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Abstract: The primitive gonads collected from 5.5 days old chicken embryos were dissociated and explanted
onto plates pre-coated with 0.1% gelatin. The conditioned media from proliferating and Chicken Embryonic
Fibroblast (CEF) cells was supplemented with growth factors and used to support the growth of gPGCs. The
result showed that the conditioned media could promote the growth and colony formation of gPGCs in vitro
in particular the conditioned by CEF cells. The gPGC derived colonies maintained in CEF cells-conditioned
medium up to 281 days were positively antibodies specific to anti-SSEA-1, SSEA-4 integrin «6 and integrin 1
and stained by periodic acid Schiff reaction. Their capacities of migration via vascular system and taking up
residence mn the primary gonadal ridge were further demonstrated by transferring to the dorsal aorta of stage
17 recipient embryos. These results suggested that the culture system is able to maintain chicken gPGCs for
long-term iz vitro culture without losing their capacity to express pluripotent markers and to integrate into the

gonads.
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INTRODUCTION

Avian Primordial Germ Cells (PGCs) oniginate from the
epiblast and give rise to gametes (Eyal-Giladi et al., 1981).
As avian PGCs migrate into the embryomic gonads
through the vascular system, it makes PGCs convenient
to be harvested for genetic modification. Tt has been
demonstrated that germline chimeras could be obtained
by transplantation of chicken PGCs collected from
germinal crescent (Wentworth et al., 1988; Petitte et al.,
1990) and embryonic blood (Naito ef al., 1994a, b).

However, collection of PGCs from such tissues 1s
technically difficult and the number of available PGCs
providing for transplantation is exceedingly limited
(Park et al., 2003). Therefore, 1solation and long-term
culture of PGCs from the embryonic gonads might provide
a plenty resource for genetic manipulation of the chicken.
Allioh et al. (1994) first reported that chicken PGCs
isolated from gonads could proliferate in vitro for several
days. Park and Han (2000) established a longterm in vitro
culture system for Chicken Gonadal PGCs (gPGCs). This
report was first to develop and characterize Embryonic
Germ (EG) cells in avians (Park and Han, 2000). They
solated gPGCs from the undifferentiated gonads of
stage 28 chicken embiyos and maintained in culture for

4 months. These gPGCs cultured on feeders of mitotically
active Chicken Embryonic Fibroblasts (CEF) were both
positively stamned with SSEA-1 antibody and Periodic
Acid-Schiff (PAS) reaction. Somatic andgermline chimeric
chicken were obtaned by transfer of these cultured
gPGCs to the sub-germinal cavity of recipient embryos at
stage 2. A similar in vitro system was used to culture
chicken gPGCs with their own stroma cells for 2 months
without subpassage and change of feeder cells and
germline chimeras were also produced (Han et al., 2002).
With the culture of pluripotent stem cells, it can not only
provide sufficient materials for transgenic mampulation
but allow the selection of cells that have integrated the
transgene and cells to undergo targeted changes to the
genome through selection of homologous recombination
events (Capecchi, 2001, Lillico et al., 2005). In this study,
researchers use conditioned media on the establishment
of a long-term in vitro culture system that was convenient
for the genetic manipulation of chicken gPGCs.

MATERIALS AND METHODS

Sources of chicken primordial germ cells and stroma
cells: Ammal care and experimental procedures used n
this study were reviewed and approved by the Ethic
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Committee of Laboratory Animals at the Livestock
Research Institute, Council of Agriculture, Taiwan. The
gPGCs and stroma cells used m this study were prepared
from gonads of white leghom embryos at stage 28
(5.5 days of incubation).

Preparation of conditioned medium: The medium usedto
maintain chicken gPGCs was previously conditioned by
CEF. Chicken embryomc fibroblast cells were prepared by
primary culture of chicken embryos incubated for 5 days.
The procedures to prepare conditioned medium were
described as follows. Petri dishes were pre-coated with
0.1% gelatin (Sigma-Aldrich) solution. Chicken embryonic
fibroblasts were plated at a concentration of 5x10"
cells mL ™" on the 10 cm Petri dish in Dulbecco’s Modified
Eagle’s Medum (DMEM; Invitrogen, Paisley, UK)
containing 10% Fetal Bovine Serum (FBS; Invitrogen),
2 m M L-glutamine (Invitrogen), 100 units mI. ™" penicillin
G (Invitrogen) and 100 pg mL ™" streptomycin sulphate
(Invitrogen). The cells were cultured at 37°C m 5% CO,.
As cells were confluent, the orignal culture medium was
replaced with 10 mL of Embryonic Germ Cell culture
medium (EGM) containing DMEM, 10% FBS, 2% chicken
serum (Invitrogen), 1 mM sodium pyruvate (Sigma-
Aldrich), 2 mM L-glutamine, 55 pM 2-mercaptoethanol
(Sigma-Aldrich), 100 ug mL ™" streptomycin sulphate and
100 units mL ™ penicillin G. Collection of the conditioned
medium and replacement of new EGM were performed at
every 24 h intervals for 7-10 days. The conditioned media
collected from the same treatment were pooled,
centrifuged at 200xg for 5 min and filtered through a
0.22 pm filter and then stored at -20°C before use.

