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Double-Factor Preimplantation Genetic
Diagnosis: Preliminary Results

Obradors A123, Rius M2, Daina (32, Cuzzi JF4,
Martinez-Pasarell Os5, Ferndndez Ee, Lopez Os, Polo As,
Séculi JL7, Gartner Ss, Oliver-Bonet M2, Benet J12 and Navarro J12

1. Introduction

Preimplantation Genetic Diagnosis (PGD) was first employed successfully for a monogenic
disease detection almost 20 years ago (Handyside et al., 1990). PGD was also applied to
screen for chromosomal abnormalities in couples at risk of aneuploidy (i.e., Preimplantation
Genetic Screening: PGS) six years later (Munne and Weier, 1996, Verlinsky et al., 1996,
Verlinsky et al., 1996). Currently, both approaches have been extensively used worldwide
with more than 2,000 scientific publications.

Briefly, PGS aims for the selection of euploid embryos to transfer, aiming to increase their
implantation rate. FISH for 9 chromosomes is mostly the technique applied in PGS. It
seems, however, that according to recent publications PGS may not be useful (Staessen et
al., 2004, Staessen et al., 2008, Hardarson et al., 2008, Mastenbroek et al., 2007). In fact,
analyzing the latest data presented by the European Society of Human Reproduction and
Embryology (E.S.R.H.E.), on average just 27.4% of the transferred PGS-selected embryos
implant (3,926 positive heartbeats / 14,325 transferred embryos)( Harper et al., 2010). On
the other hand, after 167,192 ART cycles in Europe using ICSI, the pregnancy rate is 29.8%
(Andersen et al., 2008). Obviously, PGS patients differ from ICSI patients since the first
ones suffer from repetitive implantation failure (RIF) or have an advanced maternal age
(AMA), but the low implantation rate obtained in these patients still remains as a
problematic issue.

But, also referring to the E.S.H.R.E. data, the implantation rate in patients undergoing PGD
for a monogenic disease, in which the maternal age is not at risk of producing aneuploid
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162 Human Genetic Diseases

gametes, is 15.2% (1067 positive heartbeats /7,035 transferred embryos) (Harper et al., 2010).
It appears clear, then, that an increase of the implantation rate would not only be
advantageous for the PGS patients but also for the PGD ones.

In PGS patients, in order to increase the implantation rate, comprehensive chromosomal
analysis techniques have been proposed to completely karyotype the embryo to be
transferred. One of these techniques is Comparative Genomic Hybridization (CGH), which
has been applied widely in PGS (Keskintepe et al., 2007, Sher et al., 2007, Voullaire et al.,
2002, Wells et al., 2002, Wilton, 2005), achieving up to a 74%-80% rate of implantation. Two
different cells can be analyzed by CGH-PGS, the first polar body (1PB) and the blastomere
(BL). Both options have their advantages and disadvantages; the use of 1PB-CGH permits
the diagnosis of the cell within the same IVF cycle, as the CGH procedure requires up to 4
working days, but the result obtained only reflects indirect information about the oocyte,
despite it being known that it is during the first meiotic division when most embryonic
aneuploidies occur (Hassold and Hunt, 2001, Nicolaidis and Petersen, 1998). On the other
hand, BL-CGH gives information about the embryo directly, but it cannot be analyzed
during the same IVF cycle and, therefore, involves a cryopreservation step followed by a
defrost step of euploid embryos prior to transfer.

Other techniques that allow for a full karyotype analysis and that are potentially useful to
increase implantation in PGS patients are array-CGH or SNP-array, which permits a
diagnosis within the IVF cycle and investigates the embryo directly, as it is applied to
blastomeres. So far, several publications have tested the efficiency of array-CGH on single
cells with promising results (Fiegler et al., 2007, Hu et al., 2004, Le Caignec et al., 2006, Wells
et al., 2004, Handyside et al., 2009). Recently, it has been applied clinically after blastomere or
polar body biopsy, obtaining six pregnancies (Hellani et al., 2008, Fishel et al., 2009).
Although array-CGH is a capable technique, more research must be done to validate it and
monitor any increase in the implantation rate. Toward this aim, the ESHRE PGS Task Force
have proposed a multicenter randomized control trial to assess the possible positive effect
on implantation of the PGS on polar body using a 24-chromosome detecting technique as
array-CGH (Geraedts et al., 2009).

Now considering the enhancement of the implantation rate on patients undergoing PGD for
a monogenic disease (PGD-patients), several approaches have been published with this aim.
A methodology called Cell Recycling, i.e., FISH analysis of a blastomere and posterior PCR
amplification of the very same cell, was described as a possible option for selected the
embryos both genetically and cytogenetically (Thornhill et al., 1994), but it was
demonstrated that the protocol increased the allele drop-out (ADO) rate, thus reducing its
diagnostic robustness (Rechitsky et al., 1996).

Another approach is the Double-Factor PGD (DF-PGD) where the 1PB is analyzed using
CGH and a single blastomere of the produced embryo is biopsied in order to diagnose the
monogenic disease. This method permits the double selection of the embryos for being free
of the family disease plus having originated from a potentially euploid oocyte. In addition,
as 1PB-CGH is used, the diagnosis is performed within the same IVF cycle, avoiding the
need of cryopreservation. The DF-PGD has been previously applied on two couples, carriers
of cystic fibrosis and von Hippel-Lindau syndrome, respectively, achieving the birth of three
healthy children (Obradors et al., 2008, Obradors et al., 2009).

The aims of this work are to assess the feasibility and application of the DF-PGD after two
year of experience and ten clinical applications and, moreover, to determine if it is a
valuable tool to increase the implantation rate in PGD for monogenic-disease patients.
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2. Materials and methods
Patients

Over two years, a total of eight couples affected by a monogenic disease participated in this
study after fully understanding the protocol and the signing of an approved-consent form.
The results of two of them were previously published (Obradors et al., 2008 and 2009)
(Table 1). Two of the couples repeated the DF-PGD clinical protocol after no pregnancy on
the first attempt.

The mean age of the patients was 35.1 years old. For comparison proposes, the patients were
classified into two groups depending on the maternal age: four patients were classified with
advanced maternal age (AMA) (mean age of 39.2 y.o.) and the other 6 patients were <35 y.o.
(mean age of 32.3 y.o.).

Most of the couples (6 out of 8) were unaffected carriers of Cystic Fibrosis (CF, OMIM
#219700) with an affected child. Considering the other two couples, one was affected by von
Hippel-Lindau syndrome (VHL, OMIM #193300), a dominantly-inherited family cancer
syndrome, and the other couple was an unaffected carrier of Angelman Syndrome (AS;
OMIM #105830).

A summary of the mutations affecting each couple can be also found in Table 1.

