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The present study was designed to investigate the hypothesis that in vivo entosis is
a novel pathway for eliminating spermatozoa in the seminiferous tubules (ST) during
hibernation of the Chinese soft-shelled turtle. Western blot analysis revealed that the
expression of LAMP1 in the testis was significantly higher during hibernation than that
during non-hibernation. Immunohistochemistry reaction showed that LAMP1-positive
substance was distributed within the Sertoli cells of the testis. Further examination
by transmission electron microscopy (TEM), many degraded spermatozoa being
enwrapped within large entotic vacuoles in Sertoli cells. The nucleus and the flagellum of
the spermatozoa were shown to be decomposed and digested inside entotic vacuoles
within Sertoli cells. More than two spermatozoa heads were always observed in each
internalized vacuoles. Deserving note is that, a number of different autophagosomes,
including initial autophagic vesicles and degradative autophagic vesicles were found
inside the entotic vacuoles of the Sertoli cells during hibernation. At the end of hibernation,
entotic vacuoles and their autophagosomes disappeared, and numerous large lipid
droplets (LDs) appeared within the Sertoli cells. Adherens junctions were apparent
between Sertoli cells and developing germ cells, which is the ultrastructural basis of
entosis. Taken together, the results presented here show that in the turtle: (1) entosis with
internal autophagosomes can take place within normal body cells during hibernation;
(2) spermatozoa, as a highly differentiated cell can be internalized and degraded within
Sertoli cell by entosis in vivo, which is in favor of the next reproductive cycle in the turtle.

Keywords: in vivo entosis, spermatozoa, Sertoli cell, hibernation, Chinese soft-shelled turtle

INTRODUCTION

Chinese soft-shelled turtles (Pelodiscus sinensis) are one of the common species of reptiles, and
are widely distributed in China. This species is famous for its economic and pharmacologic value,
and hence, they are subject to harvesting pressure (Xiangkun et al., 2008). This turtle has a typical
pattern of hibernation with a special process of germ cell development. In our previous study,
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bar = 10 um (A) 2 wm (B), and 1 um (C).

FIGURE 2 | TEM photograph of Sertoli cells of the ST. Some integrity spermatozoa internalized within Sertoli cell. The dotted line shows the boundaries between the
Sertoli cells (A). (B,C) Show higher magnification of the boxed area in (A). A living spermatozoon with remaining adherens junction internalized of Sertoli cell (B), and
the Sertoli cell degraded the internalized cell through autophagy/lysosomal (C). Spermatozoa (Sp), Sertoli cell (SC), lysosome (ly), and autophagosome (As). Scale

spermatozoa are so highly dense that apoptosis related genes
are difficult to be expressed. Apoptotic bodies were therefore
came from spermatids, not spermatozoa. Phagocytosis is always
related to the dead cells; however a large number of living
cells (spermatozoa) were present in the Sertoli cell. Meanwhile,
in our manuscript we even pointed out that the existence of

autophagosome in entotic vacuole, which can’t be found in dead
cells. Moreover, our western blot and immunohistochemistry
findings showed a high expression of LAMP1during hibernation
period than the non-hibernation period. However, LAMP1
is a specific marker for lysosme, but recently it has been
shown that LAMP1 is transiently recruited to the late entotic
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(AF) and 2 um (B=E).

FIGURE 3 | TEM photograph of Sertoli cells of the ST. Many entotic vacuoles of different stages were frequently observed within Sertoli cells in Feb; (A). Several
spermatozoa were wrapped within each entotic vacuole in Dec (B). Different internalized entotic vacuoles within Sertoli cells were seen in Feb (C-E) and in Dec (F).
Entotic vacuole (double white arrow), nucleus of the Sertoli cell (N), basal membrane (Bm), several sperm heads (white arrowhead) within one entotic vacuole; Nucleus
of the spermatozoon (white arrowhead), flagellum of the spermatozoon (black arrow), nucleus of the Sertoli cell (black arrowhead), lipid droplet (Ld). Scale bar = 5 pum

vacuole (Florey et al, 2011). These interesting phenomena
have driven us to find the fate of these residual spermatozoa
during hibernation. So the present study mainly focused on
the role of entosis in the elimination of spermatozoa in
testis.

