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ARTICLE INFO ABSTRACT

Keywords: Sperm malformation is one of the main reasons for male infertility, but the precise mechanisms of this process
Cytoskeleton remain undiscovered. The major process of spermiogenesis is sperm head shaping. Cytoskeleton is a crucial unit
Acroframosome in this process, as the acroplaxome and manchette are two kinds of momentous structures cooperated with
Acroplaxome various functional proteins to insure the formation of acrosome and nucleus. One is primarily formed by fila-
Isv;aezfx}:iitgtfmesis mentous actin (F-actin) and responsible for transverse acrosome extension and concentration, another plays as

the mainstay of nuclear deformation through circular arrangement of microtubules (MTs). We suspect that the
acroplaxome alone cannot maintain such a spatial framework of the acrosome. Previous studies have also re-
vealed that a nucleus without acrosome could not induce the formation of ectoplasmic specialization. In this
review, we integrated most of the key proteins that have been proven to participate in the essential develop-
mental steps of post-meiosis. We also propose that the ambient MTs of the acrosome might be emanated from the
Golgi apparatus. They form a novel cytoskeleton termed acroframosome (AFS) to transport vesicles and proteins
during acrosome biogenesis. The hypothesis of the acroframosome-acroplaxome-manchette (AAM) cytoskeletal
system is likely to be the axis of head-to-tail spermiogenesis.

1. Introduction

There is no doubt that in contemporary society, it has become a
common puzzle for a huge number of male adults with ter-
atozoospermia, including asthenozoospermia, globozoospermia, oli-
goasthenozoospermia, and other symptoms (Coutton et al., 2015). The
lengthy process of spermatogenesis is up to 21.6days in humans,
22.7 days in rats, which is necessary for attaining plenty of mature
spermatozoa with specialized morphology and improving the efficiency
of fertilization (Hermo et al., 2010). Actually, the pre-existing study has
stated that the post-meiotic procedure is much more complex with 19
steps in 14 epithelial cycle stages focusing on sperm head shaping,
which could be divided into two parts: the acrosome region and the
manchette covered region (Leblond and Clermont, 1952a). Cytoskele-
tons are regarded as the crucial units for supporting the celluar devel-
opment and transformation (Fouquet and Kann, 1994), as the acro-
plaxome and manchette are two kinds of momentous structures
cooperating with various functional proteins to insure the formation of
acrosome and nucleus during spermiogenesis (Kierszenbaum et al.,
2003a; Mochida et al., 1998). However, the precise mechanism of each

cytoskeleton remains undetermined, and a recent spermiogenesis pro-
teomic analysis has revealed that a cluster of proteins are involved in
this process with elusive characteristics (Guo et al., 2010). We suspect
that it is difficult to develop a complex spatial framework like the ac-
rosome with only an acroplaxome. Previous research has also revealed
that an acrosome without nucleus cannot induce the formation of ec-
toplasmic specialization (Russell et al., 1983). A novel cytoskeleton
termed acroframosome (AFS), the microtubule (MT)-based frame of the
acrosome, was observed in Decapod crustaceans previously (Hou and
Yang, 2013). The acroframosome represents that the peripheral MTs
around the Golgi functions as a framework for acrosome biogenesis,
and the Golgi apparatus works as the noncentrosomal MT organizing
center (MTOC) in spermatids. Herein, such an acroframosome-acro-
plaxome-manchette (AAM) cytoskeletal system is likely the trunk of
head-to-tail spermiogenesis. Besides, it is difficult to culture the sper-
matids alone in vitro, because of the intricate and rigorous micro-
environment of the seminiferous tubule. Meanwhile, the blood-testis
barrier, hormone-like testosterone and follicle-stimulating hormone
(FSH) could provide a proper condition for mitosis, meiosis and sper-
miogenesis, are also required for the culture of the spermatocytic cells
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