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In in-vitro fertilization (IVF), normal fertilization is determinedBrussel, Laarbeeklaan 101, B-1090 Brussels, Belgium
by the presence of two distinct pronuclei. Two main aberrations

The aim of this study was to analyse the chromosomal
of the number of pronuclei have been reported after conven-

constitution of embryos developing from mono- (1PN)
tional IVF and after intracytoplasmic sperm injection (ICSI):

and tripronuclear (3PN) oocytes, after in-vitro fertilization
monopronuclear (1PN) oocytes, which are generally considered(IVF) and after intracytoplasmic sperm injection (ICSI)
to be due to parthenogenetic activation, and tripronuclearinto oocytes, by means of the fluorescent in-situ hybridiza-
(3PN) oocytes or triploidy. Most of the 1PN and 3PN oocytestion (FISH) technique with specific probes for the chromo-
obtained after conventional IVF and after ICSI are capable ofsomes X, Y and 18. FISH analysis was carried out on
undergoing subsequent early cleavage divisions. These cleavedembryos from 3PN oocytes: 106 after ICSI and 71 after
embryos have the same morphological appearance as embryosconventional IVF. In the 3PN embryos after ICSI, equal
originating from bipronuclear (2PN) oocytes.ratios of XXX and XXY were observed and no XYY

Triploidy does not only occurin vitro, since after in-vivoembryos were present. This shows the digynic origin of
conception triploid embryos resulting in abortions or in somesuch 3PN embryos. On the other hand, after conventional
exceptional non-viable live births have been observed (UchidaIVF, the XYY status indicative of dispermic fertilization
and Freeman, 1985). After in-vivo conception, dispermy waswas observed in some embryos. After IVF, only 12.7% of
the most common cause of this phenomenon, although somethe 3PN oocytes developed into embryos with uniformly
digynic triploids have been reported (Lauritsenet al., 1979;triploid blastomeres, compared with 55.7% after ICSI
Uchida and Freeman, 1985). Analysis of triploid embryos after(P , 0.001). On the other hand, after ICSI only 16.0% of
conventional IVF has indicated that 86% of them originatethe embryos developing from 3PN oocytes were mosaic,
from dispermic penetration of the oocyte (Plachotet al., 1989).compared with 42.3% after conventional IVF (P , 0.001).
After ICSI of a single spermatozoon into a metaphase IIFISH was also carried out on embryos from 1PN oocytes:
oocyte, however, three distinct pronuclei have been observed61 after ICSI and 115 after conventional IVF. In 35.6%
in the surviving oocytes (Palermoet al., 1993). Since onlyof IVF embryos developing from 1PN oocytes Y-specific
one spermatozoon is injected, the additional pronucleus musthybridization signals were observed. This indicates that in
be of maternal origin, probably as a result of the non-extrusion70–75% of such cases a spermatozoon had penetrated the
of a second polar body.oocyte and that only 25–30% of them were parthenogenetic.

It is generally accepted that 1PN human oocytes after IVFA significantly higher proportion ( P , 0.001) of embryos
result from parthenogenetic activation. However, as regardsdeveloping from 1PN oocytes were diploid after IVF
the ploidy status of embryos developing from 1PN oocytes,(48.7%) than after ICSI (27.9%); equal ratios of XX and
the proportional incidence of haploidy and diploidy variesXY embryos were observed in the two groups. Formation
between the different reports (Plachotet al., 1987, 1989;of a single pronucleus in an embryo subsequently shown
Plachot and Crozet, 1992; Staessenet al., 1993). Demonstrationto be diploid indicates that normal fertilization was followed
of the presence of a Y chromosome, undeniable evidenceby asynchronous formation of pronuclei. A significantly
differentiating parthenogenetic activation from a fertilization-(P , 0.001) higher proportion of 1PN oocytes developed into
related phenomenon, was not carried out systematically in thehaploid embryos after ICSI (31.2%) than after conventional
earlier cytogenetic investigations.IVF (13.1%). In both groups most of the haploid embryos

