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Chromosome analysis in polyploid human embryos
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Cytogenetic investigations have been performed on 436 unfer-
tilized or polyploid human oocytes after in-vitro fertilization
at the Department of Obstetrics and Gynaecology, Universi-
ty of Kiel. Thirty-two oocytes had more than two pronuclei
16-20 h after fertilization and were therefore potentially the
precursors of polyploid embryos. The total number of fer-
tilized oocytes was 667, and the frequency of tripronucleate
ova was 4.8%. These tripronucleate eggs may develop nor-
mally up to birth but never lead to viable newborn children.
Some of the resulting embryos displayed chromosomal
mosaicism, where polyploid karyotypes and normal diploid
cells occurred together. It is assumed that the survival rate
of polyploid embryos depends upon the percentage of nor-
mal diploid cells.

Introduction
Despite the fact that until 1985 >2300 children have been born
after in-vitro fertilization (TVF) and embryo transfer (ET) it is
clear that only 20—25% of all replacements lead to a pregnan-
cy. Various reasons might be responsible for this low rate of suc-
cess. One of them could be a non-diploid chromosome
complement in some embryos.

The incidence of genomic variations (euploidy) is independent
of the genotype of the parental germ cells. In most cases, poly-
spermic fertilization is the cause of polyploidy. After in-vivo fer-
tilization, an estimated rate of 75% of all conceptions are lost,
most of them unnoticed. Triploidy was detected in 18.9% of all
abortions investigated after natural conception (Lauritsen, 1982),
and Hassold et al. (1980) found the same incidence of polyploidy
in 1120 aborted embryos (15.1%). After in-vivo fertilization,
1.8% of all fertilized oocytes are thought to be polyploid. By
performing IVF this rate increases up to 10%, and the question
arises about the responsible factors.

The use of hormonal stimulation during IVF was expected to
be one reason for polyspermic reactions. But Gray and Chrisman
(1980) could not find any connection between stimulation and
the rate of polyploidy during IVF in the mouse. However,
Maudlin and Fraser (1977) and Dankowski et al. (1981) establish-
ed a correlation between the intensity of hormonal stimulation
and the incidence of polyploidy in laboratory animals.

The identification of chromosomally-aberrant embryos prov-
ed to be rather difficult, because polyploid mouse embryos do
not necessarily show any signs of morphological degeneration
(McLaren, 1976). They can be viable for a certain time period.
Similar observations were made in man, for polyploid embryos
do not necessarily die during the pre-implantation stage. Steptoe
et al. (1980) reported the first genome mutation after human IVF
when a triploid embryo was aborted in the 12th week of pregnan-

cy. The only way to prevent pregnancies carrying polyploid em-
bryos after IVF is by controlling fertilization 16—20 h after
insemination. Oocytes with more than two pronuclei are con-
sidered to be polyploid. Trounson et al. (1982) found eight
oocytes (9.4%) out of 85 with more than two pronuclei. Rudak
(1983) reported an incidence of 8.7% in 127 fertilized oocytes.
According to Semm et al. (1985), the incidence after IVF in Ger-
man clinics is 4.9% (372 oocytes out of 7649).

Materials and methods
Chromosomal analysis of human oocytes were performed after IVF only if no
cleavage of the oocytes had occurred or in cases where fertilization had led to
eggs with more than two pronuclei. This rather selected material was subjected
to chromosomal studies.

The fertilization of a human oocyte occurs during meiosis n. Unfertilized eggs
remain at metaphase II. At this stage, polar body chromosomes are dearly visi-

Fig. 1. Fertilized oocyte with three pronuclei.
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Fig. 2. Four- to eight-cell stage of a polyploid embryo.

ble. If oocytes were still uncleaved 44 h after insemination, they were considered
unfertilized and free for cytogenetic analysis.

Presumed polyploid embryos have three or more pronuclei which can be observ-
ed by microscopy 16-20 h after fertilization. These embryos were cultured to
different stages of embryonic development and analysed cytogenetically (Figures
1 and 2).

The techniques described by Tarkowski (1966) and King el al. (1979) were
used to produce well-spread chromosomes from oocytes and early embryos.

Cytogenetic investigations were performed at the Department of Gynaecology
in Kiel on a total of 436 human oocytes or early embryos.

Results
Cytogenetic investigations were performed on 436 unfertilized
oocytes or on embryos developing from eggs with more than two
pronuclei. In 185 cases (42.4%), the analysis was successful.

