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on ghrelin signalling in the rat seminiferous epithelium
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Abstract: The results of presented study demonstrate expression of ghrelin, its functional receptor GHSR-1a and their genes
in spermatogenic cells of rat testis suggesting their functioning within seminiferous epithelium. The immunohistochemical
and hybrydocytochemical expression, of proteins and transcripts, was estimated taking into account the cycle of seminifer-
ous epithelium and phases of spermatogenesis. Both transcripts and ghrelin was found to show nuclear expression and
scarcely cytoplasmic. Expression of genes for ghrelin and GHSR-1a was shown in early spermatocytes and round sper-
matids representing transcriptional phases of meiosis and spermiogenesis. Ghrelin was evidenced to show nuclear expres-
sion in two stage-specific windows, in late spermatogonia, in spermatocytes up to early pachytenes, and again in spermatids
of acrosome and early maturation phase of spermiogenesis. In late pachytenes, secondary spermatocytes, round spermatids,
maturing spermatids and spermatozoa the reaction is lacking. With two types of antibodies against the GHSR-1a used the
two different patterns of immunostaining was evidenced suggesting two isoforms of GHSR-1a. The first evidenced GHSR-
la in cytoplasm of spermatocytes, cell membrane and acrosomes of spermatids, Sertoli cell processes and heads of sper-
matozoa. With second type of antibodies the immunostaining marks all steps of evolution of acrosome in spermatids. It is
believed that site of ghrelin expression in seminiferous epithelium may indicate its role in local regulations, not excepting
the intracellular signalling. Immunostaining pattern for GHSR-1a seems to suggest both its participation in the cross-talk
among the cells and also process of furnishing gametes with GHSR-1a for its response to ghrelin in seminal plasma or
female reproductive tract.
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nalling molecules, has been growing with years. The
list includes growth factors, polypeptides of hormonal
and paracrine nature, transcriptional modulators, inter-
leukins and receptors of these molecules, all of them
being the mediators in a cross talk between somatic
and germ cells [4-17].

Some of the signalling molecules play essential
role in the control of both the energy balance and
reproduction by acting on more than one level of neu-
roendocrine axis as well as within local control of
events in testis including the mechanism within semi-
niferous epithelium. An example of molecules acting
in hypothalamus and testis is leptin, however, ghrelin
has been recognized as functional antagonist of leptin
[18-20]. Moreover, ghrelin has been found to exert

Introduction

The process of the gamete production, spermatogene-
sis, is known as taking course in seminiferous epithe-
lium under specific conditions provided by hormones,
specific organization of the epithelium, its compart-
mentalisation and by composite local control system
functioning as paracrine/autocrine/juxtacrine sig-
nalling among the stromal somatic cells and germ cell
line. The hormones initiating and maintaining sper-
matogenesis, the role of FSH and testosterone, are gen-
erally known for many decades [1-3]. The local regu-
latory mechanism has been defined during last two
decades and the list of its messengers, the local sig-
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antagonistic effects towards stem cell factor promoting
cell proliferation. In testis ghrelin specifically inhibit-
ed the proliferative activity of immature Leydig cells
by down-regulating the stem cell factor gene expres-
sion [21].
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Ghrelin belonging, together with des-acyl ghrelin
and obestatin, to the ghrelin gene derived products, has
been recognized as peptide distributed widely in
numerous cell populations and exerting multiple
actions [22-26]. The circulating ghrelin has to be pro-
duced by stomach [27], however this is evident that
ghrelin and its functional receptor (GHSR-1a) are syn-
thesized in many organs often both within the same
cells. Thus, target cells are expected to respond to both
exogenous and endogenous ghrelin, the last being
involved in local paracrine/autocrine regulatory mech-
anism modulating cell function including target cells
in testis. In human and mammalian testis the gene
expression for both ghrelin and GHSR-1a was evi-
denced [28] and the cells with ghrelin and GHSR-1a
expression in testis were documented although physi-
ological role of these proteins in seminiferous epitheli-
um seems to need further elucidation [21,29-36].

