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Abstract.  The distribution and regulation of annexin A5 expression, a gonadotropin releasing hormone (GnRH)
receptor regulated protein in gonadotropes and luteal cells, in the testes of rats were examined.  Immunocytochemical
staining revealed high levels of annexin A5 in the Leydig and endothelial cells and lower levels in the primary
spermatocytes and sperm.  Hemicastration significantly increased the annexin A5 content of the remaining testis within
24 h.  Annexin A5 immunoreactivity was increased mainly in interstitial tissues including the peritubular cells, while
some spermatocytes also showed higher intensity of annexin A5 in the remaining testis.  Administration of hCG (50 IU)
enhanced the testicular content of annexin A5 after 24 h.  This treatment expanded the area of interstitial tissue in the
testis and increased annexin A5 immunoreactivity, but the area of the of endothelial cells was unchanged.  Similarly,
human chorionic gonadotropin (hCG) enhanced annexin A5 expression in a primary culture of testis cells that consisted
of mainly interstitial cells.  Because GnRH stimulates the expression of annexin A5 in the gonadotropes and luteal cells,
we examined the effect of GnRH on annexin A5 expression in the testes.  We found that des-Gly10 [Pro9]-GnRH
ethylamide (100 nM), a GnRH agonist, increased annexin A5 expression in cultured testis cells and that Cetrorelix (100
nM), a GnRH antagonist, inhibited the effect of hCG on annexin A5 expression.  These results suggest that pituitary
luteinizing hormone promotes annexin A5 synthesis in Leydig cells and that this effect could be mediated by local
GnRH in the testis.
Key words:  Annexin A5, Gonadotropin releasing hormone (GnRH), Human chorionic gonadotropin (hCG), Leydig 
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onadotropin releasing hormone (GnRH) is a hypothalamic
decapeptide that is primarily responsible for humoral control

of reproduction.  GnRH is secreted by GnRH neurons at the median
eminence of the hypothalamus and is transported by the pituitary
portal system to the gonadotropes of the anterior pituitary gland.
GnRH binds to a specific G protein-coupled receptor and stimu-
lates gonadotropin secretion.  GnRH and its receptor are also
reported to be expressed in tissues outside of the hypothalamus and
pituitary gland, including the testis [1].

Although the physiological role of GnRH in reproduction is well
established, the functions of extrahypothalamic GnRH remain
unclear.  GnRH is known to directly inhibit testosterone production
by unknown mechanisms [2, 3].  It also inhibits the proliferation of
some tumor cell lines [4, 5], suggesting that it is also involved in
specific cellular functions other than hormone secretion.  For
example, GnRH receptors in granulosa cells are thought to partici-
pate in follicular atresia [6].  So, it is interesting to know how
GnRH works in the testis.

We previously demonstrated that expression of annexin A5 is
specifically stimulated by GnRH in pituitary gonadotropes [7].
Annexin A5 is a member of the annexin family, which is character-
ized by calcium-dependent phospholipid binding and structural

similarity.  Annexin family proteins are found in a wide variety of
animal species, from Drosophila to human [8, 9], and similar pro-
teins have been reported in plants [8, 10].  Annexins have been
shown to inhibit phospholipase A2, protein kinase C, and blood
coagulation [8].  Annexin A5 can also function as a calcium chan-
nel in phospholipid bilayers [11].  Despite these molecular
functions, the physiological role of annexins remains unclear.  In
another previous study, we found that annexin A5 is expressed in
the regressing corpus luteum [12].  The expression of annexin A5
in the luteal cells was accompanied by apoptotic changes, and the
changes were inhibited by the local administration of a GnRH
receptor antagonist, indicating that annexin A5 synthesis is stimu-
lated by GnRH in the ovary [12].  These reports from our
laboratory suggest that annexin A5 can be used as a biomarker of
GnRH action in peripheral tissues.

Because both the GnRH receptor and annexin A5 are found in
the testes [13, 14], we examined the precise localization of annexin
A5 and how its expression is affected by GnRH in the testes.  We
found that annexin A5 expression in Leydig cells is stimulated by
human chorionic gonadotropin (hCG) and postulated that GnRH
mediates this effect.

