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Abstract Embryos diagnosed as abnormal in Preimplantation
Genetic Diagnosis (PGD) cycles are useful for the establish-
ment of human Embryonic Stem Cells (hESC) lines with
genetic disorders. These lines can be helpful for drug screening
and for the development of new treatments. Vitrification has
proved to be an efficient method to preserve human blasto-
cysts. One hundred and three abnormal or undiagnosed vitri-
fied blastocysts from the PGD programme at Institut
Universitari Dexeus were donated for human embryonic stem
cell derivation. The overall survival rate after warming was
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70.6 %. Our results showed better survival rates when blasto-
cysts have not started the hatching process (initial/expanded
87.8 %, hatching 68.3 % and hatched 27.3 %). Thirty-five
blastocysts and 12 partially surviving embryos were seeded.
One hESC line with the multiple exostoses type 2 paternal
mutation was obtained.

Keywords Blastocyst - Vitrification - PGD - hESC
derivation

Introduction

Embryonic stem cells are pluripotent cells than can be
obtained from the blastocyst’s inner cell mass [32]. They can
be cultured in vitro and differentiated into different cell types
[26]. These cells lines represent an ideal field of research to
study cell differentiation and developmental biology, as well
as other research areas focusing on their potential use for cell
therapy for the treatment of degenerative human diseases. On
the other hand, derivation of hESC lines from embryos with
mutations from monogenic diseases or chromosomal abnor-
malities can offer the opportunity to generate in vitro disease
models. These cell lines constitute an excellent source of cells
for the study of human genetics, gene expression patterns and
as a tool to understand the events that take place during human
embryo development when genetic disorders are present.
These lines can be also useful for drug screening and for the
development of new possible treatments.

PGD is a procedure used to detect genetic defects in pre-
implantation embryos in order to avoid their transfer to the
uterus and ensure a pregnancy from genetically normal
embryos [12]. The establishment of hESC lines with genetic
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disorders can be performed using embryos diagnosed as
abnormal in PGD cycles, either PG Screening (PGS) for
chromosomal abnormalities and monogenic disease diagnosis
for the detection of gene mutations. These PGD-affected
embryos are not used for transfer or cryopreservation but they
can be a valuable source for the derivation of hESC lines.
Around 60 hESC from abnormal PGD embryos have been
described [3, 9, 11, 16, 19, 23,28, 31, 33, 38, 39] and 83 lines
have been registered in hESCreg (human Embryonic Stem
Cell Registry) (www.hescreg.eu).

Surplus embryos generated at the PGD cycle (genetically
abnormal and undiagnosed) need to be cryopreserved as the
Spanish law (Act 14/2006) establishes that [VF embryos only
can be generated for reproductive purposes. The couple has
then different options for the use of the cryopreserved
embryos including own use, donation to other couples, don-
ation for research and to discard the embryos with no further
use.e. Taking into account that PGD embryos have a hole in
the zona pellucida and as such more fragile and prone to lysis,
a safe and effective method for cryopreservation is needed.

Vitrification has demonstrated to be an effective method
for the cryopreservation of blastocysts coming from biop-
sied PGD embryos [21]. However, there are few reports on
data about the vitrification of blastocysts arising from biop-
sied embryos with a wide range of results in terms of
survival and pregnancy rates [10, 14, 36, 37, 44].

We here describe the results obtained after warming
blastocysts coming from two different vitrification methods
from PGD cycles and their use for hESC derivation with
genetic abnormalities.

Material and methods
Source of embryos

Human embryos diagnosed as abnormal (chromosomically
abnormal or affected of monogenic diseases) or with a failed
diagnosis and thus discarded for patient’s use, were vitrified
at blastocyst stage. Embryos were donated for research by
couples submitted to PGD cycles at Institut Universitari
Dexeus after informed consent. hESC Derivations were per-
formed at the Stem Cell Bank of the Center for Regenerative
Medicine in Barcelona (CMRB) after the approval of the
Ethics Committee and of the Comision de Seguimiento y
Control de la Donacion de Células y Tejidos Humanos del
Instituto de Salud Carlos III (approved 19.02.2007).

