
ARTICLE

Analysis of nine chromosome probes in first polar
bodies and metaphase II oocytes for the detection of
aneuploidies
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We used fluorescent in situ hybridisation (FISH) to detect nine chromosomes (1, 13, 15, 16, 17, 18, 21, 22
and X) in 89 first Polar Bodies (1PBs), from in vitro matured oocytes discarded from IVF cycles. In 54 1PBs,
we also analysed the corresponding oocyte in metaphase II (MII) to confirm the results; the other 35 1PBs
were analysed alone as when preimplantation genetic diagnosis using 1PB (PGD-1PB) is performed. The
frequency of aneuploid oocytes found was 47.5%; if the risk of aneuploidy for 23 chromosomes is
estimated, the percentage rises to 57.2%. Missing chromosomes or chromatids found in 1PBs of 1PB/MII
doublets were confirmed by MII results in 74.2%, indicating that only 25.8% of them were artefactual.
Abnormalities observed in 1PBs were 55.8% whole-chromosome alterations and 44.2% chromatid
anomalies. We observed a balanced predivision of chromatids for all chromosomes analysed. Differences
between balanced predivision in 1PB and MII were statistically significant (Po0.0001, v2 test); the 1PB
was most affected. The mean abnormal segregation frequency for each chromosome was 0.89% (range
0.52–1.70%); so, each of the 23 chromosomes of an oocyte has a risk of 0.89% to be involved in
aneuploidy. No significant differences were observed regarding age, type of abnormality (chromosome or
chromatid alterations) or frequency of aneuploidy. Nine of the 35 patients (25.7%) whose 1PB and MII
were studied presented abnormalities (extra chromosomes) that probably originated in early oogenesis.
Analysis of 1PBs to select euploid oocytes could help patients of advanced age undergoing in vitro
fertilization (IVF) treatment.
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Introduction
Fertility decreases with advanced maternal age, both in

fertile and infertile couples. In general, the probability to

obtain a pregnancy per cycle is 25%, but most people who

attend assisted reproduction centres have fertility rates of

less than 10% and assisted reproduction techniques (ART)

improve their chances. Younger patients have better

fertility rates after ART. Approximately, 30% of the 35 to

39-year-old women have fertility problems and, conse-
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quently, the average age of ART patients is high. It is

important to study the reasons why a decrease in the

success of ART occurs at these ages.

The ability of the embryo to implant appears to be the

most important factor for the decline in fertility with

advanced maternal age. Some endometrial factors could

also contribute to the increasing difficulty to establish a

pregnancy.1 Another cause of this decrease is poor embryo

quality that, in part, results from a poor oocyte quality.2

Embryo aneuploidy is another possible reason. Aneuploidy

has been found to increase significantly with maternal age

in several studies.3 – 7 Frequencies of 4.9, 11.5 and 29.8%

aneuploid oocytes in the 25–34, 35–39 and 40–45

maternal age groups have been estimated.8

At the eight-cell stage, an increase of X, Y, 13, 18 and 21

aneuploidy from 4% in women 25–34 years old to 37% in

women aged 40 years or more has been found using

fluorescent in-situ hybridisation (FISH)9; a similar result has

been obtained in oocytes.8,10 – 12

Methods to select chromosomically normal embryos

based on morphology13 or capacity to grow to the

blastocyst stage14 have been sought, but these approaches

have failed. Between 15 and 66% morphologically normal

embryos are aneuploid9,15,16 and 37% of trisomic embryos

reach the blastocyst stage.17

The influence of the most common chromosome

abnormalities at birth (X, Y, 13, 18 and 21) and of those

that could increase the abortion rate and decrease

implantation chances in these patients have been analysed

through preimplantation genetic diagnosis (PGD) in

blastomeres by FISH. In some studies up to nine different

chromosomes are analysed18 – 20 and the success of ART is

slightly improved. A reduction in abortions19,20 and even

an increase in implantation rate20 has been observed,

although the percentage of pregnancies has not in-

creased.21

Since, as reported, 90% of embryo aneuploidy is the

result of nondisjunction in maternal meiosis I,22 detection

of abnormal oocytes through the analysis of their first

polar body (1PB) in an in vitro fertilisation (IVF) treatment

is an important goal.

In meiosis I, one set of chromosomes in the oocyte (with

two chromatids per chromosome) segregates to the 1PB

and the oocyte in metaphase II (MII) retains a chromosome

constitution which is the mirror image of the one found in

the 1PB. This allows the indirect characterisation of the

chromosome constitution of the oocyte through the study

of the 1PB.23 By analysing 1PBs, errors related to embryo

mosaicism can be avoided, there is time to perform up to

three rounds of FISH and, if problems have occurred during

the process, a blastomere can be biopsied and analysed on

time before transfer. Recently, a preimplantation genetic

diagnosis using IPB (PB (PGD�1PB)) protocol in which ICSI

was performed before 1PB biopsy was applied,24 and the

fertilisation rate achieved was comparable to the one

obtained in IVF-ICSI cycles without PGD. Moreover,

different types of FISH probes, (CEP), centromeric locus

specific (LSI) and whole chromosome painting (WCP) can

be used because the 1PB is in metaphase, and, when fixed,

chromosome spreads are obtained. This technique has

been applied when the female is a carrier of structural

chromosome abnormalities (reviewed in Durban et al.24)

or in patients with a high risk of aneuploidy. In the latter

case, up to five different chromosomes have been ana-

lysed.25 – 27. The detection of abnormal oocytes through the

analysis of their 1PB could help to lower the abortion rate

and to increase implantation chances, and both effects

should increase the incidence of pregnancy in some

patients, including those of advanced maternal age.

