Study on the mechanism for exclusion of
degenerating spermatogenic cells: membrane
phospholipid-mediated phagocytosis by Sertoli
cells
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In the mammalian testis, more than half of the differentiating
spermatogenic cells die most probably by apoptosis and are rapidly eliminated
during spermatogenesis. Elimination of degenerating spermatogenic cells is
believed to be executed through phagocytosis by testicular somatic cells termed
Sertoli cells. However, precise mechanism for this phagocytosis reaction has yet
to be elucidated. In this study, an in vitro phagocytosis assay was established and
phagocytosis of apoptotic spermatogenic cells by Sertoli cells was quantitatively

analyzed.

1) Establishment of the phagocytosis assay

Testicular cells from 20-day-old rats were primary cultured, and
spermatogenic and Sertoli cells were individually isolated. Most of the
spermatogenic cells consisted of spermatocytes in terms of their morphology and
ploidy. When these cells were cultured without Sertoli cells, they underwent
typical apoptotic death. When the apoptotic spermatogenic cells were labeled and
added back to the Sertoli cell culture, phagocytosis by Sertoli cells was clearly
detectable under a microscope. The cells with less viability were more susceptible
to phagocytosis by Sertoli cells, indicating that Sertoli cells selectively recognized

and phagocytosed apoptotic spermatogenic cells.

2) Cell-type specificity in spermatogenic cell phagocytosis

In order to examine whether spermatogenic cells at particular states in
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their differentiation were 'more preferably phagocytosed by Sertoli cells,
spermatogenic cells were separated in a density gradient of Percoll and subjected
to a phagocytosis assay. The cells with a ploidy of 1n, 2n, and 4n were almost
equally phagocytosed. These results indicated that Sertoli cells phagocytosed

apoptotic spermatogenic cells regardless of their differentiation states.

3) Identification of the phagocytosis marker

Membrane phospholipids are asymmetrically localized in the two leaflets of
the membrane  bilayer; for example, phosphatidylserine (PS) and
phosphatidylethanolamine (PE) are restricted to the inner leaflet. Such
asymmetry disappears in apoptotic cells and phospholipids are likely to be re-
distributed evenly in the two leaflets. This may cause cell surface exposure of PS
and PE, which would otherwise remain in the cytoplasmic side. In order to
examine the possibility that externalized PS and/or PE serve as the phagocytosis
marker recognizable by Sertoli cells, their cell surface localization was
determined in flow cytometry using specific probes. The results clearly showed
that both PS and PE became exposed to the surface of spermatogenic cells when
they were cultured without Sertoli cells. All the spermatogenic cell populations
separated through a Percoll gradient exhibited exposure of PS and PE. Moreover,
phagocytosis reactions of all those cells were severely impaired by the addition of
liposomes containing PS, whereas liposomes consisted of PE or other neutral
phospholipids showed little effect. The above results indicated that PS translocated
from the inner to the outer membrane leaflet in apoptotic spermatogenic cells
regardless of their differentiation states and that recognition of PS by Sertoli cells

led to phagocytosis of spermatogenic cells.

4) SR-BI as the phagocytosis-inducing PS receptor in Sertoli cells
Class B scavenger receptor type I (SR-BI) has been a strong candidate for
the phagocytosis-inducing PS receptor in non-macrophage-type phagocytes.
Since SR-BI mRNA was detected in Sertoli cells, its role in recognition and
phagocytosis of spermatogenic cells was examined. When a SR-BI ¢cDNA isolated
from rat Sertoli cells was introduced into Sertoli-derived culture cell lines, their
activity for binding to PS-containing liposomes and phagocytosing spermatogenic
cells in a PS-mediated manner significantly increased. These results indicated
that SR-BI functioned as the PS receptor and induced phagocytosis of

spermatogenic cells by Sertoli cells.
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5) Conclusion

I propose a model for selective phagocytosis of apoptotic spermatogenic
cells by Sertoli cells as follows. Upon apoptosis induction, PS is externalized on the
surface of spermatogenic cells. It is then recognized by SR-BI present on the

surface of Sertoli cells. The binding of PS and SR-BI leads to phagocytosis of

apoptotic spermatogenic cells by Sertoli cells.

apoptosis recognition
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spermatogenic cell

exposure of PS
to cell surface

recognition of PS by SR-BI induces phagocytosis
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