Isolation and ixn vitro culture of chicken gPGCs: Fertile
eggs from white leghomn chicken were incubated for
5.5 days. Primitive gonads of the chicken embryos
developed to stage 28 (Hamburger and Hamilton, 1951)
were collected. The embryonic gonadal tissues were
dissociated in 0.05% trypsin-0.53 mM EDTA by gentle
pipetting. After neutralization of trypsin-EDTA with EGM,
the gonadal cells were harvested by centrifugation at
200xg for 5 min.

The cell pellets were then resuspended and the cell
concentration was adjusted to 4x10* mL™" with each of
the four conditioned media supplemented with growth
factors (10 units mL ™" of human Leukaemia Inhibitory
Factor (mLIF; Sigma-Aldrich), 5 ng mL.~' of human stem
cell factor (hSCF; Sigma-Aldrich), 10 ng mL.~" of human
basic fibroblast growth factor (hbFGF; Sigma-Aldrich),
10 ng mL™" of human insulin-like factor-I (hIGF-I;
Sigma-Aldrich) and 0.04 ng mL ™" of human Interleukin-11
(hIL-11; Sigma-Aldrich)] and seeded onto gelatin-coated
4-well plates and cultured at 37°C in 5% CO, . The medium
was partially (50%) changed every day. Colonies formed

were regularly subcultured every 10-14 days. Passage of
cultured gPGCs was performed by enzymatic dissociation
with 0.05% trypsin-0.53 mM EDTA, harvested the cells by
centrifugation, resuspended the cell pellet with fresh
medium and reseeded the cell suspension into fresh 4-well
plates.

PAS staining and alkaline phosphatase activity assay:
The colomes of cultured chicken gPGCs were fixed to the
plate m 1% glutaraldehyde for 5 min and rinsed twice with
Phosphate-Buffered Saline (PBS; Sigma-Aldrich). For PAS
staining, the fixed gPGCs were immersed in periodic acid
solution (Sigma-Aldrich) for 5 min at room temperature.
After washing twice with PBS, the fixed gPGCs were
immersed i Schuff’s solution (Sigma-Aldrich) for 15 min
at room temperature. After washing twice with PBS,
PAS-stained gPGC colonies were observed under the
bright field of an inverted microscope. Alkaline
Phosphatase (AP) activity was detected by AP substrate
kit (Sigma-Aldrich) according to the manufacture’s
instruction.

Immunocytochemistry staining: The colonies of cultured
chicken gPGCs were fixed to the plate in 1%
glutaraldehyde for 5 min and rinsed twice in PBS. After
blocking with 1% BSA for 1.5 h at room temperature and
washed with PBS, the colonies were mcubated overnight
with appropriate dilution of primary antibody or
combination of antibodies at 4°C. Thereafter, the cells
were washed with PBS and then incubated with the
secondary antibody of the 1:1000 diluted biotin-
conjugated secondary antibody (AP128B; Chemicon,
Temecula, CA, USA) for a minimum of 2 h, followed by
washing in PBS. Avidin/biotin-comjugated AP system
(SA204; Chemicon) and BCIP/NBT AP substrate (ESO006;
Chemicon) were used to detect the results. Primary
antibodies used were specific against SSEA-1, SSEA-4
integrinPland integring®, respectively. All the primary
antibodies were purchased from Chemicon and hybrided
in a 200-fold dilution. Fluorescent cells were visualized
using an inverted fluorescence microscopy (DM IRB;
Leica, Wetzlar, Germany) equipped with digital camera
(E995; Nikon, Tokyo, Japan). Negative controls for each
fluorophore-conjugated secondary antibody were carried
out without the addition of the primary antibody. There
was no nonspecific binding of the secondary antibodies
exhibited.