In reason of a deficiency or controversies in evalu-
ation of ghrelin and ghrelin receptor GHSR 1a expres-
sion in the seminiferous epithelium in the presented
study we focused attention on the problem in the adult
rat testis using commercial antibodies and taking into
account also site of their gene expression demonstrat-
ed by in situ hybridisation technique. With the results
obtained we intend to take part in the discussion on the
possible role of ghrelin and GHSR-1a as signalling
molecules in local regulation of spermatogenesis.

Materials and Methods

Animal and chemicals. The animals used in this study were adult,
90-day-old, male Wistar rats which were kept under standard con-
ditions of temperature (21+2°C) and lighting (14L/10D), and had
free access to food pellets and water. The protocol of the study and
procedures was approved by Local Ethical Commission for Exper-
imentation on Animals. The source of antibodies and other
reagents is as follows: Agaroza Basila LE (Prona); access RT PCR
System and SSC (Promega Corp., Madison, WI, USA); DNA lad-
der (Fermentas); diethyl pyrocarbonate (DEPC), ethidine bromide,
formamide, ghrelin, isopropanol and pre-hybridisation solution
(Sigma-Aldrich Corp., St. Louis, MO, USA); polyclonal rabbit
anti-ghrelin antibody and polyclonal rabbit anti-GHSR-1A anti-
body (both from Phoenix Europe GmbH, Karlsruhe, Germany);
polyclonal rabbit anti-ghrelin receptor type 1A antibody (Milli-
pore, USA); dextran polymer peroxidase labelled, 3-3'-
diaminobenzidine hydrochloride (DAB) (both from DakoCytoma-
tion); prime RNase Inhibitor, 7500 u (Eppendorf); proteinase K
(Dako); TRIS (AccuGene Maryland, USA); horse radish peroxi-
dase and sheep anti-digoxygenin MAb conjugated with horse-
radish peroxidase (Roche, Mannheim, Germany); biotinylated tyra-
mine (PerkinElmer Life Sciences, Inc., Boston, MA, USA); RNase
A solution (R&D Systems); streptavidin-biotin-peroxidase complex
(LSAB2) (Dako). The primers were designed using Primer Selekt,
DNAstar software. The primers and digoxygenin-labelled oligonu-
cleotides were produced by the Institute of Biochemistry and Bio-
physics, Polish Academy of Sciences, Warszawa, Poland.

Collection and treatment of tissues. The male rats were sacri-
ficed by decapitation. At autopsy testes were removed and secured
for isolation of RNA (RT-PCR) or fixed in Bouin's fluid or 4%
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paraformaldehyde and embedded in paraffin. The paraffin sections
were used for (1) immunocytochemical demonstration of ghrelin
and GHSR-1a receptor in seminiferous epithelium and (2) for
expression of genes of ghrelin and its receptor by in situ hybridis-
ation technique.

Immunohistochemistry. The 5 um thick sections mounted on
SuperFrost/Plus microscope slides were deparaffinized and sub-
jected to the detection procedure. The sections designated for the
procedure with using peroxidase and diaminobenzidine were
preincubated with 1% H,0O, to inhibit endogenous peroxidase.
Polyclonal rabbit anti-ghrelin and two different rabbit anti-GHS-
R1A antibodies (purchased in Phoenix-Pharmaceuticals and in
Millipore) were used. The sections were treated with primary anti-
body at night at 4°C. After washing in phosphate-buffered saline
(PBS) 3x3 min, the sections were incubated with the secondary
biotinylated link anti-mouse and anti-rabbit IgG (20 min) and with
the streptavidin-biotin-peroxidase complex (LSAB2) (20 min).
The studies followed the classical ABC technique [37]. The color
reaction was evoked with 0.05% diaminobenzidine dissolved in
0.05 M Tris-HCI bufter, pH 7.6, supplemented with 0.001% H,0,.
Finally, the slides were counterstained with hematoxylin. Positive
reaction manifested, in at least three sequential sections, as a dark
brown or black precipitate in the cells. Moreover, also the proce-
dure with using alkaline phosphatase instead peroxidase was
applied to demonstrate the immunoreaction in the slides. For posi-
tive control an expression of the hormone in ghrelin cells of rat
gastric mucosa was accepted and for the negative control IgG or
complete rabbit serum were used instead antibodies.