Here, we describe our results in the detection of

aneuploidies in mature oocytes. Initially, discarded oocytes

from IVF cycles, most of them matured in vitro, were used.

We analysed the incidence of the most common autosomal

chromosome abnormalities25,26,28 as well as aneuploidies

for chromosomes X, 1, 15 and 17 which could also

contribute to the low pregnancy rates mentioned.29

Then, we optimised the analysis of nine chromosomes in

1PB extensions, and to evaluate its feasibility, we compared

the results obtained in fixed 1PB with those obtained in

their corresponding oocytes in MII. An evaluation of

hypohaploidies was made in this way. We also evaluated

aneuploidy rates in different age groups to confirm the age

where screening of aneuploidies would be appropriate.

Third, we analysed which chromosomes were more

implicated in aneuploidies and in which ones the inter-

pretation of the FISH signals was more difficult and,

consequently, the diagnosis would have to be more

accurate.

Materials and methods
A total of 89 oocytes donated by 60 women 18–45 years

old (mean 33.7) who, due to different aetiologies, were

included in an IVF programme (Institut Universitari

Dexeus, Barcelona) were analysed. Written informed con-

sent was obtained and the project was approved by our

institutional ethics committee. Patients underwent gona-

dotropin stimulation.30 Dosages were adjusted based on

their response to treatment. Oocytes were retrieved by

transvaginal follicular puncture under ultrasound scanning

control.

The cells used were as follows (Figure 1): three oocytes

matured in vivo donated by one patient; 78 oocytes

matured in vitro that were cultured 24–48 h because they

were at the germinal vesicle (GV) or metaphase I stage the

day of follicular puncture (D + 0), 68 of them were fixed the

day after oocyte retrieval (D + 1) and 10 were fixed 2 days

after oocyte retrieval (D + 2); and eight unfertilised oocytes

inseminated by conventional IVF, but in which no

pronuclei were observed, they were fixed on D+1.
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We fixed and analysed the 1PB of all 89 oocytes, and in

54 of them we also fixed and analysed the corresponding

MII. Since the technique was developed to be applied in

PGD cycles using 1PBs, most PBs were fixed separately from

the oocyte in MII as in a diagnostic procedure, and only 16

were fixed together with the egg. To separate the 1PB from

the oocyte in metaphase MII, a regular 1PB biopsy was used

in 73 oocytes. To biopsy 1PBs, oocytes were placed in 50 ml

buffered medium drops (Gamete, Vitrolife, Göteborg)

covered by mineral oil (Ovoil, Vitrolife). A 20 mm diameter

hole was made in the zona pelucida (ZP) of the oocytes

using a laser beam (1.48 mm noncontact diode laser;

Fertilase, Medical Technologies, Montreux, Switzerland)31

in 69 oocytes or a mechanical method (PZD) in four cases.

To remove the 1PB, hand-made and commercial micropip-

ettes (Cook, Australia) of 25–30mm external diameter were

used.

Fixation of 1PBs was made using a modification of

Durban et al,24,32 which helps to reduce chromosome losses

to a minimum and practically eliminates artefactual errors.

Oocytes were fixed using a modification of a described

method.33 Fixed cells were observed in a phase contrast

microscope (Olympus BX 60) and captured and saved in a

computer Power Macintosh G3 equipped with Quips Lab

Manager software (Vysis, NY, USA). To eliminate cytoplas-

mic debris, in some of them, a 0.5–3 min enzymatic

treatment using pepsin (Sigma, Spain) was applied (50 mg/

ml in HCl 10 mM at 371C, rinsing at room temperature with

purified water and allowed to air-dry) before adding a drop

of freshly prepared Carnoy fixative (methanol:acetic acid,

3:1). Most slides were frozen at �201C until they were

hybridised.

Prior to FISH, preparations were treated with 50 mM

MgCl2/PBS (4 min), postfixed with 3% formaldehyde in

50 mM MgCl2/ PBS (8 min), cleansed in PBS (4 min) and

dehydrated in 70, 80 and 95% ethanol (2 min each). They

were stained with 4,6-diamidino-2-phenylindole (25%

DAPI II, Vysis, NY, USA / 75% Antifade, Vectashield, CA,

USA) and observed in a fluorescence microscope. DAPI

images were also saved to compare them with phase

contrast and FISH images.

