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Abstract
We have previously demonstrated that the mitochondria-derived cytoprotective peptide humanin
(HN), when administered intratesticularly to rats, rescues germ cells from apoptosis secondary to
testicular stress of hormonal deprivation induced by gonadotropin-releasing hormone antagonist
(GnRH-A). To decipher the cellular mechanisms of HN action in the amelioration of GnRH-A
induced germ cell apoptosis, adult male rats received the following treatments for 5 days: 1) daily
intratesticular (IT) injections with saline (control); 2) a single subcutaneous injection of GnRH-A
on day 1 and daily IT injection of saline; 3) daily IT injection of synthetic humanin (HN); and 4)
GnRH-A injection on day 1 and daily IT injection of HN (GnRH-A+HN). HN alone had no effect
on germ cell apoptosis. GnRH-A increased germ cell apoptosis and BAX in the testicular
mitochondrial fractions. Synthetic HN decreased germ cell apoptosis induced by GnRH-A and
BAX in the mitochondria. We deduced that the cytoprotective action of synthetic HN on GnRH-A
induced germ cell apoptosis was mediated by attenuating p38 MAPK activity and increasing
STAT3 phosphorylation. The effect of synthetic HN on the expression of endogenous rat HN in
the testis was studied using rat HN specific antibody. GnRH-A treatment increased but
concomitant treatment with synthetic HN reduced endogenous rat HN expression in both cytosolic
and mitochondrial fractions in testis. Co-immunoprecipitation experiments demonstrated the
increased rat HN was physically associated with BAX in the cytosolic testicular fractions after
GnRH-A treatment. Double-immunofluorescence staining confirmed the co-localization of BAX
and rat HN in the cytoplasm of Leydig cells and spermatocytes after GnRH-A treatment. We
conclude that the cytoprotective effect of exogenously administered synthetic HN is mediated by
interactions of endogenous rat HN with BAX in the cytoplasm preventing the entry of BAX to the
mitochondria to govern the fate of germ cell survival or death during pro-apoptotic stress to the
testis in rats.

INTRODUCTION
Germ cell apoptosis can be induced in a cell-specific manner by a variety of pro-apoptotic
stressors, which include experimental male contraceptive approaches such as administration
of gonadotropin-releasing hormone antagonist (GnRH-A), or testosterone (T) to suppress
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endogenous gonadotropins and thus intra-testicular T secretion (Ruwanpura et al, 2008;
Sinha Hikim et al, 1993, 1995, 2003a). We found that preleptotene and pachytene
spermatocytes and round spermatids at mid stages (VII–VIII) are the most susceptible germ
cells to apoptosis after hormone deprivation in the rats (Sinha Hikim et al, 1993, 1995,
2003a; Vera Y et al, 2006). The findings were consistent across species in rodents (Lue et al,
2006), monkeys (Jia et al, 2007), and humans (Wang et al, 2007); demonstrating that germ
cell apoptosis plays an important role in the organized regression of spermatogenesis after
intratesticular T deprivation. In previous studies, we showed that the mitochondria-
dependent intrinsic pathway serves as the indispensable signaling pathway for germ cell
apoptosis across species after intratesticular hormonal deprivation (Green et al, 2000;
Hengartner, 2000; Jia et al, 2007; Reed, 2000; Sinha Hikim et al, 2003a; Vera et al, 2004,
2006;). The activation of p38 mitogen-activated protein kinase (p38 MAPK) alters the BAX/
BCL-2 rheostat in the mitochondria, allowing BAX to translocate to the mitochondria,
thereby activating the caspase cascade and resulting in male germ cell apoptosis in response
to hormonal deprivation (Jia et al, 2007; Vera et al, 2004).

