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Abstract
Objective The aim of the study is to investigate the meiotic
segregation in fresh eggs from anonymous egg donors and
to analyze the baseline levels of aneuploidy in this
population.
Results The study includes the largest series of donor eggs
so far studied: 203 eggs from donors aged between 20 and
31 years. No diagnosis was obtained in 10.8 % of cases (22/
203). The biopsy of the first and second polar bodies was
completed in a sequential manner on day 0 and day 1 of
embryo development. Chromosomes 13, 16, 18, 21 and 22
are analyzed by means of the FISH test. The diagnosable
fertilized eggs gave an aneuploidy rate of 19.1 % (31/162),
with 83.8 % (26/31) of the errors produced during meiosis I,
12.9 % (4/31) produced during meiosis II, and 3.2 % (1/31)
produced during both meiosis I and II. The premature divi-
sion of sister chromatids is the main source of meiotic error
during Meiosis I, resulting in the creation of oocyte
aneuploidy.
Conclusions FISH analysis of the first and second polar
body in donor oocytes gave an aneuploidy rate of
19.1 %. This study shows the majority of errors occur
during Meiosis I.
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Introduction

The incidence of aneuploidy in the eggs of young and fertile
women has not been extensively studied. We present an
observational study using Preimplantation Genetic Diagnosis
for aneuploidy screening (PGD) where the incidence of aneu-
ploidy in donor eggs is assessed by examining the first and
second polar bodies by means of the FISH technique. The
application of this technique to eggs from a donor program
offers us real insights into the true incidence of aneuploidy in
young women with no known fertility problems.

Earlier studies have shown that, in general, autosomal an-
euploidy occurs during the meiotic divisions of the oocytes,
and principally in meiosis I [13, 20]. The gradual degradation
of the cohesins during meiosis I could be one of the factors that
leads to the creation of aneuploid oocytes and this mechanism
is dependent upon maternal age [24]. Some papers have also
described an interchromosomal effect [14], where the presence
of chromatids isolated during the meiotic process could affect
the normal segregation process of the other chromosomes.

However, although the percentage of aneuploidy increases
in relation to maternal age, the prevalence of aneuploidy in a
young and potentially fertile population is not known. Nor is it
known which is the most frequent chromosomal abnormality
seen, nor the significance of these abnormalities in cases of
infertility. In order to study the fertile population, some authors
have focused their attention on the embryos created following
gamete donation and analysed these using PGD. These authors
report a 56–57 % incidence of chromosomal anomalies in this
population [19, 25]. However, this high percentage of chro-
mosomal alterations could be due to two main factors: (i) the
paternal contribution, and (ii) the mitotic errors that can occur
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in the development of an embryo. Reis Soares et al. [25]
attributes it to the aggressive stimulation protocol used for
the egg donors and concludes that when a high number of
eggs are obtained, these eggs show a high level of aneuploidy.

Currently the most accurate way to assess aneuploidy in
oocytes is to analyze their two polar bodies by means of
preimplantation genetic diagnosis for aneuploidy screening.
This method gives a result that is specific to each oocyte, and
if embryo aneuploidy is diagnosed thereafter this indirectly
allows the paternal and mitotic contribution to be assessed.

Some groups have focused their work on the genetic study
of donated oocytes that come from couples undergoing assisted
reproduction for problems of infertility [6, 7, 9]. Donated
immature oocytes that were subsequently matured in Vitro
have been the subject of other studies [6, 7, 9–11]. However,
the majority of these studies analyzes only the first polar body
and therefore only studies the first phase of the meiotic process,
and do not evaluate what may be happening during Meiosis II.

Furthermore, it is important to point out the biased nature
of the study populations, given that the women providing the
oocytes are themselves patients undergoing assisted reproduc-
tion, a large proportion of whom carry a high risk of having
chromosomal anomalies secondary to advanced maternal age,
and who therefore are not representative of the fertile popula-
tion in general. The in vitro maturation process itself has also
been shown to occasionally induce abnormal chromosomal
segregation, and therefore in this group there is a risk of
overestimating the level of genetic abnormality [18, 26, 33].