DAPI was eliminated by rinsing slides with 0.1% Tween

20/2� SSC (2�5 min) at room under agitation, dehydrated

in 70, 80 and 95% ethanol (4 min each), air-dried and then

dried in a hot plate at 451C for 4 min. Two rounds of FISH

were performed with several fluorescent probe combina-

tions. In the first round, chromosomes 13, 16, 18, 21 and

22 labelled, respectively, with SpectrumRed, SpectrumA-

qua, SpectrumBlue, SpectrumGreen and SpectrumGold

(MultiVysionPB, Vysis, NY, USA) were analysed. In the

second round, a mixture of X, 1, 15 and 17 probes labelled,

respectively, with SpectrumAqua, SpectrumOrange, Spec-

trumGreen and SpectrumOrange/SpectrumGreen (Vysis,

NY, USA) was applied.

M =Metaphase; GV= germinal vesicle; IVM= in vitro matured; IVM(+) = IVM positive; IVM(-) = IVM negative.

D+ 1

D+ 2

Three in vivo and 78 in vitro  matured cells:

Follicular puncture

MII oocytes

Biopsied and fixed (3)

MI oocytes
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IVM(+)

Biopsied and / or fixed (68)

GV oocytes

Cumulus release

IVM(+) IVM(-)
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Figure 1 Timetable from follicular puncture to fixation of the oocytes used in the present work.
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The hybridisation solution was applied (0.5 ml) to each

slide containing one (1PB or MII) or two (1PB and MII)

fixed cells, and covered with a 6�6 mm coverslip. The

slides were sealed with rubber cement and placed for 5 min

on a hot-plate at 721C to co-denature nuclear DNA with the

probes; they were then allowed to hybridise overnight at

371C in a dark moist chamber. In our hands, good results in

the second round of FISH could also be obtained using a

microwave during 45 min at 75 W instead of an overnight

incubation. After each hybridisation round, slides were

washed using the formamide or the rapid wash procedures

recommended by the probe manufacturer. Slides were

mounted with 8 ml DAPI II (Vysis, NY, USA) or, in the case

of the MultiVysion probe, with 8 ml Antifade (Vectashield,

CA, USA). Visualisation was made under an Olympus BX

60 microscope equipped with a high-sensitivity camera

(Roger Scientific, Photometrics, Tucson, Arizona USA) and

with filters for the fluorochromes used and connected to a

computer Power Macintosh G3 with software for Smart-

capture (Digital Scientific Cambridge, UK) and IPLab

(Scanalytics, Inc., Vysis, USA) which allowed the analysis.

After visualisation and analysis of every set of probes and

before the following round of FISH, slides were washed as

previously described.

Scoring criteria for aneuploidies

As a result of the possible chromosome loss while spreading

the cells on the slide or of FISH failure, we considered as

confirmed aneuploidies for the chromosomes analysed the

presence of additional signals. Missing chromosomes or

chromatids were only considered when the result was

confirmed in the complementary MII (Figure 2, parts 4b

and 4d).

We considered balanced chromatid predivision to occur

when the signals for the two chromatids were separated by

more than the distance that would allow for two additional

signals.8

Results
In this work, from a total of 89 mature oocytes, we

analysed 54 1PB/MII doublets and 35 single 1PBs (Table 1).

As seen in Figure 2, part 1, fuzzy 1PB chromosomes can

be distinguished from MII chromosomes. When LSI or CEP

probes are used, two spots per chromosome are usually

visualised, corresponding each to a chromatid.

Out of 89 1PBs, 73 could be diagnosed (82%) while 16

were not (18%). Of the diagnosed 1PBs, 33 were euploid

(Figure 2, parts 2a–2d), 17 hyperhaploid and 23 hypoha-

ploid. Most aneuploid 1PBs had one (26) or two (10)

chromosome or chromatid abnormalities, while in four

cells three (2), four (1) or six chromosomes (1) were

affected (Figure 2, parts 3a–3d). These values fit a Poisson

with a parameter of 0.849 (calculated according to

Kolmogorov–Smirnov adjustment). All cytogenetic altera-

tions indicated are listed in Table 2.

In the 1PBs in which the complementary MII was

analysed, 23 out of 31 (74.2%) missing chromosomes or

chromatids in the 1PB were found in the MII. We

extrapolated this percentage to the missing chromosomes

or chromatids found in 1PBs analysed alone. We

considered that each missing chromosome or chromatid

found in a single 1PB contributed 0.74 instead of 1

when counting the number of abnormal chromosomes

(Table 3). In the 89 analysed 1PBs, we found a total of 57.6

altered chromosomes (13.6 belonging to single 1PBs

and 44 in 1PBs that had the complementary MII). Looking

at the frequency of alteration found for each of the nine

analysed chromosomes, chromosome 16 showed the highest

rate followed by chromosomes 13, 22, 17, 21, X, 15, 1 and 18

(Table 3). The frequencies were not significantly different

from the expected rate (w2 test). No relation was found

between the chromosomes implicated in aneuploidies and

their size (classifying the chromosomes as long, medium-

sized and small) or morphology (classifying them as

acrocentrics and nonacrocentrics) when applying a w2 test.

For the chromosomes analysed, the abnormal segrega-

tion percentage of each chromosome varied between 0.52

and 1.70%, with an average of 0.89% (data calculated from

Table 3). According to these results, each of the 23

chromosomes of an oocyte has a 0.89% risk of being

involved in aneuploidy.