Materials and Methods

Animals
Adult male rats (300–350 g Wistar Imamichi strain) were bred in
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our laboratory.  The rats were maintained in light (lights on and at
0500 off at 1900 h)- and temperature (23 ± 3 C)-controlled rooms
and were allowed free access to laboratory chow and tap water.  All
animal studies were conducted in accordance with the guidelines
for animal treatment of Kitasato University.

Antiserum and reagents
Rabbit antisera to annexin A5 and to rat 3β-hydroxy steroid

dehydrogenase (3β-HSD) were produced in our laboratory.  These
antisera were generated by immunizing rabbits with recombinant
rat annexin A5 or a synthetic peptide fragment of rat 3β-HSD
(CTLVEQHRETLDTKSQ) conjugated to keyhole limpet hemocy-
anin (Sigma-Aldrich Japan, Tokyo, Japan), respectively.  The
specificity of the antiserum to annexin A5 has been described pre-
viously [14].  The specificity of the antiserum to 3β-HSD was
confirmed by Western blotting of a testicular extract, which
showed a single band of the appropriate molecular weight (data not
shown).  We experienced that only steroid producing cells were
detected in the ovary with this antiserum.  An avidin-biotin-alka-
line phosphatase complex kit (ABC kit) and alkaline phosphatase
substrate kit (ABC AP substrate kit) were purchased from Vector
Laboratories (Burlingame, CA, USA).  BM blue POD substrate
was obtained from Roche (Indianapolis, IN, USA).  Anti-rabbit
IgG-peroxidase was purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, USA).  Bovine serum albumin was obtained from
Sigma-Aldrich Corp, DMEM/F12 was purchased from Invitrogen
(Grand Island, NY, USA), collagenase was obtained from Boe-
hringer Mannheim (Mannheim, Germany), and hCG was
purchased from Sankyo Lifetech (Tokyo, Japan).

Hemicastration
The hemilateral testis was surgically removed via an abdominal

incision under light ether anesthesia.  Twenty-four h after surgery,
the remaining testis was removed.  Both the originally removed and
remaining testes were subjected to Western blotting and immuno-
histochemistry with annexin A5 antiserum.

Immunohistochemistry of annexin A5 and 3β-HSD
A few cuts were made in the dissected testes with a razor blade,

and the testes were fixed for a few days at 4 C in Bouin’s solution
without acetate and supplemented with 9% saturated HgCl2 (satu-
rated Picric acid solution: neutralized formalin: saturated HgCl2

solution=15:5:2).  Each testis was cut into small pieces, embedded
in paraffin and sliced into 4-μm thick sections.  Dried sections were
processed through a series of xylene and ethanol to replace the par-
affin with water.  Next, the HgCl2 was removed using an I2-KI-
ethanol solution.  The sections were then washed with 70% ethanol
followed by 0.25% sodium thiosulfate.  The antiserum for annexin
A5 was diluted 1:10,000 and that for 3β-HSD was diluted 1:4,000
in antibody binding buffer (50 mM Tris, 150 mM NaCl, 5 mM
EDTA and 0.25% Nonidet P40, pH 7.4).  The sections were incu-
bated with the antiserum overnight at 4 C.  Next, the sections were
incubated for 1 h at 37 C in 1:200 biotinylated goat anti-rabbit IgG.
Finally, the sections were incubated at room temperature for 30
min with VECTASTAIN® Elite ABC reagent.  Immunoreactivity
was detected using an ABC AP substrate kit (red).  The negative

control was a section treated as described above but using normal
rabbit serum in place of the specific antisera.  All specimens were
counterstained with hematoxylin.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) and Western blotting

