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Abstract

Construction of artifi cial gametes may be made possible by transferring somatic cells into enucleated oocytes and inducing 
chromosomal halving of their nuclei. This study examines the possibility of constructing viable human gametes, and their 
potential for participation in normal fertilization. Spare germinal vesicle-stage oocytes were donated by consenting patients 
undergoing intracytoplasmic sperm injection (ICSI). Approximately 62% of in-vitro matured oocytes survived enucleation and 
subsequent cumulus cell injection. Following micromanipulation and subsequent activation, about 40% of the reconstituted 
oocytes yielded two pronuclear-like entities. This was not accompanied by extrusion of a polar body, but resulted in the 
formation of two ‘putative haploid’ pronuclei. Therefore selective removal of a female pronucleus marker was required 
to restore a balanced ploidy. Male pronuclei were identifi ed by association with sperm mitochondria. Additional pronuclei 
were then removed, allowing further cleavage. Zygotes derived were ‘putatively haploid’ in ~38% of cases with a limited 
number of chromosomes assessed. However, on karyotypic analysis, blastomeres isolated from cleaving embryos showed 
a chaotic distribution of chromosomes. Oocytes could induce ‘putative haploidization’ of transplanted somatic cell nuclei 
independently of donor cell gender. Fertilization of artifi cial oocytes was followed by embryonic cleavage despite blastocyst 
development and chromosomal content possibly being compromised.
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Introduction

One problematic cause of infertility is the higher incidence of 
oocyte aneuploidy in older women (Hassold and Chiu, 1985; 
Munné et al., 1995; Dailey et al., 1996). Independent of the 
initial indication or the assisted reproduction technique used to 
treat it, the pregnancy rate follows a downward slope starting 
at 35 years (Tietze, 1957). Cytogenetic analyses of oocytes 
collected from women of varying ages, and their ability to 
support pregnancies in older women, indicate that the oocyte is 
the main source of the infertility seen in older women. Because 
a clear relationship exists between oocyte ageing and the non-
disjunction of bivalent chromosomes during meiosis (Munné
et al., 1995; Dailey et al., 1996), it is likely that such ageing 
compromises the meiotic apparatus (Battaglia et al., 1996; 

Volarcik et al., 1998), perhaps via suboptimal perifollicular 
circulation (Gaulden, 1992; Van Blerkom, 1996; Van Blerkom
et al., 1997) that might compromise oocyte mitochondria 
(Beermann et al., 1988; Van Blerkom, 1994). Indeed, non-
sequitur mutations in mitochondrial DNA have been observed 
in the oocytes of older women (Shigenaga et al., 1994; Keefe et 
al., 1995; Barritt et al., 1995; Barritt et al., 1995; Barritt , 2000).

Other than preimplantation genetic diagnosis (Gianaroli et al., 
1997; 1999; Munné et al., 1999; Verlinski et al., 1999), two 
further logical ways of avoiding oocyte aneuploidy would be 
cryopreservation of metaphase II (MII) oocytes (van Uem et al., 
1987; Chen, 1988; Porcu et al., 1997), or of the entire ovarian 
cortex retrieved at a younger age (Gosden et al., 1994; Newton
et al., 1996; Oktay et al., 1998, 2004; Shaw et al., 2000; Kim 309
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et al., 2002). Another quite novel approach has been the use 
of nuclear transplantation techniques (Takeuchi et al., 1999a, 
2001a; Zhang et al., 1999).

Although nuclear transfer has been successful in producing 
some animal offspring, its overall effi ciency remains extremely 
low (Takeuchi et al., 1999a, 2004, 2005; Li et al., 2001). The 
main bottleneck for germinal vesicle (GV) transfer, however, 
is the availability of oocytes. Oocytes of older women are not 
just ‘compromised’ but generally are available only in limited 
numbers. However, even when the technique is optimized, 
nuclear transplantation has to deal not only with an initially 
low number of eggs, but a limited effi ciency of the in-vitro 
maturation process, both serious challenges for ageing women.