The abnormalities observed in 1PBs consisted of 55.8%

whole-chromosome alterations and 44.2% chromatid

anomalies. The number of chromosome or chromatid

errors was very similar for chromosomes X, 13, 16, 17

and 22 but not for chromosomes 1, 15, 18 and 21.

We observed a balanced predivision of chromatids in all

chromosomes analysed (Table 4). The difference between

balanced predivision in 1PB and MII was statistically

significant (Po0.0001, w2 test), with the 1PB most affected.

In chromosomes 1, 13, 15, 17 and X a significant difference

Figure 2 1PBs (a and b) and their corresponding oocytes in MII (c and d). The colours are the same as the probes employed.
Arrows indicate abnormalities. 1: DAPI stained 1PB and the corresponding MII. The different chromosome packaging of the two
cells can be seen. 2: 1PB and the corresponding MII. Both cells were euploid for the chromosomes analysed. 3: 1PB and the
corresponding MII with multiple aneuploidies. 1PB with missing chromosomes 1, 15, 17 and 22 and chromatids of chromosomes
13 and 18. MII with extra chromosomes 1, 15, 17 and 22 and chromatids of chromosomes 13 and 18. 4: Second round of FISH
showing a 1PB with a missing chromosome 1 and X and the corresponding MII with and extra chromosome 1 and X. The first
round showed euploidy. 5: Second round of FISH showing a 1PB with an extra chromatid of chromosome X and the
corresponding euploid MII. The first round showed euploidy.
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was observed between the balanced predivision frequency

found in 1PB and in MII. In 1PB, the frequencies per

individual chromosomes ranged from 12.5 to 20.9%,

although significant differences were not observed.

Global aneuploidy rate

In the group of 1PBs analysed with the corresponding

oocyte in MII, seven were found to be hypohaploid; in all

cases, a single chromosome was affected; six of the seven

hypohaploidies were confirmed by the presence of the

missing chromosome in the MII. This means that in one

out of seven hypohaploid 1PBs the result was not

confirmed (14.2%). In the group of 1PBs analysed alone,

nine were found to be hypohaploid for a single chromo-

some. We considered that 1.3 (9�0.142) of this hypoha-

ploid 1PBs would not be confirmed if the MII had been

analysed. According to this, we counted as aneuploid cells

eight hypohaploid single 1PBs instead of nine (Table 5).

After diagnoses of the chromosomes in the 1PB or in the

MII (Table 5), instead of only considering 1PB results, 100%

Table 1 Results obtained in 1PBs

Fixed Diagnosed Euploid Hyperhaploid Hypohaploid

1PB 35 27 14 4 9
1PB/MII 54 46 19 13 14
Total 89 73 33 17 23

1PB: 1PB without the corresponding oocyte in metaphase II analysed;
1PB/MII: 1PB with the corresponding MII analysed.

Table 2 Aneuploidies found in 1PBs

First round Second round
Hypo chr./cht. Hyper chr./cht. Hypo chr./cht. Hyper chr./cht.

1PB
�chr. 13 (2) +chr. 13 (1) �chr. 1 (1) +chr. 15 (1)
�chr. 16 (4) +chr. 16 (1) �chr. 15 (2)
�chr. 18 (1) +cht. 16 (1) �chr. X (1)
�chr. 21 (3)
�chr. 22 (1)
�cht. 22 (1)
�chr. 13 (1, 1*) +chr. 13 (3) �chr. 1 (5, 2*) +chr. 15 (1)
�cht. 13 (2) +cht. 13 (3) �chr. 15 (1) +chr. 17 (1)
�chr. 16 (3, 1*) +chr. 16 (2) �chr. 17 (2) +cht. 17 (1)
�cht.16 (1, 1*) +cht. 16 (4) �cht. 17 (3, 1*) +cht. X (1)

1PB/MII
�cht. 18 (4, 1*) +cht. 21 (1) �chr. X (2)
�chr. 21 (1) +chr. 22 (2) �cht. X (1)
�cht. 21 (2) +cht. 22 (2)
�chr. 22 (2, 1*)
�cht. 22 (1)

1PB: first Polar Bodies analysed alone; 1PB/MII: 1PBs with the corresponding MII also analysed; chr: chromosome; cht: chromatid; Hypo:
hypohaploidy; Hyper: hyperhaploidy. In parentheses, number of times each abnormality was found and anomalies (*) not confirmed.

Table 3 Number of euploid, aneuploid and undiagnosed chromosomes in the 1PBs analysed

Chr. 1 Chr. 13 Chr. 15 Chr. 16 Chr. 17 Chr. 18 Chr. 21 Chr. 22 Chr. X Total

Non diagnosed
1Pb 7 (4) 4 (3) 4 (1) 3 (2) 4 (1) 1 (0) 2 (1) 5 (4) 4 (1) 34
1PB/MII 6 (4) 5 (4) 3 (1) 5 (4) 3 (1) 1 (0) 4 (3) 6 (5) 3 (1) 36