The annexin A5 contents of testes or testicular cells were evalu-
ated by SDS-PAGE followed by Western blotting.  Pieces of
testicular tissue were homogenized in 1 ml of 0.01 M PBS (pH 7.4),
by sonication with an ultrasonic cell disruptor (Ultrasonics; Farm-
ingdale, NY, USA).  The homogenate was centrifuged at 10,000 ×
g for 20 min at 4 C.  Protein content was measured with a protein
assay kit consisting of Coomassie brilliant blue G250 (BioRad Lab-
oratories, Tokyo, Japan).  Protein samples (30 μg) were separated
on a 12% SDS-PAGE gel and electrophoretically transferred onto a
polyvinylidene difluoride (PVDF) membrane (Immun-blot PVDF,
BioRad Laboratories).  The membrane was then blocked with 1%
Blocking Reagent (Roche) in PBS and incubated for 1 h at room
temperature with 1:1,000 anti-rat annexin A5 antiserum in the
blocking solution.  Next, the membrane was incubated for 1 h at
room temperature with 1:1,000 anti-rabbit IgG-peroxidase in the
blocking solution.  Immunoreactive protein was visualized with
BM blue POD substrate.  Densitometric analysis was carried out
using the Image Gauge software (Fuji film, Tokyo, Japan).

Administration of hCG
Adult male rats were administered hCG (50 IU/0.2 ml saline)

intraperitoneally and were euthanized after 24 h.  The testes were
subjected to immunohistochemical analysis and quantitation of
annexin A5 expression by Western blotting.

Primary culture of testis cells
Primary cultures of testis cells were established to examine the

effect of hCG on annexin A5 expression.  Rats were anesthetized
with ether, and the testes were removed into ice-cold PBS.  The
tunica albuginea was removed, and the testes were put into a cul-
ture bottle containing 50 ml of 0.25 mg/ml collagenase in 0.1 M
PBS (pH 7.4) containing 1 mg/ml bovine serum albumin.  The bot-
tle was rotated at 160 revolutions per min for 10 min at 37 C.  The
liberated cells were filtered with a 70-μm nylon mesh (BD Bio-
sciences, San Jose, CA, USA) and centrifuged at 400 × g for 10
min.  The collected cells were suspended at 106 cells/ml in DMEM/
F12 containing 10% fetal calf serum.  The cell suspension (2 ml per
dish) was seeded into 35-mm plastic tissue culture dishes, and the
cells were maintained in an atmosphere of 5% CO2 at 34 C.  After 2
days of culture, the medium was replaced with fresh medium con-
taining hCG (30 IU/ml), hCG and 100 nM Cetrorelix (GnRH
antagonist, ASTA Medica, AG, Frankfurt, Germany) or 100 nM
Des-Gly10 [Pro9]-GnRH ethylamide (GnRH agonist [GnRHa],
Takeda Chemical Industries, Osaka, Japan).  After 24 h, the
medium was removed, and the cells were lysed and analyzed by
Western blotting with the annexin A5 antiserum.

Statistical analysis
All values are expressed as means ± SEM.  Means from two

independent groups were compared using the Student’s t-test.
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Multiple data sets were examined by one-way ANOVA and Bon-
ferroni’s method.  P values of less than 0.05 were considered to
indicate statistical significance.

Results

Localization of annexin A5 in the testis
Immunohistochemical analysis showed that annexin A5 was

expressed by a variety of cells in the testis, but the intensity varied
between different cell types; expression was mainly observed in the
interstitium (Fig. 1A).  The highest level of annexin A5 immunore-
activity was seen in the endothelial cells (Fig. 1A, arrowheads).
Staining of adjacent sections with antisera to annexin A5 and 3β-
HSD clearly showed that these two proteins are coexpressed in the
same cells as indicated with arrowheads in different color.  The
cells stained with both anti-sera are Leydig cells (Fig. 1D, E; red,
orange, green and blue arrowheads).  White arrowheads show the
epithelial cells.  Finally, lower levels of annexin A5 were found in
sperm (Fig. 1B) and primary spermatocytes (Fig. 1C).

The effect of hemicastration on the expression of annexin A5
Because annexin A5 was expressed in a variety of cell types

including Leydig cells, we next examined whether the expression
of annexin A5 is altered according to changes in a specific physio-
logical condition.  Here, we examined the effect of hemicastration,
which should increase the gonadotropic effects of the pituitary
gland due to reduced negative feedback.  We found that, 24 h after
removal of the hemilateral testis, the content of annexin A5 in the
whole tissue homogenate of the remaining testis was increased
(Fig. 2).  The intensity of the immuno-reaction was also increased
in the interstitial tissues of the remaning testis (Fig. 3, black arrow-
heads).  Peritubular cells had an obvious positive reaction for
annexin A5 (orange arrowheads), and some spermatocytes also
showed higher intensities of annexin A5 (green arrowheads).