Expression of genes for ghrelin and GHSR-1a. Expression of
genes for ghrelin and its receptor in rat male gonads was demon-
strated applying RT-PCR technique and also in formaldehyde fixed
sections by in situ hybridisation technique.

RT-PCR. The procedure used with this technique was as follows.
Total RNA was isolated from the testes using Chomczynski-Sacchi
method. RNA was assayed in the samples spectrophotometrically.
Reverse transcription was performed using AMV reverse transcrip-
tase (Avian Myeloblastosis Virus) and oligo-dT s primer (1 ug of
isolated RNA per reaction). The acquired cDNA was subjected to
PCR reaction using thermostabile Taq polymerase and primers for
the tested proteins (Table 1). Reaction was conducted in 34 cycles
and reaction products analyzed on agarose gel. Conditions of the
reaction were as follows: denaturation 94°C, 60 sec., anealing of
primers 58°C, 30 sec., elongation of primers 72°C, 60 sec.

In situ hybridisation. Two digoxygenin-labelled oligoprobes spe-
cific for rat ghrelin (5'-TTA GCT GGC GCC TCT TTG ACC TCT
TC-3") and rat ghrelin-receptor (5'-ACA CCA CCA CAG CAA
GCA TCT TCA C-3") mRNA were used, detected with sheep anti-
digoxygenin MAD (Fab fragments), conjugated with HRP. In the
hybridocytochemical studies, the classical ones and those ampli-
fied by the ImmunoMax technique, sequential sections of the tis-
sue material were applied, which were pre-tested by immunocyto-
chemical techniques. The in situ hybridisation protocol of R&D
Systems was employed with our own modification [38]. Subse-
quent stages involved paraffin removal from the section using
xylene, ethanols and wash in DEPC-treated distilled water, each
lasting 1-5 min, and washing in 0.05 M TRIS for 5 min in room
temperature. Endogenous peroxidase was blocked by 15 min incu-
bation of the section in 1% H,0,. Then, the sections were digested
with proteinase K, 200 pug/ml for 15 min at 37°C. Subsequently,
the sections were washed in 1xPBS for 10 min at RT, fixed again
in 0.4% formaldehyde at 4°C for 15 min. Next the slides were
washed in DEPC-distilled water for 1 min each. The pre-hybridis-
ation solution was applied under a cover slip and the preparation
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Table 1. Oligo-primer pairs used for RT-PCR amplification of ghrelin and receptor GHSR-1a (RNA isolated from testes of 90-day-old

male rats). The PCR cycles for each of cases were 34)

PCIR
. Access ber . o . I .
cDNA COER BUINC s imer Sequence ol primer (37-37) Position product
1o Genbank . N
size (bp)
- . PR 5 CCAGCAGAGAAAGGAATCCAAG 135-136
shrelin (rat) 1021669 oy res . - : - . 2
Gihrelin () NM 02166 A AACATCGAAGGGAGCATTGAAC 255-276 4
- A S AGTCTCATCGGGAGGAAGCTATG -
ihsR-1a (ra A 032075 I 30
(ihsR-la (rat) NM 032075 A ACACTGCCACCCGGTACTTCL 04

was incubated for 1h at 37°C. Various concentrations of the oligo-
probe were tested, ranging from 500 to 1000 ng/ml (the best result
was obtained using 600 ng/ml concentration of the oligoprobes),
dissolved in the prehybridisation solution plus 50% formamide.
The proper hybridisation took place overnight (16 to 18h) at 38°C,
under a coverslip, in a humid chamber. After removing of the cov-
erslips, the sections were washed in decreasing concentrations of
SSC plus 50% formamide at 37°C and, then, in 0.1 M Tris-HCI, pH
7.6 and 0.1% Triton X-100 in TBS for 15 min at room temperature.
Sheep anti-digoxygenin MADb conjugated with HRP was applied
for 1h at room temperature in dilution 1:30. After a wash in PBS,
the hybrids were detected using 0.05% DAB in 0.05 M Tris/HCI,
pH 7.6 supplemented with 0.001% H,O,, for 5 min.

