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Abstract

Artificial twinning has been defined as a procedure to obtain two or more sibling embryos
derived from a single one. It is based on the totipotency (full developmental capacity) of
blastomeres (embryonic cells) in early stages of development before implantation.
Although this is a method that, strictly speaking, could produce a limited number of clones
from the same individual, cloning is not the ultimate aim of this procedure. It has been
proposed as a method to multiply the number of embryos available to be transferred after
an in vitrofertilization procedure, thus increasing the chances of having a pregnancy.
However, this procedure implies some manipulations, such as reducing total cell number and
removing the egg coat (zona pellucida), that can seriously compromise embryonic viability.
According to that, it would be only advisable to use it in those couples where a very low
number of eggs can be obtained and after a complete study of the benefits of the procedure.

Introduction

Definition

Artificial twinning is a technique that mimics the monozygotic twinning process that
spontaneously takes places in humans. It is well known that in such twins, after fertilization takes
place, each half of the embryo adopts an individual entity thus giving rise to two separate
genetically identical individuals (clones).

Artificial twinning implies the isolation of individual blastomeres (embryonic cells) from a
single human preembryo (between the 2- and 8-cell stage) to obtain a higher number of embryos
to be transferred to the mother, therefore increasing the chances to obtain a pregnancy.

Cell totipotency

This technique is based on the capacity of a single blastomere to produce a whole organism
(in this case a human being) before cells start differentiation, i.e. while they remain totipotent.
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However, this capacity is limited in time since it only lasts until the embryonic genetic program
starts to take the control of the development (between the 4 and 8-cell stage in humans; Braude
et al., 1988). Before that, embryo development had been largely controlled by factors (mainly
mRNAs and proteins) of maternal origin stocked during oocyte maturation. Shortly after this
stage, a sort of differentiation takes place, and the cells reach a point of no return.

Techniques involved

The techniques involved in artificial twinning are so easy to perform that they are available
to almost every center having a human assisted reproduction program. They imply dissolving
out the zona pellucida (the external egg coat) by either an enzymatic treatment (for example
pronase) or an acidic treatment (using acid Tyrode's solution at pH = 2.5). After removing
the zona pellucida, blastomeres are isolated using a Ca?/Mg’ free medium to artificially loosen
the adhesive mechanisms that stick embryonic cells together, thus obtaining 1/2,1/4 or even
1/8 embryos.

Is this procedure harmless enough to be safely applied to humans? Few data are available
to answer this question, especially in humans, although some of them come from animal models.

For instance, it has been clearly demonstrated, both in animal models and in Preimplantation
Genetic Diagnosis (PGD) programs, that culture in Ca’/Mg? free medium does not seriously affect
embryo viability (Veiga et al., 1994; Santal6 et al., 1996).

Considering the procedure as a whole, only data from animals are available, although some
indirect results from the human species can also be considered. In most reports there appear
to be three main factors that could affect the viability of the embryos after manipulation
(Giménez et al., 1994):

* Removal of the zona pellucida
* Disaggregation of the blastomeres
* Reduction of the cell number

Removal of the zona pellucida

The zona pellucida has been reputed as an egg protective covering that: .

Preserves the embryo from the maternal immunological system. It has been suggested that
even a slight damage to the zona pellucida during manipulation procedures (assisted hatching
or preimplantation genetic diagnosis) could lower the gestational rate after transfer in humans
(Cohen et al., 1990); therefore an immunodepressing protocol has been proposed to increase
the implantation rate when such embryos are going to be transferred. Our own data in a mouse
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model (Velilla et al., 1999) confirm this assertion using zona-free embryos which present a
higher developmental capacity than intact ones after this kind of treatment.

Avoids ectopic implantation, preserving the embryo inside a coat while passing through the
oviduct. This would not represent any problem in human artificial twinning because embryo
transfer is normally performed at the uterine level, where implantation takes place.

Keeps the blastomeres in contact to allow compaction.

Disaggregation of the blastomeres

As previously mentioned, removing the zona pellucida would affect the compaction process.
Compaction is an event that takes place in late preimplantation mammalian embryos and implies
a tight adhesion between blastomeres. The physical contact between cells during preimplantation
development seems to unavoidably end up in compaction; otherwise disaggregation of the
embryo would occur. An alternative could be the reintroduction of the isolated blastomeres into
foster empty zonae, as performed in mice by Tsunoda and McLaren (1983).

Reduction of the cell number

The reduction in the cell number seems to be the major handicap to be overcome by the
embryo to survive. Moreover, not only the reduction in the cell number but also the stage at
which the isolation is performed has an influence in the final developmental capacity of the
embryo.

In mice, Giménez et al. (1994) obtained about 10% liveborn after transferring 1/2 or 2/4
embryos at the blastocyst stage (postcompacted embryos), while Lawitts and Graves (1988)
reported that 2/4 and 4/8 embryos had higher developmental capacity than 1/2 embryos.

In humans no data are available; however different authors (Tarin et al., 1992; Hardy et al.,
1990) suggested, during the analysis of the feasibility of preimplantation genetic diagnosis (PGD)
procedures, that the reduction in the cell numbers of the inner cell mass (from which the body
of the fetus is derived), would be the main cause of the reduced embryo viability after removing
several cells in cleaving stages.