A more radical approach would be the haploidization of a 
somatic nucleus and its transformation into a pseudo-gamete 
ready to be inseminated (Takeuchi et al., 1999b; Tsai et al., 
2000). This meiosis-like reduction division of a diploid somatic 
nucleus will take place within an enucleated donor oocyte 
(Takeuchi et al., 1999b; Tsai et al., 2000) and would provide a 
defi nitive treatment for age-related infertility. It has previously 
been shown that the mouse ooplast can ‘haploidize’ a somatic 
nucleus (Palermo et al., 2002a,b).

In order to assess such ooplasmic ability in humans, somatic cell 
nuclei were injected into enucleated MII oocytes and induced 
their haploidization by means of either activation or sperm 
injection. The effi ciency of each micromanipulation step, as 
well as oocyte activation response, was evaluated according to 
pronuclei formation and cytogenetic assessment. Furthermore, 
development and genomic status of the resultant embryos were 
also evaluated.

Materials and methods

Source of gametes

Spare human GV oocytes were obtained from consenting 
patients undergoing intracytoplasmic sperm injection (ICSI). 
The procedures as well as the handling of patient material were 
performed in accordance with a research protocol approved 
by the Committee of Human Rights of New York Presbyterian 
Hospital-Weill Medical College of Cornell University (IRB 
number 0198–082). Oocytes were retrieved following treatment 
with a gonadotrophin-releasing hormone antagonist (GnRHa) 
and gonadotrophins (Palermo et al., 1995a). After cumulus 
cells were removed by enzymatic and/or mechanical treatment, 
the oocytes were examined under an inverted microscope to 
assess their condition and stage of nuclear maturation. GV 
oocytes were incubated in human tubal fl uid medium (HTF, 
Irvine Scientifi c, Santa Ana, CA, USA) supplemented with 
0.4% human serum albumin (HSA; Irvine Scientifi c) for 24 h 
to allow maturation to MII (Takeuchi et al., 2001a).

Nuclear transplantation and activation of 
human oocytes

All the micromanipulation and electrostimulation procedures 
were carried out in a shallow plastic Petri dish on a heated 
stage under an inverted microscope equipped with a hydraulic 

micromanipulator. The zona pellucida was breached with a glass 
needle, and after short exposure to 5 μg/ml of cytochalasin B 
(CCB, Sigma Chemical, St Louis, MO, USA), the metaphase 
chromosomes together with fi rst polar body (PB) were 
removed with a glass micropipette of ~20 μm inner diameter 
(Takeuchi et al., 1999a, 2001a). A fl uorescent DNA vital stain 
(0.5 μg/ml; Hoechst 33342, Sigma Chemical) or a polarizing 
light microscope (SpindleViewTM; Cambridge Research and 
Instrumentation, Inc., Woburn, MA, USA) was used to monitor 
this step (Figure 1a, b), thus avoiding exposure to ultraviolet 
radiation (Tsunoda et al., 1988). Enucleated oocytes were then 
cultured in CCB-free HTF medium for at least 30 min and 
then a cumulus cell was introduced into the oocyte through an 
ICSI needle (Figure 2). In a preliminary experiment, cell cycle 
analysis of cumulus cells was performed by fl ow cytometry 
according to their DNA content (Takeuchi et al., 2000). It 
showed that the proportion of cells at G0/G1 cell cycle stage 
was 84%. The reconstituted oocytes were then cultured in 
HTF medium for at least 1 h. Oocyte activation for initiation 
of meiosis-like division was performed by a brief exposure to 
5 μmol/l of calcium ionophore A23187 (Sigma Chemical) for 
5 min or to an electrical pulse (500 V/cm, for 50 μs). In order 
to establish the ideal time of activation, stimuli were applied at 
increasing time intervals.

Assessment of pronucleus formation and 
cytogenetic analysis of embryos

Activated oocytes were cultured for 16–20 h in HTF medium and 
scored for morphological indicators such as extrusion of a PB or 
the appearance of a pronucleus (PN). Because DNA replication 
occurs a few hours after pronucleus formation (Capmany et al., 
1996) and is followed by syngamy, the assessment of the original 
chromosomal complement of each individual PN required the 
prompt isolation of a PN, therefore leaving a monopronucleated 
‘haploid’ oocyte (Figure 3). For cytogenetic analysis, some 
of these monopronucleated oocytes were processed for two 
rounds of fl uorescence in-situ hybridication (FISH) analysis 
with specifi c probes for chromosome 13, 14, 15, 16, 18, 21, 
22, and X (Figure 4a, b) or incubated further for up to 24 h to 
enter metaphase and then stained for individual chromosomes 
(Takeuchi et al., 2001a).