Recently the Kuliev Group, pioneers in the study of
oocytes and the application of this technology, published
the largest review of oocyte studies to date, covering results
from 20,986 oocytes [12]. In this work they report that for
30.4 % of the oocytes analyzed, meiotic errors occurred
during meiosis I (detected in the first polar body), for
39.8 % meiotic errors only occurred during meiosis II
(detected by assessment of the second polar body) and for
29.8 % the meiotic errors occurred in both meiosis I and II
(chromosomal anomalies were detected in both the first and
the second polar bodies). This result implies that the study
of both polar bodies is of vital importance, given that only
60.2 % of the chromosomal alterations that exist in a fertil-
ized egg would have been detected if only one is studied.
Recently Fragouli et al. [8] published a study of all chro-
mosomes in oocytes originating from donors by means of
array CGH. In this study they analyzed both the first polar
body and the oocyte at the Metaphase II stage, and were
therefore able to create a complete amplification of the
genome. This enabled them to make a diagnosis in 64 %
of the cases (7 % in the polar body and 55 % in the oocytes).
The main limitation of this study is the partial analysis of the
meiotic segregation process, given that they do not analyze
the second polar body. The aneuploidy rate calculated fol-
lowing the end of first meiotic division was 2.8 %.

The objective of our study was therefore to investigate
the process of meiotic segregation in egg donors who pro-
vide oocytes to the Egg Donation program at our clinic, and
to analyze the baseline levels of aneuploidy in this popula-
tion. This study provides the largest series yet studied of
fresh oocytes in Metaphase II that originate from donors. In
assessing the chromosomal load of both polar bodies the
appropriate methodology is used to obtain a complete as-
sessment of meiosis in these oocytes.

Materials and methods

Study population

A total of 17 anonymous donors from our Egg Donation
program from January 2010 to March 2011 were included in
this study. The average age was 26.06 years, with a range of
20–31 years. Prior to accepting them onto the donation pro-
gram each donor underwent blood tests, clinical examination,
and a complete history was taken regarding their own and
familial medical history. This is routine practice in our centre,
and complies with the demands made by Spanish law. Each
donor completed one single cycle of donation for this study.

Ovarian stimulation

Ovarian stimulation took place using recombinant FSH and
LH gonadotropins (Pergoveris®; Merck Serono, Geneva,
Switzerland) at 225 IU of FSH and 112.5 IU of LH daily
from the third day of the cycle. Recombinant gonadotro-
phins were used to induce the development of multiple
follicles in the ovaries and to potentiate the maturation of
the oocytes within. The high degree of purity of the medi-
cation used also prevented any additional substances from
having effects which we could not control. FSH 225 IU was
applied daily, a dose that was both appropriate for a young
population and normal ovary morphology.

When the dominant follicle reached 14 mm in diameter
(Fig. 1), GnRH antagonist treatment was started with
Cetrotide 0,25 mg in subcutaneous (SC) injections a day
(Cetrotide®; Merck Serono, Geneva, Switzerland).
Ovulation was provoked using 0.3 mg SC injections of
triptorelin acetate (Decapeptyl, Ipsen Pharma-biotech Ltd,
Signes-France). Egg collection occurred 36 h later under
sedation using an ultrasound guided transvaginal probe.
This day-case procedure followed our standard technique
and protocol for ambulatory minor surgery. The oocytes
obtained were taken to the IVF laboratory, were cumulus
cells were removed and then we proceeded with preimplan-
tation genetic diagnosis for aneuploidy screening of the
oocyte: two sequential biopsies were performed to extract
the two polar bodies.
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Polar body analysis

The first polar body biopsy (PB-1) took place on the day of the
egg collection but after ICSI had been performed, and the second
biopsy (PB-2) took place 16–18 h later, once the fertilization rate
had been calculated. The polar bodieswere fixed using a solution
of methanol and acetic acid in a 3:1 concentration.

The hybridization technique was performed for chromo-
somes 13, 16, 18, 21 and 22 (Abbot, Downers Grove, IL)
and subsequent analysis took place according to the protocol
described by [31].

In order to optimize the technique a second and third
round of hybridization with subtelomeric probes was ap-
plied to those embryos for which it was not possible to
obtain a result in the first round, either because there was
no information obtained regarding a certain chromosome
due to hybridization failure, or because the exact chromo-
somal load could not be calculated (Fig. 2).

The BX61 Olympus microscope was used to perform the
analysis, with specific filters for DAPI/Green/Red, FITC,
Texas red, Aqua, Blue, Orange and Gold. For the analysis of
the hybridization signals the criteria described by Verlinsky
and Kuliev [31] were used.

Statistical analysis

To compare the incidence of aneuploidy in the oocytes that
were not fertilized with those that had been fertilized, a G-
squared test was used (p<0.05). All statistical analyses were
performed using the software package SPSS 15.0 and R.2.8.0.

Results

The doses of GnRH antagonists and the protocol followed to
stimulate the ovaries did not create any side-effects nor
induce hyperstimulation of the ovaries. Menstruation

occurred a few days after egg collection (4 – 7 days). This
protocol offers in our hands good results regarding tolerance
and ease for the donors, safety in the treatment, and recovery
of a acceptable quantity of mature oocytes.

