im (17, 25)
+ad (23 + SC ad (25), + d (9
+SC (6, 8, 24), ad (23). | e ad (22), ad 25), + w ad (9),
Germ cells (16, 31) - (16, 35) + SC ad (12) im (22) +SCad (17), + SC im (17),
’ ~im (12) ~im (25)
+ad (7, 35), +ad (34),"' +ad (19), .
El epithelial cells +w(31) fm(l (35)) +aim((33‘) N S(aj ir(n (19) +ad (9, 20, 21), + im (21)
o +wad(7,35), | +ad(34), | +SCad(19), +ad (21), + w ad (9, 20),
E2 epithelial cells tw @ +im (35) +im (34) | +SCim (19) +im (21)
o +wad(7,35), | +ad(34), | +SCad(19), +ad (9, 21), — ad (20),
E3 epithelial cells +w (31) +im (35) +im (34) “im (19) fim Q1)
El sperm in lumen N.D. N.D. N.D. —(19) +(9)
E2 sperm in lumen N.D. N.D. N.D. —(19) + PA (9)
E3 sperm in lumen N.D. N.D. N.D. —(19) +(9)
Ejaculated sperm (im) + RC (26) N.D. N.D. N.D. N.D.
Ejaculated sperm (m) Head + ES, PA (33) N.D. - (34) +PA(2,7) - (27
+ (1, 26), +
Ejaculated sperm (m) Midpiece ((8; él)w N.D. +(34) +2,7) +(27)
Ejaculated sperm (m) Flagellum +w (33) N.D. -(34) +(2,7) +(9), +w (27)

E1 = caput epididymis, E2 = corpus epididymis, E3 = cauda epididymis, w = weak, SC = some cells, ad = adult animals, im = immature animals

or spermatozoa, m = mature animals or spermatozoa, N.D. = not described, RC = residual cytoplasm, ES = equatorial segment, PA = post-acro-

somal region;

(I)Aquila etal,2004; (2) Arkoun etal,2014; (6) Fietz etal.,, 2014; (7) Gautier etal, 2016; (8) Guido etal.,, 2011; (9) Gunawan
etal., 2011; (12) Lucas etal., 2008; (16) Mdkinen etal., 2001; (17) Mutembei etal., 2005; (19) Parlevliet etal., 2006; (20) Pearl
etal., 2007a; (21) Pearl etal.,, 2007b; (22) Pearl etal., 2011; (23) Pelletier etal., 2000; (25) Rago etal., 2004; (26) Rago etal.,
2006; (27) Rago etal., 2007; (30) Ramesh etal., 2007; (31) Saunders etal, 2001; (33) Solakidi etal., 2005; (34) Zaya ectal.,

2012; (35) Zhou et al., 2002

Published results show that both classical ERs are
more intensively expressed in adult testes compared
to pre-pubertal tissue. However, this does not apply
equally to all cell types. Generally, in Sertoli cells,
the ERa expression decreases with age while that of
ERp increases (Hess et al., 2001; Hess, 2003;
Carreau, Hess, 2010).

In human, the presence of both ERs has been re-
ported in the germinal epithelium of seminiferous
tubules in the testes even in the interstitial tissue, but
the consistency in the published results is only partial.
ERa was detected in human primary spermatocytes
(Pentikainen et al., 2000) but not in the sper-
matogonia. Some authors reported their expression in
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spermatids (Pentikainen etal.,2000;Fietz etal.,
2014). ERa is not present in Sertoli cells and Leydig
interstitial cells(Mdkinen etal.,2001; Saunders
etal.,2001; Fietz etal., 2014). The presence of the
ERp receptor has been demonstrated in human sper-
matogonia(Pentikainen etal.,2000;Mdkinen
etal., 2001); especially, ERP was detected in the nuclei
of spermatogonia by Fietz et al. (2014). The same
authors have also found ERf} in primary spermatocytes.
This receptor was found to be expressed in round
spermatids, but a negative result was documented in
prolonged spermatids (Pentikainen etal., 2000;
Mikinen etal., 2001; Fietz et al., 2014). Some
authors described the ERp positivity in Sertoli cells,
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Table 2: Detection of ERDb in testicular and epididymal tissues, germ cells, and spermatozoa in selected mammalian species