After assessment of the fi rst set of chromosomes [LSI probes 
13 (Spectrum Green) and 21 (Spectrum Orange), and CEP 
probes X (Spectrum Green and Orange) and 18 (Spectrum 
Aqua)], the specimen was rinsed three times for 2 min in 
2× standard saline citrate (SSC; Vysis Inc., Downers Grove, 
IL, USA). Then the slides were sequentially dehydrated in 
increasing concentrations of ethanol (70, 85, and 100%), 
rinsed and denatured in 70% formamide/2× SSC at 70°C 
for 5 min, then dehydrated in sequential strips in increasing 
concentrations of ethanol at 4°C for 1 min in each solution. 
Additional probes were applied [LSI probe 22 (Spectrum 
Green), CEP probes 15 (Spectrum Green and Orange) and 16 
(Spectrum Aqua), and Telomere probe 14 (Spectrum Orange)] 
to analyse the corresponding chromosomes. All chromosome 
probes were purchased from the same manufacturer (Vysis 
Inc.).

Slides were viewed under a fl uorescence microscope 
(Olympus BX 61®; New York/New Jersey Scientifi c Inc., NJ, 310
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Figure 1. (a) Human metaphase II meiotic spindle. (b) Removal of a spindle (arrow). Visualized by polarizing microscope. Original 
magnifi cation ×400.

a b

Figure 2. Injection of a somatic cell (arrow) into a human 
oocyte. Original magnifi cation ×400.

Figure 3. Twenty-three human metaphase chromosomes after 
fi xation of a manipulated oocyte generated by injecting a 
human cumulus cell into a human ooplast (Giemsa). Original 
magnifi cation ×600.

Figure 4. Cytogenetic analysis of a human haploidized pronucleus after somatic cell injection. (a) First round: red identifi es 
chromosome 21 (1 signal), chromosome 18 appears in aqua (1 signal), green fl uorochrome identifi es chromosome 13 (1 signal), and 
yellow corresponds to chromosome X (1 signal). (b) Second round: green identifi es chromosome 22 (1 signal), aqua fl uorochrome 
identifi es chromosome 16 (1 signal), red corresponds to chromosome 14 (1 signal), chromosome 15 appears in yellow (1 signal). 
Original magnifi cation ×600.

a b
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USA) using single-bandpass fi lter sets including aqua (Vysis 
Inc.), rhodamine, fl uorescein isothiocyanate (FITC) and DAPI 
(Olympus New York/New Jersey Scientifi c Inc.), and a triple 
bandpass fi lter set, DAPI/FITC/rhodamine (Vysis Inc.). After 
direct analysis, FISH images were captured and analysed 
using imaging software (Cytovision; Applied Imaging Corp., 
Santa Clara, CA, USA) Scoring criteria were as previously 
described (Munné et al., 1995; Dailey et al., 1996; Takeuchi
et al., 2001a).

Sperm labelling, insemination, and 
fertilization assessment

In some oocytes, a spermatozoon injected 2 h after somatic 
cell transfer was tracked by midpiece mitochondrial labelling 
using MitoTracker Red (Molecular Probes, Eugene, OR, 
USA) to identify the male PN (Figure 5a, b). Fertilization 
was assessed at 16–20 h after ICSI. Haploidization was 
considered successful according to the development of 3PN, 
two from the haploidized somatic nucleus and one from the 
male gamete (Figure 6a, b).

