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Abstract
Purpose To find a relationship between absence of annulus
and asthenozoospermia in Iranian men.
Methods In the present study, semen samples from 100
asthenozoospermic and 20 normozospermic patients were
analyzed for sperm concentration and motility. Spermatozoa
were immunostained for the two septin subunits Sept4 and
Sept7. The absence of the annulus structure was confirmed by
transmission electron microscopy and western blot analysis
for septin 4. DNA sequencing for all coding exons of SEPT12
was performed for a patient using peripheral blood sample.
Results Specific antibodies for SEPT4 and SEPT7 consistent-
ly labeled the annuli in spermatozoa from all of the 20
normozospermic men, while in one of 100 patients with
asthenozoospermia, 75 % of sperms lacking septin 4 or septin
7 proteins at the annulus. It was shown that the structural
defect in annulus formation is not caused by point mutation
of SEPT12 gene.

Conclusions In conclusion, the results of this study demon-
strated that the frequency of the absence of annulus in
asthenozoospermic sample of Iranian population has a low
frequency and could not be assume as a diagnostic marker for
classifying asthenozoospermic patients.
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Introduction

Asthenozoospermia is one of the major causes of male infertil-
ity and can results from morphological and mechanical defects
in spermatozoa [1]. The annulus is an electron-dense septin-
based structure, which could function as a kind of physical
barrier to lateral diffusion between the midpiece and principal
piece regions of the sperm tail [2]. Thus, anomalous annuli that
are secondarily disorganized by other genetic or nonhereditary
etiologies could also accompany impaired motility [1].

Septins are polymerizing GTPases that can form hetero-
ologomeric filaments required for a variety of cellular process-
es, such as cytokinesis, exocytosis, and vesicle traffickings
[3–5]. Among the 14septin family members, Sept4 and
Sept12 play important roles in the differentiation of postmeiotic
germ cells. In addition, Sept1, 4, 7, 12 are themajor constituents
of the annulus [6, 7]. Previous reports showed that Septin4 null
mice are viable; however, males are sterile because they pro-
duce immotile sperm with a defective annulus [8].

Analysis of a Japanese cohort of 15 infertile patients revealed
annulus disorganization and septin 7 mislocalization in three
cases of isolated asthenozoospermia and introduced septins as
diagnostic markers for this pathology [7]. Another study on
French population resulted to finding a case lacking annulus
among 75 asthenozoospermic patients [8]. In the present study,
we searched a large number of human asthenozoospermia
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samples and controls for absence of Sept4, Sept7 in annulus by
performing an immunofluorescence detection assay on sperm
smear preparations. We confirmed the absence of the annulus
structure by transmission electron microscopy. Finally, se-
quence analysis of SEPT 12 gene was performed for defining
the role of SEPT12 gene in the defect of annulus.

Materials and methods

Patients and samples

The samples in this study comprised 20 normozospermic and
100 male patients, showing asthenozoospermia, who visited
for infertility at Royan institute. Asthenozoospermic samples
were defined as those with <32%motile sperm (grades a + b).
Among the 100 samples that was displayed asthenozoosper-
mia, 11 patients displayed oligo-asthenozoospermia (concen-
tration <15 million/ml).

Semen analysis

All samples were prepared and evaluated following WHO
standard criteria [9]. Semen samples were obtained by mas-
turbation after 2–5 days of abstinence, and routine semen
analysis was performed after liquefaction of the semen within
30 min at 37 °C.

Immunocytochemical analysis

Semen samples were centrifuged at 2,000 rpm for 5 min at
4 °C, the pellet was then resuspended in 1 ml of PBS. Aliquots
of 20 μl of fresh sperm were spread on slides, dried and fixed
for 10 min in cold paraformaldehyde (2 %), after perme-
abilization of the cells with 0.1 % TritonX-100 in phosphate
buffered saline (PBS), the slides were blocked in 1 % bovine
serum albumin in PBS for 1 h, and incubated with primary
antibodies (rabbit anti- septin 4 or septin 7, Santa Cruz
Biotechnology) for 2 h at room temperature (dilution1:100).
After three washes of 5 min in PBS, the slides were incubated
with goat anti-rabbit antibody conjugated with FITC, Santa
Cruz Biotechnology, (dilution 1:1,000) for 1 h at room temper-
ature. After three washes of 5 min in PBS, the slides were
analyzed with a fluorescence microscope. PI (propidium iodide)
was used for counterstaining.