So, how many cells are the minimum necessary to develop a whole normal human being? This
is an important question because it implies the following one: How many copies of the same
embryo are we going to be able to obtain using this procedure?

The animal models mentioned above could be non informative for the human situation,
especially because there are important differences in the time of acquisition of the genetic
control by the embryonic genome among species, i.e. the time that the embryonic cells remain
totipotent.
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On the other hand, no research has been done in this field in human embryos. However,
accidental situations offer the possibility to have an idea about this question. For instance, it has
been described (Veiga et al. 1987) that a single intact cell remaining from a 4-cell frozen-thawed
human embryo was able to develop a normal healthy baby after transfer. No data are available
from 8-cell human embryos, but it seems plausible to assume that one single cell could develop
into a normal human being. Nevertheless, viability of the embryo is severely affected when
diminishing the cell number (as mentioned before), so 1/8 embryos probably would have
extremely low chances to arrive to term. According to that, it seems that artificial twinning would
not produce more than four (exceptionally eight) copies of the same individual.

Clinlcal indications of artificial twinning

According to what we have just mentioned, what would be the advantages and clinical
indications, if any, of artificial twinning in humans?
Two main applications have been proposed for artificial twinning in humans:

* Increasing available embryos for transfer in assisted reproduction procedures.
* Increasing the number of normal embryos in PGD programs.

Increasing available embryos

The number of embryos available for transfer in assisted reproductive techniques could be
a limiting factor in the success of such procedures. This is particularly true in those cases where
the woman is a bad responder to the hormonal stimulation, so that few oocytes will be available
for fertilization. Normally the number of spermatozoa never becomes a problem, specially
after microassisted fertilization procedures have been developed, namely ICSI (Intracytoplasmic
sperm injection).

It seems clear that the more embryos good enough to transfer, the higher the chances to
obtain a pregnancy. In fact a linear positive correlation between the number of embryos
transferred (Table 1) and the pregnancy rate has been established (Berkley et al., 1991; Hecht,
1993) and, although a sort of «cooperation in implantations between embryos after transfer had
been suggested, this extreme could not be confirmed (Speirs et al., 1996).

However, increasing the number of transferred embryos beyond four significantly increases
the number of multiple pregnancies and their associated risks without an important increase in
the pregnancy rate (Table 1). Therefore transferring a maximum of three embryos has become a
widespread practice in almost all assisted reproduction programs (Hecht, 1993). Moreover, some
authors (Staessen et al., 1993; Roest et al., 1997) suggested that transferring two good quality
embryos would additionally lower the incidence of multiple pregnancy without significantly
lowering the pregnancy rate when compared to that obtained after transferring 3 embryos.
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Table |: Pregnancy and multifetal pregnancy rate by number of embryos transferred

No. of embryos transferred Births/Transfer (%) Multiple Births (%)
1 6 0
2 n 3
3 12 21
4 18 17
5 17 31
6 18 50

From The American Fertility Society (1989).

Therefore, it seems clear that obtaining more than 3 embryos, probably would not effectively
help the couple to increase its chance to get a pregnancy. This would be specially true if low
quality (zona-free, manipulated) embryos were to be used, such as those derived from an
artificial twinning procedure.

Freezing zona free embryos

An alternative could be freezing the extra embryos to use them in further attempts. Few
essays have been done to freeze zona-free embryos (none in human species). In mice, about 60%
of 2 cell zona-free embryos survived in culture 48 h after thawing (Grossmann et al., 1994)
although a high incidence of blastomere disaggregation was observed among them (Sandalinas
et al., 1994). This phenomenon was ascribed to abnormalities in the cytocortex and plasma
membrane of the contact regions between blastomeres (Marti et al., 1997). However, this
could not represent a handicap if isolated single blastomeres were frozen, since embryos that do
not disaggregate immediately after thawing do not disaggregate during in vitro culture
(Sandalinas et al., 1994).

Obviously, using this approach could induce the appearance of monozygotic twins (clones)
of different ages. A solution to avoid this situation could be: first to obtain a DNA finger-print of
each embryo to be cloned and second to analyze the DNA of the first born baby, to make sure
that other embryos are transferred in future cycles.

Preimplantation genetic diagnosis (PGD)

Finally, artificial twinning has been proposed to increase the number of normal embryos in
PGD programs. PGD is based on removing 1 or 2 blastomeres (biopsies) from the embryo to be
genetically analyzed, thus transferring only the normal embryos. This is a complex procedure
that needs to start with a minimum number of embryos to ensure transfer (Vandervorst et al.,
1997). So, sometimes only one embryo is available for transfer. Cloning this single normal
embryo would increase the probability of a gestation. The main problem for this approach is
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that normally the biopsy is performed at the 8-cell stage when cloning could be specially
difficult. An alternative could be to biopsy the embryo at an earlier stage, for instance at the
4-cell stage, although it has been suggested that this may adversely affect the viability of the
embryo (Tarin and Handyside, 1993).

Conclusions

In conclusion, it seems that artificial twinning could have a utility in human assisted
reproduction techniques. However, more research, either in human or in animal embryos, should
be carried on in order to increase our knowledge about the consequences and to solve the many
problems that the procedure itself presents.
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