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Isolation and Culture of Human Embryonic Stem-like Cells from Abnormal Blastocysts
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and can be propagated in vitro indefinitdly in an
undifferentiated state’ Several studies were reported
that establishment of hES cell lines and it could be

Thomson et a (1998) firstly established a human
embryonic stem (hES) cdl line, which have the
potential to form virtualy any cell type in the body
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differentiated into various cdl types, such as pan-
cregtic cells, neural cells, endothelid cells and cardi-
omyocytes by various conditions of in vitro culture®”
These characteristics of hES cdls indicate that they
are vauable and useful for regenerative medicine,
pharmacokinetic screening, functional genomics and
aso researches on the development and differentiation
mechanisms of specific organs and tissues.

For the functiond analysis of specific genes in
vivo, knock-out mouse models have been produced by
screening and cloning of knock-out ES cells®®
However, the functional analyses of human genes are
limited by the species difference between mouse and
human. We speculate that in vitro differentiation of
knock-out human ES cells may provide the advanced
knowledge of functiona genomics in human system.

In human IVF-ET program, norma zygotes present
two pronuclel (2-PN) after in vitro fertilization, how-
ever, a few zygotes show one (1-PN) or more than
three pronuclei (3-PN) as abnormd fertilization. Pre-
implantation genetic diagnosis (PGD) has been widdy
applied for couples with high risk of offsprings with
chromosomal aberrations or genetic defects’®™ After
PGD, normal embryos are transferred to the mother’s
uterus, and abnorma embryos are further cultured or
anadyzed. These abnormally fertilized and aneuploid
embryos may develop to the blastocyst stage and the
abnormal conceptus.

This study was performed to evaluate the effect of
chromosomal abnormality on the establishing efficacy
of hES cdl line from abnorma blastocysts, and to
derive the defective hES cdll line as a pilot model of
knock-out human ES cdll line.

MATERIALS AND METHODS

1. Collection of human blastocysts

Human zygotes and pre-implantation embryos were
donated for use in this study following informed
consent by couples undergoing IVF-ET program.
After in vitro fertilization, the PN status of zygote

observed with an inverted microscope and classified
2-PN as norma and 1-PN or 3-PN as abnormad
fertilization. The abnormally fertilized zygotes were
cultured to blastocysts with the sequentiadl media,
G1.2 and G2.2 medium (Vitralife Inc, Sweden). In the
PGD using fluorescent in situ hybridization (FISH),
the blastomere biopsy and diagnosis of biopsied
nucleus were undergone by previoudy described
methods®™ The embryos with norma or baanced
FISH signas were transferred to the mother's uterus
and abnorma embryos were cultured to the blastocyst
with the sequentia media

2. Isolation and culture of inner cell mass

The inner cdl mass (ICM) of blastocyst was isolated
by immunosurgery as previousy described. ™ Briefly,
blastocysts were trested with anti-human whole serum
(Sgma, USA) for 10-15 minutes, followed by 5-10
minutes exposure to guinea pig complement (Life tech-
nologies, Germany) in 20 ¢l droplets & 37 °C in 5%
CO2. Isolated ICMs were cultured with Dulbecco's
modified Eagle medium (DMEM) high glucose conta-
ining 20% feta bovine serum or serum replacement, 1
mM glutamine, 0.1 mM [+ nercaptoethanol, 1% non-
essentid amino acids, 4 ng/ml human basic fibroblast
growth factor, 100 U/ml penicillin G and 100 ug/ml ste-
rptomycin on the feeder cdls. Primary mouse embryonic
fibroblest (AMEF) or STO feeder layer which was trested
10 ug/m mitomycin C for mitatic inactivaion, were used
as feeder cdls The mitomycin C- trested PMEF or STO
cdls were extensvely washed with PBS and replated at
75,000 cdlsicnt on gelatin- coated tissue culture dishes.
To prove our fadility of hES cdl culture system, dready
egtablished Miz-hESL cdl line wes cultured on the same
condition for fresh isolated ICMs, smultaneoudy. We
subcultured the hES cdl colonies by mechanical
dissociation using a micropipette every 7 days.

3. Characterization of undifferentiated hES
cells

Alkdine phosphatase (APase) activity is one of the
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features of undifferentiated cells. For APase locdi-
zation and immunocytochemistry, cultured hES cdls
were washed with Ca®*/Mg?"-PBS and then fixed with
4% paraformadehyde at 4  for 30 minutes. APase
staining was performed using a kit containing NBT/
BCIP as the subdtrate (Roche, Germany). The dark
blue staining was visuaized by light microscopy and
it was considered positive. Cell surface monoclonal
antibodies, SSEA-1, SSEA-3 and SSEA-4, were
purchased from the Developmenta Studies Hybri-
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Figure 1. The oocyte-cumulus complex of a meture
oocyte (metaphse-11), 1-pronucleus (1-PN), 2-pronu-
deus (2-PN) and 3-pronudeus (3-PN) zygote in humen
IVF-ET program.

Figure 2. Blastomere biopsy procedure of PGD
and FISH signds. (a) A norma nucleus with two
green (TelVision 5p) and two orange (TelVision 50)
signds, and (b) an abnorma nucleus with three
green and three orange signals in a chromosomal
trandocation case.

doma Bank (University of lowa, USA). The antibodies
were diluted with Ca**/Mg?-PBS containing 1% BSA
to block non-specific binding. Primary antibodies
were localized using bictinylated secondary antibody,
followed by a complex of avidin and horseradish
peroxidase and a Vector NovaRED or DAB substrate
kit (Vector laboratory, USA). The red staining was
considered positive under a light microscope (Nikon,
Japan).