Euploidies
1PB 27 28 28 26 31 33 30 27 30 260

1PB/MII 44 40 49 40 44 49 47 41 48 402

Aneuploidies
1PB 0.74 1.74 2.48 4.22 0 0.74 1.48 1.48 0.74 13.6
1PB/MII 3 8 2 8 6 3 4 6 4 44
Frequencya 0.52% 1.35% 0.62% 1.70% 0.83% 0.52% 0.76% 1.04% 0.66% = 0.89%

Chr: chromosome. 1PB: first Polar Bodies analysed alone; 1PB/MII: 1PBs that had also the corresponding MII analysed; numbers in parentheses are
undiagnosed chromosomes because of a difficulty in the interpretation of FISH signals.
aThis frequency is calculated as explained in ‘Results’ on a total of 719.62 diagnosed chromosomes (260+402+13.6+44).
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of diagnosis was achieved in 1PB/MII (54/54) doublets (the

oocyte with a nonconfirmed missing chromosome in the

1PB was considered euploid, as shown by the result in the

corresponding MII). A total of 28 oocytes were euploid,

13 were hyperhaploid and 13 were hypohaploid. Adding

also 1PBs analysed alone, we obtained a total of 80 out of

89 diagnosed cells (90%). In all, 42 were euploid, 17

hyperhaploid and 21 hypohaploid. The final frequency of

aneuploid oocytes found in the present study was 47.5%

(38/80).

Relation between aneuploidy and age

We found aneuploid 1PBs in 32 women, 14 of them Z35

years old and 18o35 years old (Table 6). A total of 39 1PBs

from these women, ranging in age from 28 to 45 years

(mean 34.5), were aneuploid. In total, 17 aneuploid cells

were from women Z35 years (mean 37.5 years) and 22

from women o35 years old (mean 31.6). It is worth to

emphasising that in a 31-year-old patient (patient S), we

found four aneuploid cells from a total of five analysed

1PBs. Patient AE had two aneuploid 1PBs out of four and

was a Rob(13;14) carrier; the aneuploidies affected chro-

mosomes not involved in the rearrangement.

We considered as aneuploid 1PBs those that were

hyperhaploid and those confirmed as hypohaploid in

1PB/MII doublets, as well as all aneuploid 1PBs analysed

alone to avoid underestimating the aneuploidy rate for

each chromosome, because by using the corrected evalua-

tion of aneuploidy, one single 1PB should have been

eliminated at random.

An ANOVA and a Student’s t-test showed no significant

differences when considering age and either type of

abnormality (chromosome or chromatid alterations) or

the frequency of aneuploidy observed.

Presence of extra chromosomes

A total of 11 1PB/MII doublets had additional chromo-

somes (Table 7). An extra copy of a chromosome or

Table 4 Balanced chromatid predivision

Chr.1 Chr.13 Chr.15 Chr.16 Chr.17 Chr.18 Chr.21 Chr.22 Chr.X

1PB*
12/70 14/67 13/77 9/65 13/74 10/80 14/74 11/64 13/76
(17.1)** (20.9)** (16.9)** (13.8) (17.6)*** (12.5) (18.9) (17.2) (17.1)**

MII*
0/42 3/49 2/48 4/38 0/43 4/49 6/48 6/46 2/46
(0)** (6)** (4.2)** (10.5) (0)*** (8.2) (12.5) (13) (4.3)**

Chr: chromosome; 1PB: first polar bodies; MII: oocytes in MII). Numbers in parentheses are percentages. Significant differences using exact Fisher’s
test: *Po0.0001; **Po0.05; ***Po0.005.

Table 5 Oocyte results obtained analysing either 1PB or
MII

Fixed Diagnosed Euploid Hyperhaploid Hypohaploid

1PB 35 26 14 4 8
1PB/MII 54 54 28 13 13
Total 89 80 42 17 21

1PB: 1PB without the corresponding oocyte in metaphase II analysed;
1PB/ MII: 1PB with the corresponding MII analysed.

Table 6 Patients with aneuploid 1PBs classified by age;
number of diagnosed, euploid and aneuploid 1PBs of each
patient

Age Patient Diagnosed Euploid Aneuploid

28 R 1 0 1
29 E 2 1 1
29 Q 2 1 1
30 AB 3 2 1
31 D 2 0 2
31 S 5 1 4
31 U 1 0 1
31 AF 1 0 1
32 P 1 0 1
32 AC 1 0 1
33 A 1 0 1
33 F 3 2 1
33 I 1 0 1
33 M 1 0 1
33 AG 1 0 1
34 L 1 0 1
34 N 2 1 1
34 Z 2 1 1
35 O 1 0 1
35 V 1 0 1
35 AE 4 2 2
36 J 1 0 1
36 K 3 2 1
36 W 1 0 1
37 B 1 0 1
37 H 2 0 2
38 G 2 1 1
38 T 3 2 1
38 Y 2 0 2
38 AD 1 0 1
43 AA 1 0 1
45 C 2 1 1

AE: this patient was a carrier of a Rob(13;14).
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chromatid was seen in one cell while the other had the

normal chromosome (Figures 2, 5b and 5d). Moreover, one

oocyte with an extra chromosome in the 1PB was not

included in this group because the MII was undiagnosed;

this cell had a missing chromatid 13. Nine of the 35

patients (25.7%) whose 1PB and MII were studied had

oocytes with extra chromosomes. The mean age of these

patients was 34 years (ranging from 31 to 38). Five patients

were o35 years and four patients were Z35 years. Patient S,

who was only 31 years old, had three of the 11 mentioned

cells.

