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Derivation and Characteristics of ES-Like Cells in Chicken Fetal Ovarian
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Abstract: In the present study, the ES-like cells were derived from chicken fetal ovarian. These cells extubit
features similar to those of chicken EG cells such as typical bird nest morphology, strong reactivity toward
periodic acid-Schift and alkaline phosphatase staining. They could be maintained for more than a month on STO
feeder in vitro, expressed the pluripotent markers such as stage specific embryonic antigen-1, stage-specific
embryonic antigen-4, tumor rejection antigen-1-60 and tumor rejection antigen-1-81. Furthermore, the ES-like

cells could form embryoid bodies and differentiate to several kinds of cells in vitro. Their easy accessibility
makes these cells an attractive alternative to chicken ES cells for future functional and genomic studies and

comparison with other stem cells.
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INTRODUCTION

Chicken Embryonic Stem Cells (cESC) have a great
potential as tools for transgemic animal production and
studies of regulation of differentiation genes. ¢ESC
currently have been derived from pre-primitive streak
blastodermal cells and primordial germ cells under specific
culture conditions. These cells exhibit features similar to
those of mouse ES cells and present high capacities
to differentiate in vitro into various cell types
(Lavial and Pam, 2010).

However, several reports indicated that the long-term
cultured cESC seemed lost the ability to colonize the germ
line and no transgenic chicken were got through ¢ESC
heretofore which limits its application mn transgenic
research (Zhu et al., 2005, Van de Lavoir ef al., 2006a). For
these drawbacks of ¢cESC, researchers have focused on
finding alternative sources of multipotent cells.

Recently, multipotent ES-like cells have been derived
from mouse testis and ovarian (Kubota and Brinster,
2008; Zouet al., 2009). In avian, male germline stem cells
have been isolated from chicken fetal and neonatal testis
cells (Jung et al., 2007, Yu et al., 2010). Here, we show
that ES- like cells can also be generated from fetal chicken

ovarian under specific conditions. These cells could
proliferate for more than a month, express a set of typical
markers of ES cells and be induced to differentiate mnto
Embryoid Bodies (EB) in vitro.

MATERIALS AND METHODS

Isolation and culture of chicken ovarian cells: Fertilized
eggs of Hyline brown chicken were incubated at 38.2°C
and 60% relative humidity for 18 days in a forced-air
incubator (FT-KF8; Fangtong, Beyjing, China). The left
ovary was removed female embryos and then was
dissociated in 0.25% trypsin at Room Temperature (RT)
for 5 min. After the inactivation of trypsin with DMEM
containing 15% FBS, the cells were harvested by
centrifugation.

For primary culture, cell suspension containing both
gonocytes and somatic cells at a density of 1x10°/well
was cultured n 24 well plates (Corming Inc., Corming, NY)
with complete medium consisting of DMEM, 10%
FBS, 1% nonessential amino acid, 1mM HEPES, 1 mM
sodium pyruvate, 2 mM l-glutamine, 5.5%107° M B-
mercaptoethancl 100 ug mL™" of streptomycin, 100 IU
mL™" of penicillin, 5ngmL ™" of SCF, 101U mL ™" of LIF,
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40ng mL.~" GDNF and 10 ng mL ™" bFGF. The ES-like cells
colonies were digested with 0.25% trypsin and transferred
into another a 24 well tissue culture with feeder cells of
STO treated with 10 mg mL ™" mitomycin-C (Roche,
Switzerland) for culture at a ratio of 1:2-4. The medium was
changed every 2-3 days. The ES-like cells colonies were
passaged at an interval of 4-6 days on average. All
cultures were mamtained at 37°C m a humidified
atmosphere of 5% CO,.

Characterization of ES-like cells derived from chicken
ovarian

Periodic acid-schiff and alkaline phosphates staining:
The ES-like cells colonies were fixed with 4% buffered
paraformaldehyde for 10 min and rinsed with PBS three
times. The cells then were immersed in periodic acid
solution for 5 min and were subsequently treated in Schiff
solution for 5-10 min. All procedures were performed at
RT. PAS stained cells were observed under an inverted
microscope (Nikon, Japan).

For alkaline phosphatase staimng, we used a 5-
bromo-4-chloro-3-indoyl phosphate/mtroblue tetrazoliu
m alkaline phosphatase substrate kit (Boster, Wuhan,
China) according to the m structions of the manufacturer.
Colored colonies were scored using an inverted
fluorescence microscope (Nikon, Tapan).

Immunofluorescence analysis: Cultured ES-like cells at
the third passage fixed with cold 4%
paraformaldehyde for 15 min at 4°C . Reactions were
performed with cold PBS-containing 1 mg mL ™" BSA at
4°C. The first diluted antibody (ES Cell Characterization
Kit, Chemicon's added

Wwere

American) was

Millipore,

overnight. After washing, the second antibody FITC-
labeled (Beyotime, Haimen, China) was added for 1 hand
the cells were rewashed and then observed using an
inverted Nikon fluorescence microscope.

Development of embryoid bodies ir vitro: Cells were
digested with 0.25% trypsin for 1 min at 37°C and then
gently broken into small clumps and cultured in
suspension on dishes in Differentiation Medium (DM)
containing 5% FBS and without growth cytokines. The
medium was changed every 2 day. After 8 days, the cells
aggregated to form Embryoid Bodies (EB) and then the
EB was plated onto gelatin-coated dishes and cultured to
allow the expansion of different types of cells.