Administration of hCG increases the level of annexin A5 in 
interstitial tissues

We speculated that an increase in luteinizing hormone secretion
after hemicastartion affects expression of annexin A5.  Therefore,
we examined the effect of hCG on the expression and distribution
of annexin A5.  The testicular content of annexin A5 was signifi-
cantly increased 24 h after a single administration of 50 IU hCG
(Fig. 4).  In addition, treatment with hCG expanded the area of the
testicular interstitium and dramatically increased its annexin A5
immunoreactivity (Fig. 5, black arrowheads).  The region between
seminiferous tubules became more evident with annexin A5 immu-
noreactivity by hCG (Fig. 5 orange arrowheads).  Some
spermatocytes also showed higher intensities (Fig.5 green arrow-
heads).  In contrast, hCG treatment did not affect the level of
annexin A5 immunoreactivity in endothelial cells.

Effect of hCG on the expression of annexin A5 in a primary 
culture of testis cells

To explore whether hCG has a direct effect on annexin A5
expression, we examined its effects in a primary culture of liber-
ated cells from the uncut testis by collagenase digestion.  This

preparation was expected to contain mainly Leydig cells and other
interstitial cells.  We also examined the effect of GnRHa because
we found previously that it augments annexin A5 expression in
gonadotropes and luteal cells [12, 15].  Compared with the control,
the annexin A5 content was increased by a 24-h treatment with 30
IU/ml hCG (Fig. 6).  Treatment with 100 nM GnRHa increased the
annexin A5 content to the same extent as treatment with hCG.  The
GnRH antagonist Cetrorelix also significantly inhibited enhance-
ment of annexin A5 expression by hCG (Fig. 7).

Discussion

In the present study, we demonstrated that annexin A5 is
expressed in the testis and that its expression in the interstitial tis-
sues is enhanced by GnRHa and hCG.  Immunohistochemical
staining of adjacent sections with antisera to annexin A5 and 3β-
HSD indicated that annexin A5 is expressed mainly by Leydig cells
in interstitial tissues.  We also found annexin A5 in endothelial
cells, sperm heads, peritubular cells and primary spermatocytes.  In
addition, we previously observed an immunoreaction for Sertori
cells [14], but we did not see an immunoreaction in the present
study.  We currently do not know the reason for this discrepancy.
We suppose it could result from a variation in expression level and/
or changes in the amount of extracellular annexin A5.  Further
study is needed to clarify this issue.  Our results also showed that
hCG increased annexin A5 expression mainly in Leydig cells and
that pituitary LH augments annexin A5 synthesis in the testis.
Endothelial cells also contained abundant annexin A5 immunore-
activity, but the level was unaffected by hemicastration or
treatment with hCG.  Because annexin A5 can interact with the
intracellular portion of the vascular endothelial growth factor
receptor (also known as Flk1) [16], annexin A5 is hypothesized to
contribute to the action of vascular endothelial growth factor in the
testes of adult rats.

Hemicastartion is known to transiently increase pituitary gona-
dotropin secretion because of reduced negative feedback by
androgens [17].  We hypothesized that this augmentation of LH
increased annexin A5 expression in the remaining testis on the day
following hemicastration.  This possibility was supported by the
finding that administration of hCG to male rats increased the testic-
ular content of annexin A5 in the interstitial tissue but not in
endothelial cells.  Therefore, it appears that hCG enhances the
expression of annexin A5 in the interstitial tissues, an effect that
appears to be mediated by pituitary LH.