Discussion
In this study, we analysed 35 single 1PBs, and through the

analysis of 54 1PB/MII doublets, we could estimate the

percentage of missing chromosomes or chromatids that

would be artefactual when analysing single 1PBs (26%).

According to our results, a hypohaploidy would have 74%

probability of resulting from an aneuploidy event, that is,

in our hands, only one-fourth of hypohaploidies would be

artefactual.

In the second round of FISH, results were better when

using a microwave34,35 instead of an overnight incubation

at 371C. Probably, the agitation of the water molecules

induced by the microwaves helped to improve the

homologous recognition between the nuclear DNA and

the probes. In our opinion, its use in PGD cycles could help

minimise the time to provide a diagnosis.

We could diagnose 80 out of 89 analysed oocytes (90%),

although when considering only 1PB results we diagnosed

73 out of 89 (82%) cells. In practice, when one or more

chromosome anomalies have been detected, hybridisation

failures make no difference because the cell is considered

aneuploid. On the other hand, in those cells that are

euploid for the chromosomes diagnosed but in which some

chromosomes are undiagnosed, the problem becomes

evident, mainly when undiagnosed chromosomes could

produce viable aneuploid embryos. In our case, this

happened in seven 1PBs.

All nine chromosomes were diagnosed in 60 1PBs

(67.4%), while in the other 29 1PBs (32.6%) one or more

chromosomes were undiagnosed: in 20 of them (22.5%)

seven or eight chromosomes were diagnosed, while in nine

1PBs (10.1%) less than seven chromosomes could be

diagnosed. The misdiagnoses were either because the cell

was not found by FISH or because of the difficulty of

assigning diffuse signals to a chromosome or a chromatid.

We found this difficulty in all analysed chromosomes

independent of whether the probe used was CEP or LSI. LSI

22 was the most affected and CEP 18 the least (Table 3).

The diagnostic efficiency of each of the chromosomes

analysed in the first or in the second round of FISH was not

different; however, we found a higher frequency of

nondiagnosis in the second round. This was because some

cells (four) were lost during the application of the second

FISH panel.

Chromosomes more implicated in aneuploidy

The highest rate of aneuploidy was found for chromosome

16 (1.70%), as might be expected, followed by chromo-

some 13 (1.35%), although the frequencies were not

significantly different from the expected rate (w2 test).

Trisomy 16 is the most frequent trisomy in spontaneous

abortion studies.36

On the other hand, chromosome 21 had the highest rate

of aneuploidy in unfertilised oocytes;37 however, in a study

of fresh oocytes using the SKY Vysion spectral imaging

system,38 chromosomes 14 and 22 were the most impli-

cated in aneuploidies.

As mentioned, we found aneuploidies for all chromo-

somes analysed but no relation was found between their

frequency and chromosome size or morphology (w2 test).

In contrast with our results, other authors did not find

aneuploidies for chromosomes 1 and 9.37

Estimation of the risk for each chromosome of being
implicated in aneuploidy

Extra and missing chromosomes and chromatids were

summed up and divided by the total number of diagnosed

chromosomes either in single 1PBs or in 1PBs with the MII

analysed to estimate the risk of aneuploidy for each

chromosome analysed. We observed (data calculated from

Table 3) that for the chromosomes analysed, the abnormal

segregation percentage for each chromosome ranged from

0.52 to 1.70%, with an average of 0.89%.

In the present study, analysing nine chromosomes, a

47.5% aneuploidy rate was found. Probably, a higher

aneuploidy rate would be found if more chromosomes

had been analysed. Since the incidence of oocytes with

aneuploidies fits a Poisson with a 0.849 parameter, we were

Table 7 Presence of extra chromosomes or chromatids

Age Patient Cell MII 1PB

31 S 21 Euploid +chr. 13, 16,
17, 22

31 S 24 Euploid +chr.13
31 S 25 Euploid +chr. 15
31 U 26 Euploid +cht. 13, 21
32 P 18 Euploid +cht. 13, 22
32 AC 35 +chr. X Euploid
34 L 14 +cht. 13 Euploid
35 O 17 Euploid +chr. 13
35 AE 38 +cht. 1 Euploid
38 T 22 +cht. 17 +cht. 17
38 Y 31 +chr.17 Euploid

MII: metaphase II oocyte; 1PB: first polar body; chr.: chromosome;
cht.: chromatid; +: extra chr. or cht; AE: this patient was a carrier of a
Rob(13;14).
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able to make an estimation of this aneuploidy rate.

According to the frequency values of this distribution,

the probability of having a euploid oocyte would be 42.8%.

The other 57.2% of cells would be aneuploid, and 36.3,

15.4, 4.4, 0.9 and 0.2% would be aneuploid for one, two,

three, four and five chromosomes, respectively.