In case of ImmunoMax technique [39] after the incubation
with anti-digoxygenin MAbs and a wash in PBS/Tween20, the
biotinylated tyramine was applied at 1:50 dilution for 3 min at
room temperature. The streptavidin-peroxidase complex was
added for 30 min. The hybrids were detected using 0.05% DAB in
0.05 M Tris/HCI, pH 7.6 supplemented with 0.001% H,0O,, for 5
min at room temperature. Some preparations were counterstained
with hematoxylin. Negative controls included (a) hybridisation
without addition of the oligoprobe and (b) incubations of slides in
an RNase A solution, 20 mg/ml in 2xSSC/10 mM MgCl,, pH 8.0
for 30 min at room temperature, before hybridisation. For verifica-
tion in each case the procedure was repeated at least twice.

Results

Immunohistochemical expression of ghrelin
and its functional receptor GHSR-1a

With using anti-ghrelin antibodies (Phoenix-Pharmacu-
ticals), peroxidase-labelled dextran polymer and
diaminobenzidine as chromogen or the procedure with
alkaline phosphatase as reaction marker the expression
of ghrelin could be demonstrated, apart from interstitial
Ledig cells, in the nuclei of some spermatogonia, lep-
totene, zygotene and early pachytene spermatocytes and
in spermatids of acrosome and early maturation phase
of spermiogenesis. In Fig. 1A the reaction marks nuclei
of zygotenes (arrows) and 13 step spermatids (black
arrow heads) in XII stage of seminiferous epithelium
cycle and also in early pachytenes (open arrow head).
The effects of the procedure with alkaline phosphatase
application (Fig. 1B) confirm ghrelin localization seen
in Fig. 1A showing that in X/IX stages of the cycle the
expression of ghrelin is marked in nuclei of leptotenes
and 10/11 step spermatids. No reaction is seen in
pachytene nuclei. No reaction product is seen in the
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slides treated as negative control (Fig. 1C). Fig. 1D ver-
ifies positively the applied procedure demonstrating
immunostaining of ghrelin in X/A-like cells of the rat
stomach which are the classic ghrelin secreting cells.

Expression of ghrelin receptor (GHSR-1a) could be
documented with two kinds of the antibodies used.
Those produced by Phoenix-Pharmaceuticals bound
to epitopes in Leydig cells and in various cells of the
seminiferous epithelium. As it is seen in Figs. 2 A and
D, beside the interstitial Leydig cells, in the seminifer-
ous epithelium (fragments representing VII, VIII and
IX stages of the cycle) the immunoreaction product is
localized in cytoplasm of preleptotenes and
pachytenes, in cell membranes and acrosomes of sper-
matids steps 7 — 9 and on heads of step 19 spermatids
being prior or in the course of spermiation. Moreover,
also the processes of stromal Sertoli cells show
immunostaining. Slides treated with rat IgG instead
first antibody show no reaction (Fig. 2C). With Mili-
pore antibodies the expression of probably an isoform
of GHSR-1a could be documented characteristically in
spermatids of all steps of spermiogenesis marking the
Golgi, caps and acrosomes of round spermatids and
heads of maturation phase spermatids. Fig. 2B demon-
strates the immunostaining specifically in acrosomes
of spermatids step 8 and heads of spermatids steps
12/14 and 19. The expression of both isoforms of
GHSR-1a in rat seminiferous epithelium is summa-
rized jointly in diagram (Fig. 3) that indicate clearly
the equipment of germinal cells in GHSR-1a receptor
to interact with the local ghrelin signals, and also the
equipment of matured spermatids released as sperma-
tozoa presumably for responding to ghrelin in seminal
plasma or female reproductive tract fluid.