Monogenic disease detection protocol

In order to minimize misdiagnosis and increase protocol robustness, two independent
diagnoses were performed. A direct diagnosis of the causative mutation and an indirect
diagnosis using informative Small Tandem Repeats (STRs) were optimized for each couple.
The causative mutation detection, mostly point-mutations, was achieved after two rounds of
nested-PCR amplification of a region surrounding the mutation using specific primers
designer using the Primer3 website (http://frodo.wi.mit.edu) (Table 2). After PCR
amplification, the mutant site was interrogated using the MiniSequencing Reaction
(Snapshot Multiplex Kit, Applied Biosystems; CA, USA). During the reaction, a mutation-
specific primer anneals a base before the point-mutation site; then, a polymerase
incorporates a single ddNTP fluorescently labeled (Fiorentino et al., 2003). The product of
the reaction (1pL) is analyzed in a DNA sequencer in order to detect the presence or absence
of the causative mutation.

In order to detect mutations involving short deletions, such as AF508 mutation in the CFTR
gene which is causative of Cystic Fibrosis (CF), where three nucleotides are deleted in the
mutant allele, a pair of fluorescent primers was designed to anneal on both sides of the
deletion in order to detect the fragment analysis variation, between the alleles. After PCR
amplification of genomic DNA of a CF carrier and analysis on a DNA sequencer, two
different peaks appear, a wild-type peak at 94 bp followed by the mutant peak at 91 bp.

As commented upon before, an indirect diagnosis using STRs was also applied. A minimum
of four STRs were found surrounding each of the genes causatives of the diseases. The STRs
were chosen using the NCBI database (http://www.ncbi.nlm.nih.gov/mapview) according
to the following criteria: to contain a tetranucleotide repetition core, to be located as close as
possible to the gene (upstream or downstream) and to have the highest heterozygosity
value. Once they were chosen, the fluorescent dyes of the forward primers of each STR were
selected in order to avoid overlapping of the expected allele size for all STRs of the same
disease, so they could be amplified and simultaneously analyzed if required.
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Couple Ma:;znal Disease |Gene Mutation Direct detection |Indirect detection
Von Hippel-
Obradors . . . D351675
ot al. 2009 30 Lm(flau, VHL P: R161Q MiniSequencing D3S1537
Dominant
INTRAGENIC
Cystic P: dF508 . D751799
A 32 Fibrosis, |CFIR M: dF508 Fragment analysis D751817
Recessive ' D753025
D752847
INTRAGENIC
, Cystic P: dF508 . D751799
A 32 Fibrosis, |CFIR M: dF508 Fragment analysis D751817
Recessive ' D753025
D752847
Cystic ]
B 32 Fibrosis, |CFIR P: dF508 Fragment analysis | INTRAGENIC
. M: dF508
Recessive
Cystic ) | MiniSequencing D751799
C 33 Fibrosis, |CFTR P: 71%{;;;; TM: and Fragment D753025
Recessive analysis D752847
Cystic P: 3408C>A
Obradors 35 Fibrosis, |CFTR| M:3849+10Kb MiniSequencing INTRAGENIC
et al. 2008 . D751799
Recessive (CtoT)
Angelman
UBE3 . . D155817
D 37 Syndl.‘ome, A M: K109X MiniSequencing D1551513
Dominant
Cystic P:1811+1.6KbAto
E 38 Fibrosis, |CFTR G MiniSequencing D];?;Z?i7
Recessive M:2711delT
Cystic INTRAGENIC
F 41 Fibrosis, |CFTR|P: dF508 M:dF508 | Fragment analysis D751799
Recessive D752847
Cystic INTRAGENIC
F 41 Fibrosis, |CFTR|P: dF508 M:dF508 | Fragment analysis D751799
Recessive D752847

Table 1. Diseases and causative mutations of the eight couples included in the present DF-

PGP program. The mutation detection methods and the informative STRs to perform direct
and indirect analysis, respectively, are also included. The dF508 mutation is detected by the
3-bp difference between the mutant and the wild-type alleles

To assess the diagnostic utility of the STRs, genomic DNA extracted from peripheral blood
or from buccal cells was obtained from each member of the couple. The STRs were classified
as being 100% informative if the both in the couple were both heterozygote, or to be
partially informative if one of the couple was homozygote and the other one heterozygote
for the same STR or, finally, not informative if both were homozygote. In order to detect
which of the couple’s alleles were linked to their mutated copy of the gene, DNA from an

affected child or first-degree relatives was also analyzed.

With the aim of avoiding misdiagnosis due to the recombination process between the
selected STRs and the gene of interest, a minimum of two 100% or partially informative
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Primer Forward (5'-3') Reverse (5-3)
K109X-outer GCCTAGAATGTTTGGCTGTTT CTCTTCCAATAACACGGATTAAA
K109X-inner ~GAACTTTTTGCAACAGAGTAAACA  ATCCTCTCTTTCTCTACATAATTCAAG

K.10.9 X- AGATGTGACTTACTTAACAGAAGAG -

mmlseq

dF508 6FAM-TGGAGCCTTCAGAGGGTAAA TGGGTAGTGTGAAGGGTTCAT
712'311?8;0 T- TGTTAGTTTCTAGGGGTGGAAGA AAAGGAGCGATCCACACG
712';“?6;0 T- GACACCTGTTTTTGCTGTGC AAATGTGCCAATGCAAGTCC
1811+1.6Kb-

outer AAAGTTTTGCCATTGGTTTTT AAAGATGAAGACACAGTTCCCATA
1811+1.6Kb-

er TTGTGTGCTGAATACAATTTTCTTT AAAGATGAAGACACAGTTCCCATA
1811.+1‘6Kb’ AGAGAATCCTATGTACTTGAGAT -

miniseq

2711delT-

outer GGAGAGCATACCAGCAGTGA AAGCACCAAATTAGCACAAAA
27&;:?' TTCGATATATTACTGTCCACAAGAGC AAGCACCAAATTAGCACAAAA
D1551513  6FAM-GAACTGGGGAAAATCAGGAT ACACATTTTAAGCCAGCAGC
D15S817  6FAM-GCACCAATAGGCTAGACACG AGCTTTACATGGCATGTGGT
D752847 HEX-TCACCTTCAGAAAGTATTGCC TGAGGTGTTTCTCCAAGCTC

6FAM-

D753052 AGTGACACTAGCACATCTACTIGG GCCTCCCCATTTCATCTATT

INTRA HEX-CAAGTCTTTCACTGATCTTC TGAGCAGTTCTTAATAGATAA

Table 2. Sequences of the primers used in this study. The underlined primers were also used
as MiniSequencing primers, as their 3" end hybridizes a base before the point-mutation. The
other primers’ sequences are cited in the previous applications of DF-PGD.

STRs located on each side of the gene (upstream and downstream) were selected for the
PGD protocol, or in the case of intragenic STRs, a single STR was considered.

Once both the STRs and the mutation-specific primers were chosen, the PGD protocols were
optimized using genomic DNA from one of the patients. Briefly, a multiplex PCR containing
the fluorescent primers for the STRs amplification, plus the first-round unlabeled primers
for mutation detection was applied in most of the cases. When optimizing the dF508 CF
mutation, its primers were fluorescently labeled in order to detect the deletion, as described
before. Between 0.5-1 pL of product of this PCR multiplex was used as a template for the
second round of amplification of the mutation-specific primers. One microliter of the PCR
amplification product was used in a DNA sequencer to assess STRs efficiency on the
multiplex, whereas agarose gel analysis was enough to detect to correct amplification of the
mutation-specific loci.