Embryo culture and PGD
Gamete and embryo culture were performed according to

standard protocols used in the In Vitro Fertilization (IVF)
laboratory of the Reproductive Medicine Service of Institut
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Universitari Dexeus. Embryos were biopsied on day 3 as
previously described [2]. One or two genetically normal
blastocysts were replaced on day 5, when the diagnosis was
established. All embryos that reached the blastocyst stage up
to day 7 were vitrified for the couple or for research.

Three groups were established according to the blastocyst
expansion degree: initial/expanded blastocysts, hatching
blastocysts and hatched blastocysts.

Vitrification and warming

During the first period, from November 2004 to April 2005,
blastocysts were frozen using a modified vitrification
method, with home-made solutions [25], loaded in a open
pulled straw [21, 35] and inserted into a high-security 0.3 ml
straw (Cryo Bio System, France) before plunging them into
liquid nitrogen avoiding direct contact with the sample.

Since 2005, the vitrification method used consists of a
commercialized closed device (HSV; Cryobiosystem,
France) and commercialized vitrification solutions (Irvine
Scientific; USA).

In all cases, for warming, each straw was immersed into a
37 °C water bath for 5 seconds. Dilution of cryoprotectants
was performed by six step incubations in decreasing sucrose
solutions.

After warming, embryos were placed in culture medium
(G2; Vitrolife, Sweden) and the evaluation of survival was
performed after overnight culture. Re-expansion and mor-
phological criteria such as the presence of structured ICM
and trophoectoderm were considered for survival evalua-
tion. Non structured and non re-expanded partially surviv-
ing blastocysts were also considered for use if viable cells
were identified.

Derivation of hESC lines

After overnight culture, surviving blastocysts were classi-
fied as suggested by Stephenson et al. [29] taking into
account the expansion degree (from 1 to 6; from initial to
fully hatched blastocysts), the number of cells and appear-
ance of the ICM (from A to E; from ICM with compacted
cells to no visible ICM) and the number of cells and cohe-
sion of the trophoectoderm cells (A to C; from many small
identical cells to sparse cells).

The ICM of good quality blastocysts was isolated by
exposing the trophoectoderm to cell lethal laser pulses
(Octax EyeWare, Olympus).

All whole embryos and ICMs were cultured on irradiated
human foreskin fibroblasts monolayers (HFF-1, CCD1112Sk
ATCC) in derivation medium. This medium is composed of
50 % hES medium and 50 % hES conditioned medium (hES
medium exposed to growing culture of hESC for one day with
2.5 % of hES cell tested FBS, Hyclone) supplemented with
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2.5 % of ES cell tested FBS, following the methodology
previously described [1, 6]. The derivation medium was grad-
ually substituted for hES medium between first and third
passages.

Poor quality as well as non structured and non re-
expanded partially surviving blastocysts were cultured for
2-3 days, in hES conditioned medium, to stimulate hESC
growth in the embryo. In this medium, ICM cells grow and
fill in the blastocelic cavity and throphectoderm usually
degenerates.

Characterization of hES cells

To determine if the line obtained was composed of hESC,
phenotypic and genetic analysis of undifferentiated colonies
were performed. Characterization included karyotype, anal-
ysis of human leukocyte antigen (HLA), assessment of
expression of pluripotency markers and evaluation of pluri-
potency in vitro and in vivo as previously described [24].

Statistical analysis

Chi-square test was used considering p<0.05 to be statisti-
cally significant.

Results

In total, 103 non-transferable PGD blastocysts were donated
for research. Blastocysts were warmed with a recovery rate
(percentage of blastocysts recovered after warming) of
82.5 % (85/103). Eighteen embryos were lost during the
process. From these 85 warmed blastocysts, 60 survived.
The overall survival rate was 70.6 % (60/85).

Statistically significant differences have been observed in
the survival rate according to the blastocyst expansion. The
survival rates were 87.9 % (29/33) for initial and expanded,
68.3 % (28/41), for hatching blastocysts and 27.3 % (3/11)
for hatched blastocysts. Differences were also observed in
the survival rates according to the vitrification media used
with lower results obtained when “homemade” medium
when compared with commercial media were used
(44.7 % versus 91.5 %). No differences were observed in
the survival rate according the day of vitrification (day 5, 6
or 7). Survival rates results are shown in Table 1.