Chromosome and chromatid alterations

The abnormalities observed in 1PBs and oocytes included

55.8% whole-chromosome alterations and 44.2% chroma-

tid anomalies. Some authors suggested a similar distribu-

tion of abnormalities derived from chromosomal non-

disjunctions and chromatid malsegregation,37,39 but other

data suggest that most abnormalities would be derived

from chromatid errors.40,41

In our study, the number of chromosome and chromatid

errors was very similar for chromosomes X, 13, 16, 17 and

22 but not for the others. Chromosomes 18 and 21 had

more chromatid alterations. Perhaps there is a tendency to

precocious chromatid separation in these chromosomes. In

unfertilised oocytes, the major mechanism of trisomy

formation was chromatid predivision rather than chromo-

some nondisjunction of whole bivalents.42 Although it was

suggested that the high incidence of chromatid predivision

was because of the in vitro culture of the oocytes,43 recently

the chromatid predivision hypothesis42 has been con-

firmed in fresh, noninseminated oocytes.38 Balanced

predivision has not been considered as a form of aneu-

ploidy,8,38,43 but it should be considered a predisposing

factor for aneuploidy.

Our results show more balanced predivision in 1PB than

in the corresponding MII (Po0.0001). The human 1PB

undergoes rapid degeneration during in vitro incubation.

Balanced predivision in 1PBs could be caused by this

degenerative process, as suggested.43

We found balanced predivision for all chromosomes

analysed (Table 4), although no significant differences were

observed. A balanced predivision for chromosome 16 has

been reported in 1PBs from unfertilised23,37 and fresh

oocytes.38,43 Chromatid predivision of chromosome 1837

and chromosomes 2, 7, 8, 10, 11, 17, 19, 20, 21 and 2238

has also been previously reported. Recent studies

in fresh oocytes38 report an increase in balanced predivi-

sion with decreasing chromosome size and increasing

maternal age.

Aneuploidy rate

The percentage of aneuploid oocytes found in the present

study was 47.5%, with 21.25% of hyperhaploidies and

26.25% of estimated nonartefactual hypohaploidies. This is

a high frequency of aneuploidy compared with other

studies but, in previous publications, a maximum of seven

chromosomes were analysed (we analysed nine chromo-

somes), and the processes to which the oocytes were

subjected to in each case were different (they include

unfertilised, in vivo and in vitro matured oocytes). On the

other hand, by testing the first and second PBs using

probes for chromosomes 13, 16, 18, 21 and 22, 45.2% of

oocytes were found to be aneuploid, of which 36.1% were

of first meiotic origin and 29.3% of second meiotic

origin.40 These figures are very similar to ours.

The approximate estimate based on the aneuploidy rate

detected for chromosomes 18 and X in unfertilised oocytes

was as high as 36.8%,10 and for chromosomes 1, 7, 13, 18,

21 and X it was 44%.44 Summarising data obtained from

different studies in which chromosomes were classified by

groups, it was found that the mean frequency of aneuploi-

dy obtained in unfertilised and noninseminated oocytes

was 22.8%.45 In noninseminated oocytes, the mean

frequency of aneuploidy was 37.3%, ranging from 25 to

57.1%.46,47 Other authors found that only 4.7% of oocytes

had additional material.37

Recently, testing the 1PBs for chromosomes 13, 16, 18,

21 and 22 in fresh oocytes from women 37–41 years old,

38.2% were found to be aneuploid.26 The use of in vivo

matured oocytes from unstimulated cycles, fixing 1PB and

the corresponding MII immediately after follicular punc-

ture, would give a better knowledge of oocyte aneuploidy

rates.

We found aneuploidy in 39 1PBs from women ranging in

age from 28 to 45 years (mean 34.53). In all, 17 aneuploid

cells were from women Z35 years old (mean 37.47 years)

and 22 from women o35 years old (mean 31.59). An

ANOVA and a Student’s t-test showed no significant

differences between age and the type of abnormalities

(chromosome or chromatid alterations) or the frequency of

aneuploidy observed. The sample size of our study was

probably too small to demonstrate age-related aneuploidy.

All the patients included in this study underwent ovarian

stimulation and most of the oocytes (87.6%) were cultured

in vitro during a minimum of 24 h after follicular puncture

for in vitro maturation.

It has been suggested48 that ovarian stimulation, which

increases the number of recovered oocytes, could induce

the maturation of chromosomally abnormal gametes,

which would become atrectic without stimulation. The

same author reported that aberrations in the number of

chromosomes in an oocyte were not only caused by

nondisjunction but also by anaphase lag. Human oocytes

recovered for in vitro fertilisation seemed to have an

incidence of numerical chromosome abnormalities of

about 40–50%.

Using probes for chromosomes 16, 18, 21 and X,

nondisjunction and chromatid predivision was identified

in in vitro matured oocytes from unstimulated ovaries,49

but the authors suggested that hormonal stimulation of

the ovary might influence the meiotic nondisjunction rate.