When the multiplex was efficient in genomic DNA, it was tested in whole genome-amplified
(WGA) single cells, usually cultured fibroblast. The Multiple Displacement Amplification
(MDA) (Genomiphi, HE Healthcare; Buckinghamshire, UK) was used following the
manufacturer’s protocol, but with a previous step of alkaline lysis of the single cell, as
described before (Obradors et al., 2008 and 2009, Spits et al., 2006). Finally, and in order to
describe the allele drop-out (ADO) rate, 30 patients” lymphocytes were amplified with the
optimized protocol.
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In order to minimize the presence of contamination due to exogenous DNA, all PCR mixes
which included primers, Taq polymerase and buffers were performed on a sterile hood.
While the target DNA, i.e., MDA products, PCR amplicons after a first-round amplification
and DNA extracted from peripheral blood or from buccal cells were introduced into a
separate sterile hood in another room.

A report, the informative study report, including the STRs analyzed, the mutation detection
procedure and ADO rate described for each couple, was sent to the IVF centers, which
scheduled a date for the PGD case according to the patient’s stimulation cycle.

3. First polar body comparative genomic hybrydization

The 1PB-CGH procedure has been extensively described previously by our group (Obradors
et al.,, 2008 and 2009). Briefly, the 1PB was washed four times with sterile PBS/0.1%PVP, in
order to avoid potential contamination from cumulus cells, and it was then placed in a
0.2mL PCR tube. Cell lysis (1 ul of sodium dodecyl sulfate (17 uM) and 2 pl of proteinase K
(125 pg/ml)) was required to facilitate the cell genomic-DNA liberation. Afterwards, the
cellular DNA was amplified by means of DOP-PCR, a WGA technique described to produce
a sufficient amount of DNA to perform a CGH (Telenius et al., 1992, Voullaire et al., 1999,
Wells et al., 1999). Briefly, the DOP-PCR reaction tubes contained 1X Buffer, 2 pmol/1 DOP
primer (CCGACTCGAGNNNNNNATGTGG), 0.2 mmol/1 dNTP and 2.5U of SuperTaq
Plus polymerase (Ambion, USA) in a final volume of 50 pl. The tubes were placed in a
thermocycler and underwent the following program: 94°C for 4.5 min; eight cycles of 95°C
for 30s, 30°C for 1.5 min and 72°C for 3 min; 40 cycles of 95°C for 30s, 56°C for 1 min and
72°C for 3 min with a final extension step of 72°C for 8 min. After DOP-PCR amplification,
fluorescent labeling with Spectrum-Red of the DOP-PCR product was performed by the
Nick Translation Kit, following the manufacturer’s indications (Vysis; Downers Grove,
USA). With the purpose of obtaining reference DNA to compare with the 1PB (test DNA),
between twelve to fifteen tubes containing three euploid female fibroblasts each were
lysated and amplified like the 1PBs, but labeled with Spectrum-Green instead. The reference
DNA produced from these twelve to fifteen cells was mixed in a single tube, kept at -20°C
and used as reference DNA when required. The resulting reference-DNA mix avoids
intrinsic cell-dependent amplification differences that could bias the CGH results and
provides an intense homogeneous fluorescent signal.

Both test and reference DNA co-precipitated with Cot-1-DNA, which blocks repetitive DNA
sequences such as telomeres and centromeres. The resulting cytogenetic probe hybridized
during 44 hours into a slide of euploid lymphocyte metaphases. After that, the slide was
washed to remove unspecific hybridization and analyzed using an epifluorescence
microscope. Ten lymphocyte metaphases were captured and karyotyped using the
Metasystem’s software to obtain a CGH profile. When the fluorescence ratio (test/reference)
of a CGH profile for a specific chromosome, reported by the software, was < 0.8, the
chromosome was lost in the DNA test, whereas when the ratio is > 1.2, a chromosome gain
was present (Wells et al., 1999).

Potentially artifactually gained or lost chromosomes (i.e., Chromosomes 17, 19 and 22) were
discarded from analysis when all three chromosomes were simultaneously gained or lost in
the same cell; if not, they were considered as being real aneuploidies.

In the present work, no distinction between chromosome or chromatid gain or loss has been
considered because, in our experience, after analyzing 1PBs and their corresponding MII
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using CGH and FISH, respectively, the CGH-loss or CGH-gain profiles on the 1PBs were
indistinguishably equivalent to losses or gains of either chromosome or chromatid in the
Mlls (Gutiérrez-Mateo, et al., 2004).

4. Double-factor pgd clinical schedule

Exhaustive information about the methodology and schedule, based on the following
timetable (Figure 1), of the Double-Factor PGD (DF-PGD) clinical application performed in
the families included in this work has been previously published (Obradors et al., 2008 and
2009). On Day 0, retrieved oocytes were cleaned of cumulus cells to avoid cellular
contamination during the PGD case. Following the IVF center’s protocol, ICSI was
performed on all MII oocytes, and immediately afterwards, the 1PB was biopsied using the
partial zone dissection (PZD) procedure and washed four times with sterile PBS/0.1PVS as
described above. In the cases, when the IVF center was located close to the lab (i.e,
Barcelona), the cell lysis and DOP-PCR were done on Day 0; on the other hand, for cases
located far from our lab (i.e., Madrid), the 1PB arrived in our lab in Bellaterra on Day +1,
when the CGH protocol started. On the afternoon of Day +1, the CGH was placed to
hybridize for 44 hours, thus, until the morning of Day +3. On Day +3, the CGH started to be
analyzed; in general, a skilled technician took 1 hour to obtain a result for each CGH, so
depending on the number of 1PBs it may last until Day +4. Also on Day +3, developing
embryos reached the 6-8-cell stage and a single blastomere is biopsied using the same hole
produced during the 1PB biopsy, but in order to increase the size of the hole, PZD or acid
Tyrodes was used. Again, if the IVF center was located close to the lab (i.e., Barcelona), the
PCR protocol started on Day +3, thus achieving the monogenic diagnosis results on Day +4.
For IVF centers located in Madrid, the blastomere arrived on Day +4.

Late on Day +4, after the results from the DF-PGD were obtained, a written report was sent
to the IVF center indicating not only the embryos free of each particular monogenic family
disease, but also the results obtained after the complete cytogenetic analyses of the whole
female chromosome complement. At that point, embryos free from the monogenic family
pathology that were derived from oocytes that were predicted to be euploid and with a
good morphological appearance can be selected and transferred. As is habitual in PGD, the
family has been informed that performing a prenatal diagnosis in case of pregnancy would
be recommended.

