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Abstract  
In humans and other non-rodent mammalian species, the sperm’s centriole-centrosome complex is an 
essential component for successful fertilization and serves as template for all centrioles during 
subsequent cell divisions, embryo development, divisions of most adult somatic cells, as well as in 
primary cilia formation and functions. Dysfunctions of this complex can be causes for infertility, 
developmental disorders, and play a role in various adulthood diseases.  While assisted reproductive 
technology (ART) has been able to overcome sperm motility dysfunctions by employing intracytoplasmic 
sperm injection (ICSI), we currently do not yet have therapies to overcome dysfunctions of the centriole-
centrosome complex although several lines of investigations have addressed the causes for centriole-
centrosome dysfunctions and implications for sperm aster formation and union of the parental genomes. 
The present review highlights the importance of the centriole-centrosome complex and its significance for 
fertilization and embryo development. 
 
Disclaimer: None of the authors have any conflicts of interest, whether of a financial or other nature 
J Reprod Stem Cell Biotechnol 2(2):121-127 
Correspondence: Professor. Heide Schatten, University of Missouri-Columbia, Department of Veterinary Pathobiology 
1600 E Rollins Street, Columbia, MO  65211, USA, Email: SchattenH@missouri.edu, T: 1(573) 882-2396, F:1(573) 884-5414 
Keywords: ART, centrosomes, infertility, nuclear matrix, NuMA, sperm 

 
 
Introduction  
In humans, as in other non-rodent mammalian 
species, the sperm’s centriole-centrosome 
complex is one of the most important 
components for successful fertilization, as it is 
critical for sperm aster and zygote aster 
formation and for the formation of the mitotic 
apparatus that separates chromosomes during 
cell division. Moreover, the sperm centriole 
serves as template for all centrioles during 
subsequent cell divisions, embryo development, 
divisions of most adult somatic cells, as well as 
in primary cilia formation and functions. 
Dysfunctions of this complex can be causes for 
infertility, developmental disorders, implantation 
failures, embryo loss and various adulthood 
diseases. Therefore, in recent years research on 
sperm centrosomes has gained renewed 
attention and new information on centrosomes in 
germ cells has opened up new avenues for 
centrosome-based therapies. The importance of 
assessing the sperm’s centriole-centrosome 
integrity has led to new assay developments and 
it has also been proposed to consider xenobiotic 
centrosome injection along with intracytoplasmic 

sperm injection (ICSI) to overcome centrosome 
abnormalities and increase fertilization success 
(Comizzoli et al., 2006). Although assisted 
reproductive technology (ART) has become 
available worldwide and 1 in 50 children is 
already born through ART (Manipalviratn et al., 
2009), the technology still suffers from 
unexplained failures, some of which may be 
related to various centrosomal dysfunctions. The 
current still suboptimal success rate may be 
improved through new research on sperm 
centrosomes to overcome cases of unexplained 
male factor infertility.  
 
 
As several recent reviews are already available 
on centrosomes during oocyte maturation 
(Schatten and Sun, 2011b), after fertilization and 
embryo development (Schatten, 2008; Schatten 
and Sun, 2009a,b; 2010; 2011a), the present 
review is focused on the sperm’s centriole-
centrosome complex to highlight the importance 
of this complex and its significant impact on 
fertilization and development.   
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The sperm centriole-centrosome complex  
The sperm’s centriole-centrosome complex in 
humans has been elaborated by Sathananthan 
(1997, 2009) and Sathananthan et al. (1991, 
1996, 2001). This complex is located within the 
sperm’s connecting piece between the midpiece 
and the sperm’s nucleus and consists of one 
proximal and one tail-associated distal centriole 
surrounded by a small amount of specific 
centrosomal material that had been retained 
after the majority of centrosomal components 
had been reduced during spermatogenesis 
(reviewed in Manandhar et al., 2005). As shown 
in Fig. 1, the proximal and distal centrioles are 
organized perpendicular to each other but only 
the proximal centriole is surrounded by a small 
amount of centrosomal proteins including γ-
tubulin and centriole-associated centrin. 
Gamma-tubulin is a specific protein of the 
centrosome core structure involved in 
microtubule nucleation that becomes essential 
for the formation of the microtubule-rich sperm 
aster after fertilization (reviewed in Schatten and 
Sun, 2010; 2011a); centrin is a member of a 
highly conserved subgroup of the EF-hand 
superfamily of Ca2+- binding proteins. Centrins 
are important for centriole functions and play an 
essential role in centrosome duplication after 
fertilization (Levy et al. 1996; Salisbury 1995; 
Lutz et al. 2001; reviewed in Manandhar et al. 
2005; Salisbury et al. 2002). Other sperm 
centrosomal proteins have also been identified 
(Goto et al., 2010) that may play a role in first 
division and open up new investigations into 
sperm-derived centrosomal proteins that may be 
important for cell division and embryogenesis 
(reviewed in Schatten and Sun, 2011a,b), 
explaining yet unidentified developmental or 
implantation failures during embryogenesis. 
However, this area of research is still young and 
new research will be important to clarify the 
functions of not yet fully understood sperm 
centrosome proteins and their roles during 
embryo development. The distal sperm centriole 
is mainly responsible for sperm tail functions and 
may not at all play a role after fertilization 
although definite answers on this aspect of distal 
sperm centriole functions are still being debated 
(reviewed in Manandhar et al., 2005; Schatten 
and Sun 2009a,b).  
 