The aim of this study was first to determine the ploidywere X-bearing (IVF, 93.3%; ICSI, 84.2%) and only a few
status and to identify the sex chromosomes in the cleavingwere Y-bearing (IVF, 6.7%; ICSI, 15.8%). A contribution
embryos originating from 1PN and 3PN oocytes after ICSIof normal fertilization and androgenetic activation thus
and after IVF by means of the fluorescent in-situ hybridizationled to 1PN oocytes. Gynogenetic and/or parthenogenetic
(FISH) technique. Such analysis of the sex chromosomes in theactivation, both leading to indistinguishable chromosomal
embryos developing from 3PN oocytes can indicate dispermicdistributions, also contributed to the formation of 1PN

oocytes after ICSI and IVF. origin after conventional IVF and monospermic digynic origin
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mucosa: 100µg/ml; Sigma) in 0.01 N HCl for 20 min at 37°C. Theafter ICSI. Secondly, the cell division and the chromosomal
slides were rinsed in MilliQ UF System water (Millipore, Saint-segregation patterns in both types of 3PN embryos were
Quentin, France) and 13 PBS and fixed for 10 min in 1% paraformal-analysed and compared. Another goal of this study was to
dehyde in PBS at 4°C. After fixation, the slides were first rinsed inanswer the question of whether 1PN oocytes obtained after
13 PBS and then in MilliQ water and then dehydrated by means ofIVF or ICSI are indicative of parthenogenetic activation or of
an ethanol series.

a failure in the fertilization process. The triple-target FISH technique was performed using directly
labelled DNA probes for chromosomes X, Y and 18. The X [Vysis
GmbH (Stuttgart-Fasanenhof, Germany), Alpha Satellite DNA probe,Materials and methods
spectrum Green] and Y (Vysis, Alpha Satellite DNA probe, spectrum
Orange) probes were used for gender determination and the autosomeIVF and ICSI treatment
18 probe (Vysis, Alpha Satellite DNA probe, 1:1 mixture Green/Ovarian stimulation was performed by a desensitizing protocol
Orange spectrum) to determine ploidy status. The hybridizationusing the gonadotrophin-releasing hormone agonist buserelin acetate
mixture was added to the slide under a coverslip, and the nuclear(Suprefact; Hoechst, Brussels, Belgium) in association with human
and probe DNA were denatured simultaneously for 4 min at 75°C.menopausal gonadotrophin (Humegon from Organon, Oss, The
The slides were then incubated in a moist chamber at 37°C for 30–Netherlands or Pergonal from Serono, Brussels, Belgium). Ovulation
60 min to allow hybridization of the DNA probes. After hybridization,was induced by administering 10 000 IU of human chorionic gonado-
the slides were washed for 5 min with 60% formamide/23 SSC (0.3trophin (HCG; Pregnyl from Organon or Profasi from Serono) (Smitz
M NaCl, 30 mM sodium citrate, pH 7) and 5 min with 23 SSC atet al., 1988, 1992). Oocyte retrieval was carried out by ultrasound-
42°C, followed by an additional 5 min wash at room temperatureguided puncture 36 h after HCG administration.
with 43 SSC/0.05% Tween 20 solution. The slides were dehydratedThe cumulus–corona–oocyte complexes (CCOC) were placed in
by means of an ethanol series and mounted in the antifade medium25 µl droplets of Ménézo B2 medium (BioMe´rieux, Montalieu
Vectashield (Vector Laboratories, CA, USA) containing 1.25 ng/mlVercieu, France) covered by lightweight paraffin oil and incubated in
49,6-diamidino-2-phenylindole (DAPI) to counterstain the nuclei. Thean humidified 37°C incubator (5% CO2, 5% O2 and 90% N2).
nuclei were examined using a Zeiss Axioskop fluorescence microscopeFor conventional IVF, 2–6 h after oocyte collection 2000–3000
(Zeiss, Oberkochen, Germany) with the relevant filter set: filter 10progressively motile spermatozoa were added to each drop of medium
(FITC), filter 02 (DAPI) and filter Omega (FITC/Texas red). All thecontaining a CCOC (Staessenet al., 1989). For ICSI, after removing
slides were observed and interpreted by two independent observers.the surrounding cumulus and corona cells, the nuclear maturation of

the oocytes was assessed under an inverted microscope. Oocytes
Statisticswhich had extruded their first polar body, i.e. metaphase-II oocytes,

were then injected with a single spermatozoon into the ooplasm (VanTo analyse differences in distribution between the two groups,χ2