Humanin (HN) is a mitochondria-derived, cytoprotective peptide expressed in neuronal
tissue (Chiba et al, 2004; Hashimoto et al, 2001; Kariya et al, 2002, 2005; Matsuoka et al,
2004, 2009; Nishimoto et al, 2004; Xu et al, 2006, 2010), blood-derived cells (Wang et al,
2005), heart and blood vessels (Bachar et al, 2010; Jung and Van Nostrand, 2003;
Muzumdar et al, 2010), pancreatic beta cells (Hoang et al, 2010), and testis (Lue et al, 2010;
Moretti et al, 2010). We have demonstrated that exogenous HN mitigates GnRH-A or
insulin-like growth factor binding protein-3 (IGFBP-3) induced male germ cell apoptosis in
rats (Lue et al, 2010). However, the cellular mechanisms of HN action in the regulation of
testicular germ cell homeostasis are not known and were examined in this study. The
endogenous HN homologue in the rat, rat HN (also known as rattin), has 14 amino acids
more than the human version and has similar biological effects (Caricasole et al, 2002). Rat
HN can be immunologically distinguished from human version of HN secondary to the non-
cross-reactivity of the anti-rattin antibody, in addition to the difference in molecular weight
of the two peptides.

In this study, we first assessed BAX translocation from cytosol to mitochondria in
experimental conditions of testicular stress to define the intracellular cytoprotective action of
HN on germ cell apoptosis. We showed that HN exerted its cytoprotective action via
activation of STAT-3 signaling while decreasing p38-MAP kinase, events upstream of
apoptosis. We then examined the intracellular interaction of endogenous rat HN and BAX
after induction of apoptosis by acute testicular stress induced by GnRH-A with or without
concomitant exogenous synthetic HN administration.

MATERIALS AND METHODS
Animals and Experimental Protocols

Young adult 60-day-old male Sprague Dawley (SD) rats were purchased from Charles River
Laboratories (Wilmington, MA) and housed in a standard animal facility under controlled
temperature (22°C) and photoperiod of twelve hours of light and 12 hours of darkness with
free access to food and water. The animal use protocol was reviewed and approved by the
Institutional Animal Care and Use Committee of Los Angeles Biomedical Research Institute
at Harbor-UCLA Medical Center. Groups of three to four rats received the following
treatment for five days: 1) Control (n=3): Daily intratesticular (IT) saline injection; 2)
GnRH-A (n=3): GnRH-A (Acyline, 30 mg/kg body weight, obtained from the NICHD,
Rockville, MD) subcutaneous injection on day 1 and daily IT saline injection; 3) HN (n=4):
daily IT injection of 50 mcg HN (GeneMed Synthesis, Inc., San Antonio, TX); and 4)
GnRH-A + HN (n=4): GnRH-A injection on day 1 and daily IT injection of 50 mcg HN.
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Rats were euthanized on day 6. Detailed experimental procedures were similar as published
previously (Lue et al, 2010).

Tissue Preparation and Subcellular Fractionation
Both control and experimental animals were injected with heparin(130 IU/100g BW, IP) 15
min before a lethal injection of sodium pentobarbital (100 mg/kg BW, IP) to facilitate
testicular perfusion using a whole-body perfusion technique (Lue et al, 1999). After
perfusion with saline, one testis was removed and weighed. Portions of testicular
parenchyma were snap frozen in liquid N2, and stored at −80°C for subcellular fractionation
and Western blotting.

Mitochondrial and cytosolic fractions were prepared as described previously (Jia et al, 2007,
2009; Sinha Hikim et al 2003b; Vera et al, 2006). Saline-perfused testes were homogenized
in HEPES buffer (0.25 M sucrose, 50 mM HEPES, 10 mM NaCl, 10 mM EDTA, 2 mM
DTT) supplemented with protease inhibitors (Complete Protease Inhibitors; Roche, Basel,
Switzerland). Mitochondrial and cytosolic fractions were isolated by repeated centrifugation
at different speeds. The purity of the cytosolic and mitochondrial fractions was validated by
Western blotting using antibodies to GAPDH (1:5000; Millipore, Billerica, MA) and
cytochrome c oxidase subunit IV (1:500; Cell Signaling, Danvers, MA), respectively.