Autophagy is an intercellular self-degradation process
through double-membrane organelles known as autophagosome,
whereby cellular organelles or proteins are phagocytosed due
to metabolic stress (Levine and Klionsky, 2004). Recently,
autophagy has also been linked to the normal death process
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FIGURE 4 | TEM photograph of Sertoli cell of the ST. (A-C) in Feb; (D) in May. Nucleus of the spermatozoon (white arrowhead), degraded entotic vacuole (double
white arrow), lipid droplet (Ld), nucleus of the Sertoli cell (black arrowhead). Scale bar = 5 wm (A,D) and 2 um (B,C).

(Montero et al, 2010), and it is an evolutionarily conserved
physiological process (Lin et al., 2012; Zhang et al., 2012). In
critical situations the process of phagocytosis of dying cells is
overwhelmed by enormous cell death occurred by autophagy
through the lysosomal degradation (Debnath et al, 2005).
However, in mammalian culture cells autophagic cell death is
observed (Aburto et al., 2012) and it accompanies with other
degradation processes during development, where massive cell
death occurred (Montero et al., 2010), cell death by autophagy
is infrequent in vertebrates (Shen et al., 2012). It is speculate
that the autophagy serves as an important mechanism of cell
clearance within the body. In the ST of the Chinese soft shelled
turtle, large number of degrading spermatozoa must be removed
during the hibernation season, and the reproductive epithelium
must be remodeled for the following reproductive cycle. In the
present study, under TEM, numerous different autophagosomes
within entotic vacuoles were observed inside Sertoli cells of the
turtle ST, indicating that autophagy can take place when male
germ cells are eliminated by entosis during the hibernation
season in this species. Recently evidence has emerged that
proteins from the autophagy pathway control lysosome fusion

to macroendocytic vacuoles, in an autophagy-independent
manner, suggesting that these proteins control well-known
pathway of intracellular substrate turnover also control the more
general degradation of extracellular substrates in a variety of cell
systems in vitro (Martinez et al., 2011; Takahashi et al., 2011;
Florey and Overholtzer, 2012). To the best of our knowledge,
the present study shows for the first cytological evidence about
the many different autophagosomes develop inside the entotic
vacuoles in vivo. This suggests that autophagy plays a large role
in entosis when massive germ cells need to be degraded and
eliminated within Sertoli cells of the turtle during the hibernation
season. No evidence is available regarding cross-talk between
autophagy and entosis, and further investigation is needed to
clarify the molecular mechanism of how entosis and autophagy
act together to eliminate large numbers of cells (Zhang et al.,
2012).

The vacuoles formed by entotic cell engulfment undergo
sequential steps of maturation leading to fusion with lysosomes.
Lysosomal hydrolytic enzymes result in the death of living
cells engulfed during entosis (Florey et al., 2011). Although the
overall sequence of maturation events that controls lysosomal
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FIGURE 5 | TEM photograph of Sertoli cell of the ST. (A) Shows a large number of living cells (spermatozoa) within the luminal surface of Sertoli cell in hibernation.
(B,C) Show higher magnification of the boxed area in (A). The process of degradation and digestion of entotic vacuoles from the luminal surface (A) to middle of
Sertoli cell (B). The dotted line shows the boundaries between the Sertoli cells. Spermatozoa (Sp), Sertoli cell (SC). Scale bar = 10 um (A) and 5 um (B,C).