Human Mouse Rat Stallion Boar
Testicular interstitial tissue/ —im and
+ (31 + (35 +1 dad (25, 30
myoid cells @b 33 ad (22) im and ad (23, 30)
. +im (22), | +ad (10, 17,30),—ad (25),
L 11 +(31), - 1 + —-(1 + 12
eydig cells GO~ 6,10 | +69,-06) | +ad(2) | 8o (1)
. +im (22), +ad (10, 17), — ad (25),
+ - + +
Sertoli cells (6, 31),—(16) (16, 35) ad (12, 23) ad (22) T wim (25, 30), — im (17)
+
+im(22), w ad (10, 30),
Germ cells +SC (6,8, 16,24,31) | +(16,35) | +ad SC (12) ad (22) +SCad (17, 25),
+im (17, 25)
- +ad (7, 34), | +im (19), +ad (4, 10, 20, 21),
E1 epithelial cell + (31 +
eprfictial ces 3D 33 +im (34) | +ad(19) +im (21), — im (4)
o +ad (7, 34), | +im (19), +ad (4, 10, 20, 21),
+ +
E2 cpithelial cells (D G5 +im(34) | +ad(19) +im (21), + w im (4)
o +ad (7,34), | +im (19), +ad (4, 10, 20, 21),
E3 epithelial cell + (31 + (35
epithelial cells @D 33) +im(34) | +ad(19) +im (21), — im (4)
El sperm in lumen N.D. N.D. N.D. —(19) +(10)
E2 sperm in lumen N.D. N.D. N.D. —(19) + AR (10)
E3 sperm in lumen N.D. N.D. N.D. —(19) +(10)
+ flagell RC (26
Ejaculated sperm (im) a%eh:;:li,(26)( ), N.D. N.D. N.D. N.D.
Ejaculated sperm (m) Head - (26) N.D. N.D. + PA (2) + AR (27)
Ejaculated sperm (m) Neck - (26) N.D. N.D. -(2) -(27)
Ejaculated sperm (m) Midpiece +(8,31), - (26) N.D. N.D. +(2) -(27)
Ejaculated sperm (m) Flagellum | + (1, 8, 26), + w (31) N.D. N.D. +(2) -(27)

E1 = caput epididymis, E2 = corpus epididymis, E3 = cauda epididymis, w = weak, SC = some cells, ad = adult animals, im = immature animals

or spermatozoa, m = mature animals or spermatozoa, N.D. = not described, RC = residual cytoplasm, ES = equatorial segment, AR = acrosomal

region, PA = post-acrosomal region;

(I)Aquila etal, 2004; (2) Arkoun etal, 2014; (4) Carpino etal, 2004; (6) Fietz etal.,, 2014; (7) Gautier etal, 2016; (8)
Guido etal.,, 2011; (10) Gunawan etal.,, 2012; (12) Lucas etal., 2008; (16) Médkinen etal., 2001; (17) Mutembei etal., 2005;
(19)Parlevliet etal, 2006; (20) Pearl etal., 2007a; (21) Pearl etal., 2007b; (22) Pearl etal., 2011; (23) Pelletier etal., 2000;
(24)Pentikédinen etal., 2000; (25) Rago etal., 2004; (26) Rago etal.,2006; (27) Rago etal.,2007; (30) Ramesh etal., 2007; (31)

Saunders etal, 2001; (34) Zaya etal., 2012; (35) Zhou et al., 2002

but Leydig cells were reported as negative (Fietz et
al., 2014). In contrast, both Sertoli and Leydig cells
were indicated by Mdkinen etal. (2001) as negative.

In murine testes, Mdkinen etal. (2001) detected
the ERa receptor only in the nuclei of Leydig cells.
The other cells were negative. Zhou et al. (2002)
showed ERa-positive staining in Leydig cells and, in
addition, in some peritubular myoid cells; germ cells
of all stages and Sertoli cells were negative. The ER
receptor was detected in mouse spermatogonia, at all
stages of spermatocytes (except those in the meiotic
division), in Leydig and Sertoli cells, and also in most
peritubular myoid cells (Zhou et al., 2002). Similar
results were reported by Mdkinen etal. (2001), who