Sixty-six blastocysts came from PGD for aneuploidy
screening (PGS) (77.6 %), while 19 blastocysts came from
PGD cycles for monogenic diseases (22.3 %). No differ-
ences were observed in the survival rates (66.7 % and
84.2 % respectively) (Table 2).

Thirteen embryos degenerated during the culture process
prior to seeding. Thirty-five blastocysts and 12 partially
surviving embryos were seeded. One stem cell line was

Table 1 Survival rates according blastocyst stage and vitrification
method and day

N Survival rate
Blastocyst stage
Blastocyst init/exp 33 87.9
Blastocyst hatching 41 68.3
Blastocyst hatched 11 27.3
p<0.05
Vitrification method
Home-made 38 44.7
Commercial 47 91.5
p<0.05
Day of vitrification
D+5 54 77.8
D+6 26 69.2
D+7 5 0
n.s

obtained from the monogenic disease group from a partially
surviving embryo (Fig. 1). This line came from an embryo
of a couple where the man was affected from multiple
exostoses type 2. Hereditary Multiple Exostoses (MHE) is
an inherited disorder of bone growth. Hereditary Multiple
Exostoses is a condition in which people develop multiple
benign (noncancerous) bone tumors called exostoses. The
number of exostoses and the bones on which they are
located vary greatly among affected individuals. This con-
dition is inherited in an autosomal dominant pattern through
the mutations of the EX71 and EXT2 genes. This embryo
was undiagnosed at the time of PGD and was discarded for
transfer and was preserved for vitrification for possible use
in research. DNA from the obtained hESC was analyzed by
amplification of the exon 2 of the EXT2 gen by PCR
amplification. The cell line established proved to have the
paternal mutation. The line was named ES [11-EM].
ES[11-EM] was fully characterized. It expresses alkaline
phosphatase, OCT4, NANOG , SOX2, SSEA-3, SSEA-4,
TRA-1-60 and TRA-1-81 (Fig. 2). Embryoid bodies (EBs)

Table 2 Survival rate and derivation efficiency according PGD
method

PGS Monogenic N %
diseases

Warmed blastocysts 66 19 85
Survival blastocysts (%) 44 (66.7) 16 (84.2) 60 70.6
Blastocysts, ICM or 38 9 47 78.3

partial survival

embryos seeded
Initial growth rate 8 2 10 21.2
Lines obtained (%) 0 1(1L.1) 1 (ES[11-EM]) 2.1
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Fig. 1 Blastocyst used for

ES[11-EM] derivation. a 3
Blastocyst post-warming (day

6). b Blastocysts 4 h post-

warming cultured in hESC

conditioned medium. ¢ Blasto-

cyst on day 7. d Blastocyst

seeded

were generated expressing markers of ectoderm (Tujl),
endoderm («-fetoprotein and FoxA2) and mesoderm (oc-
actinin, GATA4 and SMA) after in vitro culture (Fig. 3).
The supplementation of the differentiation medium with
ascorbic acid resulted in approximately 20 % of the EBS
generated displaying rhythmically beating areas. The ecto-
derm differentiation with PA6 coculture protocol give rise to
mature neurons that expressed high levels of Tujl This line
also had potential to form teratomas in SCID mice with
presence of tissues from the three germ layers as cartilage,
respiratory epithelium and neuronal tissue (Fig. 4). ES [11-

EM] showed normal karyotype (46, XY) (Fig. 5). HLA and
fingerprinting analysis were done (data not shown). This
line was registered in the Spanish Stem Cell Bank and the
hESCreg. Adequate frozen stocks are available and this line
is provided at scientist’s request.