Steirteghemet al., 1993a,b, 1995). Further culture of injected oocytestests were performed.P , 0.05 was considered significant.
was performed in 25µl droplets of Ménézo B2 medium under
lightweight paraffin oil and the fertilization was checked 16–18 h
later (Nagyet al., 1995). Results

For conventional IVF as well as after ICSI, fertilization was
In one year of conventional IVF, we observed pronuclei inconfirmed by the presence of two distinct pronuclei and polar bodies
6135 oocytes: 88.6% of oocytes had two pronuclei, 7.7% had(often difficult to visualize in the CCOC in conventional IVF) at
one pronucleus and 4.2% had three pronuclei. Over the same3400 magnification using an inverted microscope. In our centre, only
period in the ICSI programme, we observed 6963 oocytes withthe embryos derived from oocytes with two distinct pronuclei with

nucleoli were transferred. After conventional IVF, 1PN oocytes werepronuclei: 88.5% had two pronuclei, 5.0% had one pronucleus
re-evaluated 4 h after the first observation (Staessenet al., 1993). If and 6.5% had three pronuclei. The total of abnormally fertilized
only one pronucleus was still present or no nucleus was visible, theoocytes was similar after ICSI and after IVF, but the relative
embryos were not replaced. proportion of oocytes with one or three pronuclei was signific-

1PN and 3PN oocytes were further cultured for another 24 or 48antly different in the two assisted reproduction techniques (P
h and the embryos were spread as a whole or the blastomeres were

, 0.01).
spread separately. In the latter case, the zona was removed by
exposure to acid Tyrode’s solution for 1–2 min. Separate blastomeres

Tripronuclear oocyteswere obtained by transferring a zona-free embryo into sodium- and
calcium-free phosphate-buffered saline (PBS) with 0.125% trypsin.The early development of the 3PN oocytes obtained after IVF
The individual blastomeres or the whole embryo were then transferredand ICSI is summarized in Table I. The overall cleavage rate
in a 1–2µl droplet of 0.01 N HCl/0.1% Tween 20 solution (Coonen of 3PN oocytes after ICSI and IVF was similar to the
et al., 1994) onto a slide. A small circle was etched on the back ofdevelopment of normally fertilized oocytes. After ICSI, the
the slide to facilitate localization of the nuclei after fixation and speed of development of 3PN oocytes was slower than the
hybridization. The embryos or blastomeres were observed constantlyspeed of development of 2PN oocytes and there were more
during spreading by using an inverted phase-contrast microscope

3-cell embryos developing from the 3PN oocytes compared to(Olympus CK2 with35, 310, 340 lenses; Olympus Optical Co,
the 2PN oocytes (P , 0.001). In contrast, 3PN oocytes afterTokyo, Japan). After spreading, the slides were left to dry, washed
IVF cleaved more rapidly than 2PN oocytes; there were alsoin PBS for 5 min and dehydrated by means of an ethanol series.
more 3-cell embryos developing from the 3PN oocytes as
compared to the 2PN oocytes (P , 0.001). When we comparedFISH procedure
the cleavage of 3PN oocytes obtained after ICSI and IVF, weThe FISH procedure as described in 1994 by Coonenet al.was used.

Briefly, the nuclei were digested with pepsin (from porcine stomachobserved no difference in percentage of 3-cell embryos, but
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Table I. Cleavage characteristics of embryos developing from bi- and tripronuclear oocytes obtained after intracytoplasmic sperm injection (ICSI) and
conventional in-vitro fertilization (IVF). Values in parentheses are percentages

Procedure Oocytes Cleaved embryos on day 2

No. of pronuclei Number (A) Total number (B) % of A Cleavage stage

2-cell 3-cell 4-cell 5- to 8-cell
(% of B) (% of B) (% of B) (% of B)

ICSI 2 2827 2434 86.1 254a 286a 1360a 534a

(10.4) (11.8) (55.9) (21.9)
ICSI 3 643 536 83.4 137b,e 113b,e 196b,e 90b,e

(25.6) (21.1) (36.6) (16.8)
IVF 2 900 798 88.7 147c 98c 384c 169c

(18.4) (12.3) (48.1) (21.2)
IVF 3 323 288 89.2 56d,f 58d,f 77d,f 97d,f

(19.4) (20.1) (26.7) (33.7)

a–fContingency table: a versus b,P , 0.001; c versus d,P , 0.001; e versus f,P , 0.001.