It vivo migration test for cultured gPGCs: To determine
whether the gPGCs still had the property of migration
through the vascular system into the embryonic gonads
after long-term in vitre culture, gPGCs cultured for
253 days (passage 18) were used as donor cells for
trangplanting into the recipient chicken embryos. Colonies
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of cultured gPGCs were detached from gonadal stroma
monolayer and mechamically dispersed into single cell
suspension. Before transplantation, an EGFP reporter
gene dniven by CMV promoter (Clontech, Mountain view,
CA, USA) was transferred into the gPGCs. Approximately,
2.5x10° gPGCs were mixed with 15 pg plasmids in 1 mL of
Medium-199 supplemented with 10% chicken serum and
1.32% DMSO.

Gene transfer of the cultured gPGCs was carried out
in the 2 mm Gap Cuvette (BTX model 620) with one DC
pulse of 150 V/em for 10 ms supplied by an ECM 2001
electroporator (BTX, Genetronics Inc., San Diego, CA,
TUSA). Directly after electroporation, gPGCs were washed
and resuspended in HBSS containing 1%
penicillin/streptomycin (Invitrogen).

Approxmmately 3 pL of electroporated gPGC
suspension containing 300-350 cells ul.~' were injected
mto the dorsal aorta of each 3.5 days old embryo of the
coloured Taiwan Country Chicken. Control cell
transplantation was performed with the freshly 1solated
gPGCs from fertile eggs of White TLeghorn chicken
mcubated for 55 days. These imjected eggs were
incubated to hatch. The gonads of the 19 days old chicks
were 1solated and subjected to frozen dissection and
genomic DNA extracted. The isolated gonads were placed
m 20% sucrose/PBS at 4°C. The followmg day, the
gonads were transferred to embedding compound and
then snap frozen in isopentane pre-cooled in liquid
nitrogen. Frozen sections (7 mm) were thaw-mounted onto
slides pre-treated with PBS and fixed m 10% formaldehyde
for 10 min. After PBS washes, sections were permeablized
mn 1% Triton X-100/PBS for 10 min at room temperature
and then washed with PBS for 3 times. Then, the sections
were treated with 3% H,O, for 10 min and blocked in 5%
FCS for 1 h at room temperature. Thereafter, the sections
were mcubated with rabbit anti-GFP polyclonal serum
(1:200, A6455; Invitrogen) overnight at 4°C. Sections were
washed 1n PBS mcubated with fluorescent labelled goat
anti-rabbit  secondary antibody (1:1000, A11034;
Invitrogen) for 2 h, mounted mn Fluorosave (Calbiochem,
Darmstadt, Germany) and examined under a fluorescence
IICTOSCOPe.

The total DNA was extracted from gonads of the
19 days old chicks by the genomic DNA purification kit
(Promega, WI, USA). The Polymerase Chain Reaction
(PCR) analysis was carried out DNA samples in order to
detect the presence of the GFP. The primer was designed:
primer Al, 5-GCTCAATCGAATTCTGC T-3' (sense) and
primer A2, 5S-GAACTTCAGGGTCAGCTTGC -3
(antisense). After an mitial denaturation step (95, 10 min),
the PCR was performed in a reaction mixture (10 I.)
contaiming 0.2 M each of the primers, 1xPCR buffer,
0.2 mM dNTPs, 0.25 T AmpliTaq Gold polymerase (Perkin

Elmer Applied Biosystems, Foster, USA) and 10 ng of
DNA template. The amplfication step comnsisted of
40 cycles denautration (94°C, 30 sec), annealing (56°C,
30 sec) and extension reaction (72°C, 1 min) before a final
extension step of 10 min at 72. The PCR products with a
predicted size of 202 bp were analyzed by electrophoresis
on 2% agarose gels.

