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Abstract: BRL-3A conditioned medium combined with basic Fibroblast Growth Factor (bFGF), Insulin-like
Growth Factor (IGF), Stem Cell Factor (SCF) and STO cells are used for the culture of the feeder layer and ES
(Embryonic Stem) cell clones. This study is done by isolation of chicken X-stage blastodermal cells. The
putative ES cell clone features a typical bird’s nest structure, PAS and AKP-positive and strongly positive for
SSEA-1. It 15 able to form embryoid bodies and multiple types of cells as well as participates in embryonic
development and feather color chimera formation through i vitro differentiation.
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INTRODUCTION

The embryonic germ cells originating from the
primordial germ cells and the cells from the mmer cell mass
are collectively called Embryonic Stem (ES) cells which
have the ability to proliferate and differentiate into all
types of cells and tissues. These cells have broad
application prospects m basic research as well as in the
research and development of transgemc ammals
(Keefer ef al., 2007). Since, the establishment of the first
ESC lines in mice there have been numercus reports of
ESC lines establishment in other species (Evans and
Kaufman, 1981; Brons et al., 2007). Still, no ESCs from
other animals as from the mice have been demonstrated to
colonize the germ line. Further more, the derivation and
maintenance of ESCs from other species other than the
mouse is still difficult. This may primarily be due to the
lack of a suitable culture conditions that can effectively
inhibit differentiation of isolated ESCs from these species
mcluding chicken.

The ES cells of chicken are mainly isolated from X-
stage blastodermal cells due to their typical reproductive
features (Park et al, 2003; Van de Lavoir et al., 2006).
Pain et al. (1996) have reported the isolation and culture
system for chicken ES cells (Pain ef al., 1996). In early

studies, Buffalo Rat Liver Cells-Conditioned Medium
(BRL-CM) was used to establish a culture system for
chicken ES cells but only ES like cells were obtained after
short-term subculture (Meng ef al., 2008).

This study further optimizes the conditions for the
culture of chicken blastodermal cells and makes detailed
identifications of the ES cell features of the ES cell clones
obtamned. It sets a solid foundation for the infinite
proliferation of the chicken ES cell line.

MATERIALS AND METHODS

Experiment materials: Hatching eggs were obtamned from
a representative poultry farm in Hebei Normal University
of Science and Technology. They were hatched at 38°C
and 60% relative humidity. The BRL-3A (rat liver cell line)
cells and STO (mouse embryonic fibroblast cell line) cells
were purchased from the Institute of Biochemistry and
Cell Biology, Shanghai Tnstitutes for Biological Science,
Chinese Academy of Sciences.

Media and reagents: High-glucose Dulbecco’s Modified
Eagle’s Medium (DMEM), Fetal Bovine Serum (FBS),
sodium pyruvate, Phosphate-Buffered Saline (PBS),
trypsase, chicken serum, P-mercaptoethanol (purchased
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from Gibco); mouse Leukemia Inhibitor Gene (LIF), bFGF,
SCF, IGF-T, mitomycin C (purchased from Sigma), SSEA-1
and SSEA-4 antibodies,
(HRP)-conjugated goat anti-mouse IgG.

Horseradish  Peroxidase

Preparation of feeder layer: Mature STO cells were
adopted and the original culture solution was discarded.
After rinsing with PBS, DMEM with 10 pug mL™
mitomycin C was added and the resulting solution was
mncubated at 37°C for 2 h. Then, the culture solution
containing the mitomycin C was discarded and the cells
were rinsed with PBS. The cells were then digested with
trypsase into a single cell suspension. The cell
concentration was subsequently adjusted to 5x10° mL ™"
The cell suspension was placed into a culture dish
without gelatin and cultured at 37°C under a 5% CO,
atmosphere with saturated humidity.

Preparation of BRL-CM: The BRL-3A cells were cultured
in DMEM culture solution with 10% FBS. The culture
solution was collected 3 days later and stored at -20°C.
Solution samples were collected 3 times and then filtered
with 0.22 um membrane after mixing. Then the pH was
adjusted to 7.5. Composition of different culture systems:
Solution I: DMEM+10% FBS; Sclution II: BRL-CM,
Solution IIT: BRL-CM+4:1 mixture of 10% FBS and DMEM
with one or a combination of the following growth factors:
1x10° U L™ LIF, 1x10* ng 17! Stem Cell Factor (SCF),
1x10" ng L' Fibroblast Growth Factor (FGF) and
1x10* ng L™" Insulin-like Growth Factor 1 (IGF-1).

The following substances are added, respectively
to the foregoing solutions to the
final concentrations:

carresponding
1% non-essential ammo acid,
2 mmol L™ glutamine, 1 mmel L™ sodium pyruvate,
0.1 mmol L™ B-mercaptoethancl, 1 mmol L™ HEPES,
100 IUmL ™ penicillin, 100 mg mL ™" streptomycin and 2%
chicken serum. System I: feeder-freet+Sclution T; System
II: feeder-free+Solution IT; System III: feeder-free+Solution
I1T; System TV: STO feeder layert+Solution IT; System V:
STO feeder layer+Solution II1.