Discussion

Eighty-two point 5 % of blastocysts were recovered after
warming. This figure is not very high and probably affected

Fig. 2 Expression of pluripotency markers in ES[11-EM]. Immunofluorescence localization of Oct4, Nanog, Sox2, TRA-1-81, SSEA-3, SSEA-4
and TRA-1-60 and alkaline phosphatase activity (AP)
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Fig. 3 In vitro differentiation of ES[11-EM] of ectoderm, endoderm and mesoderm. Cells immunoreactive for a Tujl, b Alfa-fetoprotein (green
channel) and FOXA2 (red channel) ¢ GATA4 (red channel) and a-actinin (green channel)

by the learning curve of the vitrification technique that was
partially put in place with non-transferable PGD blastocysts.
Other reports describe similar results (84.5 %, [10])

Our overall survival rate was 70.6 %.

Differences in the survival rate were observed with the
use of different vitrification media (home-made: 44.7 %;
commercial: 91.5 %). It has to be taken into account that
home-made media composition may be less homogeneous
and show variability and that these media were used at the
time of the learning curve of the technique.

Our results show similar survival rates for initial and
expanded blastocysts (18/20; 90 % and 84.6 % respec-
tively). It has been described that the degree of expansion
of the blastocelic cavity is related to the survival of blasto-
cysts after cryopreservation, with lower survival rates in
intact expanded blastocysts [8, 18, 34, 37]. A possible
explanation for the discordance of our results with these
publications is the fact that our blastocysts arise from biop-
sied embryos. It has been hypothesized that the hole in the
ZP may allow a better exposure to the cryoprotectant sol-
ution and result in a better dehidratation of the blastocoele
[4, 44]. The possible beneficial effect of an artificial opening

in the ZP before vitrification has also been reported, show-
ing higher survival rates in expanded blastocysts after ZP
opening. [42].

Decreased results in terms of survival rates were achieved
for hatching and much lower for hatched blastocysts (68.3 %
and 27.3 % respectively). No such differences were observed
by Escriba et al. [10] and hatching and hatched blastocysts
were not analyzed separately from expanded blastocysts in
other similar studies [14, 37, 44]. Biopsied blastocysts that are
inside the zona pellucida are exposed to the cryoprotectant but
are also protected from mechanical damage. Hatching and
hatched blastocysts have also a good exposure to the cryopro-
tectant but, as they are less protected by the zona pellucida,
they can be more susceptible to mechanical damage during
manipulation. This can be an explanation to the low survival
rate in hatching and hatched blastocysts.

From 47 blastocysts and partially surviving embryos that
were seeded only one cell line was derived. It is not possible
from our data to establish a correlation between derivation
efficiency and ICM quality, but as shown by our own results
in previous reports [1, 24], low quality embryos can be
successfully used in hESC derivation, with derivation

Fig. 4 Pluripotency of ES[11-EM] in vivo. a Ectoderm derivatives
were detected by immunoreactivity for Tujl; b Endoderm derivatives
detected by immunoreactivity for alfa-fetoprotein (green channel) and

FOXA2 (red channel); ¢ Mesoderm derivatives for smooth muscle
actin (green channel) and alfa-sarcomeric actinin (red channel)
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Fig. 5 Karyotype of ES[11-EM]

efficiency rates similar to the ones obtained with good
quality embryos. Although many authors report the number
of embryos and derivation methodology used, few reports
provide information about the quality of the embryos used
for derivation. Mitalipova et al. [17] reported a 21 % deri-
vation efficiency using discarded embryos. The derivation
efficiency presented by Chen et al. [5] with embryos with
low morphological scores was 10.5 %. Cowan et al. [7]
derived three lines from blastocysts that would have been
discarded because of their poor morphologic characteristics
and Zhang et al. [43] achieved a derivation efficiency of 5 %
from arrested embryos. Strom et al. [30] found no correla-
tion between embryo morphology and successful derivation
of hESC lines, with an overall derivation rate of 12.8 % (30/
234). However, O’Leary et al. [20] found a correlation
between the number of poor-quality traits and blastocyst
development and ICM quality, showing that good-quality
ICMs from embryos with multiple poor-quality traits are
unable to generate hESC lines.

The derivation efficiency of hESC with genetic abnor-
malities may vary according to the type of abnormality and
how this abnormality affects embryo and cell viability. Our
results show that no cell line was obtained from 31 chro-
mosomally abnormal embryos and only one cell line was
established from 14 abnormal monogenic diseased embryos.