fusion is well described (Kinchen and Ravichandran, 2008;
Flannagan et al, 2012), the subsequent stages that follow
the degradation of engulfed cargo after fusion are poorly
understood. The process of entosis entails sequential steps of
maturation, leading to the fusion of lysosomes, which digest

internalized cargo. After digestion, nutrients must be exported
to the cytosol, and vacuole membranes must be processed
by mechanisms that remain poorly defined (Krajcovic et al.,
2013). On the other hand, autophagic pathway components
associate with LDs, and autophagy regulates hepatic lipid stores
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FIGURE 6 | TEM photograph of Sertoli cell in the ST. (A,B) in Feb; (C,D) in Dec; (E,F) in Feb. (B) shows higher magnification of the boxed area in (A). (D) Shows
higher magnification of the boxed area in (C). Entotic vacuole (double white arrow), initial autophagic vesicles (AVis) (white arrow), degradative autophagic vesicles
(AVds) (white arrowhead), Lipid droplet (Ld), sperm head (SH), small endosome vesicles (black arrow). Scale bar = 2 um (A), 1 wm (B,C,E,F), and 500 nm (D).

in vivo (Singh et al, 2009). In Chinese soft-shelled turtle,
numerous primary lysosomes were distributed in Sertoli cells
during spermiogenesis in July, and their fusion with the entotic
vacuole and autophagosome took place during the hibernation
season. The present study provided sufficient evidence of the
process of eliminating spermatozoa within Sertoli cells, thus,
we hypothesized that there may be a relationship between

entosis (degrading spermatozoa depending on the role of
Sertoli cells) and autophagy (degrading intracellular material
of ntotic vacuoles). At the end of hibernation there arose
numerous LDs, instead of entotic vacuoles or autophagosomes.
This suggests that formation of LDs may be one of the
subsequent stages after engulfed cargo is degraded by entosis
and autophagy, and that LDs may serve as a source of
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FIGURE 7 | TEM photograph of the ST. Adherens junctions were apparent between spermatids with granular nuclei and Sertoli cells in July, during spermiogenesis
(A). Before spermiation, the number and intensity of adherens junctions decreased between spermatozoa with compact nuclei and the processes of Sertoli cells in
October, before hibernation (B). Adherens junctions (black arrow), lipid droplets (Ld), processes of Sertoli cells (black arrowhead), spermatozoon with granular nucleus
(Sg), spermatozoa with a compact nucleus (Sc), mitochondrion (M). Scale bar = 1 wm (A) and 500 nm (B).

FIGURE 8 | TEM photograph of a Sertoli cell in the ST. Numerous primary lysosomes were observed within Sertoli cells during spermiogenesis in July (A), (B) shows
higher magnification of the boxed area. Sertoli cell (Sc), primary lysosome (Pl), lipid droplets (Ld), spermatogonium nucleus (Sn), peritubular contractile cell (Pc). Scale
bar = 5um (A,B).

nutrition and energy for the next spermatogenesis cycle in this  less frequent before spermiation (Figure 7B). This implies that

species. a trigger structure exists for entosis between germ cells and
Entosis leads to the physical elimination of the “loser” cells,  their supporting cells, Sertoli cells. Therefore, the degraded

which usually succumb to death of cells through non-apoptotic ~ spermatozoa in the ST might move into the Sertoli cells after

way (Kroemer and Perfettini, 2014). During entosis, internalized ~ spermiation, when they detach from the ST epithelium during

cells are always enwrapped by entotic vacuoles within the target  the hibernation season. This in vivo cytological evidence supports

cells (Wang et al., 2013). Commonly, this occurs between various  the viewpoint that the “loss of adherens junctions may promote

tumor cells such as breast, carcinoma cells, cervical, or colon  cell-in-cell invasion (entosis)” (Purvanov et al., 2014).

(Overholtzer et al., 2007), suggesting that loss of integrin-

mediated adhesion may promote cell-in-cell invasion. A matrix-

detached target cell invading a neighboring host cell requires AUTHOR CONTRIBUTIONS

the formation of adherens junctions (Yuan and Kroemer, 2010).
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