Measurements of Kinase Activation
Activation of p38 MAPK was measured using a specific assay kit (Cell Signaling
Technology, Inc., Beverly, MA) as described previously (Vera et al, 2006). In brief, a
monoclonal phospho-specific antibody to p38 MAPK (Thr180/Tyr182) was used to
selectively immunoprecipitate active p38 MAPK from total testis lysates. The resulting
immunoprecipitate was then incubated with activating transcription factor 2 (ATF2) fusion
proteins in the presence of ATP and kinase buffer, which allows immunoprecipitated active
p38 MAPK to phosphorylate ATF2. Phosphorylated ATF2 was assessed by Western
blotting with phospho-ATF2 (Thr71) antibody (provided in the p38 MAPK activity assay
kit, Cell Signaling Technology, Inc., Beverly, MA).

Western blotting Analysis
Western blotting was performed as described previously (Jia et al, 2007, 2009; Johnson et al,
2008; Vera et al, 2006). Endogenous rat HN was distinguished from exogenously
administered synthetic HN because the anti-rattin antibody (Fitzgerald Industries Intl,
Acton, MA) does not cross react with HN (data not shown). The predicted molecular weight
of rat HN is 5 kDa compared with 2.7 kDa for human HN.

Proteins were denatured and separated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE; Invitrogen, Carlsbad, CA). After transferring, the immuno-blot
PVDF membrane (Bio-Rad, Hercules, CA) was blocked for 1 h and then probed using anti-
STAT3, pTyr705 STAT3, or pSer727 STAT3 antibody (Cell Signaling Technology, Inc.,
Beverly, MA); anti-rattin antibody (Fitzgerald Industries Intl, Acton, MA); anti-COX IV
antibody (Cell Signaling Technology, Inc., Beverly, MA); anti-BAX and GAPDH antibody
(Santa Cruz Biotechnology, Santa Cruz, CA) overnight at 4°C with constant shaking. After
washing, the membrane was incubated with anti-mouse (Santa Cruz Biotechnology, Santa
Cruz, CA) or anti-rabbit (Amersham Biosciences, Piscataway, NJ) IgG-HRP secondary
antibody. All antibodies were diluted in blocking buffer. For immunodetection, membranes
were incubated with enhanced chemiluminescence solutions per the manufacturer’s
specifications (Amersham Biosciences, Piscataway, NJ), and exposed to Hyperfilm ECL
(Denville Scientific Inc., Metuchen, NJ). Band density was determined using Bio-Rad
Quantity One software (Hercules, CA). The numerical data from each sample was collected
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using the ratio of the band density of interest to that of loading control on each line of the
immunoblots. The mean levels of the numerical data from samples from different treatment
were compared by statistical analysis as described below. COX IV was used as loading
control (normalization factor in density analysis) for BAX or rat HN expression in
mitochondrial fraction and GAPDH was used as loading control (normalization factor in
density analysis) for BAX expression in cytosolic fraction and STAT3 or rat HN expression
in total lysate. ATF2 was used as loading control (normalization factor in density analysis)
for pATF2 in p38MAPK activity assay.

Co-Immunoprecipitation
Co-immunoprecipitation (Co-IP) of rattin with anti-BAX antibody (Santa Cruz
Biotechnology, Santa Cruz, CA) in the cytosolic and mitochondrial fractions was performed
using the ExactaCruz™ F kit (Santa Cruz Biotechnology). Following incubation of the
antibody against BAX with the immunoprecipitation matrix, the mitochondrial or cytosolic
fractions in the matrix were pelleted by microcentrifugation at maximum speed for 30
seconds at 4°C and washed twice with 500 μl of PBS. After the final wash of the IP
antibody-IP matrix complex, 1000 μg of cytosolic or mitochondrial fractions of testis lysate
was added to the pelleted matrix and incubated at 4°C on a rotator overnight. The mixture
was again pelleted by micro-centrifugation at maximum speed for 30 seconds at 4°C,
washed three times with RIPA lysis buffer, and resuspended in 40 μl of reducing 2x
Electrophoresis Sample Buffer (Santa Cruz Biotechnology, Santa Cruz, CA). After boiling
samples for 3 minutes the supernatant was loaded onto a gel for electrophoresis. After
incubation with anti-rattin antibody and secondary antibody, bands were visualized using the
corresponding horseradish peroxidase (HRP) conjugated ExactaCruz™ F reagents and the
enhanced chemiluminescence solutions per the manufacturer’s specifications (Amersham
Biosciences, Piscataway, NJ).