Figure 3. Isolation and culture of ICMs and the
Miz-hESL cell line. (a) Isolated ICMs by immu-
nosurgery, (b) cultured an ICM after 2 days, (c) a
hES cdll-like colony from a blastocyst of abnormal
zygote after 6 days of culture, (d) morphology of
undifferentiated Miz-hESL cdll line during subculture.

L

Figure 4. Characteristics of undifferentiated Miz-
hESL cel line after subculture. (a) Localization of
akdine phophatase and immunohistochemistry of
(b) SSEA-1, (c) SSEA-3 and (d) SSEA-4.
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RESULTS

In human IVF-ET program, oocyte-cumulus com-
plexes (OCCs) are aspirated from ovarian follicles,
and then they are fertilized by conventional insemina-
tion or intracytoplasmic sperm injection. Observation
of pronucleus status is essentia step for selection of
norma zygotes with two pronuclel (2-PN) from both
parents. We sdected 1-PN and 3-PN zygotes, and
they were cultured blastocysts. The OCC, 2-PN, 1-PN
and 3-PN zygote are illustrated in Figure 1. A totd
of 20 blastocysts from abnorma zygotes were
obtained and used for this study. After immunosurgery,
we could not find any ICMs in some blastocysts
(n=7) from abnorma zygotes, dthough the morphology
of blastocysts was fair. Isolated ICMs were cultured
on the mitoticdly inactivated PMEF or STO cdls.
Only one hES cdl-like colony was formed from an
abnormal zygote, and the colony was dissociated and
mechanically disaggregated using a micropipette after
6 days of culture. The colony was not maintained
further culture, and we failed to establish the hES cdll
line from abnormaly fertilized blastocydts.

Blastomere biopsy procedure of PGD and FISH
signds of blastomeres nucle are shown in Figure 2.
After FISH, the aneuploid embryos were cultured to
blastocysts. A totd of 27 blastocysts from aneploidy
embryos were prepared for isolation of ICMs. The
isolated ICMs from aneuploid blastocysts were quietly
smal and poor. Two cdl colonies of isolated ICMs
were subcultured three times, repectively, but they did
not show any morphologica characteristics undifferen-
tiated hES cdls, such as Miz-hESL cdl line. The colony
was trandformed trophoblast-like cells after passage
number three, and we could not establish the hES cell
line from aneuploid blastocysts.

Established Miz-hES1 cell line (passage number
45) was provided from MizMedi Hospital, Seoul.
Miz-hESL cell line was maintained its characteristics
of undifferentisted hES cells after more than 30
passages of subculture in our facility. They showed

norma karyotypes (46, XY) and postive APase
activity. In the immunophenotyping of the subcultured
hES cells, SSEA-3 and SSEA-4 were stained red,
while SSEA-1 was not detected (Figure 4).

DISCUSSION

The knock-out or aneuploid hES cdl line may
provide the advanced knowledge of development and
differentiation of specific tissues and organs in human
system. Blastocysts from abnorma zygotes and aneu-
ploid embryos are occasiondly observed in human
IVFET program.™* In this study we want to establish
the hES cdl line from abnormdly fertilized and
aneuploid blastocysts as a pilot trid for the establi-
shment of knock-out human ES cell line. However,
the ICMs from abnorma blastocysts showed very low
potency of establishing hES cdl line.

Blastocysts from abnormad fertilized zygotes had
well differentiated trophoblasts and expanded bla-
stocoels, but its ICMs were poor. After immuno-
surgery, we could not find any specific cell clusters
as ICMs, it might be related to the norma trophoblast
development and differentiation of tetrgploidy embryos

in mouse and rat.’®Y

In human, anembryonic pre-
gnancy, only trophoblasts, was clinicaly occurred and
reported.®*® One ES cdl-like colony was formed
from isolated ICM but it was not maintained undi-
fferentiation status after subculture. Generdly, haploid
or polyploid embryos cannot survive to offsprings in
human because they have many defects in tissues and
organs. Thus hES cdl lines with haploidy or poly-
ploidy might be useful for the human developmental
biology.

The detection of chromosoma abnormalities in
human preimplantation embryos and PGD using FISH
has been successfully applied for couples who are at
high risk of transmitting chromosomal abnormalities
to their offsprings.®® We have reported the successful
outcomes and more than 90% reliability of diagnosis
by PGD-FISH.®% Two ICMs among 27 aneuploid
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blastocysts were subcultured, however, they were
differentiated to the trophoblast-like cdlls. At the same
time and condition, we subcultured Miz-hES1 cdll
line without spontaneous differentiation. The diffe-
rentigtion of ICMs from aneuploid blastocysts was
caused by nature of the ICMs rather than culture
condition.

Recently, our colleagues reported that three hES
cdl lines could be established from 30 blastocysts®
The success rate is 10% using tentatively normal
blastocysts. We dlocated 47 abnorma blastocysts for
establishing the hES cdll line, but did not succeed to
establish the defective hES cdl line. Our results
suggested that the ICMs from abnorma blastocysts
have very low potency as undifferentiated hES cdlls,
and normalcy of blastocyts is an important factor for
establishment and maintenance of undifferentiated hES
cdl line
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