RESULTS AND DISCUSSION

Culture and characterization of chicken ovarian cells:
Dissociated gonadal cells derived from 18 day incubated
embryos contain gonocytes as well as somatic cells. The
gonocytes were morphologically disguisable from somatic
as they were much larger in the ovaran (Fig. la).
After 2-3 days of cultre under a specific medium
supplemented with LIF, SCF, bFGF and GDNF, these cells
formed flat focal colonies within (Fig. 1b).

These cells subsequently formed sharp-edged and
compact nest colonies (Fig. 1¢) that resembled chicken EG
cells (Fig. 1d) at about 7 day. These colonies could be
further subcultured under specific conditions on gelatin-
coated dishes with STO layer for at least 4 weeks for 5
passages. These ES-like colonies were stained red by PAS
staining (Fig. le,f) and displayed strong alkaline
phosphatase activity (Fig. 1g). The morphology of
ovarian-derived ES-like cells had a large nucleus and a
relatively small amount of cytoplasm (Fig. 1h).

Fig. 1: Derivation and characteristics of ES-like cells obtained from chicken fetal ovarian; (a) chicken ovarian
gonocytes ¥ 300, arrows indicate ovarian gonocyte, (b) chicken ovarian gonocytes cultured 2-3 day, formation of
small clusters x50, (¢) the primary ES-Like cells colony =400, (d) chicken EG cells colony =400, (e) PAS staiming ES-
like cellsx250, (f) PAS staining the 3 passages ES-like cellsx250, (g) AKP staining *250 and (h) DAPI staining 250
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Fig. 2: Especial immunohistochemical analysis of ovarian-derived ES-like cells on feeder layer of STO, (a, b) phase
contrast and SSEA-1 detection*250, (¢, d) phase contrast and SSEA-4 detectionx250, (e, f) phase contrast and
TRA-1-60 detectionx250 and (g, h) phase contrast and TRA-A-8] detectionx250

ES-like cells were successful obtained from chicken
fetal ovarian n this study and cultured under the medium
that resembled the medium used for chicken PGCs culture
(Park et al., 2003), except for the supplemented GDNF.
Recent study proved that GDNF was essential for
germline stem cells self-renewal and proliferation in mouse
(Zou et al, 2009). LIF are known to promote the
maintenance or proliferation of chicken ES without
mnducing differentiation in vitro (Pam et al., 1996). SCF
was required for cell survival and proliferation and bFGF
was absolutely required for the long-term culture of
chicken PGCs led to the derivation of large colonies of EG
cells (Park et al., 2003).

Marker expression of ovarian-derived ES-like cells: Cells
maintained in ovarian-derived ES-like cells cultures were
characterized using a set of (SSEA-1, SSEA-4, TRA-1-60
and TRA-1-81) antibodies known to identify EG and ES
cells (Wang ef al., 2010). The subcultured ES-like cells
were fixed and analyzed for expression of epitopes known
to be specific of ES and EG cell.

The epitopes recognized by
antibodies SSEA-1 which are expressed by non-
differentiated ES and EG cells in chicken (Pain et al., 1996,
Wang et al., 2010) were also expressed on colonies in
ovarian-derived ES-like cells (Fig. 2b). Another antibody,
SSEA-4 which recognizes a specific epitope on EG cells

the monoclonal

i chicken (Wang et al, 2010) also labeled ovarian-
derived ES-like cells (Fig. 2d). The TRA-1-60 and TRA-1-
8lantibodies recognize epitopes specifically on both EG
and ES m human (Henderson ef al., 2002). We observed
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that these two antibodies also label ovarian-derived
ES-like cells (Fig. 2f, h). As such, these ovarian-derived
ES-like cells are different from human ES cells but similar
to chicken EG.

Recent study proved that ovarian gonocytes
obtained from 20 days incubated embryo without culture
exhibit ability to migrate to the germinal ridges after
transfer into the bloodstream of recipient embryos, enter
the gonads and contribute to the germline lineage of
chimeras embryos (Naito et al., 2007) which means some
of ovarian gonocytes may share some phenotypic and
functional characteristics with PGCs m clucken.
Considering that chicken PGC maintain their restriction to
the germ line (Van de Lavoir ef al., 2006a) whereas chicken
EG and ES cells contribute substantially to somatic
tissues but not to the germ line (Van de Lavoir ef af.,
2006b). Therefore, more research is needed to confirm
whether the established cells have a germ
competent.

line

Differentiation in vitre: Upon exposure to in vitro
directed differentiation conditions, ES-like cells after 3
passages could form EB with a heterogeneous
morphology under differentiation medium culture for
about & day (Fig. 3a). These EB-like structures could be
maintained n these conditions for >10 days. When
transferred onte tissue-culture dishes, these EB-like
structures attached and spontaneously differentiated mto
several kinds of cells such as fibroblast-like cells,
neuronal cells as shown in Fig. 3b within a few days.
Therefore, these FES-like capable of
differentiation in vitro.

cells were
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Fig. 3: Morphology of differentiated cells and Embryoid Bodies (EB) induced by chicken ES-like cells; (a) Embryoid
bodies formed m suspension after 8 day of culturex100 and (b) The outgrowth of the EB contamed cells with a

typical neurenal morphBlogy =250

CONCLUSION

In this study, ES-like cells were isolated and
characterized from fetal chicken ovarian. These cells
exhibit a morphology and epitope profiles that are similar
to those of chicken EG cells after a short term in culture.
Considering the results of immunostaiming with germ
specific markers and spontaneous differentiation, we
designated these colonies as ES-like cells.

Further study 1s necessary to determme the most
efficient method to generate ES-like cells from chicken
fetal ovarian. This will open the way to carrying out
detailed research on ovarian-derived ES-like cells,
possibly leading to applications important for the chicken
industry like the production of transgenic amimals by
transfection of ES-like cells.
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