From September 1983 until November 1985, 32 out of 667
fertilized oocytes (4.8%) had more than two pronuclei. Twenty-
five oocytes contained three pronuclei, five contained four pro-
nuclei and two contained five pronuclei.

Polyploidy was confirmed in oocytes with more than two pro-
nuclei. Microscopic analyses of these zygotes or early embryos
provided no evidence of morphological aberrations. Details of
the chromosomal analyses on 17 of the embryos are given in
Table I.

Chromosomes could not be counted accurately in six embryos.
Five embryos were triploid, two identifiable mitoses being found

Table I.
fertilized

No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

Chromosome analysis of cleaving human embryos arising from
eggs with more than two pronuclei

No. of
pronuclei

3
3
3
3
3
3
3
3
3.
3
3
3
3
3
3
3
4

No. of
cells in
the embryo

2
I
4
4
4
4
4
4
4
4
4
8
8
8
8

8
4

Chromosome analysis
different blastomeres

1

3/i
3n
2n
0"
2n
2/i
3n
3n
0
0
3n
0
0
In
0
7n
In

2 3

7
7
In ?

7 7
2n 2n
3n ?
3n ?

? 7

7 7

7 7
In ?

of

4

?

7
7
7
7

?

7

7
7

•0 •= no analysis possible.

in two of them, and a single mitosis in the others (Figure 3).
One embryo was an extreme polyploid, of In. Two embryos were
diploid/haploid mosaics. One of these had arisen from a fertiliz-
ed egg with four pronuclei. The two remaining embryos had
diploid mitoses only (Figure 4), one having three such mitoses.
It was not possible to decide if these were uniform diploid or
diploid/haploid mosaics, although three diploid mitoses without
any haploids indicates that this embryo had reverted to diploid
by the loss of one pronucleus at syngamy.

Discussion
The question arises as to whether polyploidy will occur to a
greater extent in an IVF programme than after normal concep-
tion. According to investigatons of Trounson et al. (1982) and
Rudak (1983), 9% of all fertilized eggs exhibit these aberrations.
Compared with in-vivo fertilization with its estimated incidence
of 1.5% of polyploid embryos, there seems to be a definite in-
crease in aberrations. This may depend on the lack of a selec-
tion barrier to spermatozoa during fertilization in vitro, as the
natural 'zona-block' is overcome by multiple penetration. On the
other hand, the advanced age of the parents has to be considered.
In Germany > 70% of all female IVF patients are above the age
of 30; 21.5% above 35. The frequency of chormosomally-
aberrant offspring is known to increase after in-vivo fertiliza-
tion with the advancing age of the mother.

In our own investigations on 667 fertilized eggs, 4.8% had
more than two pronuclei, with an equal distribution through all
age groups.

Polyploid embyros mainly arise after polyspermy. Many are
able to pass normally through pre-implantation development, and
our observations confirm that triploid embryos may develop up
to the 8-cell stage. They do not exhibit any apparent mor-
phological changes. At the time of embryo replacement (48 h
post-insemination) they cannot be differentiated from normal
embryos.

Some of the embryos under investigation were evidently tri-
ploid, and others showed cell mosaicism. Haploid and diploid
karyotypes were identified in some embryos. We assume that
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Fig. 3. Polyploid metaphase in a 2-cell embryo.

Fig. 4. Diploid metaphase in an embryo arising from a tnpronucleale egg.
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tripronucleate or tetrapronucleate eggs lost some pronuclei at
syngamy, or that one or more escaped syngamy, to establish a
haploid cell line. The alternative explanation, that triploid cells
divided cells during mitosis at an early embryo stage appears
to be unlikely. The survival capacity of a polyploid embryo may
depend upon its percentage of normal diploid cells. One embryo
was highly polyploid.

It is difficult to detect the exact mechanisms causing embryonic
mortality. A systematic evaluation can be performed if various
factors are screened according to the time of their occurrence.
Such time intervals include the process of fertilization as well
as the pre- and post-implantation developmental stages. Using
IVF techniques with embryo culture, we are able to observe the
developmental stages of an embryo and can attempt to identify
lethal factors. These can be gene-, chromosome- or genome muta-
tions, endogenous (immunological or endocrine) as well as ex-
ogenous influences, the latter being dependent on nutrition,
climate, trauma, toxicity or infection. The careful screening of
embryonic mortality in vivo and in vitro will help to improve
the replacement rates after IVF as well as to aid in establishing
the reasons for early embryonic death.
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