SCIENTIA AGRICULTURAE BOHEMICA, 49, 2018 (4): 274-284

showed positive labeling for ERP at the developmental
stages of spermatic cells from spermatogonia to sper-
matocytes, as well as in the nuclei of Sertoli cells. In
adult rats, ERa was detected in the entire testicular
tissue, especially in germ cells, particularly in the
cytoplasm of round spermatids and spermatocytes,
as well as in Leydig cell nuclei (Pelletier et al.,
2000). Lucas et al. (2008) demonstrated positive
ERa labeling in Sertoli and Leydig cell nuclei, and
in some peritubular myoid cells of 15-day-old rats;
however, the germ cells were reported as negative. In
adult rats, the same group of authors described ERa
positivity only in Sertoli cells and some spermatids.
ERp was localized in the nuclei of cells on the pe-
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riphery of rat seminiferous tubules, likely in Sertoli
cells (Pelletier etal., 2000). Lucas et al. (2008)
documented ERf receptor to be positive in Sertoli and
Leydig cells and in some germ cells.

In stallion, ERa was found in germ and Leydig cells
in pre-pubertal and post-pubertal individuals, and in
Sertoli cells only in immature animals (Pearl et al.,
2011). ERP was localized in both Leydig and Sertoli
cells in stallions of all age categories, in pre-pubertal
animals also in germ cells. This receptor was missing
in peritubular myoid cells (Pearl et al., 2011).

In pigs, there are very controversial results of the
ER occurrence in the cells of testicular tissue and germ
cells. Rago etal. (2004) found ERa to be negative in
somatic and germ cells in non-adult boars (3 months
of age). In adult animals (18 months of age), a positive
signal of ERa was shown in some germ cells — weak
in the spermatogonia, strong in spermatocytes, but
negative in spermatids. Sertoli cells were also ERa
negative; however, Leydig cells appeared to be slightly
ERa positive (Rago et al., 2004). On the contrary,
Gunawan et al. (2011) reported a strongly positive
finding of ERa in Sertoli cell cytoplasm; a weak signal
was detected in germ cells and Leydig cells. Another
group of researchers (Mutembei et al., 2005) de-
tected a prominent ERa signal in the spermatogonia
and primary spermatocytes, weaker in other germ cells
and in Leydig cells, and negative in the spermatozoa of
adult boars. In immature animals, the spermatogonia
and Leydig and Sertoli cells appeared to be negative.
Ramesh etal. (2007) documented the presence of
ERa in Sertoli cells of pre-pubertal boars. ERa was
present in interstitial testicular cells at the same age
of boars. Germ cells were slightly positive for ERa
in all age categories, starting at three months of age
(Ramesh etal., 2007).

The presence of ERp in pre-pubertal boars was found
in spermatogonia and Leydig cells; a negative or very
weak positive signal was documented in Sertoli cells. In
adult boars, the positivity was found at different stages
of germ cells; a strong signal was detected in peritubular
myoid cells, but Sertoli and Leydig cells were negative
for the ERf staining (Rago etal.,2004). Mutembei
etal. (2005) detected the ER receptor in pre-pubertal
boars only in spermatogonia; the Sertoli cells were
negative. In adult animals, germ cells were positive
for ER, with the exception of prolonged spermatozoa,
as well as Sertoli and Leydig cells (Mutembei et
al., 2005). Gunawan et al. (2012) found the ER
antibody staining to be significantly positive not only
in spermatogonia, primary spermatocytes, and sperma-
tids, but also in the cytoplasm of Sertoli and Leydig
cells. According to Ramesh et al. (2007), the rate
of ERf expression in Sertoli cells decreased with the
growing age of boars. In interstitial cells, the incidence
of ERpB was constant and independent of age. Germ
cells were also slightly positive for ERp in all age
groups (Ramesh etal., 2007).
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Detection of ERa and ERp in the epididymis.
ERa and ERf have been identified in the epididymis
of many mammalian species (Hess, Carnes,
2004). Changes in the concentration of steroids in
the epididymis are related to animal age (Hess,
2003). Differences in the ER localization in various
regions of the epididymis indicate the dynamic role of
estrogens in the epididymal function and development
(Parlevliet etal., 2000).

In human,Saunders etal. (2001) reported only
a low presence of ERa in both the major and basal
cells within the epididymal tube; ER} was found in
the nucleus of the epididymal epithelial cells and
stromal cells.