In the present study, we observed that hemicastration and hCG
both increased annexin A5 expression in peritubular cells and some
spermatocytes.  It is still unknown whether these responses were a
direct effect of hCG and LH.  To our knowledge, there are no
reports on the distribution of LH receptors in peritubular cells.  It is
possible that these effects on the peritubular cells and spermato-
cytes are secondary reactions of these cells to the change in Leydig
cells.  If this is the case, it is a possibile that locally synthesized
GnRH mediates the action of LH/hCG to facilitate the annexin A5
expression in those cells.  It has been demonstrated that Leydig
cells contain both GnRH and its binding site [18].  As annexin A5
is known to be secreted [19], it is also possible that Leydig cells
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Fig. 2. Effect of hemicastration on the expression of annexin A5. Three
rats were hemicastrated, and the remaining testes were collected
after 24 h. The removed and remaining testes were analyzed by
W e s t e r n  b l o t t i n g  w i t h  a nne x in  A 5  an t i s e r um,  an d
immunoreactivity was quantified by densitometry.  A
representative image of Western blotting and the results of
densitometry are shown. The results are representative of four
independent experiments. The asterisk (*) indicates a significant
difference (P<0.05).

Fig. 3. Effect of hemicastration on the immunohistochemical
localization of annexin A5. An adult male rat was castrated
hemilaterally, and the remaining testis was removed 24 h later.
Both were subjected to immunohistochemistry with anti-annexin
A5. The testis removed first (intact) is panel A, and that collected
one day after is panel B. The original magnification was × 20,
and the scale bar is 50 μm.  Compare the interstitium between the
testes (black arrowheads). Orange arrowheads indicate the
peritubular tissues, and green arrowheads point spermatocytes.

Fig. 1. Localization of annexin A5 in the testis of an intact adult rat.
Immunohistochemical staining was performed using antisera to
annexin A5 (A–D) and 3β-HSD (E). A: lower magnification
(original magnification; × 10). Arrowheads indicate blood vessels
in the interst i t ium. B:  higher  magnificat ion (original
magnification; × 40). Arrowheads indicate sperm heads. C: higher
magnification (original magnification; × 100). Arrowheads point
the primary spermatocyte. D and E: Adjacent sections shown as
mirror images (original magnification; × 40). Arrowheads of the
same color indicate the same cells in adjacent sections. White
arrowheads indicate the same blood vessel. Scale bars: 100 μm
for A, 50 μm for B, D, E; 20 μm for C.

Fig. 4. Effect of hCG administration on the testicular content of annexin
A5. Three rats were administered hCG (50 IU) intraperitoneally,
and their testes were collected after 24 h. Control rats were
administered saline. Extracts of testes were analyzed by Western
blotting with antisera to annexin A5 (upper image), and
immunoreactivity was quantified by densitometry. The values
represent the means ± standard error of means from triplicate
samples. The results are representative of four independent
experiments. The asterisk (*) indicates a significant difference
(P<0.05).

Fig. 5. Effect of hCG on the immunohistochemical localization of
annexin A5. Adult rats were administered saline (vehicle; panel
A) or hCG (50 IU; panel B), and their testes were collected after
24 h. The testes were subjected to immunohistochemistry for
annexin A5. Compare the difference in interstitial tissues
between the testes  (black arrowheads) .  The or iginal
magnification was × 10, and the scale bar is 10 μm. Orange
arrowheads indicate the peritubular tissues, and green
arrowheads point to spermatocytes.
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secrete annexin A5 and that neighboring cells import the secretions
through an undefined receptor or by unknown means.  Further
study is needed to clarify this problem.

To determine whether the effect of hCG on the interstistial cells
is direct, we examined its effects in a primary culture of testis cells.
The cells were obtained by digesting the whole testis without mak-
ing an incision, and only cells liberated from the tissue by
collagenase treatment were collected.  Therefore, the culture con-
tained cell types mainly from interstitial tissues.  As found in vivo,
hCG increased the level of annexin A5 in the cultured cells.  Unex-
pectedly, GnRHa also increased the annexin A5 content of the
cells.  The GnRH receptor is expressed not only in the hypothala-
mus and anterior pituitary gland [20] but also in a variety of
peripheral tissues.  Because both GnRH and GnRH receptor are
expressed in the testis [18, 20], GnRH has been thought to act as a
paracrine or an autocrine regulator of testis function.  We speculate
that annexin A5 participates in this function of GnRH in the testes.