Double Immunofluorescence Staining
Co-localization of BAX and rat HN in the testis was detected by confocal microscopy using
double immunostaining as described (Johnson et al, 2008). In brief, after deparaffinization
and rehydration, tissue sections were first incubated with the anti-BAX antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, mouse monoclonal, 1:100) and followed by FITC anti-
mouse secondary antibody (Santa Cruz Biotechnology, Santa Cruz, CA). Then after
incubation with an anti-rat HN antibody (Fitzgerald Industries Intl, Acton, MA, rabbit
polyclonal, 1:100), the sections were probed with Alexa 633 anti-rabbit secondary antibody
(Invitrogen, Carlsbad, CA). For negative controls, sections were treated only with secondary
antibody. Confocal imaging was performed using a Leica TCS-SP-MP confocal microscope
equipped with a 488 nm argon laser for excitation of green fluorophores and a 633 nm
helium-neon laser for excitation of red flurophores.

Statistical Analysis
Statistical analyses were performed using the SigmaStat 2.0 Program (Jandel Cooperation,
San Rafael, CA). The Student-Newman-Keuls test after one-way repeated measures
ANOVA was used to define statistical significance. Differences were considered significant
if p<0.05.
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RESULTS
Synthetic HN treatment attenuated GnRH-A induced apoptosis and BAX translocation from
cytosol to mitochondria

GnRH-A treatment increased germ cell apoptosis. Intratesticular administration of
exogenous HN alone has no effect on the rate of germ cell apoptosis in the unstressed state,
but ameliorated GnRH-A induced apoptosis (Fig. 1A). Consistent with our earlier study in
male germ cells (Vera et al, 2006), GnRH-A induced apoptosis was not associated with
changes in cytosolic BAX localization but was associated with increased BAX localization
in the mitochondria (p<0.05) suggesting that the BAX translocation from cytosol to
mitochondria is the key step in male germ cell apoptosis (Fig. 1B and C). Synthetic HN
prevented GnRH-A induced BAX translocation to mitochondria to initiate the apoptosis
cascade (Fig. 1B).

Exogenous HN treatment increased STAT-3 phosphorylation but decreased p38 MAPK
activity

We examined whether HN exerts its cytoprotective action through STAT 3 phosphorylation
pathway in germ cells similar to reports in neuronal cells (Chiba et al, 2009; Hashimoto et
al, 2009; Matsuoka and Hashimoto, 2010). STAT3 is a transcriptional factor that is
stimulated in response to cytokines and growth factors. STAT3 has two phosphorylation
sites, Ser727 and Tyr705. Phosphorylation of these sites leads to activation of STAT3
(Schuringa et al, 2000). As expected, total STAT3 expression in the testis was not changed
with any treatment (Fig. 2A and 2B). GnRH-A treatment suppressed both Ser727- and
Tyr705-phosphorylated STAT3 in testes (p<0.05). Exogenous HN treatment restored
STAT3 phosphorylation suppressed by GnRH-A in whole testis homogenates (p<0.05) (Fig
2A and 2B). Consistent with our earlier study that showed p38 MAPK is the key stress
kinase that regulates male germ cell apoptosis, we demonstrated that GnRH-A increased p38
MAPK activity that was also attenuated by exogenous HN (p<0.05) (Fig. 2C).

Endogenous rat HN protein expression is related to germ cell apoptosis in rat testis
To determine the role of endogenous rat HN in male germ cell apoptosis, we examined the
expression of endogenous rat HN in fractionated testicular cytosol or mitochondria from
control and treated rats by immunoblotting. Similar to unfractionated testicular homogenates
(data not shown), GnRH-A treatment increased rat HN expression in the cytosolic (Fig. 2A)
and mitochondrial fractions (Fig. 2B) as compared to controls (p<0.05). Intratesticular
administration of HN suppressed endogenous rat HN expression to the control levels in the
cytosolic and mitochondrial fractions of rats treated with GnRH-A. Thus, germ cell survival
and death is associated with the modulation of endogenous rat HN expression in rat testis.