Experimental design

A total of 419 GV-stage oocytes were donated from 100 
patients. These oocytes were allocated to three different 
experiments; in experiment I, optimal oocyte activation 
conditions were assessed. In order to establish the ideal time 
of activation, constructs were stimulated at 30-min intervals 
from 1 to 5 h after reconstitution and returned to culture. In 
experiment II, occurrence of ‘haploidization’ was assessed 
by cytogenetic analysis and in experiment III, reconstituted 
oocytes were inseminated with labelled spermatozoa and after 
ploidy correction cytogenetic analysis was carried out on the 
derived embryo. The dynamics of the experimental design is 
summarized in the fl ow chart (Figure 7).

Results

Experiment I: establishment of 
the optimal preincubation time for 
haploidization of human oocytes

From a total of 94 human GV oocytes, 65 reached the MII 
stage after 24 h in culture. Of these, 40 oocytes that survived 
somatic cell injection were subjected to activation. Oocytes 
were divided into two groups according to activation time 
(Table 1). A pre-incubation period of more than 2 h gave 

better cell survival, activation rates, and a higher 2PN rate. 
Although none of the surviving oocytes extruded a PB, 
cytogenetic evaluation showed that fi ve out of nine oocytes 
with 2PN had undergone ‘putative haploidization’.

Experiment II: effi ciency of nuclear 
transplantation and pronucleus formation 
in human oocytes

Of a total of 295 GV oocytes retrieved, 192 had reached MII. 
Enucleation was successful in 159 oocytes and 119 ooplasts 
survived cumulus cell injection. However, while none of the 
activated survivors extruded a PB, 33 displayed 1PN, and 
32 had 2PN (Table 2). The morphological characteristics 
of the pronuclei, i.e. size, appearance, and nucleolar 
number, were typical of those seen in normally fertilized 
or parthenogenetically activated oocytes after ICSI. FISH 
analysis of bipronuclear oocytes confi rmed their initial 
‘haploid’ state in 10 (38.5%) out of 26 analysed with eight 
chromosome-specifi c probes. Metaphase chromosomes were 
karyotyped in a total of six oocytes; one appeared to have 23 
chromosomes while the others displayed different aneuploid 
combinations. The monopronuclear oocytes were diploid as 
expected, and the remaining non-activated oocytes presented 
with diploid nuclei arrested at interphase or metaphase.

Experiment III: restoration of 
diploidy and cytogenetics of human 
embryos generated from somatic cell 
haploidization

As in experiments I and II with human oocytes matured
in vitro, haploidization of somatic cell nuclei resulted in 
the formation of 2PN, but without extrusion of a PB. The 
morphological characteriztics of the PN, i.e. size, appearance, 
and nucleolar number, were typical of normal fertilization. 
Among 25 MII oocytes, 24 were successfully enucleated 
and injected with cumulus cells. After ICSI, 15 (62.5%) of 
these oocytes were activated: six had 1PN, three had 2PN, 
four formed 3PN and the remainder displayed fragmented 
pronuclei. After identifi cation of the male PN based on 
MitoTracker® Red labelling, a female PN was aspirated from 
each of the three 3PN zygotes, which later developed as far 
as the 6- to 8-cell stage. On day 3, cytogenetic analysis was 
performed on the blastomeres of the constructed embryos 
using specifi c probes for chromosome 13, 14, 15, 16, 18, 
21, 22, X, and Y. Cytogenetic analysis of their blastomeres 
(total of 15) revealed chaotic mosaicism in all three embryos 
(Figure 8).

312
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Figure 5. (a) Fluorescent labelling of the sperm mitochondrial sheath in free spermatozoa and (b) a spermatozoon in an injection 
pipette.

a b

Figure 6. (a) The male pronucleus shows sperm mitochondrial labelling (white arrow) under fl uorescence microscopy. (b) Removal 
of the additional female pronucleus (black arrow). Original magnifi cation ×400.

a b
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Figure 7. Experimental design. The total number 
of germinal vesicle (GV) stage oocytes donated 
for this study was allocated to (I) identify optimal 
activation conditions; (II) assess cytogenetics of 
‘haploidized’ nuclei; (III) assess fertilization and 
embryo cleavage. FISH = fl uorescence in-situ 
hybridization.

Table 1. Activation of human oocytes.