Expression of genes for ghrelin and GHSR1a

Electrophoretic analysis of RT-PCR products with
primers specific to rat ghrelin and GHSR-1a receptor
(Table 1) indicates expression of genes for the two pro-
teins in the adult rat testis (Fig. 1 F and 2 F, respectively).
Conventional RT-PCR allowed to detect specific mRNA
of the ghrelin and GHSR-1a genes in the rat testis. The
product of reaction has expected size and there is no prod-
uct seen in the negative control (-RT) samples.
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Fig. 1. A: Immunohistochemical demonstration of ghrelin in rat germinal epithelium with anti-ghrelin antibodies (Phoenix-Pharmacuticals),
peroxidase-labelled dextran polymer and diaminobenzidine as chromogen. The reaction marks nuclei of zygotenes (arrows) and 13 step sper-
matids (black arrow heads) in XII stage of seminiferous epithelium cycle and also in early pachytenes (open arrow heads). B: Demonstration
of ghrelin in rat seminiferous epithelium with anti-ghrelin antibodies (Phoenix-Pharmaceuticals) and alkaline phosphatase as reaction marker.
Positive reaction confirms ghrelin localization shown, in fig. 1a. In X/IX stages of the cycle the expression of ghrelin is marked in nuclei of
leptotenes (arrows) and 10/11 step spermatids (black arrow heads). No reaction is seen in pachytene nuclei (open arrow heads). C: Control
reaction with use of normal rabbit IgG instead of anti-ghrelin antibodies and alkaline phosphatase as reaction marker. No reaction in leptotenes
and pachytenes. D: Positive control. Ghrelin expression in X/A-like cells of the rat stomach demonstrated immunohistochemically using anti-
ghrelin antibodies (Phoenix-Pharmaceuticals) and peroxidase-labelled dextran polymer and diaminobenzidine as chromogen. E: Ghrelin gene
expression in rat testis demonstrated by in sifu hybridisation technique. The reaction marks ghrelin transcripts in the cell nulei of pachytene
spematocytes and round spermatids. No reaction in nuclei of elongating spermatids. F: Electrophoretic analysis of RT-PCR products with
primers specific for rat ghrelin. RNA was isolated from 90-day-old rat testis. 1 — DNA size marker, 2 — RT-PCR product with primers and 3 —
control reaction (-RT). Fig. 2. (A — D): Ghrelin receptor (GHSR-1a) expression in the rat testis demonstrated immunohistochemically using
anti-GHSR-1a polyclonal antibodies of two different types. A and D: Immunoreaction using antibodies from Phoenix-Pharmaceuticals marks
Leydig cell cytoplasm, and in the seminiferous epithelium (VII and VIII stage of the cycle of s. e.) it marks heads of late spermatids and cell
membranes of round spermatids; less intensively it marks acrosomes and cytoplasmic structures of spermatogenic cells (A); in stages IX and
VI the immunostaining marks acrosomes (D). B: With antibodies from Millipore, using classic ABC technique with microwave oven pre-
treatment, the reaction, in stage VIII of cycle (left), marks spermatids (acrosomes) in 8 (arrows) and 19 (arrow heads) steps of spermiogenesis
and in other stages (right) it marks heads of maturing spermatids; less intensely the reaction marks Leydig cells. C: Control reaction with use
of normal rabbit IgG instead of anti-ghrelin antibodies. No reaction in leptotenes, pachytenes and heads (acrosomes) of spermatids. E: GHSR
gene expression in seminiferous epithelium of the rat demonstrated by in situ hybridisation technique. The reaction intensively marks nuclei
of spermatocytes and round spermatids. In heads of elongating spermatids, up to 19 step of spermiogenesis, the reaction is lacking. F: Elec-
trophoretic analysis of RT-PCR products with primers specific for rat ghrelin receptor GHSR-1a. RNA was isolated from 90-day-old rat testis.
1 — DNA size marker, 2 — RT-PCR product with primers, for GHSR-1a and 3 — control reaction (-RT).
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Fig. 3. Expression of ghrelin, ghrelin receptor (GHSR-1a) and
their transcripts (mRNA) in different stage-dependent windows of
spermatogenesis. The diagram shows arrangement of spermatoge-
netic cells to compose 14 stages of cycle of seminiferous epitheli-
um (according to the classification of Leblond and Clermont [40-
42] and occurrence of protein or transcript in the cells are marked
as follows: expression of ghrelin (M) and receptor GHSR-1a (#),
gene expression (MRNA) for ghrelin (®) and for GHSR-1a (o).
Abbreviations: A, spermatogonia of type A; A™, mitotic division of
type A spermatogonia; In, intermediate type of spermatogonia; B,
type B spermatogonia; pL, L, Z, P and Di, primary spermatocytes,
respectively, at preleptotene, leptotene, zygotene, pachytene and
diplotene step of the meiotic division; II, secondary spermatocyte; 1-
19, spermatids at 1-19 step of spermiogenesis; I — XIV, numbers of
consecutive 14 stages of cycle of the rat seminiferous epithelium.