Rat HN associated with BAX was retained in the cytoplasm and undetectable in the
mitochondria during germ cell apoptosis

To determine the contribution of the interaction between endogenous rat HN and BAX to
the cytoprotective effects of HN on germ cell apoptosis, we examined the association of
these two peptides in the cytosolic and mitochondrial fractions of rat testicular extracts. Co-
immunoprecipitation experiments with anti-BAX antibody showed that there was no
detectable interaction between rat HN and BAX in both cytosolic and mitochondrial
fractions in control testes. However, we observed that a rat HN:BAX complex was
detectable in the cytosolic fraction in response to GnRH-A treatment that was associated
with increased germ cell apoptosis (Fig. 3A). In contrast, rat HN:BAX complexes were not
detected in the mitochondrial fractions of any testis sample (Fig. 3B), thus indicating that
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BAX associated with endogenous rat HN was retained in the cytosolic fractions and not
present in any of the mitochondrial fractions.

Co-localization of rat HN and BAX was detected in Leydig cell and spermatocytes after
GnRH-A treatment

To demonstrate the interaction between endogenous rat HN and BAX in the rat, we used
double immunofluorescence staining with rat HN and BAX antibodies on the testis sections
examined using confocal microscopy. The confocal images showed that endogenous rat HN
and Bax were localized in spermatocytes and Leydig cells of control testes (Fig. 4A, E, I).
HN treatment alone did not change their expression (Fig. 4C, G, K). GnRH-A treatment
markedly increased rat HN and Bax expression and colocalization in spermatocytes and
Leydig cells (Fig. 4B, F, J), which was neutralized by co-treatment with HN (Fig. 4D, H, L).
These data supported that interaction between BAX and endogenous rat HN increased in
both Leydig cells and germ cells after pro-apoptotic stress in rat.

DISCUSSION
We have previously demonstrated that HN, a broad-spectrum cytoprotective factor (Bachar
et al, 2010; Chiba et al, 2004; Hashimoto et al, 2001; Hoang et al, 2010; Jung and Van
Nostrand, 2003; Kariya et al, 2002, 2005; Lue et al, 2010; Matsuoka et al, 2004, 2009;
Moretti et al, 2010; Muzumdar et al, 2010; Nishimoto et al, 2004; Wang et al, 2005; Xu et
al, 2006, 2010), prevents GnRH-A induced male germ cell apoptosis in rats (Lue et al,
2010). HN is a peptide that inhibits Alzheimer Disease (AD)-related and non-AD-related
neuronal cell death (Chiba et al, 2004, 2005; Hashimoto et al, 2001; Kariya et al, 2002,
2005; Matsuoka et al, 2004, 2009; Nishimoto et al, 2004; Xu et al, 2006, 2010). HN also
ameliorates cognitive impairment in AD-relevant mouse models (Chiba et al, 2005, 2009;
Krejcova et al, 2004; Kunesová et al, 2008; Mamiya et al, 2001; Miao et al, 2008; Tajima et
al, 2005; Yamada et al, 2008). HN is a secreted protein that acts to inhibit AD-related death
in vitro by binding to receptors on the cell membrane (Hashimoto et al, 2001). Hashimoto et
al. described a novel HN receptor on the cell membrane that mediates neuroprotective
activity. This trimeric receptor belongs to the IL-6 receptor family (with three components:
CNTFR, IL-27 receptor WSX1, and gp130) and signals via STAT3 activation (Hashimoto et
al, 2009; Matsuoka and Hashimoto, 2010).