In rat, ERo was detected in the nucleus as well as
in the cytoplasm of epithelial cells of the epididymis
(Zaya etal., 2012). Antibody staining was positive
in both the nuclei and cytoplasm of epithelial cells of
all segments of the adult epididymis. ERP was found
in the same epididymal regions.

In mice, ERa was present in epithelial cells espe-
cially in the caput, and more weakly in other parts
of the epididymis (Zhou et al., 2002). Antibody
labeling of ERP was proved in epithelial cells of all
three regions (head, body, and tail) of the epididymis
(Zhou etal., 2002).

Installion,Parlevliet etal. (2006) found vary-
ing presence of ERa using antibody detection in the
epididymis depending on the age of animals and the
epididymal part. In pre-pubertal animals, ERa was
detected in the caput and corpus, but not in the cauda
epididymis. In pubertal stallions, the occurrence of
ERa was pronounced in all parts of the epididymis
(including high levels of 17B-estradiol), indicating
the essential role of this receptor in the testes during
adolescence. In adult animals, ERo was shown in
the cells of caput epididymis; in corpus and cauda
epididymal tissues it was found in approximately 50%
of the cells. Accordingto Parlevliet etal. (2006),
ERp was present in the cells of the whole epididymis
regardless of animal age.

In boars, Gunawan etal. (2011) detected ERa
mainly in the caput and corpus epididymis, with lower
intensity in the corpus part. In addition, Pearl et
al. (2007a) reported the presence of ERa detected by
antibodies mainly in the cells of caput tissue, less in
the corpus. It is assumed that ERa plays an important
role in the fluid reabsorption in this tissue (Gunawan
et al., 2011). Pearl et al. (2007b) have shown the
occurrence of ERa and ER in all parts of the boar
epididymis. ERP was localized in the main and basal
cells of all three parts of the epididymis (Pearl et
al., 2007a). Gunawan et al. (2012) documented
the presence of ERf in epithelial cells on histological
sections of all parts of the boar epididymis. Carpino
et al. (2004a) provided similar data in their work. In
adult boars (18 months of age), anti-ER[ antibody
stained the cells in all parts of the epididymis, but
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in pre-pubertal boars at 2 months of age, positive
antibody reaction was only very weak in epithelial
cells of the epididymis, whereas the caput and cauda
were negative.

ERa and ERp in ejaculated spermatozoa. In
recent years, expression of nuclear steroid receptors
has opened new perspectives relating to the hormonal
effect on sperm physiology (Aquila, De Amicis,
2014). A positive finding of ERs in sperm could mean
that steroid hormones may affect the functional proper-
ties of spermatozoa (Kotula-Balak etal., 2012).
Mature spermatozoa are considered transcriptionally
inactive cells and able to translate the synthesized
mRNA (Gur, Breitbart,2015); therefore, it may
be assumed that non-genomic rapid effects of estrogen
occur in mature sperm (Dostalova etal., 2017).

Expression of ERa and ERf} (mRNA and protein) in
human ejaculated sperm (Aquila etal., 2004) sug-
gests that estrogens are able to modulate the spermato-
genesis process starting from the inside of the testes to
the sperm maturation after ejaculation (Aquila etal.,
2004;Rochira etal.,2005;Carreau etal.,2011;
Aquila, De Amicis, 2014). Data regarding the
ER localization in ejaculated sperm are controversial
in the literature. ERs are mainly observed in different
parts of the sperm, but sometimes the regions of their
coincidence overlap. In human sperm, Aquila etal.
(2004) observed the ERa presence especially in the
midpiece of the sperm using immunofluorescence.
Rago etal. (2006) detected ERa in mature sperm
only in the midpiece. For immature ejaculated sperm,
this receptor was found only in the residual cytoplasm
(Rago etal.,2006). Guido etal. (2011) indicated
the presence of ERa only in the midpiece of sper-
matozoa. Solakidi etal. (2005) identified ERa in
the area corresponding to the equatorial segment of
the sperm head, the midpiece was negative, and only
weak diffuse staining was observed in the flagellum.