5. Results
First polar body and blastomere obtainment

After ovary stimulation and follicular puncture, 146 oocytes were obtained from the 10 DF-
PGD clinical cases presented (mean of 14.6 per couple). One-hundred-thirty-two of them
(90.4%) were at the MII stage, thus containing the 1PB, and were inseminated using the
couple’s spermatozoids by ICSI. Immediately there after, the 1PBs were biopsied, obtaining
112 1PBs; therefore, the 1PBs biopsy efficiency was 84.8% (112/132). The oocytes were
incubated at 37°C and checked for fecundation on Day +1. A total of 92 showed
morphological signs of fecundation, obtaining a fecundation rate prior to the 1PB biopsy of
69.7%. As established in the IVF centers, embryos were checked for satisfactory division and
quality on Day +2. On Day +3, 81 of the 92 (88%) fertilized oocytes did develop to 6-8-cell-
stage embryos (mean of 8.1 embryos per cycle) and a single blastomere was biopsied.
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Blastomere biopsy was achieved in all embryos (100%), hence 81 blastomeres were acquired.
A summary of the cells obtained can be found in Tables 3 and 5.

Ocyte Recovery Day 0
- \EPB o ™ PR _:‘_ IPB = Ooeyte Incubation
| e ) - —_— Lysis ‘ ‘ﬁ\
( / M i 4),
N g Whole Genome ‘ J
1081 IPB Biopsy Amplification with Day +1 " 74
¢ DOP-PCR 5 o=
CCGATCGACNNNNNNATGTGC 4+
Aprox 7 he Fecundation Control
T ad ~
%? Nick Translation 52
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/’—‘7 = Day <2 Cell Division Control “"‘hl.ﬂ‘t: (h.:nomt::
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Fig. 1. Illustration showing the DF-PGD timing combined with the IVF procedure.
First polar body cgh results

Analyzable CGH profiles were obtained in 83 of the 112 1PB-CGHs performed, resulting in
a CGH success of 74.1%. The remaining 29 1PB-CGHs, in which poor WGA amplification
field were observed on the agarose gel, were not analyzable due to a faint hybridization was
obtained. Probably it was due to the corresponding 1PB was fragmented or with bad
morphology.

Thirty-five of the 1PBs were diagnosed as euploid, whereas the remaining 54.2% (45 out of
83) were aneuploid (Tables 3 and 4). No differences in the incidence of aneuploidy were
observed between the two maternal age groups (56% in < 35 years vs. 51.5% in > 35 years).
Aneuploidies involving from one to nine chromosomes were observed. All the 23
chromosomes were involved in aneuploidy. The chromosomes that most frequently were
found to be aneuploid were Chromosomes 19 (eleven times), 18 and 16 (nine times), 1 (eight
times) (Figure 2). No differences were observed concerning chromosome size, as from the
109 chromosomes involved in aneuploidy, 57 (52.3%) and 52 (47.7%) were classified into the
A-C groups or into the D-G groups, respectively.
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Only eight out the 45 aneuploid (17.8%) 1PBs would have been fully diagnosed using a FISH
analysis for 9 chromosomes (13, 15, 16, 17, 18, 21, 22, X and Y), and a total of 20 (44.4%) of
the aneuploid 1PBs would have been diagnosed incorrectly as being euploid (Figure 3). The
remaining 17 1PBs (37.8%) would have been diagnosed as being aneuploid, but not all the
chromosomal aneuploidies present would have been detected.

Couple [Maternal| Oocytes| MII [1PB|Successful|Analyzablel CGH [EUPLOID|ANEUPLOIDS|ANEUPLOIDY
age |[retrieved|oocytes 1PB 1PB-CGH [Success| 1PBs 1PBs RATE
biopsy % % %
Obradors
etal. 30 12 12 |10 100 12 100 8 1 11.1
2009
A 32 16 16 |13 | 8125 13 923 3 9 75
A’ 32 23 17 |15 88.2 8 53.3 3 5 62.5
B 32 13 11 9 81.8 5 55.6 1 8 88.8
C 33 11 11 9 81.8 7 77.8 4 3 42.8
Obradors
ot al. 2008 35 6 5 5 100 5 100 3 2 60
D 37 7 5 5 100 3 100 1 2 66.7
E 38 33 32 |23 71.9 13 56.5 4 9 69.2
F 41 11 11 11 100 11 100 7 4 80
F 41 14 12 |12 100 6 50 4 2 33.3
TOTAL | 34.75 146 132 (112| 864 83 72.8% 38 45 54.2

Table 3. Summary of the oocytes retrieved from the eight couples included in the present
DF-PGP program and cytogenetic results obtained after the 1IPB-CGH analysis.

Monogenic disease detection results

All 81 blastomeres (a mean of 8.1 blastomeres per cycle) were amplified using MDA
followed by a patient-specific mutation and STR detection multiplex-PCR as described. Six
out of the 81 blastomeres (7.4%) did not provide a diagnostic result and thus were classified
as non-diagnosed. Hence, as informative diagnostic result was notified in 92.6% of the
blastomeres. Allele drop-out (ADO) affected 15.4% of the analyzed loci, and the PCR
amplification efficiency was 93.3%.

Globally, of the 75 diagnosed blastomeres, 20 (26.1%) were homozygote wild-type, 21 (28%)
homozygote mutant and the remanding 34 (45.3%) were diagnosed as heterozygote (Table
5). These ratios were not statistically different from the expected Mendelian inheritance
rates.

Considering the studied monogenic diseases, 45 out of the 75 embryos were diagnosed as
being non-affected (i.e., wild-type homozygotes in VHL and AS diseases, and both wild-
type homozygotes and heterozygotes in CF).

www.intechopen.com



170 Human Genetic Diseases

Fig. 2. Incidence of aneuploid chromosomes found in the 1PB-CGH results of the couples
included in the present DF-PGP program.

Double-factor dgp outcome and implantation rate versus pgd

Of the 45 embryos free of the disease, in 35 the 1IPB-CGH result was available, with the result
that 20 of them (57.1%) originated from an aneuploid oocyte and the rest, 15 (42.9%), were
potentially euploid. These 15 embryos, free of the monogenic disease and potentially euploid,
were tagged as DF-PGD-transferable embryos. No informative 1PB-CGH profiles were
obtained from the remaining 10 embryos free of the disease, so only the monogenic-disease
diagnosis was performed; they were classified as conventional PGD-transferable embryos.
Consequently, 56 embryos were DF-PGD non-transferable, due to being undiagnosed or
affected by the corresponding monogenic disease (6 embryos and 30 embryos, respectively),
or due to having originated from aneuploid 1PBs (20 embryos) (Table 6).

On Day +5, according to embryo-quality criteria, nine out of the 15 and eight out of the nine
DEF-PGD-transferable and conventional PGD-transferable embryos were transferred to nine
patients, respectively. Four of them received only DF-PGD-transferable embryos, two
received only conventional PGD-transferable embryos and the remaining three patients
received both types (Table 6).

Four pregnancies were confirmed with both the hCG test and positive fetal heartbeat. None
of the pregnancies involved patients receiving simultaneously both types of embryos (DF-
PGD-transferable embryos and conventional PGD-transferable embryos). A pregnancy
which turned into the birth of a healthy girl was achieved in one of the patients with just
PGD-transferable embryos transferred, and two pregnancies were achieved from the
patients receiving only DF-PGD-transferable embryos, which resulted in the birth of three
healthy children (one singleton and twins).
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Fig. 3. Comparative Genomic Hybridization profile of 1PB#1 from Patient D, indicating a
gain of Chromosome 1 and a loss of Chromosomes 9, 10 and 11. The 1PB would have been
misdiagnoses as euploid if instead of CGH; a nine-chromosome FISH would have been
used.