With in situ hybridisation technique the expression
of genes for ghrelin and GHSR within seminiferous
epithelium was found in germ cells of transcriptional
phases of spermatogenesis. Fig. 1 E shows reaction
marking ghrelin transcripts in the cell nulei of
pachytene spematocytes and round spermatids while
no reaction is seen in nuclei of elongating spermatids.
Fig. 2 E demonstrates the transcripts of the GHSR
gene expression. The hybridocytochemical reaction
intensively marks nuclei of spermatocytes and round
spermatids. However, in heads of elongating, matura-
tion phase spermatids, up to 19 step of spermiogenesis,
the reaction is lacking.

Stage-specificity of the molecule expression

A correlation of the expression of ghrelin, GHSR-1a
and their genes in gametogenic cells with cycle of the
rat seminiferous epithelium, presented in fig. 3, illus-
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trates the cells marked in particular stages of the
cycle. The diagram demonstrates cellular composi-
tion of each of 14 stages of the cycle (arranged verti-
cally) in which gametogenic cells showing the pro-
tein or transcript expression are marked. While read
horizontally the diagram imagines the progress in
spermatogenesis. As it is presented the genes for
ghrelin and GHSR-1a are expressed in late prolifera-
tion phase of spermatogenesis, during meiosis and
transcriptional phase of spermiogenesis. Ghrelin is
expressed during two stage-specific windows of sper-
matogenesis, i.e. in late spermatogonia and primary
spermatocytes up to early pachytenes, and in sper-
matids in acrosome and early maturation phases of
spermiogenesis, while GHSR-1a receptor, its two iso-
forms jointly, is expressed in late spermatogonia,
spermatocytes and spermatids up to the step of sper-
miation.

Discussion

Since identification of ghrelin as natural ligand for GH
secretagogue receptor by Kojima and coworkers in
1999 [22] the searching for its expression in the testis
was focused primarily on Leydig cells. A testis-specif-
ic and developmentally-induced ghrelin gene-derived
transcript has been reported [29]. Tena-Sempere and
co-workers [33] provided evidences for expression of
both ghrelin and its functional receptor in the male
gonad by demonstrating gene expression throughout
extrauterine development of rat testis and its disap-
pearing in experiments in which Leydig cells were
selectively destroyed. They documented ghrelin in
Leydig cells immunohistochemically and found
inhibitory effects of ghrelin on stimulated secretion of
testosterone in vitro by demonstrating a decrease in
levels of CG-stimulated production of mRNAs for
synthesis of StAR protein, P45, cleavage enzyme and
two steroid dehydrogenases. In human testis the same
research team [34] had evidenced expression of genes
for ghrelin and its receptor, as well as they demon-
strated the protein immunohistochemically in Leydig
and Sertoli cells but they did not detect ghrelin in ger-
minal cells at any step of spermatogenesis. In human
spermatogenic cells, especially in pachytenes, they
localized GHSR-la protein. Controversially, other
researchers demonstrated ghrelin immunohistochemi-
cally in pachytene spermatocytes of human [36] and
ovine testis [43].

Spermatocytes in human, rat and ovine testis
expressed ghrelin and GHSR-1a and authors suggest-
ed that ghrelin can influence spermatogenesis acting
via Leydig cells and may operate as a local regulator in
the fine-tuning of spermatogenic function [36], how-
ever, without exception of the possibility that ghrelin
may regulate gene expression of local modulators in
the rat seminiferous tubules [32,34].
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Appreciating the above novel data reflecting role of
the peptide and its receptor in control of male gonad
function via Leydig cells we intend to consider the
gathered results of own studies in light of the local reg-
ulatory mechanism for the course of spermatogenesis
within the cycle of seminiferous epithelium. The
results discussed in the presented paper indicate a
stage-specificity in expression of ghrelin and GHSR-
la receptor in seminiferous epithelium of adult rat sug-
gesting their indispensability for consecutive step(s) of
spermatogenesis to proceed and to furnish male
gametes for fertilization. Expression of genes for ghre-
lin and the ghrelin receptor GHSR1a shows a conver-
gence as to localization of transcripts. Demonstration
of transcripts for ghrelin in pachytenes and round sper-
matids, with in situ hybridization technique, seems to
make evidences verifying the expression of ghrelin in
germinal cells despite the literature data that in germ
cell line this peptide is lacking [30,34].