In Auman, ERP was detected by immunofluores-
cence only in the sperm flagellum, with predominant
distribution in its proximal part (A quila etal., 2004).
According to these authors, ERa and ER[} receptors
overlap in the proximal part of the flagellum. Rago
et al. (2006) described the presence of ERP in the
entire tail of mature human sperm. In immature ejacu-
lated spermatozoa, both ERB and ERa were found
in the residual cytoplasm, but also in the flagellum.
However, quite different data may also be found in
the literature. Lambard etal. (2004) identified ERf}
mRNA in mature human sperm, but the ER protein
was not found. Guido et al. (2011) described the
ERp presence in the middle part and in the flagellum.
Solakidi etal. (2005) localized ERf in the central
part of the mitochondrial region and more weakly in
the flagellum.

In stallion, localization of the ERa receptor in
ejaculated sperm was detected by transmission elec-
tron microscopy (TEM) in the head, midpiece, and
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flagellum near the cell membrane (Arkoun et al.,
2014). ERP was also found in the sperm flagellum and
post-acrosomal ring by immunofluorescent microscopy.
Using the TEM method, this receptor was precisely
localized in the sperm head, midpiece, and flagellum,
associated with the plasma membrane (Arkoun et
al., 2014).

In boar ejaculated sperm, only Rago etal. (2007)
have studied the ER localization. Their report de-
scribed both types of nuclear ERs. The ERa receptor
was detected in the mitochondrial part of the sperm
flagellum. ERa expression could be related to es-
trogen regulation of sperm motility in the boars, as
demonstrated in human and rat spermatozoa. The ERf}
receptor was localized in the sperm acrosome region
(Rago et al., 2007).

Estrogen receptor GPER

The G protein-coupled estrogen receptor (GPER/
GPR30) is a 7-transmembrane receptor (Prossnitz
etal.,2007;2008) encoded by the GPERI gene (Otto
etal., 2008). The GPER-binding domain was found on
both the plasma membrane and intracellular membranes
such as the endoplasmic reticulum and the Golgi ap-
paratus (Filardo etal., 2007). Some authors consider
this receptor to be primarily intracellularly distributed
(Revankar etal., 2005); others even mention it as
strictly cytosolic (Otto et al., 2008). Its intracel-
lular localization corresponds to the assumption of
permeability of ligands across the plasma membrane
(Prossnitz etal., 2007; 2008). It is structurally
unrelated to classic estrogen receptors ERa and ERf
(Wang etal., 2014). Itis believed that the biological
function of GPER could be associated with the type
of cells and tissues in which it is found. Estradiol, as
the predominant type of estrogen, binds to GPER with
high affinity (Prossnitz etal., 2008) and mediates
rapid effects, including the kinase activation, mobi-
lization of intracellular calcium, and stimulation of
intracellular cAMP (Cyclic adenosine monophosphate)
production (Smith etal., 2016). It is considered to
be a receptor involved only in the non-genomic sign-
aling of estrogen action without the involvement of
transcriptional mechanisms (Gruber et al., 2002).

Localization of GPER in the testis and epididymis.
Data on the presence of estrogen receptor GPER/GPR30
in both the testes and epididymal tissue is relatively
limited and often very controversial. Published results
on the GPER localization in the male reproductive
organs and sperm cells of representative animal spe-
cies are summarized in the Table 3.

In the germ cells of adult male testis in human,
GPER was found slightly expressed (Franco etal.,
2011), or clearly identified (Chevalier etal.,2012).
Rago etal. (2011) described Leydig and Sertoli cells
as positive for GPER, but germ cells were negative.
Fietz et al. (2014) demonstrated positive staining
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Table 3. Detection of G protein-coupled estrogen receptor in testicular and epididymal tissues, germ cells and spermatozoa in selected mam-

malian species

Human Mouse Rat Stallion Boar
Test{cular interstitial tissue/ ND. ND. ND. ND. ND.
myoid cells
Leydig cells + (5, 18, 28) -(32) - (13, 14) N.D. N.D.
+ 18,2
Sertoli cells (5,18, 28), ~-(32) +(13, 14) N.D. N.D.
+w (6)
+(5), + w (6),
+ — .D. .D.
Germ cells £SC(18), - (28) 32) (13, 14) N.D N.D
+ad w (15
El epithelial cells N.D. N.D. ad w (15), N.D. N.D.
—im (15)
+ 1
E2 epithelial cells N.D. N.D. ad (15), N.D N.D.
+wim (15)
- +ad (15), .
.D. .D. .D. +
E3 epithelial cells N.D N.D +im (15) N.D im (11)
El sperm in lumen N.D. N.D. N.D. N.D. N.D.
E2 sperm in lumen N.D. N.D. N.D. N.D. N.D.
E3 sperm in lumen N.D. N.D. N.D. N.D. N.D.
Ejaculated sperm (im) N.D. N.D.
+ ES, AR (29
Ejaculated sperm (m) Head -(29) N.D. N.D. +(7), - (2) 5, (29,
-N(29)
Ejaculated sperm (m) Neck -(29) N.D. N.D. +(2,7) -(29)
Ejaculated sperm (m) Midpiece +(29) N.D. N.D. +(2,7) +(29)
Ejaculated sperm (m) Flagellum -(29) N.D. N.D. +(7),—(2) -(29)