No. of  Post-transplantation time interval (min)
oocytes (%) 60–90 120–300

Stimulated 18 22
Survived 11 (61.1)a 22 (100)b

Activated   4 (22.2)c 14 (63.6)d

      With 1PN   4 (22.2)   5 (22.7)
      With 2PN   0e   9 (40.9)f

a versus bχ2, 2 × 2, 1 df, Effect of incubation time on survival, df, Effect of incubation time on survival, df P < 0.01.
c versus dχ2, 2 × 2, 1 df, Effect of incubation time on activation, df, Effect of incubation time on activation, df P < 0.01.
e versus fχe versus fχe versus f 2, 2 × 2, 1 df, Effect of incubation time on 2PN, df, Effect of incubation time on 2PN, df P < 0.01.
PN - pronucleus/pronuclei.

Table 2. Effi ciency of ‘haploidization’ in human oocytes. 

 No. of oocytes (%)

Intact MII 192
Enucleated 159 (82.8)
Reconstituted 119 (62.0)
Activated   68 (35.4)
      With 1PN   33 (17.2)
      With 2PN   32 (16.7)

MII = metaphase II, PN = pronucleus/pronuclei.
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Discussion

In this present study, haploidization of diploid somatic nuclei 
was induced by transferring somatic cells into enucleated 
human MII oocytes. After injecting somatic cell nuclei into 
enucleated oocytes, these were monitored for their ability to 
undergo normal fertilization and development to the blastocyst 
stage. An attempt was made also to identify the ideal period 
of incubation prior to oocyte activation. Haploidization of a 
somatic cell nucleus by a human ooplast consistently resulted 
in the formation of two distinct pronuclei, but no PB was 
extruded. Consequently, the injection of these constructs with 
a spermatozoon resulted in the appearance of three distinct 
pronuclei. Biparental diploidy was restored by removal of one 
of the somatic cell-derived ‘haploid’ nuclei, recognizable by the 
absence of mitochondrial labelling.

The morphological characteristics of the PN, PB, and 
blastomeres after ‘manufacturing’ human oocytes resembled 
those seen in normal oocytes inseminated by ICSI. Although 
most of the human ‘manufactured’ oocytes did not develop 
fully in the present study, some at least seemed to undergo 
early preimplantation development. The impaired blastocyst 
formation seen in many such cases may be attributed to 
unbalanced chromosomal segregation (Takeuchi et al., 2002; 
Chen et al., 2004; Heindryckx et al., 2004).

Several reports suggest that the ability of the MII oocyte 
to haploidize cumulus cells and fi broblasts is retained by its 
ooplasm (Lacham-Kaplan et al., 2001; Tesarik et al., 2001). 
In contrast to GV ooplasm, however, mature oocytes require a 
spermatozoon or another stimulus to accomplish haploidization 
of the transplanted somatic nuclei, following which 
fertilization can occur with full development to the blastocyst 
stage (Lacham-Kaplan et al., 2001; Tesarik et al., 2001). It 
has previously been shown in the mouse that GV ooplasm 
supports haploidization-like reduction division of somatic cell 
nuclei (Palermo et al., 2002a,b). However, GV oocytes need 
to undergo in-vitro maturation known to be a limiting factor 

for their further embryonic development and implantation 
(Takeuchi et al., 2001a, 2004). In addition, in human oocytes, 
no extrusion of PB after transplantation of somatic cell nuclei 
has ever been observed in the authors’ experience (unpublished 
data). Therefore, in this study, oocytes at the second meiotic 
division were used to examine the ability of the mature ooplasm 
to induce halving of somatic nuclei. On the other hand, the odds 
of obtaining a normal haploid complement of chromosomes in 
an oocyte undergoing its second meiotic division after somatic 
cell nuclear transplantation prove to be limited (Tateno et al., 
2003; Chen et al., 2004; Heindryckx et al., 2004; Galat et al., 2004; Galat et al., 2004; Galat , 
2005).