as follows: (i) uniformly triploid embryos in which all the
Table II. Results of fluorescent in-situ hybridization analysis for the blastomeres analysed clearly showed three sex chromosomes
embryos developing from tripronuclear oocytes obtained after

and three chromosomes 18, (ii) embryos composed of uni-intracytoplasmic injection (ICSI) and conventional in-vitro fertilization
(IVF) formly triploid blastomeres together with blastomeres showing

different chromosome mosaicisms, (iii) uniformly diploid
ICSI IVF

embryos, (iv) uniformly haploid embryos, (v) uniformly tetra-(n 5 106) (n 5 71)
ploid embryos, (vi) embryos with a combination of haploid

Uniformly triploid and diploid blastomeres and (vii) complex mosaic embryos in
XXX181818 28 4

which all nuclei have a different chromosome constitution. AXXY181818 31 5
XYY181818 0 0 significantly different distribution of these categories was

55.7%a 12.7%a
observed in embryos obtained after ICSI and after IVF (P

Triploid mosaics
, 0.001).with XXX181818 6 5

In the 3PN embryos obtained after ICSI, 59 out of the 106with XXY181818 7 5
with XYY181818 0 5 embryos (55.7%) were uniformly triploid. Of these, 28 (47.5%)

12.3%b 21.1%b

revealed an XXX and 31 (52.5%) an XXY pattern for the sexUniformly diploid
chromosomes; no XYY were found. Moreover, in 13 (12.3%)XX1818 9 10

XY1818 5 5 embryos we observed triploid nuclei XXX181818 or
13.2%c 21.1%c

XXY181818 together with mosaic nuclei, indicative of irregu-Uniformly haploid
lar division. This shows that at least the first mitotic divisionX18 0 1

Uniformly tetraploid was regular. Here too, no XYY181818 nucleus was found. On
XXXX18181818 1 0 the other hand, after IVF, only nine (12.7%) out of 71 analysedHaploid/diploid

embryos were uniformly triploid; of these, four (44.5%) weren/2n 2 1
Complex mosaic 17 30 XXX and five (55.5%) were XXY. In another 15 embryos we

16.0%d 42.3%d
found triploid nuclei together with mosaic nuclei, and here the
XYY181818 pattern was observed in five embryos. The firstDistribution between different categories for IVF and ICSI:P , 0.001.

aP , 0.001,bP , 0.01,cP , 0.01,dP , 0.001 (contingency table). mitotic division could be considered normal in 72 ICSI
embryos (68.0%), which was a significantly higher (P ,0.001)

after IVF we observed more embryos at the 5- to 8-cell stageproportion than in the IVF embryos (n 5 24, 33.8%). The
than after ICSI (P , 0.001). number of uniformly diploid embryos was significantly lower

From the ICSI and conventional IVF programmes respect-(P , 0.001) after ICSI (n 5 14, 13.2%) than after IVF (n 5
ively, 106 and 71 cleaving embryos originating from 3PN15, 21.1%). Complex mosaic embryos, indicative of chaotic
oocytes were analysed (Table II). From these 177 embryos, adivision from the first mitotic division, were more frequently
total of 798 blastomeres were counted before spreading, i.e. aobserved after IVF (42.3%) than after ICSI (16.0%). The
mean of 4.5 per embryo. In all, 673 interphase nuclei wereresults from the separate fixation of blastomeres indicated that
observed and analysed, i.e. a mean of 3.8 per embryo. Themultinuclear blastomeres contributed to the mosaicism of the
difference between the number of spread blastomeres and thenuclei observed. In addition, one complete haploid embryo
number of analysed nuclei is partially due to the loss of somewas observed after regular IVF and one tetraploid embryo
nuclei and partially to the presence of anucleated blastomeres.after ICSI. Two embryos after ICSI and one after IVF were
Since most of the embryos were spread as a whole, we cannotcomposed of a combination of haploid and diploid cells.
distinguish between the two explanations. The FISH results for ICSI embryos were also analysed with

regard to the status of the polar bodies at the time of fertilizationFor the FISH analysis, we grouped the results in Table II
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Table IV. Results of fluorescent in-situ hybridization analysis for theTable III. Results of fluorescent in-situ hybridization analysis for the
embryos developing from tripronuclear oocytes obtained after embryos developing from monopronuclear oocytes obtained after

intracytoplasmic injection (ICSI) and conventional in-vitro fertilizationintracytoplasmic injection (ICSI) in relation to the polar body status at the
time of fertilization assessment. There were no significant differences within (IVF)
ploidy groups