BAX, a soluble pro-apoptotic member of the BCL-2 protein family, locates diffusely
throughout the cytosol in healthy cells (Wolter et al. 1997). Translocation of BAX from
cytosol to mitochondria is a key step to promote cell apoptosis (Wolter et al. 1997; Gross et
al, 1998; Hsu and Youle, 1997). Our prior publications have shown that the mitochondria-
dependent BAX/BCL-2 pathway is the main initiator for germ cell apoptosis cascade in the
testis (Vera et al, 2006; Jia et al, 2007, 2009). The intracellular interaction of HN to inhibit
apoptosis is mediated through binding to pro-apoptotic proteins of the BCL-2 family with a
BH3 domain such as BAX, BIMEL, and BID. Prior studies (Guo, et al., 2003) have
demonstrated that HN prevents the translocation of BAX from cytosol to mitochondria and
suppresses cytochrome c release in vitro. HN also binds to BIMEL, a BH3 domain only
protein, to prevent apoptosis (Luciano, et al., 2005). HN binds and nullifies BID activity by
blocking its activation of BAX and BAK to prevent apoptosis (Zhai, et al., 2005). In this
study, we provide in vivo evidence showing exogenous HN reversed the GnRH-A induced
increases in BAX in mitochondrial fractions of the testis. This confirms our previous finding
that BAX, through the mitochondria-dependent pathway, is the key pathway of HN
cytoprotection in male germ cell apoptosis in the testis (Vera et al, 2006). One of the reasons
why we did not find a decrease in the levels of BAX in cytosol is because abundant BAX
protein is present in the cytosolic reservoir compared with the translocated BAX protein in
mitochondrial fractions. So the decrease in cytosolic BAX level was too small compared to

Jia et al. Page 6

Andrology. Author manuscript; available in PMC 2014 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



the vast pool of cytosolic BAX to be detected. Previous published work from our group
studied GnRH-A induced germ cell apoptosis and showed consistently that there was an
increase in mitochondrial BAX but no change of cytosolic BAX level in the GnRH-
Antagonist treated compared with control animals (Hikim, et al., 2003, Vera, et al., 2006). It
has been also been shown that conformational change of BAX induced by pro-apoptotic
stimuli is the more important step occurring in the cytosol of cells undergoing apoptosis
(Dewson et al., 2003). Thus as shown in prior studies from our group, it is not surprising to
see BAX translocation to the mitochondria without observable changes in cytosol detected
by Western blot.

The cytoprotective effect of HN has been reported to be mediated by phosphorylation of
STAT3 (Chiba et al, 2009; Hashimoto et al, 2005, 2009). We showed that STAT3
phosphorylation (at both Ser727 and Tyr705) decreased after GnRH-A treatment leading to
germ cell death, while HN restored both phosphorylated forms of STAT3 and rescued cells
from apoptosis. We also reported previously that p38 MAPK is the main signaling pathway
for germ cell apoptosis in the testis (Vera et al, 2006; Jia et al, 2009). Exogenous HN
suppressed GnRH-A induced p38 MAPK activation but not ERK, confirming our previous
finding that p38 MAPK is the key pathway of HN rescue action in male germ cell apoptosis
in the testis. Our data supports that the cytoprotective effect of HN in male germ cell
appeared to be mediated by suppressing p38 MAPK and increasing STAT3 signaling, events
upstream of BAX translocation to the mitochondria to induce the apoptosis cascade. This
suggests that the action of HN on rescuing germ cell apoptosis may result from HN binding
to the cell membrane CNTFR/WSX1/gp130 receptors activating STAT3 pathway
(Hashimoto et al, 2009; Matsuoka and Hashimoto, 2010).

We then investigated whether endogenous rat HN responds to inducers of germ cell death
and to exogenous HN. We found increases in endogenous rat HN protein levels in the
cytosol and mitochondria of the testes after GnRH-A treatment. This increase in rat HN
within the testis was attenuated by exogenous administration of HN, concomitant with the
amelioration of germ cell apoptosis induced by GnRH-A as previously reported (Lue et al,
2010). The mechanisms by which exogenous HN decreased the GnRH-A induced rise in
endogenous rat HN is unclear. One possible explanation is that synthetic HN acts through
the STAT-3 or p38 MAPK pathways to decrease GnRH-A induced apoptosis thereby
decreasing the need for an increase in endogenous rat HN to bind to BAX. We have
demonstrated in prior experiments that synthetic HN binds to BAX in vitro (Jia, et al.,
2010). If synthetic HN can gain access to the cytosol to bind to BAX to prevent BAX from
translocation to the mitochondria, endogenous HN will not be necessary to counteract the
stress induced by hormonal deprivation caused by GnRH-A treatment. This might result in a
decrease in endogenous HN. Our present data suggest that, as a response to germ cell stress
induced by pro-apoptotic factors, endogenous HN is increased in an attempt to protect the
cells from the exogenous insult.