Regarding human oocytes, initial results indicated that 
lengthening the incubation time prior to oocyte activation after 
somatic cell injection improves cell survival and activation, 
and may lead to successful haploidization. Thus, an adequate 
interaction time (≥2 h) for the somatic genome with the host 
ooplast is considered critical for forcing spindle formation 
and transformation of transferred diploid nuclei to metaphase. 
Therefore, at least a 2-h incubation was used for later experiments. 
Mature MII stage ooplasm can force the somatic cell nucleus to 
undergo a premature M-phase, bypassing the S-phase, resulting 
in segregation of one set of chromatids displayed in a human 
oocyte by the formation of two pronuclei. Cytogenetic analysis 
of the pronuclei confi rmed ‘putative haploidization’ of human 
cumulus cells injected into mature human ooplasts (Takeuchi et 
al., 2001b; Tesarik et al., 2001; Galat et al., 2001; Galat et al., 2001; Galat , 2005). However, 
since many of the chromosomes were not tested, chances of 
true haploidization with a correct chromosome complement 
were probably lower than the observed rate.

Somatic cell nuclei can be putatively ‘haploidized’, forming 
distinct pronuclei in enucleated mature (MII) human oocytes 
(Kaneko et al., 2001; Takeuchi et al., 2001b), but somatic cell 
haploidization of these in-vitro matured human oocytes resulted 
in the formation of two PN, without PB extrusion (Takeuchi
et al., 2002). Because of the inability of some putative 
ooplasmic factors to interact with the cortical cytoskeleton, the 
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Figure 8. Cytogenetic analysis of an abnormal embryo obtained from the fertilization of a constructed human oocyte. Image 
generated by image analysing software for fl uorescence in-situ hybridization (FISH) of a day 3 embryo. (a) First round FISH: 
yellow signal corresponds to chromosome Y (2 signals) and chromosome X appears blue (1 signal). Chromosome 21 appears green 
(2 signals), aqua fl uorochrome identifi es 18 (2 signals), and the red fl uorochrome identifi es chromosome 13 (no signal). (b) Second 
round FISH: aqua signal identifi es chromosome 16 (1 signal) and green fl uorochrome identifi es chromosome 22 (2 signals). The 
red signal corresponds to chromosome 14 (1 signal) and the yellow identifi es chromosome 15 (2 signals). Original magnifi cation 
×600.

a b
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reconstructed oocytes were still not capable of extruding a PB 
even when a balanced chromosomal segregation had occurred 
(Leader et al.(Leader et al.(Leader , 2002). Thus, the ability of GV and MII mouse 
oocytes to haploidize and therefore extrude a PB contrasts with 
the behaviour of human oocytes. In fact, a human GV stage 
oocyte, once enucleated and transplanted with a somatic nucleus, 
is unable to undergo ooplasmic maturation and consequent PB 
extrusion. On the other hand, the experiment carried out here 
with human MII ooplasm transplanted with a somatic nucleus 
generated two distinct PN and no PB following the activating 
stimulus. This is similar to the abnormal fertilization pattern 
(digynic three-pronuclei) occasionally observed after ICSI. 
These oocytes are normally triploid and their 2N ploidy can be 
rejuvenated by removal of the additional nucleus (Palermo et 
al., 1994, 1996a,b).

Labelling of sperm mitochondria allowed identifi cation of 
the male PN and enabled selective removal of one of the two 
female pronuclei. Although embryonic cleavage continued 
up to day 3 of culture, all these embryos were found to be 
karyotypic mosaics, explainable by the failed haploidization 
(uneven segregation of chromosomes) or even the presence 
of two competing centrosomes derived from the somatic cell 
and the spermatozoon respectively (Takeuchi et al., 2002). The 
reason for the impairment of chromosomal number may fi nd its 
explanation in the embryo karyotypes (data not shown), where 
a consistently lower number of chromosomes than expected 
was observed. This could be explained by an asynchrony 
between the two pronuclei in replicating their DNA content, or 
by a non-disjunction of the replicated chromosomes (Delhanty
et al., 1993). Moreover, the process may further be amplifi ed in 
subsequent cleavage divisions (Palermo et al., 1995b).