ICSI IVF
(n 5 61) (n 5 115)Polar body (PB) status

One PB Two PB Fragmented PB Diploid
XX1818 10 31
XY1818 6 25Uniformly triploid

XXX181818 14 2 11 YY1818 1 0
27.9%a 48.7%aXXY181818 14 0 13

XYY181818 0 0 0 Haploid
X18 16 1450.9% 50.0% 60.0%

Triploid mosaics Y18 3 1
31.2%b 13.1%bwith XXX181818 4 0 2

with XXY181818 2 0 3 Triploid
XXX181818 0 1with XYY181818 0 0 0

10.9% 12.5% Mosaicisms
X18/XX1818 6 10Uniformly diploid

XX1818 5 1 3 X18/XXX181818 2 2
X18/XXX181818/XXXX18181818 1 0XY1818 4 0 1

16.4% 25.0% 10.0% 14.8% 10.4%
Complex mosaicsUniformly tetraploid

XXXX18181818 0 0 1 with Y 12 15
without Y 4 162.5%

Haploid/diploid 26.2% 27.0%
n/2n 1 0 1

1.8% 2.5% Distribution between different categories for IVF and ICSI:P , 0.001.
aP , 0.001,bP , 0.001.Complex mosaic 11 1 5

20.0% 25.0% 12.5%

the FISH analysis, we grouped the results shown in Table IV
as follows: (i) uniformly diploid embryos in which all theassessment (Table III). The status of the PB was recorded at

the moment of fertilization assessment for 99 out of the 106 blastomeres analysed clearly showed two sex chromosomes
and two chromosomes 18, (ii) uniformly haploid embryos, (iii)embryos analysed. In these 3PN oocytes we observed one

polar body (PB) in 55% of the oocytes, fragmented PB in uniformly triploid embryos, (iv) embryos with a combination
of haploid and diploid blastomeres, or a combination of haploid40% of the oocytes and two PB in only 4% of the oocytes.

The results of the 3PN analysis were grouped in relation to and triploid, or a combination of haploid, triploid and tetraploid
blastomeres, (v) complex mosaic embryos in which all nucleithe status of the PB and are given in Table III. No difference

in the distribution among the different categories was observed had a different chromosome constitution; the distinction
between mosaics with or without a Y chromosome wasfor either one PB, fragmented PB or two PB. The PB status

of the oocytes obtained in the conventional IVF programme made. Globally, a significantly different distribution of these
categories was observed in embryos obtained after ICSI andwas not recorded as it is not reliably defined, owing to the

presence of remaining cumulus cells. after IVF (P , 0.001).
Among the 1PN embryos obtained after ICSI, a significantlyThe relationship between the presence of triploid cells and

the number of blastomeres at the first embryo evaluation was lower (P , 0.001) incidence of diploid embryos was observed:
27.9% after ICSI compared to 48.7% after IVF. The distributionassessed. From the embryos developing from the 3PN oocytes

obtained after IVF and showing a 2-cell stage at the first of XX- and XY-bearing embryos was similar between the two
groups: among the diploid embryos a Y chromosome wasembryo evaluation, 42.5% were uniformly triploid or contained

triploid cells. This figure was 6% for those showing a 3-cell present in 41.2% (7/17) of the cases after ICSI and in 44.6%
(25/56) of the cases after IVF. One interesting case wasstage, 43% for those showing a 4-cell stage, and 16% for

those showing more than four cells (P , 0.05) at the first observed after ICSI: an 8-cell stage ‘embryo’ with five inform-
ative nuclei all had a YY1818 chromosome status, indicatingembryo evaluation. After ICSI, 70% of the 3PN oocytes

showing a 2-cell stage were uniformly triploid or contained penetration of the oocyte by a diploid spermatozoon or
haploid spermatozoon with diploidization afterwards, and notriploid cells. This figure was 62.5% for the 3-cell stage, 70%

for the 4-cell stage and 68% for the oocytes showing more involvement of the oocyte nuclear material.
Haploid embryos were observed in 31.2% (19 out of 61) ofthan four cells (no statistically significant difference) at the

first embryo evaluation. the cases after ICSI and 13.1% (15 out of 115) of the cases
after IVF (P , 0.001). For both IVF and ICSI, in addition to