The sperm’s centriole-centrosome complex 
retains its functions after cryopreservation of 
sperm. It withstands freeze-drying which has 
been shown clearly in the rabbit model and has 

been correlated to human sperm (Liu et al., 
2004).  The sperm’s reduced centrosomal 
material is not able to nucleate new 
microtubules before fertilization and it depends 
on extensive centrosomal remodeling within the 
oocyte after fertilization to become a functional 
division-competent centrosome during first 
division and embryogenesis (reviewed in 
Schatten and Sun, 2011 a,b). However, as 
mentioned in the introduction, because the 
sperm’s centriole complex is the precursor for all 
subsequent cell divisions during embryogenesis 
and throughout adult life it is critically important; 
dysfunctions or suboptimal functioning of this 
complex will severely affect the developing 
embryo, as sperm centrosomal abnormalities 
will not only influence fertilization but may also 
play a significant role in adulthood diseases 
(reviewed in Schatten and Sun, 2009a,b). 
 
 
 

 
 
 
Fig. 1: The sperm in non-rodent mammalian species 
contains a proximal and a distal centriole. The proximal 
centriole serves as microtubule organizing center (MTOC) 
after fertilization and will accumulate centrosomal 
components from the oocyte to form the sperm aster, 
zygote aster, and mitotic apparatus after fertilization. The 
distal centriole serves as basal body for the sperm 
axoneme but does not serve microtubule organizing 
functions in the fertilized oocyte where it is subjected to 
degeneration. The sperm nucleus contains DNA and 
nuclear matrix proteins.   
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Compromised sperm centrosome functions 
are associated with decreased fertility and/or 
male factor infertility  
Sperm centrosome abnormalities have become 
of increasing concern, as sperm centrosome 
functions are increasingly being recognized as 
causes for male factor infertility, developmental 
abnormalities and adulthood disease which has 
generated a wealth of new research into sperm-
related centrosome biology.  
 
While sperm flagellar abnormalities have been 
well recognized as reasons for sperm immotility 
and motility-related male factor infertility 
(reviewed by Chemes, 2000; Rawe et al., 2002; 
Mitchell et al., 2006; Chemes and Rawe, 2007; 
Rawe and Chemes, 2009) such sperm flagellar 
abnormalities can be overcome by ICSI, as the 
sperm tail is not needed for the fertilization 
process. However, centriolar dysfunctions may 
not easily be overcome by ICSI and may require 
more complex diagnostic tools to assess specific 
defects that may either be of genetic origin or 
caused by environmental factors. Several 
centriolar mutations have been reported and 
newly identified mutations include centrobin and 
IFT88, two proteins that have been localized to 
spermatid centrioles and manchettes (Liska et 
al., 2009; Kierszenbaum et al., 2011). In these 
cases centriole-nuclear detachment sites were 
impaired. ICSI so far has failed to overcome 
cases with severe centriolar defects but repair 
mechanisms are being investigated and may in 
part overcome centriolar impairment to achieve 
successful fertilization and pregnancies (Porcu 
et al., 2003).  In all cases, electron microscopy 
and/or immunofluorescence analysis is needed 
to assess whether sperm tail or centriole 
dysfunctions are underlying causes for male 
factor infertility. While the morphological 
abnormalities can be diagnosed with these 
methods the molecular aspects underlying 
sperm centrosomal dysfunctions are still 
relatively unexplored and may need more 
complex analysis including immunoblotting or 
proteomic determination (Bohring and Krause, 
2003; reviewed in Schatten and Sun, 2009a,b).  
So far, only a few limited studies are available 
for human sperm that correlate decreased γ-
tubulin and centrin to lower fertilizability in 
humans primarily related to 
oligoasthenozoospermia (Hinduja et al., 2008; 
2010). These studies indicated that the quantity 
of male centrosomal proteins accounts for some 
of the reasons for impaired or suboptimal sperm 

