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In vitro production (IVP) including in vitro maturation {IVM) and fertilization
{(IVF} is now an important technology for obtaining live piglets. However,
there are still two significant obstacles to the efficient production of viable
porcine embryos: (1) polyspermy and (2} fertilization of oocytes arrested at
the immature stage. These phenomena relate to production of embryos with
abnormal ploidy {polyploidy). To avoid these problems, careful selection
of mature oocytes for IVF, and regular monitoring of normal and abnormal
fertilization {(polyspermy and/or lack of male pronucleus formation) are very
important. In our recent studies, however, we have confirmed that some
oocytes with abnormal ploidy after polyspermy can develop into diploid
embryos with potentially normal developmental ability. The mechanism by
which such fertilized polyploid oocytes develop to a normal state during
embryo development is still not well understood. Attempts to clarify this
mechanism would hopefully reveal data that are very useful for not only
IVP but also other technologies such as the production of transgenic or
cloned animals using IVM oocytes, including other species, also for human
reproductive manipulation. In this review, we focus on studies of normality
of IVM oocytes and ploidy of IVP embryos, and try to suggest practical
ways of solving the problems mentioned above in pigs.

Normality of porcine zygotes produced in vitro

The in vitro developmental competence or viability of porcine in vitro-matured {(IVM)—in vitro-
fertilized {IVF) oocytes to the blastocyst stage was first confirmed and reported by Mattioli et
al. (1989). Since then, live-born piglets have been obtained from IVM-IVF embryos after in
vitro culture (IVC) to the 2- to 4-cell stages {Mattioli et al. 1989; Yoshida et al. 1993; Funahashi
et al. 1996; Funahashi & Day 1997). Viable piglets have also been generated by transfer of
in vitro-produced (IVP = IVM, IVF and IVC) embryos at the blastocyst stage (Marchal et al.
2001; Kikuchi et al. 2002). Over the last few years, IVC procedures have been improved, but
IVM and IVF systems are still hampered by problems resulting in poor developmental ability,
and low gquantity and quality of the embryos produced. This leads to embryo loss even after
their transfer to recipients. One of the major causes of this problem is abnormal ploidy of
IVP embryos due to (1) polyspermy during IVF and (2) fertilization of cocytes arrested at the
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immature stage. In addition, aneuploidy during oocyte maturation should be also noticed as
a cause of embryo abnormality (Lechniak et al. 2007). It is essential to make every effort to
achieve normality in IVP embryos after IVM and IVF. However, it is basically impossible to
prevent precocious meiotic arrest or polyspermy in all cultured oocytes even using currently
established technologies. Another approach for obtaining a goed result (live offspring) under
these conditions is to select fertilized oocytes or embryos that guarantee the developmental
competence to piglets. It is generally accepted that only monospermic fertilized cocytes that
have matured meiotically to the metaphase-ll (M-} stage can be guaranteed to show normal
embryonic development. On the other hand, in comparison with sperm, oocyte sources are
limited, especially those from rare genetic resources. To apply in vitro reproductive technologies
in such animals, it is important to utilize as many oocytes as possible from a limited number
of females. For this propose, assuming some ability to develop to term, abnormally generated
embryos may be used to generate offspring. For half a century, mammalian embryos with
abnormal ploidy have been known to be capable of surviving even into the post-implantation
period (Piko & Bomsel-Helmreich 1960; Bomsel-Helmreich 1971; Han et al. 1999a}. However,
the details of the mechanisms involved have remained unclear.

In the present review article focusing on porcine IVP systems, we summarize the status and
consequences of generating abnormal embryos obtained as a result of polyspermy and also by
fertilization before completion of meiotic maturation. We also consider the use of abnormally
generated embryos to improve porcine IVP efficacy.

Polyspermy
Status of efforts to reduce polyspermy

Polyspermy occurs as a result of simultaneous penetration of an oocyte by two or more
spermatozoa. The problem of polyspermy in IVP porcine systems is significant, and has
remained unsolved for many years. The main reason for polyspermic fertilization seems to be
the presence of a large number of spermatozoa at the site of IVF in the absence of a regulatory
effect of the female reproductive tract to control the quantity and quality of spermatozoa. An
optimal sperm concentration and time interval for IVF are basic requirements for avoiding an
extremely high incidence of polyspermy (Nagai et al. 2006). In our laboratory, we have chosen
batches of frozen-thawed epididymal sperm showing good penetration ability to conduct IVF by
co-incubation of 1 x 10° sperm/ml with oocytes for 3 h. Under these conditions, we are able
to achieve reproducible sperm penetration beginning at 2 h post-insemination, the penetration
rate reaching a plateau of around 80% at 4 h with a 60% polyspermy rate and an average of 3
spermatozoa per oocyte (Kikuchi et al. 2002, 2006). This means that only 20% of the oocytes
subjected to IVF are monospermic. Another reason for polyspermy is considered to be the
insufficient ability of IVM oocytes to block polyspermy due to a delayed or incomplete zona
reaction and the imperfect characteristics of the zona caused by lack of exposure to oviduct
fluid (Funahashi 2003).

Up to now, many attempts to decrease polyspermy have been reported. There have been
several attempts to imitate in vivo conditions during IVF in order to regulate the number of
spermatozoa near the cocytes. Some procedures have been based on the concept of allowing
a small number of functional or capacitated spermatozoa to approach the cocytes, and these
include the climbing-over-a-wall (COW) method {Funahashi & Nagai 2000), straw IVF (Li et al.
2003) and the biomimetic microchannel IVF system (Clark et al. 2005). Other methods have
aimed at improving the characteristics of oocytes (more specifically the zona pellucida; ZP), such
as treatment of oocytes with oviductal glycoproteins before IVF (Kouba et al. 2000; McCauley
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