With co-immunoprecipitation studies, we showed that BAX-associated rat HN was
increased by GnRH-A treatment probably due to a compensatory effort to protect germ cells
and Leydig cells against agents causing testicular stress. Alternatively, our results could be
attributed solely to an increase in endogenous HN expression after GNRH-A treatment.
Some BCL-2 family members (such as BCL-2) constitutively localize to the mitochondrial
membrane whereas others such as BAX translocate from cytoplasm to mitochondria to
activate the intrinsic apoptosis cascade (Cory and Adams, 2002; Danial and Korsmeyer
2004). Furthermore, insertion of BAX into mitochondrial membranes has been shown to
play an essential role in releasing cytochrome c from the mitochondrial membrane space to
the cytoplasm in various cell systems including the testis to initiate apoptosis (Eskes et al,
1998; Shimizu et al, 1999; Sinha Hikim et al, 2005). Data reported in this study show that
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rat HN bound to BAX was co-localized mainly in the cytoplasm of Leydig cells and germ
cells. Importantly, HN:BAX complexes are sequestered in the cytoplasm but not in the
mitochondria of testis homogenates when germ cell apoptosis is induced by GnRH-A. This
suggests that the interaction between rat HN and BAX may prevent targeting of BAX to the
mitochondria to initiate cell death. In this study we have validated and expanded a previous
observation that HN binds BAX in vitro (Zhai et al, 2005; Luciano et al, 2005) to prevent
apoptosis of neuronal cells in culture. We have shown for the first time that when BAX was
associated with rat HN, HN:BAX complex is not translocated to the mitochondria in vivo in
the testis. Combined with our published data that IGFBP-3 binds both HN (Ikonen et al,
2003) and BAX (Jia et al, 2010), we conclude that HN, BAX, and IGFBP-3 modulate each
other’s actions to determine germ cell survival or apoptosis. Although the molecular
mechanisms of the cytoprotective actions of HN have been demonstrated in somatic cells,
the exact mechanism of HN action in germ cells is still being unraveled. This may include
both the binding of HN to cell surface receptors to activate the signaling pathway via
STAT-3 as well as intracellular interaction of HN with the BAX-BCL2 family of proteins.