aster formation and developmental capacity, 
supporting previous reports that utilized 
heterologous insemination of bovine (Nakamura 
et al., 2001, 2002, 2005; Rawe et al., 2002; 
Yoshimoto-Kakoi et al., 2008) or rabbit (Terada 
et al., 2000, 2004) oocytes with human sperm to 
assess sperm aster formation after fertilization, 
revealing a direct correlation of sperm aster size 
to developmental potential (Navara et al., 1996; 
Nakamura et al., 2002, 2005).  The use of 
heterologous ICSI to assess sperm centrosomal 
functions has been emphasized as assay for 
centrosome-related male factor infertility (Rawe 
et al., 2002) although this assay has not yet 
been widely used in clinical applications, 
perhaps because of the experimental 
complexities and experimental tools that may 
not be available in human IVF clinics. However, 
collaboration studies with basic reproductive 
scientists and clinicians will likely be a most 
suitable approach to assess male-factor 
centrosomal infertility. Routinely used electron 
microscopy studies will be sufficient to assess 
morphological abnormalities but it will not reveal 
centrosomal molecular defects while Western 
immunoblotting using antibodies to the known 
centrosomal proteins γ-tubulin and centrin can 
be used reliably to assess centrosomal capacity 
in human sperm (Hinduja et al., 2008; 2010). 
 
Centrosome-nuclear correlations and 
centrosome-nuclear synchrony are important 
for accurate centrosome functions  
 
There is an intimate functional relationship 
between nuclear and centrosome proteins that 
becomes particularly apparent after fertilization 
when centrosome and nuclear maturation takes 
place and requires accurate synchronization of 
both to fulfill cell cycle-specific functions such as 
chromosome separation during the embryo’s 
first cell division (reviewed in Schatten, 2008; 
Schatten and Sun, 2011a,b). In somatic cells, a 
large number of excellent studies have shown 
the importance of precise synchronization 
between nuclear and centrosome functions in 
which specific signal transduction cascades play 
an important role to allow nuclear envelope 
breakdown and chromosome condensation 
along with centrosome maturation into division-
competent centrosomes during mitosis. Several 
proteins link nuclear to centrosome functions 
among which the nuclear mitotic apparatus 
(NuMA) protein plays a distinctly important role. 
NuMA is a multifunctional protein that plays 
equally important roles as nuclear matrix protein 
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in interphase and as centrosome-associated 
protein during meiosis and mitosis (reviewed in 
Sun and Schatten, 2006). In sperm, the 
correlation between nuclear and centrosome 
proteins has not yet been studied in detail but 
data are emerging that indicate close correlation 
between the sperm nucleus and centrosomes.  
 
The nuclear matrix may play a role in 
centrosome-nuclear interactions. The nuclear 
matrix consists of a proteinaceous network that 
functions in DNA organization. This network 
plays an important role in the sperm’s DNA 
organization which has only gained attention in 
recent years when new methods became 
available for molecular investigations on the 
nuclear matrix in sperm (reviewed in Johnson et 
al., 2011a,b).   
 
New information on nuclear matrix proteins in 
sperm support the notion that centrosome-
nuclear relationships may already exist in sperm 
before fertilization, as the proximal centriole is 
closely associated with the sperm nucleus and 
may play a role in nuclear-centrosome 
communication. This area of research is still 
totally unexplored but recent papers have clearly 
established the existence of the nuclear matrix 
in sperm that might be involved in centrosome-
nuclear interactions and might involve the 
nuclear mitotic apparatus NuMA. Detailed 
studies on NuMA before and after fertilization 
will be important to determine whether NuMA 
dysfunctions play a role in male-factor infertility 
and are part of the newly proposed nuclear 
matrix instability that may play a role in male 
factor infertility (reviewed in Johnson et al., 
2011a). Mis-regulation of NuMA can result in 
aborted cell division, formation of multipolar 
mitoses and mitotic cell death with 
consequences for embryo abnormalities or fetal 
loss.  
 