RESULTS AND DISCUSSION

In the present study, the gPGCs were plated together
with therr own stroma cells as primary culture and the
gonadal stroma cells were used directly as feeder cells.
The gPGCs were composed of a large excentric nucleus
and relatively small amount of cytoplasm with several
granules. The gonadal stroma cells attached to the surface
of the culture dish and slowly spread over as a monolayer
within 5 days but did not form any colony. The gPGCs
adhered and grew only on gonadal stroma cells and began
to form colomes 7-10 days after plating (Fig. 1a). The
chicken gPGC colonies did not tightly contact with the
stroma monolayer. Furthermore, the mndividual cells
onsisting in gPGC colonies did not firmly pack together
into small nests and were easily to be distinguished. The
gPGCs and their stroma cells were subcultured together at
an interval of approximately 10-14 days. These chicken
gPGC-derived colonies have been maintained in CEF for
up to 22 passages and proliferated over 281 days (Fig. 1b
and c¢) in repeated subculture throughout this study.
Transgenic hens, tuming the common chickens mto
pharmaceutical bioreactors can meet the growing demand
for protemn-based human therapeutics (Lillico et af., 2005).
The use of Primordial Germ Cells (PGCs) to produce
germline chimeras provides numerous advantages for
generating transgenic birds (Han, 2009). Germline
chimeras have been successfully produced in domestic
fowl by transferring PGCs or PGC-derived embryonic germ
cells (Park ef al, 2008) and researchers recently
established transgenic quail lines (Shin et al., 2008)
following PGC transfer inte recipient embryos.
Researchers initially plated gPGC's together with their own
gonadal stroma cells as mixed cell populations. During the
initial culture period, single or clump gPGCs were rare,
although they had typical exocentric nucleus with small
amount of cytoplasm and containing numerous glycogen
granules that could be easily recogmzed by morphological
difference (Fig. 1).

Alkaline Phosphatase (AP) activity is one of the
characteristics of murine and porcine Embiyonic Stem (ES)
cells. However, gPGCs m the embryonic gonads and
cultured gPGCs in present study showed very weak AP
activity. The colonies derived from cultured chicken
gPGCs could hardly be stained for AP expression.
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Fig. 1: Morphology of the chicken Gonadal Primordial Germ Cells (gPGCs) cultured in mitotically inactivated chicken
fibroblastconditioned medium for: a) 12 days; b) 140 days; ¢) 280 days at a magnification of 400%. The gPGC-
derived colomes were characterized by Periodic Acid-Schuft (PAS) staining at; d) Day 36; e) Passage 22 at a

magnification of 400x

The cytoplasm of chicken PGCs contains numerous
glycogen granules. Therefore, PAS reaction which stains
for glycogen had been used to identify PGCs (Meyer,
1964). The gPGC-derived colomes remained positively
stained by PAS reaction throughout this study. The PAS
reaction which stains for glycogen had been used to
identify PGCs (Meyer, 1964).

Researchers found that the gPGCs but not gonadal
stroma cells could be stained by PAS reaction. As shown
in Fig. 1, culhured chicken PGC-derived colonies at primary
culture (day 12, Fig. 1d) and passage 22 (Fig. le) could
also be identified by PAS staiming. Thus, researchers
ensured that these colonies were derived from primordial
germ cells but not gonadal stroma cells. The colonies
derived from chicken gPGCs remained positive PAS
staining  throughout study. Their mtensity to PAS

staining did not decrease after repeated subculture. The
cytoplasm of chicken PGCs contains numerous glycogen
gramiles. Therefore, PAS reaction which stains for
glycogen had been used to identify PGCs (Meyer, 1964).
The gPGC-derived colonies remained positively stained
by PAS reaction throughout this study. This implied that
chicken gPGCs could maintain their original
characteristics after long-term culture in CEF cells
conditioned medium by repeated subcultures. Anti-SSEA-
1 antibody can specifically recognize galactose (B1-4)
N-acetylglucose-amine (¢t1-3) fucose epitope which 15 a
characteristic of undifferentiated murine ES and EG cells
and has been used as a criterion for distinguishing
pluripotent stem cells (Selter and Knowles, 1978).

In avian embryo development, it has been proven
that avian germ cells (Karagence et al., 1996) and cultured
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Bright

Fluorescence

Integrin 31

Integrin al

Fig. 2: Characterization of gPGC-derived colony at passage 22 by antibodies to SSEA-1, SSEA-4 integrinf1 and integrina6

at a magmfication of 200x

EG cells (Park and Han, 2000, Han et al., 2002) also
express such epitopes on the cell surface. The cultured
chicken gPGCs mamtamed in vitro for a long-term period
might appear like EG cells and expressed cell markers
specific for plunipotent stem cells (Han et al., 2002). In the
present study, chicken gPGC-derived colonies but not the
gonadal stroma cells mamtained in the CEF cells-
conditioned medium long-term in vitro culture system
throughout the study were selectively stamed by

antibodies to SSEA-1, SSEA-4 integrinPl and integrina6
(Fig. 2). These results suggested that these colonies
maintained their capacity to express cell markers specific
to pluripotent stem cells. Other than anti-SSEA-1
antibody, the results of immunostaming in this study also
demonstrated that the antibodies to SSEA-1, SSEA-4
integrin ¢6 and integrin Pl could specifically bind to
chicken gPGCs as that described in the previous study
(Jung et af., 2005) after cultured in vitre for 22 passages.
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These results suggested that the culture system
established 1n the present study could maintain chicken
gPGCs for longterm ir vitro culture without losing the
capacity to express cell markers specific to pluripotent
cells. Alkaline phosphatase 1s a classic marker for the
undifferentiated pluripotent cells of the mammalian
species (Wobus et al, 1984; Matsui et al, 1992;
Shim et al., 1997, Chen ef al., 1999). Some reports also
indicated that AP can be used to identify chicken PGCs
(Tang and Zhang, 2007; Tang et al., 2007).