Correct chromosome segregation is crucial in artifi cial 
haploidization. Meiotic chromosomes in an oocyte display 
behaviour different from that of the mitotic chromosomes in 
the somatic cell (Fulka et al., 2002a; Chang et al., 2004). In 
meiosis, the MII chromosomes each consist of two chromatids 
which are physically attached to each other at their centromere, 
while G0/G1 cumulus cells contains monovalent chromosomes. 
The correct position and attachment of the chromosome on the 
spindle, as well as a distinctive regulation of the cohesion between 
sister chromatids, seems to be crucial for correct chromosome 
reduction (Fulka et al., 2002a,b; Paliulis and Nicklas, 2003). 
When G0/G1 somatic chromosomes are transferred into MII 
ooplasm, there is no physical association between their 
homologous single chromatids. In the absence of any cohesion 
at all, reduction division may be totally random (Tesarik, 2002; 
Heindryckx et al., 2004). The precise way in which these single 
chromatids in G0/G1 cells separate correctly remains to be 
determined. Considering that the estimate of the specifi c cell 
cycle was 84%, it is possible that some of the cell injected were 
out of the desired phase. Nevertheless, some artifi cially created 
oocytes are apparently chromosomally ‘normal’, as proven by 
FISH with a limited number of chromosome-specifi c probes 
(Takeuchi et al., 2001b; Tesarik et al., 2001; Galat et al., 2001; Galat et al., 2001; Galat , 2005). 
This unexpected behaviour of presumably correct haploidization 
displayed by the ooplasm (Eichenlaub-Ritter, 2003), even 
in the absence of chromosomes, has the capacity to organize 
bipolar spindles, which requires expression of microtubules 
motor proteins, tubulin, and cell extracts with active maturation 
promoting factor, and cytosolic factor (Brunet et al.promoting factor, and cytosolic factor (Brunet et al.promoting factor, and cytosolic factor (Brunet , 1998). 
Some back-up mechanisms underlie the segregation of pairs of 

non-exchange univalent chromosomes to opposite poles rather 
than the same pole during oogenesis in some species (Karpen
et al., 1996).

Another study has reported on the abnormal expression patterns 
for key developmental imprinted genes in the fetal tissue and 
adnexa generated through GV transplantation. The in-vitro 
maturation process, together with the nuclear transplantation 
itself, was possibly responsible for epigenetic alterations 
(Takeuchi et al., 2005). Where the embryonic nuclear genome 
is created as a blend of the male gamete genome and that of 
a haploidized somatic cell, one major concern is the risk 
of imprinting abnormalities (Trounson, 2001; Nagy, 2004; 
Takeuchi and Palermo, 2004). However, the risk may be less 
in the present case than in cloning, since at least one allele of 
each chromosome originates directly from a gamete. Although 
both the epigender of the somatic nucleus and the status of the 
recipient cell would affect the outcome of the manufactured 
oocyte, the effect of artifi cial gamete production on imprinting 
is still unknown.

While the debate of reproductive cloning is still very heated (Sills
et al., 2001, 2004; Birnbacher, 2005; Gurdon, 2005; Strong, 
2005), all related procedures involving nuclear transfer, such as 
the presently described aiming at generating gametes, are object 
of extreme controversy. Achievements in animal reproductive 
cloning, together with the recognition of therapeutic cloning in 
some countries, have provoked a revisit of the ethical position 
taken against those methods. From this, the public is looking at 
cloning as a method to shed light on scientifi c issues, therefore 
overcoming common prejudices. Although it has been stressed 
that somatic cell nuclear haploidization does not share the same 
ethical controversy as reproductive cloning, both procedures are 
technically similar. However, somatic cell haploidization aims 
at ensuring biparental genomic contribution, while reproductive 
cloning leads to asexual reproduction (Palermo et al., 2002b; 
Tesarik, 2002; Nagy, 2003; Takeuchi and Palermo, 2004).

In conclusion, it has been demonstrated that the human ooplasm 
has the ability to induce meiosis-like reduction division of 
somatic nuclei. Labelling of sperm mitochondria allowed 
identifi cation of the male pronucleus permitting restoration 
of diploidy in the so generated ‘zygotes’. Although the entire 
chromosomal complement was not screened, some somatic 
nuclei seem to undergo a chromatinic halving process that 
resembles haploidization.
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