From the 17 egg collections that took place, 268 oocytes
were obtained and 231 (86.2 %) of these were in Metaphase
II. The average number of oocytes collected per donor was
15.7, and the average number of oocytes in Metaphase II per
donor was 13.5. Two hundred and three oocytes were in-
cluded in that study and were biopsied.

Of the 203 oocytes that were biopsied, a diagnosis was
obtained for 89.2 % of them (181/203). It was not possible
to establish a diagnosis in 10.8 % (22/203) of the oocytes
due to the presence of incomplete nuclei, secondary to the
fragmentation of the polar bodies. Of the oocytes that pro-
vided a diagnosis, 10.5 % (19/181) did not fertilize, and
therefore only the first polar body was biopsied. 89.5 %
(162/181) fertilized correctly (creating zygotes) and in these
cases both the first and second polar bodies were biopsied
(Table 1). The results of the polar body analyses using the
FISH technique is presented in Table 2. Of the 19 eggs that
did not fertilize, 57.9 % were euploid (11/19) and 42.1 %
were aneuploid (8/19). Whereas of the 162 oocytes that
were successfully fertilized, 80.9 % were euploid (131/
162) and 19.1 % were aneuploid (31/162). Although there
was a higher rate of chromosomal alterations in the non
fertilized oocytes when compared with those that fertilized,
this difference was not statistically significant (p>0.05).

Following the study of segregation of the 8 abnormal
oocytes and the 31 abnormal zygotes it was noted that
87.2 % of them (34/39) presented meiotic anomalies pro-
duced during Meiosis I.

But after fertilization, 83.8 % of the zygotes (26/31)
presented meiotic errors produced during Meiosis I,
12.9 % of the zygotes (4/31) presented errors produced
during Meiosis II and 3.23 % (1/31) showed errors produced
both in Meiosis I and II.

Following the analysis of the errors produced during
Meiosis I and II, 100 % of the errors produced during
Meiosis I (34/34) were due to the premature separation of
the sister chromatids, whilst 100 % (4/4) of the errors
produced during Meiosis II were due to non disjunction of
the sister chromatids (Table 2). Theoretical representation of
the errors produced in meiosis I and II are shown in Fig. 3.

Discussion

In general, chromosomal anomalies that occur in the embryo
prior to implantation halt that embryo’s development and do
not allow a gestation to take place. However, small propor-
tions of embryos with chromosomal anomalies do evolve
and allow us to perform prenatal diagnoses. Following the

Fig. 1 Ovarian ultrasound. Ovarian stimulation: Scan control of fol-
licular growing
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study of embryo remains after a miscarriage, it can be seen
that the majority of trisomies and monosomies detected in
these prenatal studies originate from the maternal meiotic
process [12] and that the incidence of these anomalies is
directly correlated to the increase in maternal age [8].

Until recently, genetic studies of the female gamete usu-
ally analyzed oocytes donated by patients who had under-
gone IVF for conjugal infertility. This means the oocytes
may well present the genetic anomalies mentioned above,
may be immature, or have a lower potential for correct
fertilization [6, 7, 9, 11, 17].

Significant methodological differences are also seen re-
garding the number of chromosomes studied and the tech-
nique used (CGH, FISH, cem-FISH), and in the majority of
studies, only the first polar body is analyzed, and therefore

only the first phase of meiosis is examined. To these factors
the diversity of the study population must be added, with
IVF being indicated for different etiologies. Also different
protocols and doses of medication will have been used
during ovarian stimulation. For all these reasons the results
regarding the percentage of abnormalities detected varies

Fig. 2 Polar body
hybridization. a: PB-1 first
round. b: PB-1: second round
with subtelomeric probes. c:
PB-2: first round. d: PB-2: sec-
ond round with subtelomeric
probes

Table 1 General results obtained in polar body biopsy

Total %

Biopsied oocytes 203

Oocytes with no diagnosis 22 10.8

Oocytes with diagnosis 181 89.2

Not fertilized: PB-1 19 10.5

Fertilized (Zygotes): PB-1 and PB-2 162 89.5

Table 2 FISH results obtained following the analysis of PB-1 and PB-
2 by FISH for chromosomes 13, 16, 18, 21 and 22, presented according
to the result of fertilization

Total %

Non fertilized oocytes: PB-1 19

Normal result (Euploid) 11 57.9 %

Abnormal result (Aneuploid) a 8 42.1 %

Fertilized oocytes (Zygotes): PB-1 and PB-2 162

Normal result (euploid) 131 80.9 %

Abnormal result (Aneuploid) 31 19.1 %

Error produced at meiosis I a 26 83.8 %

Error produced at meiosis II b 4 12.9 %

Error produced at meiosis I and II 1 3.3 %

a .100 % of the alterations in Metaphase I were due to premature
separation
b .100 % of the alterations in Metaphase II were due to non disjunction
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considerably between the published studies [6, 9, 11,
22–24], ranging from 22 % [6] to 57.1 % [11].