Monopronuclear oocytes a majority of haploid X-bearing embryos (IVF: 93.3%; ICSI:
84.2%), some haploid Y-bearing embryos indicative of theA total of 176 embryos derived from 1PN oocytes were

analysed successfully by the FISH technique: 115 originating male nucleus were found (IVF: 6.7%; ICSI: 15.8%). After
ICSI in nine embryos (14.8%) and after IVF in 12 (10.4%),from conventional IVF and 61 from the ICSI programme. For
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different cell lines were observed. Moreover, after IVF and incidence of mosaic blastomeres after ICSI, in contrast with
the high incidence after conventional IVF. The mosaicsafter ICSI, in respectively 26.2 and 27.0% of the embryos,

complex mosaicism was observed. observed were of complex origin, indicative of a chaotic
chromosome segregation from the very first division onwards.Finally, the results of the FISH analysis of embryos generated

from 1PN oocytes demonstrated that after IVF in 41 out of This may imply the presence of an aberrant mitotic spindle.
Traditional cytogenetic studies performed by metaphasethe 115 embryos (35.6%) and after ICSI in 22 out of 61

embryos (36.1%) a Y-specific hybridization signal was present. analysis in embryos developing from 3PN oocytes obtained
after conventional IVF have reported incidences of mosaicism
ranging from 14 to 29% (Michelmannet al., 1986; Kolaet al.,
1987; Angell, 1989; Pieterset al., 1992; Ma et al., 1995).Discussion
Analysis by FISH (Cohenet al., 1994; Palermoet al., 1995)

Tripronuclear oocytes showed that, in embryos developing from 3PN oocytes obtained
after conventional IVF, 89% were mosaic. With conventionalOne of the major objectives of this study was to find the origin

of the extra pronucleus in 3PN oocytes obtained after ICSI cytogenetic analysis, only a limited number of metaphases for
each embryo could be analysed, probably resulting in anand after conventional IVF. The examination of the sex

chromosomes can indicate the origin of this extra pronucleus. underestimation of the incidence of these mosaicisms (Ma
et al., 1995). In embryos developing from 3PN oocytesIn cases of dispermy, the theoretical distribution for the

gonosomes is 25% XXX, 50% XXY and 25% XYY. Digyny obtained after ICSI, Cohenet al. (1994) reported that the
incidence of mosaicism determined by FISH was 14%. Thewould result in 50% XXX and 50% XXY. In the embryos

from 3PN oocytes after ICSI, equal ratios of XXX and XXY major difference between the two types of 3PN oocytes is that
after conventional IVF it is dispermic fertilization and afterwere observed; none of the embryos had an XYY status. This

observation clearly demonstrated the digynic origin of the ICSI monospermic fertilization combined with non-extrusion
of the second polar body that results in the appearance of the3PN oocytes after ICSI, as was expected, since only one

spermatozoon was injected and most of the 3PN oocytes had third pronucleus. It has been demonstrated that human centri-
oles are paternally derived from the mid-pieces of spermatozoaonly one polar body. It is the non-extrusion of the second

polar body which leads to the formation of the extra, third, (Sathananthanet al., 1991). Moreover, the enucleation experi-
ments by Palermoet al. (1994) provided evidence that thepronucleus. After conventional IVF, a digynic origin of the

3PN oocytes cannot be excluded. In this study, a distribution human sperm centrosome controls the first mitotic division
after fertilization. When two spermatozoa enter the oocyte,of nine XXX, 10 XXY and five XYY was found in the

embryos from 3PN oocytes, which is not significantly different two centrosomes are present and a tripolar spindle is formed.
The presence of a tripolar spindle leading to cleavage intofrom the expected distribution for dispermic fertilization. The

sex chromosome pattern XYY was previously reported in 3PN three cells was also demonstrated by Plachot and Crozet (1992)
in a cytological study using both anti-tubulin antibodies andembryos after conventional IVF (Pieterset al., 1992; Jamieson

et al., 1994). Hoechst dye. The tripolar spindle will be responsible for
disturbed chromosome distribution at the first division. TheOne of the further obvious findings from comparing chromo-

some complements in embryos derived from 3PN oocytes after bipolar spindle present in the 3PN embryos after ICSI leads
to a more regular cleavage pattern.ICSI and after conventional IVF was the high incidence after