As mentioned above, while nuclear-centrosome 
relationships have been well explored in somatic 
cells (reviewed in Sun and Schatten, 2006) we 
only know very little about the correlation of the 
sperm’s nuclear proteins and sperm 
centrosomes. However, new studies in human 
oocytes have clearly shown the importance of 
NuMA in male pronuclear functions and its role 
as centrosome-associated protein in mitosis 
(Alvarez Sedó et al., 2011; Schatten et al., 
2011a,b). The studies by Alvarez Sedó et al. 
clearly showed that NuMA dysfunctions play a 
role in male-factor infertility problems although 

the underlying mechanisms causing NuMA 
dysfunctions are largely unexplored. This aspect 
of male factor infertility may be best addressed 
in the heterologous fertilization assay using 
bovine or rabbit oocytes as suitable test system 
for sperm NuMA functions. As NuMA becomes a 
centrosome-associated protein after nuclear 
envelope breakdown and associates with the 
centrosome core structure during mitosis, 
synchronized NuMA-centrosome functions are 
critically important to prevent chromosomal 
imbalances and aneuploidy during first cell 
division, as this will clearly impact the embryo’s 
developmental capacity and may be causes for 
the above mentioned implantation failure, 
embryo loss, or adulthood diseases related to 
centrosomal dysfunctions (reviewed in Badano 
et al., 2005).  
 
We do not yet know whether NuMA plays a role 
in sperm DNA organization and nuclear 
decompaction in the zygote embryo but we 
know that the nuclear matrix is important for 
DNA replication in the zygote (reviewed by 
Yamauchi et al., 2011; Johnson et al., 2011a,b). 
Research on the sperm’s nuclear matrix has 
accelerated in recent years, and many of the 
non-genetic male factor infertility problems may 
be related to nuclear matrix instability (reviewed 
in Johnson et al., 2011a) which may include 
transgenerational non-genetic instability. Sperm 
line exposure to toxins or radiation is among the 
non-genetic factors that affect the nuclear matrix 
(reviewed in de Boer et al., 2010). For example, 
chronic exposure of sperm to low doses of 
cyclophosphamide (CPA) has been correlated 
with an altered nuclear matrix protein profile and 
included abnormal chromatin condensation 
(Codrington et al., 2007a, b) which affects 
fertilization and embryo development and may 
affect nuclear matrix-centrosome interactions. 
This and other examples indicate the effects of 
non-genetic components on the nuclear matrix 
and may affect synergistic interactions with 
centrosomes although this area of male factor 
infertility is largely unexplored.  
 
While numerous reports exist on fertilization with 
DNA-damaged sperm (reviewed by Zini et al., 
2008; Singh and Jaiswal, 2011) that may or may 
not be able to be repaired in the fertilized 
oocyte, we do not yet know whether centrosome 
or nuclear matrix defects can be repaired in the 
fertilized oocyte. Threshold cases may exist 
which result in positive fertilization but 
abnormalities may become manifested later in 
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live which has already been shown for oocyte-
specific centrosome defects (reviewed in Miao et 
al. 2009).  
 
Conclusion, perspectives and future 
directions  
During the past decade research on 
centrosomes in sperm cells has led to important 
new data on centrosome biology and 
centrosome dysfunctions associated with male 
factor infertility. Furthermore, defects in 
centrosome functions may result in suboptimal 
fertilization or in centrosome-related diseases 
later in life including cancer (reviewed in Badano 
et al., 2005). In vitro fertilization opened up a 
large range of investigations on centrosomes 
and showed that centrosome dysfunctions play 
a role in male and female factor infertility 
problems. Recent studies have addressed the 
possibility of centrosome repair and centrosome 
therapies to overcome centrosome-related 
infertility problems and centrosome-associated 
disease. Such studies are only at the beginning 
and are promising avenues to pursue. 
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