In summary, we have demonstrated that exogenous HN exerts its cytoprotective effect to
prevent testicular stress induced by GnRH-A by the suppression of HN:BAX complexes
translocation from cytosol to mitochondria. Importantly, we have shown that endogenous
HN is induced in stressed cells undergoing apoptosis. The endogenous HN homologue, rat
HN, restricts BAX translocation to the mitochondria from the cytoplasm. This cytoplasmic
sequestration may also play a role in the cytoprotective effect of HN in male germ cell
apoptosis. HN may therefore be important in the regulation of germ cell homeostasis and
could be targeted for the treatment of prevention of male fertility, development of male
contraception, as well as testicular diseases such as germ cell tumors.
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FIG. 1. Apoptosis induced by GnRH-A is associated with BAX translocation to the mitochondria
and reversed by concomitant treatment with HN
Germ cell apoptosis was quantified by TUNEL and expressed as apoptotic index (AI,
number of apoptotic germ cells per 100 Sertoli cells)(A). The Western blots were used to
assess the BAX expression in mitochondrial (B) and cytosolic (C) fractions in rat testis. A:
GnRH-A treatment increased male germ cell apoptosis which is reduced by concomitant
treatment with synthetic HN. Apoptosis is expressed as a number of apoptotic cells/Sertoli
cells stained with TUNEL and counted manually. B: GnRH-A treatment increased BAX in
the mitochondrial fractions. HN reversed the increased BAX observed with GnRH-A
treatment. COX IV was used as loading control (normalization factor for density analysis in
mitochondrial fractions). C: GnRH-A±HN treatment had no effect on BAX level in
cytosolic fractions. GAPDH was used as loading control (normalization factor for density
analysis). In each experiment, groups of 3 or 4 animals received treatment with vehicle
(control, n=3), GnRH-A (n=3), HN (n=4), or GnRH-A+HN (n=4) as described in the
methods. Values are means ± SD. Means with unlike superscripts are significantly (P<0.05)
different.
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FIG. 2. HN stimulated STAT3 phosphorylation and decreased p38 MAP kinase activation in rat
testis
Western blots for STAT3 phosphorylation and p38 MAPK activation in the rat testis total
homogenates. A and B: GnRH-A treatment suppressed phosphorylation of STAT3 at both
Tyr705 (A, top lane) and Ser727 (B, top lane). HN treatment restored both forms of
phosphorylated STAT3. GAPDH was used as loading control (A, bottom lane and B, bottom
lane), but STAT3 was used as normalization factor in density analysis (A, middle lane and
B, middle lane). C: GnRH-A treatment induced activation of p38 MAPK which is reflected
by phosphorylation of ATF2 in this assay. HN combined with GnRH-A treatment
suppressed the increased p38 MAPK activation. ATF2 was used as sample control
(normalization factor in density analysis). Values are means ± SD. Means with unlike
superscripts are significantly (P<0.05) different.
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FIG. 3. Endogenous rat HN was increased by GnRH-A, which was attenuated by concomitant
exogenous HN treatment in cytosolic (A) and mitochondrial fractions (B) in rat testis
Western blots for rat HN in cytosolic and mitochondrial fractions in rat testis. In both
cytosolic (A, Upper panel) and mitochondrial (B, lower panel) testicular fractions,
endogenous rat HN was low in the control group and increased after treatment with GnRH-
A. Exogenous treatment with synthetic HN suppressed the GnRH-A induced increase in
endogenous rat HN. GAPDH and COX IV were used as loading controls (used for
normalization of data analysis) in cytosolic and mitochondrial fractions, respectively. Values
are means ± SD. Means with unlike superscripts are significantly (P<0.05) different.
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FIG. 4. Endogenous rat HN interacts with BAX in cytosolic but not mitochondrial fractions of
rat testis
Anti-BAX antibody or IgG (negative control for the immunoprecipitation, IP: IgG) was used
to immunoprecipitate rat HN (IP: anti-BAX). Western blots were used to detect endogenous
rat HN expression after anti-BAX IP (IB: anti-rat HN). Endogenous rat HN expression was
not detected after IP with rabbit IgG in GnRH-A treated testis tissue (IgG, right lane). After
anti-BAX IP, endogenous rat HN was detected in testis cytosolic fractions after treatment
with GnRH-A but not in the control or synthetic HN treated groups; synthetic HN reduced
the GnRH-A induced rat HN expression in the cytosol (A, upper panel). After anti-BAX IP,
endogenous rat HN was undetectable in the mitochondrial fraction in the control and all
treatment groups (B, lower panel). Endogenous BAX (IB: Anti-BAX) was detected in both
testicular cytosolic (A, upper panel) and mitochondrial fractions (B, lower panel) after IP
with anti-BAX antibody (IP: Anti-BAX).
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FIG. 5. Co-localization of endogenous rat HN and BAX in rat testis
Rat HN expression (red) was low in control and HN groups (Fig. 5A, C), increased in germ
cells (yellow arrows) and Leydig cells (white arrows) with GnRH-A treatment (Fig. 5B)
which was reduced by concomitant treatment with HN(Fig. 5D). BAX (green) was detected
in both Leydig cells and germ cells in all treatment groups (Fig. 5E–5H). Confocal
microscopy showed co-localization of rat HN and BAX (orange) both in Leydig cells and
germ cells mainly after GnRH-A treatment (Fig. 5J), which was decreased to control level
(Fig. 5I) after GnRH-A+HN co-treatment (Fig. 5L).
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