However, the AP activity in neither freshly isolated
chicken gPGCs nor their deriving colonies could not be
detected by standard staining protocol in this study. The
same results had also been demonstrated elsewhere
(Park and Han, 2000; Jung et al., 2005). This might be
related to the physiclogical and genetic particularities of
the avian species. The cultured clucken gPGCs mamtained
in vitro for a long-term period might appear like EG cells.
However, the ultimate criteria of developmental potential
must be determined by the in vivo test.

To elucidate the physiological details of gonadal
migration of exogenous germ cells after transfer,
researchers evaluated the EGFP-transfected gPGCs,
cultured for 253 days (passage 18) (Fig. 3) CEF cells-
conditioned medium were harvested and used for
transplantation to the recipient embryos. Approximately
33% (15/45) and 40% (12/30) of embryos transplanted
with EGFP-transfected and freshly isolated gPGCs,
respectively, survived and hatched. At day 19

after hatching, their gonads were isolated for frozen
dissection. The cells positive to EGFP-staining were
found mside the semimferous tubules from three
individual chicks iyjected with EGFP-transfected PGCs
(Fig. 4a). No EGFP-expressing cell was found from the
gonadal dissections prepared from the control chicken
(Fig. 4b).

The expression of the EGFP as revealed by rabbit
anti-GFP polyclonal serum activity was detected inl3.5%
of survival embryos (Table 1). The PCR product of the
expected size (202 bp) was amplified from gonads of
19 days old chicken genomic DNA. The negative control
genomic DNA was not amplified with the primer set for
chicken (Fig. 5).

Fluorescen

Fig. 3: EGFP-transfected gPGCs, cultured for 253 days: a)
PGCs showing GFP under fluorescent microscope;
b) Same colony of PGCs without fluorescent.

Photos were taken wunder a fluorescence
microscope at a magnification and Bright field of
200x

Fig. 4: The EGFP-expressing cells were detected inside the semimferous tubules of the gonadal dissection of chicken;
a, b) Derived from the embryo transplanted with EGFP transfected gPGCs not from chicken; ¢) Derived from the
embryo transplanted with non-transfected gPGCs; d) H and E stain. Photos were taken under a fluorescence

microscope at a magnification and Bright field of 400x
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202 bp

Fig. 5: PCR product of the expected size (202 bp) was
amplified from gonads of 19 days old chicken
genomic DNA. The negative control genomic DNA
was not amplified with the primer set for chicken.
M: Molecular size marker (100 bp). N: Negative
control genomic DNA. 1~-9: Injected with EGFP-
transfected PGCs of the 19 days old chicks gonads
genomic DNA. 10:GpEGFP-CMYV plasmid DNA
(positive control). 11: Detonized water

Table 1: The expression of the EGFP gene in gonads of 19 days old chicken
by rabbit anti-GFP polyclonal serum

No. of EGFP
Groups No. of embryos observed expresised embryos (%0)
Control 20 0(00.0)
Trail 37 5{13.5)

Table 2: Detect of EGFP gene from gonads of 19 days old chicken genomic
DNA by PCR (%)

Groups No. of embiyos detected No. of detected EGFP (%)
Control 20 0 (00.0)
Trail 51 8(15.7)

The rate of detected specific EGFP band from gonads
of 19 days old chicken genomic DNA by PCR was 15.7%
(Table 2).

Which resulted from the embryos transplanted
EGFP transfected gPGCs. This result exlubited that the
gPGCs after long-term in vifro culture still possessed the
abilities of migration in blood stream integration into the
germline and to participate the formation of the host
gonads.

CONCLUSION

The results of the chicken gPGCs can be mamntained
in vitro for »9 months with medium conditioned by
mitotically inactivated CEF. These EG-like cultured gPGCs
are able to express cell markers specific to pluripotent cells
and still capable of migration and reside in the embryonic
gonads. This technique would be useful to provide
mumerous gPGCs and a wider time frame for genomic
manipulation in the chicken.
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