ICSI of uniformly triploid blastomeres, indicative of regular The presence of diploid nuclei in these embryos may be
partly explained by the presence of a misleading vacuole,chromosome segregation, in contrast with the low incidence

of uniformly triploid blastomeres after conventional IVF. although the incidence remains quite high in view of the fact
that experienced embryologists can make a distinction betweenFurthermore, some embryos after IVF and ICSI also showed

some mosaic blastomeres besides uniformly triploid cells, a vacuole and a pronucleus, which contains clearly distinct
nucleoli. Another possible explanation for the presence ofwhich is indicative of mosaicism originating at the second or

third mitotic division and implies that the first division was diploid cells is the extrusion and subsequent degeneration of
a haploid nucleus followed by a normal division involving aregular. This demonstrates that for IVF as well as for ICSI,

all 69 chromosomes of the 3PN oocytes can gather on the normal bipolar spindle. The presence of a tetraploid embryo
after ICSI can be explained by an additional error of the firstmetaphase plate of the first division and divide regularly into

daughter cells with a full triploid complement. After in-vivo meiotic division or penetration by a diploid spermatozoon.
In spite of the bipolar spindle, mosaic embryos are alsoconception, 1–2% of all clinically confirmed conceptions are

triploid (Boué et al., 1975; Jacobset al., 1978). The further present after ICSI. This is not remarkable because in embryos
obtained after normal fertilization 17–28% are mosaic, althoughdevelopmental potential of these embryos may depend on the

frequency of real triploid cells. For this reason, the early few are found arising from the first cleavage onwards (Munne´
et al., 1994). During metaphase II, the nuclear membranerecognition of 3PN oocytes is of considerable clinical signific-

ance in IVF, and especially after ICSI, where a majority of disappears and the spindle microtubules are connected to the
chromosomes. The microtubules of the meiotic spindle are3PN embryos developing into uniform triploid blastomeres are

observed. mostly located under the polar body, and care is taken to have
the first polar body at the 12 o’clock or 6 o’clock position inFurthermore, the comparison of chromosome complements

in embryos derived from 3PN oocytes demonstrated a low relation to the holding pipette and to inject right into the
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middle of the egg at the 3 o’clock position. Damage to the examined a few hours later, which indicates asynchronous
pronucleus formation (Staessenet al., 1993). As it becamemicrotubules during injection, resulting in the formation of an

extra nucleus and subsequent chromosome segregation errors routine clinical practice in IVF to re-evaluate 1PN oocytes,
in order to dispel confusion with asynchronous pronucleusleading to mosaicism, cannot, however, be excluded as an

explanation for the presence of mosaicisms. Different reports formation, the incidence of diploid embryos fell from 80 to
50% (Staessenet al., 1993).(Balakier, 1993a; Van Blerkomet al., 1984) have demonstrated

that 19–23% of the embryos developing from 3PN oocytes After ICSI, diploid embryos developing from 1PN oocytes
were also observed: 27.9% were diploid, with equal proportionsafter IVF are indeed multinucleated. Multinucleation in one

blastomere contributes to the mosaicisms observed in some of showing XX or XY signals. These results indicate, however,
that some of the 1PN oocytes observed 16–18 h after injectionthese embryos after ICSI and IVF.

The absence of a relationship between polar body status do indeed result from a normal fertilization process. At 8–10
h after injection, the asynchronous appearance of pronucleiand chromosome complement indicates that spontaneous frag-

mentation of the first polar body or cleavage into two polar has been observed (Nagyet al., 1994); however 16–18 h after
injection it was not observed. The systematic introduction ofbodies may be quite a normal phenomenon.