GnRH has been reported to directly inhibit steroidogenesis in the
testis [21], but the mechanism by which GnRH reduces testoster-
one production is unknown.  GnRH suppresses the stimulatory
action of LH on testosterone production [2, 22].  In addition, LH
reduces the level of GnRH receptor mRNA [23].  These findings
indicate a relationship between LH and GnRH action in the testis.
In the present study, the stimulatory effect of hCG on annexin A5
expression was inhibited by a GnRH antagonist.  Thus, the local
GnRH receptor appears to at least partly mediate the effect of hCG
on Leydig cells.  Although we currently do not know how LH and
GnRH work together in relation to testis function, we suspect that
annexin A5 is involved in the cooperative action of LH and GnRH

on the steroidogenesis or cell growth in Leydig cells.
Annexin A5 is one of the more abundant annexins and appears

to be distributed throughout many tissues.  Its distribution, how-
ever, is very specific to the cell type.  We previously reported that it
is expressed in endocrine organs, including the pituitary gland, thy-
roid, adrenal cortex, ovary and testis [14].  In each of these organs,
annexin A5 is expressed in specific cell types.  For example, it is
present in the gonadotropes and folliculostellate cells of the pitu-
itary gland, follicle cells of the thyroid, adrenal cortex cells and
luteal cells of the ovary.  Therefore, we suspect that annexin A5
plays a common intracellular role in different cell types.

In the tissues that expressed annexin A5, we have previously
demonstrated that the synthesis of annexin A5 is stimulated by
GnRH in gonadotropes and luteal cells [7, 12].  In the present
study, we showed that this also occurs in Leydig cells.  The pres-
ence of this relationship between GnRH and annexin A5 in
different cell types suggests a common role of annexin A5 down-
stream of the GnRH receptor.  Furthermore, annexin A5 has been
suggested as a biomarker for the GnRH receptor.  Thus, it may be
possible to identify cells expressing GnRH receptor by examining
the changes in annexin A5 expression following administration of
GnRH.

The present study showed that there is a relationship between the
GnRH receptor and hCG in the control of annexin A5 expression in
Leydig cells.  Further study is needed to clarify whether GnRH
mediates the action of LH in the testis.  Additionally, the physio-
logical role of annexin A5 in the Leydig cells, peritubular cells and
spermatocytes remains to be determined.  We previously found that
annexin A5 stimulates gonadotropin secretion in a primary culture

Fig. 6. Effect of hCG and GnRHa on testicular annexin A5 expression.
Primary cultures of testis cells were treated with hCG (30 IU/
ml) or 100 nM GnRHa. After 24 h, the cells were harvested and
lysed, and the extracts were analyzed by Western blotting with
antiserum to annexin A5. An image of the membrane and the
results of densitmetry are shown. The values represent the
means of three independent cultures and standard errors of the
means. The results are representative of four independent
experiments. Asterisks (*) indicate significant differences vs.
the control (P<0.05).

Fig. 7. Effect of a GnRH antagonist on enhancement of annexin A5
expression by hCG. Primary cultures of testis cells were treated
for 24 h with hCG (30 IU/ml) in the absence or presence of 100
nM Cetrorelix (GnRH antagonist). The cell lysate was
analyzed by Western blotting with annexin A5 antiserum. An
image of the membrane and the results of densitmetry are
shown. The values represent the means of three independent
dishes and standard errors of the means. The results are
representative of three independent experiments. One asterisk
indicates a significant difference in intensity from the control
(P<0.01), and two asterisks indicate a significant difference
from that of the hCG group (P<0.05).
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of anterior pituitary cells and augments the action of GnRH [7].
Therefore, annexin A5 may participate in signal transduction by the
GnRH receptor.  In addition, it is expressed in the luteal cells of
rodents during apoptosis caused by inhibition of prolactin secretion
[12].  These observations suggest that annexin A5 also acts as a sig-
naling molecule downstream of the GnRH receptor in Leydig cells.

In conclusion, the present study clearly showed that local GnRH
stimulates annexin A5 expression in interstitial cells.  We suggest
that there is a regulatory mechanism for Leydig cells in which
annexin A5 plays a role following LH stimulation and that local
GnRH mediates its effect.
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