Due to most of the embryos were either at the morula stage or degenerated on Day +6, it
was totally impossible to isolate blastomeres from the rejected embryos in order to perform
a confirmation of both diagnoses.

Prenatal diagnosis has been performed on two out of three pregnancies, according to the
parents’ decision. In Couple C, an embryo diagnosed as a healthy homozygote turned out to
be carrier of one of the copies of the mutation due to ADO of the mutant allele;
consequently, the girl delivered was a healthy heterozygote, but a carrier of CF (Figure 4).
Taking into consideration the implantation rate for the two types of embryos, one out of
eight embryos healthy for the monogenic disease but undiagnosed for aneuploidies (i.e.,
PGD-transferable embryos) did implant, achieving an implantation rate of 12.5%, whereas
three out of nine healthy embryos diagnosed as potentially euploid (DF-PGD transferable
embryos) did implant, meaning an implantation rate of 33.3%. The differences between the
groups are not significant for Fisher’s test (p= 0.576).

Considering maternal age, none of the six embryos transferred into patients with AMA
(mean age of 39.2 y.0.) did implant, whereas four out of the eleven embryos transferred into
the patient without AMA (mean age of 32.3 y.o.) implanted. These differences are found to
be significantly different (p= 0.03).
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Fig. 4. Monogenic diagnosis results of embryos #4 and #5 of Patient C, carrier of CF. Embryo
#4 was affected of both mutation, dF508 (A) and 712GtoC (B), and confirmed with the STR
D753025 (C), whereas Embryo #5 (D, E, F) was free of both mutations. Embryo #5 was
transferred to the patient, achieving a pregnancy. Prenatal diagnosis showed that the foetus
carried the dF508 mutation. Therefore, two ADO events occurred in that blastomere, one in
the dF508 locus and another in the STR D753025 (D and F).

6. Discussion

The embryo implantation rate is one of the most important values in IVF as long as the take-
home-baby rate as the major aim of the clinicians is to achieve pregnancy in their IVF
patients. Preimplantation Genetic Screening (PGS) appeared to satisfy this demand. It is well
documented that aneuploidy affects between 50%-65% of first-trimester abortions (Hassold
and Jacobs, 1984, Menasha et al., 2005). Therefore, a positive selection of euploid embryos to
transfer should be a useful tool towards an increase of their implantation rate. However, it
has been proved that, apart of embryonic mosaicism, the screening of embryos for a limited
number of chromosomes is insufficient Steassen et al., 2004 and 2008; Hardarson et al., 2008;
Mastenbroek et al., 2007) and that a complete karyotype analysis may be needed to obtain
satisfactory results (Sher et al., 2007).

Comparative Genomic Hybridization (CGH) and array-CGH are the main techniques used
for comprehensive aneuploidy screening of embryos. The array-CGH has been tested lately
for single cells and even applied clinically on blastomeres and on polar bodies, obtaining six
pregnancies in nine couples with a clinical history of up to thirteen previous IVF failures
(Hellani et al., 2009). One of the main advantages of array-CGH versus conventional CGH is
that it is less labour-intensive, more informative and plus it allows embryo diagnosis on Day
4. On the other hand, its main drawback is the cost of the array-CGHs and the consequent
processing and analysis equipment required. Thus, in anticipation of more studies of both
economic and technical viability of the array-CGH, conventional CGH has been
continuously applied with the objective of enhancing the implantation rate with
implantation rate up to 68.9% Keskintepe, et al., 2002).
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Aiming to contribute on the increase of the implantation rate, even in patients without a
previous clinical history of IVF failure or AMA, our group introduced the Double-Factor
PGD (DF-PGD), which allows for the selection of potentially euploid embryos with 1PB-
CGH and moreover free of the corresponding family monogenic Obradors et al., 2008 and
2009). In the present manuscript we are including results obtained after two years of the
application of DF-PGD.

Considering the DF-PGD protocol referred to here, one single blastomere was biopsied from
all 81 6-8-cell embryos on Day 3, as recommended by the ESHRE PGD consortium in order not
to compromise embryo viability (Thornhill et al., 2005). All 81 blastomeres (a mean of 8.1
blastomeres per cycle) were amplified using MDA prior to PCR amplification with an
efficiency rate of 92.59%, similar to the large series of MDA applications previously published,
which analyzed 88 and 49 single cells, respectively (Burlet et al., 2006, Renwick et al., 2006). One
of the main concerns about MDA is its high ADO rate, which, according to the same cited
studies, affects between 25%-27% of the heterozygote cells. In this work, and also analyzing a
comparable number of cells, the ADO rate obtained was appreciably low (15.4%). Despite that,
on one of the patients (Couple E), the ADO rate found after analyzing their embryos was
considerably higher (50%), most probably due to intrinsical problems with this case in
particular, as blastomeres quality or transportation issues. If the data from this couple is not
included for the ADO rate calculation, its value becomes 11.5%, similar to the obtained from
unamplified single cells, and also close to the recommended for the ESHRE PGD consortium
Thornhill et al., 2005). The differences in the ADO rates showed in this results compared with
the previously published using MDA could be explained by the differences in the size of the
PCR amplicons and the type or quality of the amplified cells (Wells, 2004). Unfortunately, and
despite the low ADO rate, a misdiagnosis occurred affecting a healthy cystic fibrosis (CF)
carrier who was wrongly diagnosed as being a wild-type homozygote.

In that particular case, the family carried two different CF mutations (AF508 and 712-1G to
T); moreover, they were fully informative for one STR and semi-informative for two more
STRs (only informative for one of the progenitors). After MDA and PCR amplification, the
analysis showed wild-type alleles for both mutations, failure of amplification on the full
informative STR and consistent results on the other two STRs, thus the embryo was
diagnosed as being free of both CF mutations. Pregnancy was achieved in this couple, and
following the group’s recommendation, prenatal diagnosis was performed showing a foetus
carrier of the AF508 mutation. Hence, two ADO events did occur in that cell, one affecting
the AF508 mutation site and the other on the semi-informative STR linked to the AF508
mutation. This result may indicate that the blastomere analyzed probably was insufficiently
lysed. Nevertheless, prenatal diagnosis is mandatory in all PGD cases in order to avoid
improbable, but possible misdiagnosis.

In a recent publication, the ESHRE PGS Task Force has aimed for a proof of principle study
by a multicentre RCT of the positive effect of implantation of the 1PB and 2PB analysis in the
same IVF cycle using a whole chromosome analysis technique as CGH-array (Geraedts et
al., 2009) in order to overpass the mosaicism issue and detected all the possible aneuploidies
without the requirement of embryo cryopreservation.