Another facet of the matter is intranuclear localiza-
tion of ghrelin and its transcripts in spermatocytes and
spermatids. Intranuclear expression of transcripts
seems to reflect site of hybridization of the primer pro-
jected and used. However, the presence of ghrelin pro-
tein explicitly repeatable in nuclei of gametogenic
cells being on specific steps of spermatogenesis may
suggest its particular role as signalling molecule in the
intracellular regulation, especially that the nuclear
localization of reaction product was confirmed in two
procedures, with using peroxidase and alkaline phos-
phatase. Nuclear expression of ghrelin in gonads has
been documented immunohistochemically also by
other authors in testis [36,43] and ovary [44]. There
are convincing evidences for intracellular processing
of proteins and translocation the processed molecules
to the nucleus to function as transcriptional regulators
[45]. The results presented in this paper could suggest
a role of ghrelin in transcriptional regulation of
prophase of meiotic divisions and acrosome phase of
spermiogenesis.

A next problem that needs to be discussed are two
different patterns of localization of immunohistochem-
ical reaction for the ghrelin receptor, GHSR-1a, in
seminiferous epithelium, in dependence on antibodies
applied, i.e. in almost all types of germ cells including
cell membrane of round spermatids, heads of matured
spermatids, and spermatozoa, and processes of Sertoli
cells or the pattern, when Milipore antibodies were
used, limited selectively to Golgi, acrosomes of sper-
matids and heads of matured spermatids and sperma-
tozoa. The differences are suggestive enough to think
that they represent two isoforms of GHSR-1a. The first
of the patterns suggests the receptors responding to
ghrelin available within seminiferous epithelium and
being an element of local regulatory mechanism for
spermatogenesis. The second pattern marking sper-
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matids may demonstrate the process of furnishing
gametes with receptor being utilized after spermiation
and as well after ejaculation. As to the first pattern the
question is how the ghrelin is available in this epithe-
lium if our results presented here indicates stage-spe-
cific intranuclear expression of ghrelin in germ cells
only. However, in this reason the interstitial cells
should be also included into sources of ghrelin for ger-
minal epithelium. Ghrelin most likely passes blood-
testis barrier since this peptide has been evidenced as a
molecule crossing the membrane barriers in CNS [46].
Moreover, ghrelin receptor may signal with 50% of
maximal activity even in absence of its ligand [47].
Expression of ghrelin, ghrelin functional receptor
and their transcripts in the rat germinal epithelium
point out spermatogenic cells, apart from Leydig cells,
as site of their synthesis and action. Expression of
genes for ghrelin and its receptor GHSR-1a occurs in
transcriptional phase of meiosis and spermiogenesis
and mRNA succeeds to be demonstrated with in situ
hybridisation technique in early spermatocytes and
round spermatids showing nuclear and poorly cyto-
plasmic localization. Expression of ghrelin protein
demonstrated immunohistochemically in spermato-
genic cells is manifested in two stage-specific win-
dows of spermatogenesis: (1) in the late phase of sper-
matogonia proliferation up to early phase of meiotic
division and (2) during the acrosome and early matu-
ration phase of spermiogenesis, showing nuclear local-
ization. With the two types of antibodies used the
expression of probably two isoforms of GHSR-la
could be demonstrated immunohistochemically, i.e. as
receptor protein present in pachytene cytoplasm, cell
membrane of round spermatids, heads of matured
spermatids and processes of Sertoli cells and, when the
second type of antibodies were used, as an isoform
limited to spermatids of steps 1 — 19 in which the reac-
tion marked acrosome in the course of its differentia-
tion and head of spermatids being released as sperma-
tozoa. Expression of GHSR-1a on heads of matured
spermatids could be documented with using both types
of the antibodies. In turn, in relation to localization of
ghrelin protein we believe that nuclear expression of
ghrelin selectively in two phases of spermatogenesis
indicates its involvement in intracellular signalling.
Surprisingly, in comparable phases of spermatogenesis
transcription of c-kit transmembrane tyrosine-kinase
receptor is ceased (meiosis) and shorter c-kit tran-
scripts that should encode a truncated isoform of the
receptor protein are expressed in spertmatids steps 9 —
13 [48]. Stem cell factor c-kit ligand is expressed at the
level of spermatogonia and its role in germ cell devel-
opment has been recognized as survival factor for pri-
mordial germ cells, spermatogonial stem cell niche
and factor inducing proliferation of spermatogonia
[49-52]. The stage-specific expression was found for a
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number of molecules acting as messengers of local
regulatory mechanism within seminiferous epithelium.
Pituitary adenylate cyclase-activating polypeptide
(PACAP) is most intensely expressed in spermatids
steps 3 — 12 but not in maturation phase spermatids, its
receptor in spermatids step 7 — 12, and expression of
the PACAP gene occurs in spermatogonia and primary
spermatocytes [14,15]. Stage-specific expression was
recognized also for other molecules as for IGF-I,
activin, inhibin, NGFp, transcriptional factors, inter-
leukins [4-6,8,10,11]. We also believe that expression
of GHSR-la isoforms illustrates conditions for a
response of spermatogenic cells to ghrelin whithin the
seminiferous epithelium and the process in which
spermatozoa are furnished receiving receptor to
respond, for instance, to seminal plasma ghrelin or to
the ghrelin of female reproductive tract fluid available
in the course of movement and capacitation of sper-
matozoa or acrosome reaction and fertilization. Ghre-
lin was found to occur in seminal plasma [53] and is
present in uterine fluid [54].