@ Springer

Several authors have reported hESC lines coming from
embryos with chromosomal abnormalities. Frydman et al.
[11] reported a low derivation rate (4.5 %) from PGD-
blastocysts with chromosomal abnormalities whereas
Peura et al. [22] and Taei et al. [31] presented derivation
rates of 26.8 % and 18.2 % respectively. Verlinsky et al. [40,
41] found a correlation between chromosomal aneuploidies
and the efficiency of establishing hESC lines; they observed
that embryos with aneuploidies originated from meiotic
non-disjunction have a lower derivation rate than those
resulting from mitotic non-disjunction. Ilic et al., [13]
referred no hESC lines established from 12 karyotypically
abnormal embryos versus 2 lines from 4 normal embryos.
Thirty three lines carrying chromosomal abnormalities have
been registered in the hESCreg (www.hescreg.eu).

The derivation efficiency of hESC from blastocysts with
monogenic defects can be similar to the efficiency obtained
from normal embryos. Verlinsky et al. [38] obtained 18
hESC from 48 embryos affected or carriers of single gene
mutations (37.5 %). Mateizel et al. [16] and Tropel et al.
[33] reported similar derivation rates (21.4 % and 20 %
respectively) from PGD-embryos with monogenic diseases.

Some of these PGD-derived cell lines are already being
used in projects aimed to study the molecular mechanisms
of diseases such as Fragil-X Syndrome, [9] Myotonic
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dystrophy or Huntington disease [27, 28]. Recently,
Marteyn et al. [15] have identified an early developmental
defect in genes involved in neurite formation and neuro-
muscular connections using neuronal progeny derived from
hESC carrying the DM1 mutation.

hESC lines derived from PGD-affected embryos repre-
sent an unlimited source of cells for the study of human
genetics, drug screening, and the development of new ther-
apeutics protocols and possible gene and cellular therapies
for some diseases.

Acknowledgements The authors want to express their gratitude to
Xavier Vendrell from Sistemas Genomicos for his kindly assistance in
detection of mutation in the cell line obtained. This work has been done
under the auspices of the “Catedra de Investigacion en Obstetricia y
Ginecologia de la Universitat Autonoma de Barcelona”.

Conflict of interest The authors declare that they have not conflict of
interest.

References

1. Aran B, Rodriguez-Piza I, Raya A, et al. Derivation of human
embryonic stem cells at the Center of Regenerative Medicine in
Barcelona. In Vitro Cell Develop Biol Anim. 2010;46:356—66.

2. Boada M, Carrera M, De La Iglesia C, et al. Successful use of a
laser for human embryo biopsy in preimplantation genetic diag-
nosis: report of two cases. J Assist Reprod Genet. 1998;15:302-7.

3. Bradley CK, Scott HA, Chami O, et al. Derivation of Huntington’s
disease-affected human embryonic stem cell lines. Stem Cells Dev.
2011;20:495-502.

4. Cervera RP, Garcia-Ximénez F. Vitrification of zona-free rabbit
expanded or hatching blastocysts: a possible model for human
blastocysts. Hum Reprod. 2003;18:2151-6.

5. Chen H, Qian K, Hu J, Liu D, et al. The derivation of two addi-
tional human embryonic stem cell lines from day 3 embryos with
low morphological scores. Hum Reprod. 2005;20:2201-6.

6. Chen A, Egli D, Niakan K, Deng J, et al. Optimal timing of inner
cell mass isolation increases the efficiency of human embryonic
stem cell derivation and allows generation of sibling cell lines. Cell
Stem Cell. 2009;4:103-6.

7. Cowan CA, Klimanskaya I, McMahon J, et al. Derivation of
embryonic stem-cell lines from human blastocysts. N Engl J
Med. 2004;350:1353-6.

8. Ebner T, Vanderzwalmen P, Shebl O, et al. Morphology of vitri-
fied/warmed day-5 embryos predicts rates of implantation, preg-
nancy and live birth. RBM Online. 2009;19:72-8.

