
INTRODUCTION

Humanin (HN) is a 24-amino acid peptide showing po-
tent neuroprotective properties against damage associ-
ated with Alzheimer’s disease (1). In neuronal cells,
HN acts by inhibiting apoptosis via multiple mecha-
nisms: it can suppress mitochondrially-mediated apop-
tosis by interfering with Bax activation (2),
additionally it can bind to the Insulin Growth Factor-
Binding Protein 3 (IGFBP-3) antagonizing its apoptotic
actions (3). Ying et al. (4) demonstrated that HN inhib-
ited beta-amyloid (Aβ) 42-induced neurotoxicity by
binding to G-protein-coupled receptor FPRL-1. More-
over, neuronal protection by HN involves activation of
tyrosine kinases, STAT-3 phosphorylation (5) and the
binding to a complex or complexes involving
CNTFR/WSX-1/gp180 (6).
The homologues of HN in the rat is called Rattin (HNr)
(7) and share, like HN, neuroprotective properties. HN
and HNr have a broader spectrum of protective activity
also in non-neuronal cells. Regarding the male repro-
ductive system, studies reported the presence of HN
both in human and rat, proposing that this peptide may
play a role as a testicular anti-apoptotic factor (8-10). 
This study aimed to investigate the presence and to lo-
calize HN, mainly by immunocytochemistry (ICC), di-
rectly in human, mouse and rabbit sperm.

MATERIAL AND METHODS

Immunocytochemistry (ICC)
Human semen samples were evaluated following
World Health Organization guidelines (11) and
processed for the ICC analyses. Ejaculated spermato-
zoa, washed in phosphate-buffered saline (PBS), were
smeared on glass slides, air dried, rinsed in PBS and
saturated for 20 min with PBS-bovine serum albumin
(BSA) 1% containing 5% normal goat serum (NGS).
The specimens were then incubated overnight at 4°C
using two different rabbit polyclonal anti-HN antibod-
ies (Sigma-Aldrich, USA and a self made antibody P04,
kindly gift of Prof. Matzuoka) both diluted 1:50 in
PBS/0.1% BSA/1% NGS. For the detection a goat anti-
rabbit FITC conjugate antibody (Sigma-Aldrich), di-
luted 1:300, was used. The same ICC analysis was
carried out also in sperm from rabbit and mouse. The
fluorescence was observed with a Leitz Aristoplan light
microscope equipped with fluorescence apparatus. In-
cubation in primary antibodies was omitted in control
samples.

Test for antibody specificity
Preadsorption: An aliquot of rabbit polyclonal anti-HN
antibody (Sigma-Aldrich) was pre-incubated
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Objective: Humanin (HN) is a peptide showing neuroprotective properties against damage associated with Alzheimer’s disease.
In male reproductive system HN is expressed in human and rat testis. This preliminary study aimed to localize HN by im-
munocytochemistry (ICC) directly in human, mouse and rabbit sperm. Material and Methods: Semen samples were processed
for the ICC analyses using two different rabbit polyclonal anti-HN antibodies. Western blotting analyses were performed
using fresh human semen samples. Results: Normal human, rabbit and mouse sperm, showed HN labeling in sub-acrosomal
and mid-piece regions, whereas human abnormally shaped sperm were stained also at acrosomal level and particularly in
the flagellum. Western blotting analysis revealed the presence of HN in analyzed human semen samples. Discussion: HN was
localized directly on human, rabbit and mouse spermatozoa. In human samples, we demonstrated a different localization
pattern in normally shaped sperm compared to abnormal sperm probably due to a protective effect of HN in pathological
sperm.
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Fig.1:
UV micrographs of HN in human (A-D; G-H), mouse (E), and rabbit (F) spermatozoa after ICC. A, E,
F) Normal human, mouse and rabbit sperm are labeled in the mid-piece and sub-acrosomal region.
C) Altered human sperm are labeled in the flagellum also at acrosomal level. G) After swelling test,

human spermatozoa are labeled in the heads. B, D, H) Phase contrasts. X 1,000



(overnight at 4°C) at its working dilution (1:50) with
HN synthetic peptide (BACHEM AG, Bubendorf,
Switzerland). After the incubation an ICC analysis was
carried out in human ejaculated spermatozoa, as writ-
ten above.

Immunoelectronmicroscopy
Human ejaculated spermatozoa and testis were embed-
ded in Lowicryl K4M according to Carlemalm et al.
(12). Ultrathin sections, mounted on gold grids, were
saturated for 20 min with Tris-buffered saline
(TBS)/1% BSA containing 5% NGS and treated
overnight at 4°C with the rabbit polyclonal anti-HN
antibody (Sigma-Aldrich) diluted 1:50 in TBS/0.1%
BSA/1% NGS. For the detection, a goat anti- rabbit IgG
antibody conjugated with colloidal gold and diluted
1:50 was used. After deep rinsing the grids were
stained with uranyl acetate, then observed and pho-
tographed with the EM208 electron microscope
(Philips Scientifics, Eindhoven, The Netherlands). 