Transmission electron microscopy analysis

Semen samples were washed inM16medium (Sigma-Aldrich
Co. Ltd, Irvine, UK), centrifuged at 300×g for 10 min and
fixed in 0.1 M phosphate buffer pH 7 containing 3 % glutar-
aldehyde (Grade I; Sigma-Aldrich Co.) for 1.5 h at room
temperature. The samples were then washed twice in PBS

with 1 % sucrose and resuspended in 0.2 M sodium
cacodylate buffer. Secondary fixation was performed using
1 % osmium tetra-oxide (Agar Scientific Ltd, Essex, UK),
after which samples were dehydrated in graded alcohol and
embedded in Epon resin (Polysciences Inc., Warrington,
USA). Sections of approximately 90 nmwere cut with a using
a diamond knife, mounted on nickel grids, stained with uranyl
acetate and lead citrate. Electron micrographs were taken
using a Zeiss EM 900 transmission electron microscope
(Zeiss, Germany).

Western blot analysis for Sept 4

Twenty milligrams of human sperm proteins were separated
on 12 % SDS–PAGE gels. Proteins were then transferred to
PVDF membranes employing a semi-dry transform cell (Bio-
Rad), and membranes were blocked with 5 % BSA.
Immunoblotted samples were then incubated with primary
antibody at a suitable dilution in Tris-buffered saline, contain-
ing 5 % BSA and 0.1 % Tween 20, overnight at 4 °C. After
three times washing with TBST, membranes were incubated

Fig. 1 Immunofluorescence assay of Sept4 in the human sperm. Sept4
was expressed at the annulus of spermatozoa. Green, FITC; Red, PI. The
negative control is on top right

Fig. 2 Immunofluorescence assay of Sept7 in the human sperm. Sept7
(green) label the annulus region of spermatozoa. Green, FITC; Red, PI.
The negative control is on top right
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with a goat-anti- rabbit secondary antibody conjugated with
horseradish peroxidase (HRP) at a 1:2,000 dilution for 1 h at
room temperature. Finally, proteins on the membranes were
detected by the enhanced chemiluminescence’s system
(ECL), following the manufacturer’s protocol.

Sequencing of the SEPT12 gene

We performed direct DNA sequencing for all coding exons of
SEPT12, using peripheral blood sample of the patient who
demonstrated defective annulus labeling. To analyze the DNA
sequences, PCR-Sequencing technique was performed with
an initial denaturation at 95 °C for 5 min, followed by 30 cy-
cles of denaturation at 95 °C for 45 s, annealing at 60 °C for
45 s and extension at 72 °C for 45 s. The PCR products were
confirmed by running on 1.5 % agarose gel, and were applied
for sequencing by an ABI 3730XL automated DNA sequenc-
er (Macrogen, Seoul, Korea).

Results

To investigate sept4 and sept7 in cases of human asthenozoos-
permia, we screened asthenozoospermic samples for

abnormal localization of sept4 and sept7. We used immuno-
fluorescence detection assay on sperm smear preparations
from 100 asthenozoospermic and 20 normozospermic sub-
jects. Sept4 and Sept7 antibodies consistently labeled the
annuli in the spermatozoa of the 20 normal samples and 99
patients with asthenozoospermia (Figs. 1 and 2). The patient
with defective annuls was 29 years old at the time of the
observation; he had been married for 24 months; he has three
brothers which among them, one brother was infertile. The
patient had no genito-urinary infections, nor previous. The
results of two semen analysis have been shown in Table 1.
There was no consanguinity in the patient’s history. The
couple first consulted for infertility after 18 months of unsuc-
cessful attempts to obtain a pregnancy.

Immunocytochemical analysis of the sperm of this patient
showed 75 % of the sperm population without septin 4 or
septin 7 at the annulus (Fig. 3a & b). Absence of septin 4 was
also confirmed by western blot analysis (Fig. 3c).