Finally, it seems intriguing to discuss the present-
ed results also with regard to potential mutations in
ghrelin and/or its receptor since some data related to
the ghrelin receptor mutations have been reported
[55,56]. An animal model of reproductive defects
that helps to recognize genes or mechanisms
involved in pathophysiology of testis and fertility
comprises a register of about 400 cases of infertility,
subfertility, delayed fertility in one or both sexes
[57,58]. The register includes mutation in a number
of modulators of gonadal function, among others in
c-kit ligand and leptin and their receptors, as cause
of infertility in both sexes. Matzuk and Lamb [57,58]
did not register mutations in ghrelin and its receptor
proteins as a cause of idiopathic infertility. However,
it has been proposed on the basis of comparison of
the biological actions of leptin and ghrelin at differ-
ent levels of the hypothalamic-pituitary-gonadal axis
that, through concurrent or antagonistic actions, the
ghrelin, when acting with leptin, may operate also as
modulator of different reproductive functions [20].
In mice a lack of ghrelin does not affect fertility.
While mice lacking ghrelin are fertile the mice lack-
ing functional leptin (ob/ob) or with mutation of lep-
tin receptor are obese, infertile, and exhibit impaired
spermatogenesis [59-63]. In turn, experimental
hyperghrelinemia in prepubertal male rats decreased
serum LH and testosterone concentration and
delayed timing of puberty [64]. Moreover, an over-
expression of ghrelin gene resulting in high level of
ghrelin was reported for Willi-Prader syndrome with
combined impairment of LH secretion, LH stimulat-
ed testosterone production and local, presumably,
primary defects in Sertoli and gametogenic cell line
maturation [65-67].

©Polish Histochemical et Cytochemical Society
Folia Histochem Cytobiol. 2009:47(3): 421 (415-423)
10.2478/v10042-009-0098-8

421

In concluding remarks it seems to be acceptable that
there is more than one point of ghrelin signaling in sem-
iniferous epithelium: (1) in the local regulation of germ
cell maturation most likely by cooperating with other
regulatory molecules as c-kit ligands and leptin or exert-
ing opposite action to them, (2) in intracellular sig-
nalling and, lastly, in (3) in influencing gametes since in
the course of spermiogenesis the male gametes become
equipped in the ghrelin receptor presumably to respond
to ghrelin within the female reproductive tracts.
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