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Interaction of Oocyte Plasma Membrane and Spermatozoa

—Plasma Membrane Block to Polyspermy in Human Oocytes—
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HNBIZD Db 6T, SUZL DL K T2 K3 AT
LR EMEERT I END, EWWIZTBT A
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THOTHALEZOND, T/, KBEEOKT
(AH/m)Z2ERL7-2GEbRMBOMELRT S
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(Kamiguchi et al. Am J Hum Genet, 1986)
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Ot 7 F e FNTHINT A IR E o &R o
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BB L Cw bR INE. 4 V7
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m&&%ﬂ%ﬁfu%ﬁﬁﬂﬁuﬁ%mb&w
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T-OERIZREC L D1 S~ AP Yefr fh R
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HPH] % 326D, & OB L ICSI $F ORI A FALIC X
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Abstract

An effective block to multiple sperm penetration in mammalian oocytes is critical for normal fertilization
and subsequent embryonic development. It has been speculated that the human oocyte relies primarily on
the zona reaction to prevent polyspermy. However, the role and the mechanisms concerning the oocyte
plasma membrane block in human oocyte are poorly understood. We firstly investigate a main mechanism
of polyspermy block in human oocytes. Secondary, the existence, time course and mechanisms of the hu-
man plasma membrane block to polyspermy were investigated by an in vitro fertilization assay using zona
pellucida-free unfertilized oocytes.

The total incidence of polypronuclear fertilization in our IVF program was 6.2%. A significantly higher
polyspermic fertilization was observed after SUZI(34.5%), indicating that zona reaction mainly involved in
polyspermy block in human oocytes. Sperm penetration assay using the zona-free human oocytes demon-
strated that the number of penetrating spermatozoa reached a maximum by 2 h after insemination. A rein-
semination experiment also revealed that the number of penetrating and binding spermatozoa were not sig-
nificantly defferent between control and reinsemination oocytes, suggesting that the plasma membrane
block plays an important role in the prevention of polyspermy in the human oocyte.

It has not been determined if there is a requirement for sperm-oocyte membrane fusion for the establish-
ment of a block to sperm penetration at the oocyte plasma membrane level in the human. Therefore, we in-
vestigated whether the incorporation of the sperm plasma membrane into the oolemma contributes to the
plasma membrane block to polyspermy, using zona-free oocytes fertilized by intracytoplasmic sperm injec-
tion (ICSI) or activated by parthenogenetic activation. Only two of the 35 pronuclear oocytes fertilized sper-
matozoa (control) demonstrated one single penetrating spermatozoa. In contrast, ICSI or parthenogeneti-
cally activated oocytes at pronuclear stage could still be penetrated by and fuse with excess spermatozoa,
and this did not result in a block response. These findings suggest that the establishment of the plasma
membrane block to sperm penetration in the human oocyte may require a fusion process between sperm
and oocyte plasma membrane. The plasma membrane block to polyspermy does not involve cortical gran-
ule exocytosis, because release of CG contents was observed in both control and non-sperm-fertilized oo-
cytes.

To clarify the role of CD9 or integrins concerning the polyspermy block at oolemma, we investigated ex-
pression of CD9 and integrins on plasma membrane in unfertilized oocytes, sperm-fertilized and ICSI fertil-
ized pronuclear oocytes. CD9 protein was expressed on plasma membrane in unfertilized oocytes and ICSI
fertilized pronuclear oocytes, however, was not observed in sperm-fertilized pronuclear oocytes. Similarly,
4 of 7a-subunits and 3 of 63-subunits examined were detected in unfertilized and ICSI fertilized oocytes
but not sperm-fertilized oocytes. Treatment of oocytes with anti-CD9 antibody inhibited fusion and pene-
tration processes of spermatozoa. Thus, changes of expression of CD9 or integrins may contribute to oo-
cyte plasma membrane block to sperm fusion and penetration.

Heterologous fertilization was performed to assess the chromosomal normality of mouse-human hybrid
embryo at the first cleavage metaphase after ICSI. ICSI procedure do not cause an increase in the fre-
quency of aneuploidy and structural aberrations in both paternal and maternal chromosomes.

In conclusion, we have clarified the existence and mechanism of human oocyte plasma membrane block
to sperm penetration. These results would facilitate understanding of the mechanism of human sperm-
oocyte interaction.

NI | -El ectronic Library Service