Moreover, the absence of the annulus structure was detect-
ed by transmission electron microscopy and observed that the
annulus was not organized at many of sperms, in this sample
(Fig. 4b).

For exploring the relationship between annulus defect and
mutations in the SEPT12 gene, we analyzed peripheral blood
DNA of the asthenozoospermic patient who had defective
annulus on direct sequencing. It was shown that in the coding
exons of SEPT12 there was not any nonsense or missense
mutation comparing to the control sample.

Discussion

Annulus is a permanent septin-rich structure consisting of
heteropolymers of septins 1,4,6,7 and 12 and it is required
for sperm motility and sperm tail terminal differentiation.

Table 1 Two semen analysis of the patient without annulus

First semen
analysis

Second semen analysis
(after two months)

Volume (ml) 2 4

Concentration (×106 sperm/ ml) 24 26

Total motility (%) 38.3 22.6

Motility A + B (%) 4.1 16.3

Normal morphology (%) 4 12

ba

c

PC

Fig. 3 a & b Immunodetection
of Sept4 and Sept7 in sperm
smears from one (case) of the100
patients studied. The annulus
structure was completely absent
in all spermatozoa analyzed. c
Western blot analysis for septin 4
which was not detected in the gel;
PC positive control
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Septin proteins belong to the GTPase superclass of P loop
NTPases [10–12]. Sept4 null mice show the reproductive
phenotypes similar to a subset of asthenozoospermic patients
[7, 8]. In addition, the expression pattern of SEPT7 suggested
that this protein may be involved in the regulation of
subcellular-compartment formation during spermiogenesis.
The absence of a Sept7 signal correlated with multiple sperm
defects [13].

Here, we used anti-sept4/sept7 to analyze a cohort of 100
asthenozoospermic and 20 normal samples and found only
one patient showing moderate asthenozoospermia, with 75 %
of sperm lacking septin 4 and/or septin 7 proteins at the
annulus. To confirm this finding, we examined fresh ejaculat-
ed sperm samples by transmission electron microscopy. The
annulus structure was completely absent from 75 % sperma-
tozoa analyzed in this patient. Furthermore, we could not
detect septin 4 or 7 by immunocytochemistry and
immunoblotting.

A previous immunocytochemical study, in 2008 by
Suginoa et al., in smaller Japanese asthenozoospermic cohort
(n=33) reported 10 cases of asthenozoospermia, who had
defective SEPT4 and/or SEPT7 labeling. Their findings
strongly indicated an association between the absence of
annulus and human asthenozoospermia. Therefore, they in-
troduced the septins as appropriate diagnostic markers for a
subset of asthenozoospermia. In France, Lhuillier and col-
leagues [10] in a similar study analyzed 75 cases of astheno-
zoospermia including 28 cases of isolated asthenozoospermia,
13 cases of oligo-asthenozoospermia and 34 cases of terato-
asthenozoospermia, but they found only one case of loss of
annulus that is in accordance with our finding on a population
with the same ethnicity. This discrepancy may be attributed to
the origin of the populations screened (Japanese versus
Caucasian), to the small sizes of the cohort studies or to other
causes remains to be determined.

Recently, Miyakawa et al. reasoned septin 12 as a good
candidate gene for male infertility [14]. In addition; Ying-
Hung Lin et al. had found two missense mutations in men
with infertility compared with controls located in the predicted
GTP-binding domain of septin 12 [15]. Also, Kuo et al.,

reported a patient with a variation in SEPT12 (D197N) which
had sperm with defective annulus with bent tail and loss of
septin 12 from the annulus of abnormal sperm [16]. With
mentioned to above articles, we hypothesized that genetic
variations of SEPT12 gene may be associated with the ab-
sence of annulus but there was not any nonsense or missense
mutation in the coding exons of SEPT12 in this patient com-
paring to control sample.

In conclusion, the results of this study demonstrated that
the frequency of the absence of annulus in asthenozoospermic
sample of Iranian population is similar to study conducted by
Lhuillier in France and because of its low occasion, it could
not be assume as a diagnostic marker for classifying
asthenozoospermic patients in Caucasian population.
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