Swelling
In order to check the presence of HN at nuclear level,
human spermatozoa were treated with 0.01 mol/l
dithiothreitol (Biorad, USA) in 0.1 mol/l Tris/HCl (pH
8), followed by 20 mmol/l 3,5-diiodosalicylic acid,
lithium salt (Sigma-Aldrich) in the same buffer. When
sperm heads were swelled, ICC procedure was per-
formed.

Western blotting
Western blotting analyses were performed using fresh
human semen samples. 
The samples were mixed with RIPA lysis buffer and
then sonicated. Total protein lysates were analyzed by
SDS-PAGE and then transferred onto PVDF mem-
brane, using a Novablot semidry transblot cell (Bio-
Rad). The blots were incubated with anti-HN
polyclonal antibody (Sigma-Aldrich). The immunore-
active bands were visualized by horseradish peroxi-
dase conjugated anti-rabbit (Sigma-Aldrich), followed
by autoradiography.

RESULTS

ICC analysis performed in human sperm samples
using rabbit polyclonal anti-HN antibodies (Sigma-
Aldrich and a self made antibody P04) showed the
same localization for both antibodies. In particular,
normal human sperm showed HN labeling in sub-acro-
somal and mid-piece regions (Fig.1 A, B), whereas ab-
normally shaped sperm were stained also at acrosomal
level and in the flagellum (Fig.1 C, D). Mouse and rab-
bit sperm were labeled as normal human sperm, even
if rabbit sperm showed also two spots detected at acro-
somal level (Fig.1 E, F). The controls were totally un-
stained.
The specificity of the rabbit polyclonal anti-HN anti-
body (Sigma-Aldrich) was verified by the preadsorp-
tion test using the HN synthetic peptide: if the
antibody recognizes the peptide, both the antibody and
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Fig.2:

A, B) TEM micrographs of cross and longitudinal
sections of human spermatozoa after immu-

noeletronmicroscopy analysis. HN is present in
the mitochondria (A, Bar 0,2µm) and also at chro-

matin level (B, Bar 0,4 µm).

C) Western blotting of fresh pooled human semen
samples; HN peptide is the positive control.



the peptide will bind to each other, forming precipitat-
ing complexes. Any staining was observed in ICC per-
formed in human sperm after incubation of antibody
with HN synthetic peptide (data not showed). 
The immunoeletronmicroscopy carried out in human
sperm, confirmed the presence of HN in the mitochon-
dria (Fig.2 A), but unexpectedly a strong labeling was
observed also at chromatin level (Fig.2 B). In order to
confirm the presence of HN in human sperm nucleus,
an ICC analysis was repeated after that a swelling test
was performed on ejaculated sperm. This procedure,
able to uncoil the tightly packed sperm chromatin, al-
lows the access of antibodies inside the nucleus. After
swelling test sperm heads showed HN labeling even
in ICC (Fig.1 G, H). 
Western blotting analysis revealed the presence of HN
in pooled human semen samples (Fig.2 C).

CONCLUSION

The vast majority of the studies concerning the male re-
productive system and the presence of HN was per-
formed in rat testicular tissue.
HN is demonstrated to be present at all stages of mat-
uration in the rat testis and seems to promote the sur-
vival of Leydig cells in culture and to interact with
IGF-I stimulating DNA synthesis and steroidogenesis
(9). For these reasons anti-apoptotic properties of HN
were postulated also at testicular level. Recently, Lue
et al. (10) reported that IGFBP3, a proapoptotic factor,
and HN, a potent cell survival peptide, are important
regulators of male germ apoptosis in rats, coordinating
the regulation of testicular germ cell homeostasis, fur-
ther validating the protective role of this peptide. 
It has been reported that HN is also expressed in
human testis (8) particularly in primary spermatocytes,
suggesting a role in meiosis.
To the best of our knowledge this is the first time that
HN was detected directly in human, rabbit and mouse
spermatozoa. 
The presence of HN in sperm of several animal species
could suggest that HN, an evolutionarily conserved
protein, may play an important protective role in male
reproductive system. 
Our results demonstrated the presence of HN in human
normally shaped sperm particularly in the mitochon-
dria. This localization led us to hypothesize that HN
may physiologically suppress mitochondrially-medi-
ated apoptosis. On the contrary abnormal spermatozoa
showed a different localization pattern displaying a
diffuse fluorescence in the head and in the entire tail,
leading to suppose that HN can attempt to envelope the
whole spermatozoon in order to amplify its protective
effect. 
Immunoelectronmicroscopy and ICC performed after
swelling test allowed to highlight HN even at chro-
matin level. The possible interaction between this pro-
tein and DNA should be a speculative explanation for
this localization.
The mechanism of action of HN is still be unraveled;
HN has been shown to interact with putative receptors

(10). Next step in this research should be to explore the
possibility that human germ cells and spermatozoa
could express some of these candidate receptors.
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