Isolation and culture of X-stage blastodermal cells: The
fresh hatching eggs of Shouguang chickens were
selected. The blastodermal zonae pellucidae were 1solated
aseptically wvia the filter study loop method after
sterilization, rinse with PBS and then centrifugated at
100xg for 5 mm. The cell mass was collected and prepared
mto a single cell suspension with 0.25% trypsin and
0.02% EDTA after trypsinization. The digestive solution
was then replaced with ES cell culture solution which was
moculated after resuspension mto the culture plate
covered with feeder layer. The incubation density was
one blastodermal per mL culture solution. Half of the
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medium was changed every 24 h. On the 4th-5th day, after
the ES-like cell colony was formed, the cells around the
colony tended to differentiate i.e., subculture. The
incubation density of ES cells was 5x10' mL.~". Half of the
medium was changed every 12 h. The subculture was
conducted in the same way.

Identification of chicken ES cells

Identification by Periodic Acid-Schiff (PAS) staining and
Alkaline Phosphatase (AKP) staining: The 6th
generation mature chicken ES cell colonies were selected
and subjected to PAS as well as alkaline phosphatase
chromogen staining using staining kits according to the
manufacturer’s instructions. The cells were then observed
and photographed.

Immunocytochemical stain: SSEA-1 and SSEA-4
immunofluorescence staining were conducted on the 3rd
generation mature chicken ES cells according to the kit
manufacturer’s instructions. The cells were then observed
under a fluorescence microscope and photographed.

In vitro and in vive differentiation experiments: The 6th
generation ES cells were selected and digested under a
slightly shortened digestion time. The cells were blown
gently to divide them into many small cell masses and
transferred into a culture dish (35 mm). No mbubitory
factors were added into the culture solution. The culture
was blown daily with a blowpipe and the formation of
embryoid bodies was observed. The 6th generation
mature ES cell clones were selected and prepared into a
single-cell suspension after digestion. The cell density
was then adjusted to 10°-10 mL™" and then 2-3 pL of the
cell suspernsion was injected into the subgerminal cavity
of the receptor and transferred into an eggshell. The
opening was then sealed and the egg was incubated until

the chick hatched.

Test of the genes related to chicken ES cell pluripotency:
The total RNA of the cells was extracted via the Trizol
cDNA  synthesized with avian
myeloblastosis virus reverse transcriptase and Oligo (dT)
18 primer. The primer was designed and amplified using
Primer 5.0. The primer sequence and fragment length of
the pluripotent genes are shown in Table 1.

method and was

The genes were amplified via PCR based on the
template of the synthetic ¢cDNA according to the
following parameters: initial denaturation at 95°C for
5 min; denaturation at 95°C for 40 sec; annealing at 58°C
for 30 sec; 35 cycles of extension at 72°C for 45 sec; final
extension at 72°C for 10mimn. Then, 5 pLL amplified product
was electrophoresed on 2% agarose gel observed with a
gel imaging system and photographed.
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Table 1: Primer sequences for RT-PCR. analysis of target genes

Tmp PCR

Primer Primer sequence (5'-3" (°C)_ product (bp)
cPouV  5-GTTGTCCGGGTCTGGITCT-3'

S-GTGGAAAGGTGGCATGTAGAC3 58 189
cNanog 5-CAGCAGACCICTICCTTGACC-3'

S TTCCTTGTCCCTCTCT CACC-3 58 187
ERNI  3-GATCTAGATCCTCAAATGAAT-3'

S TCTTGGGCAACCTCTCCCC-3! 535 594

Effects of different growth factors and their combination
on the culture of ES cells: The BRL.-CM was treated with
one or a combination of bFGF, IGF, SCF and IGF-1 in
different culture media. Chicken blastodermal cells were
cultured on an STO cell feeder layer. The generation of
positive cell clones was visualized by AKP stamming
(3 wells for each group, repeated 3 times). The effects of
the different growth factors and its combmation on the
culture of ES cells were observed.

Data analysis: The experimental data is expressed in
percent and the sigmficance of difference was analyzed
through t-test.