In the present study, we have applied a similar approach to the PGS Task Force, also using
polar body analysis with a fully comprehensive technique (1PB-CGH). In this case we have
decided not the analyze the 2PB in order to avoid an additional second manipulation of the
oocytes, after the 1PB biopsy has been performed and due to the first polar body’s
chromosomal material losing its quality progressively through time (Durban et al., 1998). We
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also considered inappropriate to wait, at least two hours, for the 2PB extrusion and to
perform the biopsy of both polar bodies at the same time. It is obvious that exclusively
analyzing the 1PB, meiotic errors produced during second meiotic division remain
undetected (Kuliev et al., 2005). Considering that the incidence of the female origin of
aneuploidies has been widely described mainly due to errors in the first meiotic division
(Hassold and Hunt, 2001, Nicolaidis and Petersen, 1998), we decided that our DF-PGD
approach was more than appropriate neither the oocyte nor the embryo was compromised.
A total of 115 1PBs were biopsied from their corresponding oocytes on Day 0, but only 77
of them were analyzed by CGH since the producing embryo was diagnosed as being
affected by the monogenic disease. Surprisingly, 54.2% of the 1PBs were aneuploid. This
high rate is similar to that previously described in CGH studies of 1PBs-oocytes doublets
of IVF patients Gutiérrez-Mateo et al., 2004 a and b). It is noteworthy that the patients that
underwent this study were selected for monogenic disease detection, not for sterility
problems, so the fact that their aneuploidy rate is similar to that of IVF patients
emphasizes the importance of aneuploidy screening even in patients without fertility
problems. Moreover, after dividing the patients into two age groups, <35 or >35 years old,
a similar rate of aneuploidy was found between them (56% vs. 51.5%, respectively). These
results, although higher, are comparable to the ones obtained on a previous study of our
group after analysis, with CGH, 1PB-MII doublets from 53 IVF donors with a mean age of
26.1 years old (Obradors et al., 2010). The study shows that, despite being produced by
young women, 32.1% of the analyzed oocytes were aneuploid. Moreover, it demonstrates
that almost 40% of the donors had at least one aneuploid oocyte.

This high aneuploidy rate found in young fertile women, concordant with that described in
this manuscript, may be explained due to the ovarian stimulation process (Weghofer et al.,
2008, Weghofer et al., 2008). This suggests that not only aged patients may benefit from
aneuploidy screening with CGH, but also younger women without sterility problems.
Almost half of the detected aneuploid 1PBs (44.4%), some of them containing up to 4
chromosome abnormalities (such as 1PB#1 from Patient D), would have been diagnosed as
being completely euploid if a nine-chromosome (13, 15, 16, 17, 18, 21, 22, X and Y) FISH had
been used instead of CGH. This means that even performing an exhaustive FISH aneuploidy
screening, almost half of the aneuploid embryos could still have been transferred into the
patient’s uterus, despite their intrinsic impossibilities to develop a pregnancy.

Consequently, in order to increase the implantation rate, not only a partial chromosome
screening must be performed but also it must be done using a full-chromosome analysis
technique such as CGH.

Referring to the data presented here, from the 45 developing embryos healthy for their
specific monogenic disease, 20 of them originated from a potentially aneuploid oocyte
diagnosed with 1PB-CGH, whereas 15 of them were diagnosed as being potentially euploid
(tagged as DF-PGD transferable embryos). In the remaining ten embryos, no CGH results
had been obtained, and they were classified as PGD transferable embryos.

Nine out of fifteen and eight out of ten embryos were transferred to the patients from the
DF-PGD-transferable and PGD-transferable groups, respectively. Three patients (A’, B,
and E) received both types of embryos. Three from the nine and one out of the eight
transferred embryos from each group implanted and developed into the birth of four
healthy children. In none of the patients receiving both types of embryos did implantation
occur. Also, none of the patients with AMA (mean age of 39.2 y.o.) became pregnant
although six embryos were transferred; on the other hand, the four pregnancies achieved
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did occur in younger patients after transferring 11 embryos. These differences are found
to be significantly different (p= 0.03), and may be explained by other factors, rather than
aneuploidy, that might affect the implantation rate in aged women like gynecological or
immunological aspects, although more studies are required to reach clear conclusions.
Therefore, the implantation rate was 33.3% in the embryos doubly selected (DF-PGD
transferable embryos) and 12.5% in the embryos selected as being of the monogenic disease
but not screened for aneuploidy, a value that is very similar to the average value (15.2%)
obtained in the last ESHRE Consortium Steering Committee recompilation (Harper et al.,
2010). Despite the differences between the implantation rates of the DF-DGP transferred
embryos being two times higher that the DGP transferred embryos are promising, these
differences were not significant. Most probably, the reduced number of clinical applications
presented in this work is not enough to have major differences.

In conclusion, although the DF-PGD-selected embryos did not obtain a significant increase
of implantation compared with embryos undiagnosed for aneuploidy, it seems clear that
comprehensive aneuploidy screening of oocytes using a PGD protocol might benefit the
clinical outcome of their corresponding embryo. Therefore, in order to increase the
implantation of embryos selected that are free of a monogenic disease, and until the routine
assessment of CGH-array methodology, 1PB-CGH is the preferred technique to positively
doubly select potentially euploid embryos.

7. Acknowledgements

This work was supported by the Ministerio de Sanidad y Consumo Fondo de Investigacion
Sanitaria Instituto de Salud Carlos III (FIS-ISCIII; PI 080012), the Grup de Suport a la Recerca
de la Generalitat de Catalunya 2009SGR1107 and by the Catedra de Recerca EUGIN. The
manuscript was read and corrected by Mr. Chuck Simmons, a native English-speaking
Instructor of English at the authors” university.

8. References

Handyside AH, Kontogianni EH, Hardy K and Winston RM (1990) Pregnancies from
biopsied human preimplantation embryos sexed by Y-specific DNA amplification.
Nature 344, 768-770.

Munne S and Weier HU (1996) Simultaneous enumeration of chromosomes 13, 18, 21, X, and
Y in interphase cells for preimplantation genetic diagnosis of aneuploidy.
Cytogenet Cell Genet 75, 263-270.

Verlinsky Y, Cieslak ], Freidine M, Ivakhnenko V, Wolf G, Kovalinskaya L, White M, Lifchez
A, Kaplan B, Moise ] et al. (1996) Polar body diagnosis of common aneuploidies by
FISH. ] Assist Reprod Genet 13, 157-162.

Verlinsky Y, Cieslak ], Ivakhnenko V, Lifchez A, Strom C and Kuliev A (1996) Birth of
healthy children after preimplantation diagnosis of common aneuploidies by polar
body fluorescent in situ hybridization analysis. Preimplantation Genetics Group.
Fertil Steril 66, 126-129.

Staessen C, Platteau P, Van Assche E, Michiels A, Tournaye H, Camus M, Devroey P,
Liebaers I and Van Steirteghem A (2004) Comparison of blastocyst transfer with or
without preimplantation genetic diagnosis for aneuploidy screening in couples
with advanced maternal age: a prospective randomized controlled trial. Hum
Reprod 19, 2849-2858.

www.intechopen.com



176 Human Genetic Diseases

Staessen C, Verpoest W, Donoso P, Haentjens P, Van der Elst J, Liebaers I and Devroey P
(2008) Preimplantation genetic screening does not improve delivery rate in women
under the age of 36 following single-embryo transfer. Hum Reprod 23, 2818-2825.