However, others50,51 found that superovulation protocols

used in IVF might not be responsible for the higher rate of

aneuploidy in human oocytes.
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The in vitro maturation of the oocytes could artefactually

increase the number of aneuploidies observed.49 Other

authors43 stated that unbalanced predivision and nondis-

junction did not increase significantly with time in culture,

but they found an increase in balanced predivision of

chromatids also observed previously.8

Some studies52,53 revealed that the spindles of human

oocytes were sensitive to prolonged in vitro culture and

were morphologically altered. From published results,54 it

is conceivable that oocytes from older individuals could be

sensitive to even a short culture time, but the morpholo-

gical anomalies seen in the meiotic spindle suggest other

mechanisms, for example, a suboptimal environment for

oocyte maturation.

Aneuploidy mechanisms

A multistep model has been proposed as a cause of

aneuploidy.55 First, an age-independent step would be

needed in the prenatal stage, in which a bivalent suscept-

ibility would be established. The second ‘hit’ would be age-

dependent and would involve the abnormal processing of

that bivalent, resulting in a decreased efficiency to

segregate susceptible bivalents. The effect of hormonal

stimulation on susceptible bivalents could increase the

probability of obtaining abnormal oocytes that, sponta-

neously, would have become atrectic. This theory would

explain why young women may show a high rate of

aneuploidy when their oocytes are obtained by hormonal

induction.

A compromised microcirculation in follicles because of

the perimenarcheal and perimenopausal hormonal distur-

bances could lead to a low oxygen concentration that

could account for an increased aneuploidy incidence while

decreasing the size of the spindle.56 High frequencies of

chromosome abnormalities because of segregation disor-

ders in oocytes from severe hypoxic follicles have also been

found.57

It is not only age-dependent factors that play a role in

the production of aneuploid oocytes; an individual predis-

position originating during early meiotic stages could also

be very important. Synaptic errors between homologous

chromosomes,58 a reduction in the number of chiasmata

because of a low recombination rate59 and the subsequent

segregation of these unstable bivalents,60 an altered DNA

repair because of defects in sister chromatid cohesion61 and

other mechanisms are being found to play an important

role. Alterations in meiosis-specific proteins involved in

the maintenance of the cohesion of sister chromatids55 and

mutations in genes required for chiasma formation and for

the structural integrity of meiotic bivalents62 have been

related to aneuploidy. A lower concentration of transcripts

of spindle attachment checkpoint genes in oocytes of older

women has also been described.63

In oogenesis, the cell cycle checkpoint mechanism that

controls the alignment of chromosomes at metaphase I is

not as strict as in the male.64 While in the male, abnormal

meiosis is arrested, producing sterility or giving rise to the

production of diploid sperm,21 in the female, meiosis is not

arrested, and this may give rise to aneuploidies.65 This may

explain the higher rate of aneuploidy in female meiosis.49

Focusing on the influence of age in aneuploidy, it was

found that in naturally cycling older women (40–45 years

old), the meiotic spindle showed many more anomalies

affecting chromosome alignment and microtubule ma-

trix.54 These results agree with the incidence of chromo-

some aneuploidy in karyotyped oocytes in naturally

cycling women50 and with the high rate of aneuploidy in

older individuals.23

Presence of extra chromosomes

In 25.7% of the patients, oocytes with extra chromosomes

were detected. Years ago, some authors8,43 considered this

kind of results as FISH errors but, more recently, by

analysing embryonic cells66 and analysing oocytes37 these

abnormalities were also detected. To better evaluate this

phenomenon, a higher number of patients would have to

be included and more than one oocyte would have to be

analysed from each of them.

The fact that three of these alterations corresponded to

the same patient points to an individual predisposition to

errors during the proliferative stage in early embryonic

development. Some authors37 detected two oocytes with

extra chromosomes in one of the patients analysed; these

cells were considered to have originated from trisomic

germ cell lines. Since in our patient the affected chromo-

somes were different, we believe that their origin could be

found in segregation errors, either unique, multiple or

successive, during the mitotic divisions of the precursor

oogonia rather than in the existence of trisomic germ cell

lines. The lack of relation between age and this type of

abnormality in our study is in accordance with this

hypothesis.

The mitotic errors mentioned could affect one or more

chromosomes; actually, we detected up to four chromo-

somes involved in the same cell (Table 7). Chromosome 13,

alone or with other chromosomes, was the most frequently

involved in these oocytes (50%) followed by chromosome

17 (33.3%). The reason why these chromosomes are more

implicated is unknown. More cells must be analysed to

confirm these frequencies.

The fact that not all oocytes analysed in some patients

were affected suggests the existence of chromatid malse-

gregation during a mitotic anaphase stage in some oogonia

that would produce trisomic/nullisomic and disomic germ

cells for some chromosomes. This is confirmed by the fact

that four of these patients became pregnant during the IVF

cycle in which we performed the analysis and all of them

gave birth to healthy children. Even patient S, in whom

three out of five oocytes had extra chromosomes, gave

birth to twins. Regarding the other patients, two of them
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had miscarriages (one was a t(13;14) carrier and also

miscarried in a previous cycle) and three did not become

pregnant (one of them had suffered a miscarriage in a

previous IVF cycle).

In conclusion, we can say that in spite of the technical

difficulties and the partial information obtained, the

analysis of 1PBs with nine chromosome probes to select

euploid oocytes is a reliable method and it could help

advanced maternal age patients undergoing IVF treat-

ments.
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