9. Eiges R, Urbach A, Malkov M, et al. Developmental estadi of
Fragil-X syndrome using hESC derived from preimplantational
genetically diagnosed embryos. Cell Stem Cell. 2007;1:568-77.

10. Escriba MJ, Zulategui JF, Galan A, et al. Vitrification of preim-
plantation genetically diagnosed human blastocysts and its contri-
bution to the cumulative ongoing pregnancy rate per cycle by
using a closed device. Fertil Steril. 2008;89:840—6.

11. Frydman N, Féraud O, Bas C, et al. Characterization of human
PGD blastocysts with unbalanced chromosomal translocations and
human embryonic stem cell line derivation? RBM Online. 2009;19
Suppl 4:4199.

12. Handyside AH, Kontogianni EH, Hardy K, et al. Pregnancies from
biopsied human preimplantation embryos sexed by Y-specific
DNA amplification. Nature. 1990;19:768-70.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Ilic D, Caceres E, Shuzhuang L, et al. Effect of karyotype on
successful human embryonic stem cell derivation. Stem Cells
Dev. 2010;19:39-46.

Keskintepe L, Sher G, Machnicka A, et al. Vitrification of human
embryos subjected to blastomere biopsy for pre-implantation
genetic screening produces higher survival and pregnancy rates
than slow freezing. J Assist Reprod Genet. 2009;26:629-35.
Marteyn A, Maury Y, Gauthier M, et al. Mutant hESC reveal
neurite and synapse formation defects in Type 1 Myotonic
Dystrophy. Cell Stem Cell. 2011;8:434—44.

Mateizel I, Temmerman ND, Ullmann U, et al. Derivation of human
embryonic stem cells lines from embryos obtained after IVF and after
PGD for monogenic disorders. Hum Reprod. 2006;21:503—11.
Mitalipova M, Calhoun J, Shin S, et al. Human embryonic stem
cell lines derived from discarded embryos. Stem Cells.
2003;21:521-6.

Mukaida T, Nakamura S, Tomiyama T, et al. Vitrification of human
blastocysts using cryoloops: clinical outcome of 223 cycles. Hum
Reprod. 2003;18:384-91.

Niclis JC, Trounson AO, Dottori M, et al. Human embryonic stem
cell models of Huntington disease. RBM Online. 2009;19:106-13.
O’Leary T, Heindryckx B, Lierman S, et al. The influence of early
embryo traits on human embryonic stem cell derivation efficiency.
Stem Cells and Development. 2011;20:785-93.

Parriego M, Solé M, Aurell R, et al. Birth after transfer of frozen-
thawed vitrified biopsied blastocysts. J Assist Reprod Genet.
2007;24:147-9.

Peura T, Bosman A, Chami O, et al. Karyotypically normal and
abnormal human embryonic stem cell lines derived from PGD-
analyzed embryos. Cloning Stem Cells. 2008;10:203—-16.
Pickering SJ, Minger SL, Patel M, et al. Generation of a human
embryonic stem cell line encoding the cystic fibrosis mutation
deltaF508, using preimplantation genetic diagnosis. RBM Online.
2005;10:390-7.

Raya A, Rodriguez-Piza I, Aran B, et al. Generation of cardio-
myocytes from new human embryonic stem cell lines derived from
poor-quality blastocysts. Cold Spring Harb Symp Quant Biol.
2008;73:127-35.

Reed ML, Lane M, Gardner DK, et al. Vitrification of human
blastocysts using the cryoloop method: successful clinical applica-
tion and birth of offspring. J Assist Reprod Genet. 2002;19:304—6.
Reubinoft BE, Pera MF, Fong CY, et al. Embryonic stem cell lines
from human blastocysts: somatic differentiation in vitro. Nat
Biotechnol. 2000;18:399-404.

Seriola A, Spits C, Simard JP, et al. Huntington’s and myotonic
dystrophy hESCs: down-regulated trinucleotide repeat instability
and mismatch repair machinery expression upon differentiation.
Hum Mol Genet. 2011;20:176-85.