In their large series, Verlinsky and Kuliev [31] used a single
biopsy to analyze 10317 oocytes originating from 1027
patients and 1551 IVF cycles with an average age of
38.5 years. Theywere able to obtain an interpretable diagnosis
in 79.6% of the oocytes and they argue that this low result was
either due to the failure of hybridization or to the loss of
chromatin during the process of embryo biopsy or fixation.
One third of the aneuploidies observed by this group were
only detectable in the second polar body. It is known that
following the extrusion of the polar body the polar body itself
starts to deteriorate, and with time starts the apoptotic process
of cell death. This process can affect the quality of the hybrid-
ization signals and lead to the creation of diagnostic error.

To solve this problem we performed sequential biopsies
of polar body I and II on two separate occasions rather than
a single biopsy on day one of embryo development. This
allowed us to make a complete assessment of the meiotic
process. Using this approach we reduced the percentage of
non diagnostic oocytes from 20.4 % [24] to 10.8 %.

Few published studies have reported chromosomal anoma-
lies in fresh donor eggs. Sher et al. [28] used CGH to analyze
92 oocytes obtained from donors aged between 23 and 29.
They also analyzed the first and second polar bodies and
reported an aneuploidy incidence rate of 65 %. This same
research group presented in the same year a series of 132
oocytes with an incidence of aneuploidy of 56 % [16]. Two
years later [8] presented a study of 106 donor oocytes analyz-
ing the first and second polar bodies by means of CGH, and
showed a much lower aneuploidy incidence: 2.8 %. These
differences were attributed by other authors to problems with
the techniques used in the earlier studies [16, 28].

In 2010, [21] found a 17.85 % aneuploidy rate following
the analysis of the first polar body. In our study the overall
incidence of aneuploidy in zygotes is 19.1 %. We have to
consider that our study is based on 17 egg donors and 5
chromosomes has been studied. Aneuploidy rate could be
higher if all chromosomes had been analyzed.

The differences between aneuploidy rates could be
explained in part by the different stimulation protocols used,

or differences between the study populations, but in order to
determine that a comparative study should be performed.

In the literature, two mechanisms of non disjunction in
unfertilized oocytes have been described: (i) non disjunction
of the whole chromosome (ND) in which 2 homologous
chromosomes are segregated to the same cell pole [17], and
(ii) predivision of sister chromatids (PC) [1–3, 34], where
the 2 sister chromatids created from one chromosome are
separated, and only one of these chromatids is segregated
(Fig. 3). Some authors describe the appearance of both
factors during meiosis I in similar proportions [1, 4, 6, 32].
Angel et al. [2] postulated that the PC could appear at the
end of meiosis I in up to 50 % of cases. This hypothesis has
been confirmed by Fragouli et al. [7].

In our study group this percentage increases considerably
given that we observed that all the errors produced in
Meiosis I were due to PC (100 %; 34/34), and this result
concurs with the results presented by other authors where
this phenomenon was detected in 91.4 % of cases [5, 29, 30,
34]. We therefore note that the premature division of the
sister chromatids is the principal mechanism of the meiotic
error that occurs during Meiosis I, giving rise to oocyte
aneuploidy. Some authors suggest that the aging of the
oocytes in culture could predispose to this type of meiotic
abnormality [15, 27]. We could speculate that this could
occur when the biopsy of the first polar body occurs on
day 1 of embryo development, at the same time as the
biopsy of the second polar body, given that at that stage
the first polar body would have aged. However, in our study
this was not the case because the biopsy of the first polar
body was done immediately post ICSI.

In conclusion, in our hands, having used a protocol of
ovarian stimulation that used recombinant FSH-LH, we can
conclude:

1) The prevalence of oocyte aneuploidy in donor eggs
following the stimulation protocol used and after the
analysis of meiosis I and II segregation was 19.1 %.

2) For the study of aneuploidy in oocytes it is necessary to
analyze both polar bodies given that 83.8 % of the
meiotic errors are produced during Meiosis I, 12.9 %

Fig. 3 Meiosis I and II errors.
Scheme of the different kinds of
errors produced in Meiosis I
and II
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during Meiosis II and 3.2 % of the meiotic errors are
produced in both in meiosis I and II.

3) The premature division of sister chromatids is the main
source of meiotic error during Meiosis I, resulting in the
creation of oocyte aneuploidy.
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