Hardarson T, Hanson C, Lundin K, Hillensjo T, Nilsson L, Stevic ], Reismer E, Borg K,
Wikland M and Bergh C (2008) Preimplantation genetic screening in women of
advanced maternal age caused a decrease in clinical pregnancy rate: a randomized
controlled trial. Hum Reprod 23, 2806-2812.

Mastenbroek S, Twisk M, van Echten-Arends J, Sikkema-Raddatz B, Korevaar JC, Verhoeve
HR, Vogel NE, Arts EG, de Vries JW, Bossuyt PM et al. (2007) In vitro fertilization
with preimplantation genetic screening. N Engl ] Med 357, 9-17.

Harper JC, Coonen E,De Rycke M, Harton G, Moutou C, Pehlivan T, Traeger-Synodinos J,
Van Rij MC and Goossens V (2010) ESHRE PGD Consortium data collection X:
cycles from January to December 2007 with pregnancy follow-up to October 2008
Hum Reprod 25 (11), 2685-2707. (instead of Goossens V, Harton G, Moutou C,
Scriven PN, Traeger-Synodinos ], Sermon K and Harper JC (2008) ESHRE PGD
Consortium data collection VIII: cycles from January to December 2005 with
pregnancy follow-up to October 2006. Hum Reprod 23, 2629-2645.)

Andersen AN, Goossens V, Ferraretti AP, Bhattacharya S, Felberbaum R, de Mouzon ] and
Nygren KG (2008) Assisted reproductive technology in Europe, 2004: results
generated from European registers by ESHRE. Hum Reprod 23, 756-771.

Keskintepe L, Sher G and Keskintepe M (2007) Reproductive oocyte/embryo genetic
analysis: comparison between fluorescence in-situ hybridization and comparative
genomic hybridization. Reprod Biomed Online 15, 303-309.

Sher G, Keskintepe L, Keskintepe M, Ginsburg M, Maassarani G, Yakut T, Baltaci V, Kotze D
and Unsal E (2007) Oocyte karyotyping by comparative genomic hybridization
[correction of hybrydization] provides a highly reliable method for selecting
"competent" embryos, markedly improving in vitro fertilization outcome: a
multiphase study. Fertil Steril 87, 1033-1040.

Voullaire L, Wilton L, McBain ], Callaghan T and Williamson R (2002) Chromosome
abnormalities identified by comparative genomic hybridization in embryos from
women with repeated implantation failure. Mol Hum Reprod 8, 1035-1041.

Wells D, Escudero T, Levy B, Hirschhorn K, Delhanty JD and Munne S (2002) First clinical
application of comparative genomic hybridization and polar body testing for
preimplantation genetic diagnosis of aneuploidy. Fertil Steril 78, 543-549.

Wilton L (2005) Preimplantation genetic diagnosis and chromosome analysis of blastomeres
using comparative genomic hybridization. Hum Reprod Update 11, 33-41.

Hassold T and Hunt P (2001) To err (meiotically) is human: the genesis of human
aneuploidy. Nat Rev Genet 2, 280-291.

Nicolaidis P and Petersen MB (1998) Origin and mechanisms of non-disjunction in human
autosomal trisomies. Hum Reprod 13, 313-319.

Fiegler H, Geigl ]B, Langer S, Rigler D, Porter K, Unger K, Carter NP and Speicher MR (2007)
High resolution array-CGH analysis of single cells. Nucleic Acids Res 35, e15.

Hu DG, Webb G and Hussey N (2004) Aneuploidy detection in single cells using DNA
array-based comparative genomic hybridization. Mol Hum Reprod 10, 283-289.

Le Caignec C, Spits C, Sermon K, De Rycke M, Thienpont B, Debrock S, Staessen C, Moreau
Y, Fryns JP, Van Steirteghem A et al. (2006) Single-cell chromosomal imbalances
detection by array CGH. Nucleic Acids Res 34, e68.

Wells D, Bermudez M, Steuerwald N, Chu L, Weier U, Cohen ] and Munne S (2004)
Microarrays for analysis and diagnosis of human embryos. In Papp Z and Rodeck

www.intechopen.com



DF-PGD: Preliminary Results 177

C (eds) Recent Advances in Prenatal Genetic Diagnosis. Medimond, Bologna, Italy,
pp. 9-17.

Handyside AH, Harton GL, Mariani B, Thornhill AR, Affara NA, Shaw MA and Griffin DK
(2009) Karyomapping: a Universal Method for Genome Wide Analysis of Genetic
Disease based on Mapping Crossovers between Parental Haplotypes. ] Med Genet.

Hellani A, Abu-Amero K, Azouri ] and El-Akoum S (2008) Successful pregnancies after
application of array-comparative genomic hybridization in PGS-aneuploidy
screening. Reprod Biomed Online 17, 841-847.

Fishel S, Gordon A, Lynch C, Dowell K, Ndukwe G, Kelada E, Thornton S, Jenner L, Cater E,
Brown A et al. (2009) Live birth after polar body array comparative genomic
hybridization prediction of embryo ploidy-the future of IVF? Fertil Steril.

Geraedts ], Collins J, Gianaroli L, Goossens V, Handyside A, Harper J, Montag M, Repping S
and Schmutzler A (2009) What next for preimplantation genetic screening? A polar
body approach! Hum Reprod.

Thornhill A, Holding C and Monk M (1994) Recycling the single cell to detect specific
chromosomes and to investigate specific gene sequences. Hum Reprod 9, 2150-2155.

Rechitsky S, Freidine M, Verlinsky Y and Strom CM (1996) Allele dropout in sequential PCR
and FISH analysis of single cells (cell recycling). ] Assist Reprod Genet 13, 115-124.

Obradors A, Fernandez E, Oliver-Bonet M, Rius M, de la Fuente A, Wells D, Benet ] and
Navarro J (2008) Birth of a healthy boy after a double factor PGD in a couple carrying
a genetic disease and at risk for aneuploidy: case report. Hum Reprod 23, 1949-1956.

Obradors A, Fernandez E, Rius M, Oliver-Bonet M, Martinez-Fresno M, Benet ] and Navarro
J (2009) Outcome of twin babies free of Von Hippel-Lindau disease after a double-
factor preimplantation genetic diagnosis: monogenetic mutation analysis and
comprehensive aneuploidy screening. Fertil Steril 91, 933 €931-937.

Fiorentino F, Magli MC, Podini D, Ferraretti AP, Nuccitelli A, Vitale N, Baldi M and Gianaroli
L (2003) The minisequencing method: an alternative strategy for preimplantation
genetic diagnosis of single gene disorders. Mol Hum Reprod 9, 399-410.

Spits C, Le Caignec C, De Rycke M, Van Haute L, Van Steirteghem A, Liebaers I and Sermon
K (2006) Optimization and evaluation of single-cell whole-genome multiple
displacement amplification. Hum Mutat 27, 496-503.