Sermon KD, Simon C, Braude P, et al. Creation of a registry for
human embryonic stem cells carrying an inherited defect: joint
collaboration between ESHRE and hESCreg. Hum Reprod.
2009;24:1556—60.

Stephenson EL, Braude PR, Mason C, et al. Proposal for a univer-
sal minimum information convention for the reporting on the
derivation of human embryonicstem cell lines. Regen Med.
2006;1:739-50.

Strom S, Rodriguez-Wallberg K, Holm F, et al. No relationship
between embryo morphology and successful derivation of human
embryonic stem cell lines. PLoS One. 2010;5:¢15329.

Taei A, Gourabi H, Seifinejad A, et al. Derivation of new human
embryonic stem cell lines from preimplantation genetic screening
and diagnosis-analyzed embryos. In Vitro Cell Develop Biol
Anim. 2010;46:395-402.

Thomson JA, Itskovitz-Eldor J, Shapiro SS, et al. Embryonic stem
cell lines derived from human blastocysts. Science. 1998;282:1145—
7.

@ Springer



1020

J Assist Reprod Genet (2012) 29:1013-1020

33.

34.

35.

36.

37.

38.

Tropel P, Tournois J, Céme J, et al. High-efficiency derivation of
human embryonic stem cell lines following pre-implantation
genetic diagnosis. In Vitro Cell Dev Biol Anim. 2010;46:376-85.
Vanderzwalmen P, Bertin G, Debauche C, et al. Births after vitri-
fication at morula and blastocyst stages: effect of artificial reduc-
tion of the blastocoelic cavity before vitrification. Hum Reprod.
2002;17:744-51.

Vanderzwalmen P, Bertin G, Debauche Ch, et al. Vitrification of
human blastocysts with the Hemi-Straw carrier: application of
assisted hatching after thawing. Hum Reprod. 2003;18:1504—11.
Van Landuyt L, Verpoest W, Verheyen G, et al. Closed blastocyst
vitrification of biopsied embryos: evaluation of 100 consecutive
warming cycles. Hum Reprod. 2011;26:316-22.

Van Landuyt L, Stoop D, Verheyen G, et al. Outcome of closed
blastocyst vitrification in relation to blastocyst quality: evaluation
of 759 warming cycles in a single-embryo transfer policy. Hum
Reprod. 2011;26:527-34.

Verlinsky Y, Strelchenko N, Kukharenko V, et al. Human embry-
onic stem cell lines with genetic disorders. RBM Online.
2005;10:105-10.

@ Springer

39.

40.

41.

42.

43.

44.

Verlinsky Y, Strelchenko N, Kukharenko V, et al. Repository of
human embryonic stem cell lines and development of individual
specific lines using stembrid technology. RBM Online.
2006;13:547-50.

Verlinsky Y, Zech NH, Strelchenko N, et al. Correlation between
preimplantation genetic diagnosis for chromosomal aneuploidies
and the efficiency of establishing human ES cell lines. Stem Cell
Res. 2009;2:78-82.

Verlinsky Y, Strelchenko N, Kukharenko V, et al. Impact of mei-
otic and mitotic non-disjunction on generation of human embry-
onic stem cell lines. RBM Online. 2009;18:120-6.

Zech NH, Lejeune B, Zech H, et al. Vitrification of hatching and
hatched human blastocysts: effect of an opening in the zona
pellucida befote vitrification. RBM Online. 2005;11:355-61.
Zhang X, Stojkovic P, Przyborski S, et al. Derivation of human
embryonic stem cells from developing and arrested embryos. Stem
Cells. 2006;24:2669-76.

Zhang X, Trokoudes KM, Pavlides C. Vitrification of biopsied
embryos at cleavage, morula and blastocyst stage. RBM Online.
2009;19:526-31.



	Vitrified blastocysts from Preimplantation Genetic Diagnosis (PGD) as a source for human Embryonic Stem Cell (hESC) derivation
	Abstract
	Introduction
	Material and methods
	Source of embryos
	Embryo culture and PGD
	Vitrification and warming
	Derivation of hESC lines
	Characterization of hES cells
	Statistical analysis

	Results
	Discussion
	References