An unusual type of division has been reported for about a second observation of 1PN oocytes could also be considered
in the ICSI programme.half of triploid oocytes: they divided first into three cells and

then into six cells, whereas diploid oocytes divide into two Of particular interest is the observation of an 8-cell embryo
after ICSI with two Y- and two 18-specific signals and,and then into four cells (Kolaet al., 1987; Kola and Trounson,

1989; Plachotet al., 1989). We also found in both conventional probably, a 46,YY chromosome status. This ‘embryo’ origin-
ated from the development of an oocyte involving onlyIVF and ICSI a higher proportion of 3-cell embryos originating

from 3PN oocytes at the first evaluation, as compared to 2PN the male genome, which was initially diploid or underwent
subsequent diploidization. The female genome was completelyoocytes. 3PN oocytes after conventional IVF dividing into 3-

cell embryos have a lower proportion of uniformly triploid extruded or inactivated.
After ICSI and after IVF, 2- to 8-cell embryos developingcells than those dividing into 2- or 4-cell embryos, thus

confirming the presence of a tripolar spindle leading to irregular from monopronucleated oocytes are all found to be uniformly
haploid; the incidence of this, however, was significantlychromosome distributions. It was rather surprising that after

ICSI too we had a higher proportion of 3-cell stage embryos, higher after ICSI (31.2%) than after IVF (13.1%). For both
groups of embryos, 2- to 8-cell embryos with all blastomeresbut there was no relationship here with the chromosomal

constitution. However, the cell stage at the moment of observa- containing only one Y- and one 18-specific signal or, probably,
with a 23,Y chromosome status were observed. This againtion is only a single observation in a dynamic developmental

process. No distinction can be made between the cleavage to indicates an androgenetic origin: the sperm nucleus had been
activated and was involved in the monopronucleus formationa 3-cell embryo on the one hand and the asynchronous cleavage

from a 2-cell to a 4-cell embryo which may also result in the while the female genome was completely excluded. Some
of the 23,X embryos may be paternal in origin; however,temporary observation of a 3-cell embryo.
proportionally more 23,X were found, indicative of a higher

Monopronuclear oocytes proportion of activation of the oocyte genome.
Monopronuclear oocytes obtained after ICSI (n 5 21) andOne of the purposes of this study was to determine the ploidy

status and to identify the sex chromosomes of embryos after IVF (n 5 21) and cleaving into embryos were analysed
by Sultanet al. (1995) using the FISH technique, giving theresulting from 1PN oocytes. The persistent observation of a

monopronucleus after IVF may be considered the result of following results: after IVF, 14.3% were found to be haploid
and 61.9% were diploid, of which about half were XY. Afterparthenogenetic activation. After ICSI, the situation is some-

what different. It is inherent to the ICSI procedure that a single ICSI, the majority (66.7%) of the embryos were found to be
haploid and only 9.5% were diploid. Also, one haploid andspermatozoon is injected into the oocyte. If a single pronucleus

is observed after ICSI, gynogenetic or androgenetic activation one diploid embryo contained a Y chromosome. Our results
for IVF are quite similar to those of Sultanet al. (1995),of the oocyte has to be considered.

Monopronuclear human oocytes resulting from partheno- although for ICSI Sultanet al. reported a higher proportion of
haploid cases in their small sample.genetic activation by calcium ionophore of failed fertilized

human oocytes were all found, by DNA measurements, to The presence of 23,X/46,XX mosaics can be explained by
activation of the oocyte followed by spontaneous diploidizationhave indeed a haploid DNA content (Taylor and Braude, 1994).

In this study, 48.7% of the embryos derived from 1PN after the first cleavage. This may also lead to the other observed
mosaicisms, i.e. X18/XXX181818 and X18/XXX181818/oocytes after conventional IVF were diploid, with an equal

ratio of XX- and XY-bearing embryos. The presence of a XXXX18181818.
Complex mosaic embryos, with and without the presenceY chromosome is undeniable evidence of fertilization. The

observation of a monopronucleus in these embryos assumes a of a Y chromosome, have been observed. After normal
fertilization, irregular chromosome segregations leading tonormal fertilization process followed by asynchronous pro-

nuclear formation (Staessenet al., 1993). In a previous study, mosaicisms have also been reported, although at lower incid-
ences and seldom from the first division onwards (Munne´ et al.,in 25% of the cases where one pronucleus was observed, a

second pronucleus could be identified if the oocytes were 1994), indicating that 1PN-derived embryos are more unstable.
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