Gutierrez-Mateo C, Benet ], Wells D, Colls P, Bermudez MG, Sanchez-Garcia JF, Egozcue J,
Navarro ] and Munne S (2004a) Aneuploidy study of human oocytes first polar
body comparative genomic hybridization and metaphase II fluorescence in situ
hybridization analysis. Hum Reprod 19, 2859-2868.

Gutierrez-Mateo C, Wells D, Benet J, Sanchez-Garcia JF, Bermudez MG, Belil I, Egozcue J,
Munne S and Navarro J (2004b) Reliability of comparative genomic hybridization
to detect chromosome abnormalities in first polar bodies and metaphase II oocytes.
Hum Reprod 19, 2118-2125.

Telenius H, Carter NP, Bebb CE, Nordenskjold M, Ponder BA and Tunnacliffe A (1992)
Degenerate oligonucleotide-primed PCR: general amplification of target DNA by a
single degenerate primer. Genomics 13, 718-725.

Voullaire L, Wilton L, Slater H and Williamson R (1999) Detection of aneuploidy in single
cells using comparative genomic hybridization. Prenat Diagn 19, 846-851.

Wells D, Sherlock JK, Handyside AH and Delhanty JD (1999) Detailed chromosomal and
molecular genetic analysis of single cells by whole genome amplification and
comparative genomic hybridisation. Nucleic Acids Res 27, 1214-1218.

Hassold TJ and Jacobs PA (1984) Trisomy in man. Annu Rev Genet 18, 69-97.

www.intechopen.com



178 Human Genetic Diseases

Menasha ], Levy B, Hirschhorn K and Kardon NB (2005) Incidence and spectrum of
chromosome abnormalities in spontaneous abortions: new insights from a 12-year
study. Genet Med 7, 251-263.

Wells D, Alfarawati S and Fragouli E (2008) Use of comprehensive chromosomal screening
for embryo assessment: microarrays and CGH. Mol Hum Reprod.

Schoolcraft WB, Fragouli E, Stevens ], Munne S, Katz-Jaffe MG and Wells D (2009) Clinical
application of comprehensive chromosomal screening at the blastocyst stage. Fertil
Steril.

Fragouli E, Katz-Jaffe M, Alfarawati S, Stevens J, Colls P, Goodall NN, Tormasi S, Gutierrez-
Mateo C, Prates R, Schoolcraft WB et al. (2009) Comprehensive chromosome
screening of polar bodies and blastocysts from couples experiencing repeated
implantation failure. Fertil Steril.

Thornhill AR, deDie-Smulders CE, Geraedts JP, Harper JC, Harton GL, Lavery SA, Moutou
C, Robinson MD, Schmutzler AG, Scriven PN et al. (2005) ESHRE PGD Consortium
'Best practice guidelines for clinical preimplantation genetic diagnosis (PGD) and
preimplantation genetic screening (PGS)'. Hum Reprod 20, 35-48.

Burlet P, Frydman N, Gigarel N, Kerbrat V, Tachdjian G, Feyereisen E, Bonnefont JP,
Frydman R, Munnich A and Steffann ] (2006) Multiple displacement amplification
improves PGD for fragile X syndrome. Mol Hum Reprod 12, 647-652.

Renwick PJ, Trussler ], Ostad-Saffari E, Fassihi H, Black C, Braude P, Ogilvie CM and Abbs S
(2006) Proof of principle and first cases using preimplantation genetic haplotyping--a
paradigm shift for embryo diagnosis. Reprod Biomed Online 13, 110-119.

Wells D (2004) Advances in preimplantation genetic diagnosis. Eur ] Obstet Gynecol Reprod
Biol 115 Suppl 1, S97-101.

Durban M, Benet J, Sarquella J, Egozcue ] and Navarro ] (1998) Chromosome studies in first
polar bodies from hamster and human oocytes. Hum Reprod 13, 583-587.

Kuliev A, Cieslak ] and Verlinsky Y (2005) Frequency and distribution of chromosome
abnormalities in human oocytes. Cytogenet Genome Res 111, 193-198.

Fragouli E, Wells D, Doshi A, Gotts S, Harper JC and Delhanty JD (2006) Complete
cytogenetic investigation of oocytes from a young cancer patient with the use of
comparative genomic hybridisation reveals meiotic errors. Prenat Diagn 26, 71-76.

Fragouli E, Wells D, Thornhill A, Serhal P, Faed M], Harper JC and Delhanty JD (2006)
Comparative genomic hybridization analysis of human oocytes and polar bodies.
Hum Reprod 21, 2319-2328.

Obradors A, Rius M, Cuzzi J, Daina G, Gutierrez-Mateo C, Pujol A, Marina F, Marquez C,
Benet ] and Navarro J (2010) Errors at mitotic segregation early in oogenesis and at
first meiotic division in oocytes from donor females: Comparative genomic
hybridization analyses in metaphase II oocytes and their first polar body. Fertil
Steril. 93(2), 675-9.

Weghofer A, Munne S, Brannath W, Chen S, Barad D, Cohen ] and Gleicher N (2008) The
impact of LH-containing gonadotropin stimulation on euploidy rates in
preimplantation embryos: antagonist cycles. Fertil Steril.

Weghofer A, Munne S, Brannath W, Chen S, Tomkin G, Cekleniak N, Garrisi M, Barad D,
Cohen ] and Gleicher N (2008) The impact of LH-containing gonadotropins on
diploidy rates in preimplantation embryos: long protocol stimulation. Hum Reprod
23, 499-503.

www.intechopen.com



Human Genetic Diseases

HUMAN GENETIC DISEASES

Echied by Dilana Plaseska-Karanfisia

Edited by Dr. Dijana Plaseska-Karanfilska

ISBN 978-953-307-936-3

Hard cover, 286 pages

Publisher InTech

Published online 30, September, 2011
Published in print edition September, 2011

The genetics science is less than 150 years old, but its accomplishments have been astonishing. Genetics has
become an indispensable component of almost all research in modern biology and medicine. Human genetic
variation is associated with many, if not all, human diseases and disabilities. Nowadays, studies investigating
any biological process, from the molecular level to the population level, use the &€cegenetic approacha<€ to
gain understanding of that process. This book contains many diverse chapters, dealing with human genetic
diseases, methods to diagnose them, novel approaches to treat them and molecular approaches and
concepts to understand them. Although this book does not give a comprehensive overview of human genetic
diseases, | believe that the sixteen book chapters will be a valuable resource for researchers and students in
different life and medical sciences.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Obradors A, Rius M, Daina G, Cuzzi JF, Martinez-Pasarell O, Fernandez E, Lépez O, Polo A, Séculi JL,
Gartner S, Oliver-Bonet M, Benet J and Navarro J (2011). Double-Factor Preimplantation Genetic Diagnosis:
Preliminary Results, Human Genetic Diseases, Dr. Dijana Plaseska-Karanfilska (Ed.), ISBN: 978-953-307-936-
3, InTech, Available from: http://www.intechopen.com/books/human-genetic-diseases/double-factor-
preimplantation-genetic-diagnosis-preliminary-results

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBHIERFEK6SS iEEPrRE ARG DA E4058TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2011 The Author(s). Licensee IntechOpen. This chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same
license.