E1 = caput epididymis, E2 = corpus epididymis, E3 = cauda epididymis, w = weak, SC = some cells, ad = adult animals, im = immature animals

or spermatozoa, m = mature animals or spermatozoa, N.D. = not described, ES = equatorial segment, AR = acrosomal region, N = nucleus;
(2)Arkoun etal,2014;(5)Chevalier etal.,, 2012; (6) Fietz etal., 2014; (7) Gautier etal., 2016; (11) Katleba etal., 2015; (13)
Lucas etal,2010; (14) Lucas etal, 2011; (15) Martinez-Traverso, Pearl, 2015;(18)Oliveira etal.,2014; (28) Rago etal.,

2011; (29) Rago etal., 2014;(32) Siriani etal., 2008

in Sertoli cells, whereas germ cells were labelled
very weakly. Oliveira et al. (2014) showed the
distribution of GPER in the Leydig and Sertoli cell
cytoplasm, but also in spermatogonia. In rodent testis,
the presence of GPER has been detected in Leydig cells
(Vaucher etal.,2014), Sertolicells(Lucas etal.,
2010, 2011), spermatocytes, and round spermatids of
rats(Siriani etal.,2008;Chimento etal., 2010b;
Lucas etal.,, 2010). The presence of GPER in germ
cells of the testicles has been demonstrated in mice
(Siriani etal., 2008).

In adult rat epididymis, the positivity for GPER was
found mainly in the corpus and cauda parts, weaker
in the caput epididymis (Martinez-Traverso,
Pearl, 2015). Cao et al. (2016) detected the pres-
ence of GPER in tissue sections of cauda epididymis,
especially in epithelial cells, in the juvenile rat by
immunofluorescence. In pigs the findings of mem-
brane-bound GPER expression in the tissues of male
reproductive organs are limited to the epididymis in

postnatal boars. Positive labelling was found in epithe-
lial cells of epididymal tubules, and weaker in stroma
and peritubular myoid cells (Katleba etal.,2015).

GPER in ejaculated spermatozoa. The presence
of GPER in ejaculated sperm has so far been stud-
ied by only a limited number of researchers. Using
antibody detection, Rago et al. (2014) found the
membrane estrogen receptor GPER both in Auman and
boar ejaculated sperm. This is probably the first report
on the positive finding of GPER in the mature mam-
malian sperm. In ejaculated human sperm, the GPER
receptor was located in the midpiece, but in the head
and principle part of the flagellum the staining was
negative (Rago etal., 2014). In boar sperm, GPER
was localized in the acrosomal region and equatorial
segment of the head, and in the mitochondrial part of
the sperm cell with a permeabilized plasma membrane.
No immunofluorescence was detected in the nucleus
(Rago etal., 2014). In ejaculated sperm of stallion,
GPER was found in the midpiece, neck, flagellum, and
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head by the subcellular localization method (Gautier
et al., 2016). Arkoun et al. (2014) detected this
receptor in the connecting piece of the sperm.

CONCLUSION

The available literature suggests that the results on
the detection and localization of estrogen receptors in
the male reproductive organs and mammalian sperma-
tozoa have not yet been verified and fully described.
The ER distribution has not been determined across
the different stages of development of spermatozoa by
a uniform methodology, and particularly in the case
of GPER, the findings may be considered incomplete.

In studies of mammalian infertility, and conse-
quently of potential therapy, estrogen receptors have
become one of the research objectives. The absence
of estrogen receptors in reproductive tissues results in
negative effects on spermatogenesis, hormone produc-
tion, seminal sperm content, motility, and fertility.
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