RESULTS AND DISCUSSION

Observation and identification of growth of BRL-3A cells
and chicken ES cells: The BRL-3A cells grew in
adherence as uregular polygons. The cells grew fast and
a paving stone-like pattern was formed after covering with
the cells (Fig. la). In the feeder-free System I, the
blastodermal cell adhered quickly. The flat single-layer
polygonal cells and small multiple-layer 1sland cells were
formed after culture for 48 h (Fig. 1b). In feeder-free
Systems II and IT1, the cell adherence slows down and cell
1slands were formed (Iig. 1c¢). In Systems IV and V with
feeder layers, the blastodermal cells formed ES cell clones.
The ES cell clones obtained in System IV remained
undifferentiated without subculture. In contrast, the ES
cell clones obtained in System V only reached the 8th
generation. Chicken ES cell clones grew adherence to the
culture plate and exhibited apophysis even edges and was
shaped like a bird’s nest and mound (Fig. 1d and e).
During the subculture, ES cells formed many smaller
masses. At 48 h they coalesced and grew mto the typical
bird’s nest formation (Fig. 1f). The chicken ES cell clones
were purple-crimson after PAS staimng (Fig. 1g) and
brown-yellow after AKP staining (Fig. 1 h). The cells of
the feeder layer were not stained. The chicken ES cell
colony of the 6th generation was SSEA-1 positive (Fig. 11)
and SSEA-4 negative (Fig. 1j). In the differentiation
culture system, the embryoid bodies (Fig. 1k) were formed
after suspension culture for 2-4 days. A feather-colored
chimera was obtained after it was injected into the
subgerminal cavity of the hatching egg (Fig. 1).
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Test of genes related to cell multipotency: The RT-PCR
results of cPouV, cNanog and ERNI mRNA expression
indicate that cPouV, cNanog and ERNI are genes related
to the sigmficant expression of chicken ES-like cell clone
multipotency. The results are shown in Fig. 2.

Effect of different growth factors and their combination
upon culture results of ES cells: During the experiment,
LIF, SCF, bFGF and other growth factors were added
into the BRL-CM culture solution at different ratios.
Afterward, ES-like cell proliferation was observed (3 wells
per group, for 3 replicates). The results are shown in
Fig. 3. The results indicate that SCF and bFGF may
promote the growth of ES cells at different degrees; the
chicken ES-like cell AKP positive clone resulting from the
combination of four growth factors differed significantly
from those by any 1 growth factor or a combination of any
3 growth factors (p<0.01). The scattered X-stage
blastodermal cells were cultured in different systems. The
blastodermal cells differentiated into flat single-layer cells
and multiple-layer island cells in the feeder-free condition
and no ES cell clone was obtained. The ES cell colony was
obtained when a feeder layer was used. Such a result 1s
consistent with that of previous studies 1.e., the chicken
ES cells depend on the feeder layer (Pain et al., 1996).
Notably, the ES-like cells obtained from System IV
differentiates fast without subculture. This indicates that
the BRL-CM and STO feeder layer mteract with each
other, providing the microenvironment or the growth
factors necessary for the formation of the chicken ES
clones. However, they are not sufficient to promote cell
proliferation or maintaining the undifferentiated state.

Presently, scholars mainly solve problems
concerning proliferation and differentiation by adding T.IF
and other growth factors and the undifferentiated state of
chicken ES cells could be mamtamed by activating
LIF-gp130-STAT3 (Horiuchi et al, 2004, 2006;
Yamashita et al, 2006). They also found that the
combination of IGF-1, SCF and other growth factors may
promote the isolated culture and subculture of chicken ES
cells. Combination of BRL-CM with the four growth
factors LIF, SCF, IGF and bFGF (i.e., System V) may
increase the positive cloning efficiency of chicken ES cells
(p<0.01) and prolong in vitro culture time. When only
one growth factor was used, the chicken ES cells
differentiated significantly even though the BRT.-CM and
the STO cell feeder layer were used. When BRI.-CM was
combined with LIF only, a clone was formed but the
process was too slow and the ES cell clone only reached
the 3rd generation (Meng et «l., 2008). The results
indicate that the 4 growth factors may be necessary for
the growth of chicken ES cells. Efficient interaction and
complementation among the growth factors and between
the growth factors and BRL-CM may achieve desirable
results.



J. Anim. Vet. Adv., 10 (6): 791-795, 2011

Fig. 1: Derwvation and characteristics of ES cells obtained from chicken X-stage blastodermal cells; a) BRL-3A cells x200;
b) blastodermal cell cultured in feeder-free System 1x400; ¢) t blastodermal cell cultured in feeder-free System 11
and [IIx400; d and ¢) Chicken ES cell clones colonyx400; f) the 5 passages ES cellsx250; g) PAS staimng ES
Cellsx250, h) AKP staining ES cellsx250; 1) SSEA-1 light positive (400x); j) SSEA-4 light negative (400=); k)
Embryoid bodies formed in suspension after & days of culture (100x); 1) the feather-colored chimera

cPouv M1 M2  ERNI

cNanog

Fig. 2: Expression of cPouV, cNanog and ERNI m chicken
ES cells, M1/50 bp ladder, M2/100 bp ladder

The chicken ES cells obtained from System V were
identical to those reported in previous investigations in
many respects such as PAS and AKP positive, SSEA-1
positive, PouV, Nanog and ERNI tests that express ES cell
multipotency or the ability to differentiate into embryoid
body-like structures, participation in early embryonic
development and formation of feather color chimera
(Lavial et al., 2007, Lavial and Pain, 2010; Acloque et al.,
2001).

However, this study was only able to obtain 8th
generation ES cells. Yang et al. has cultured chicken ES
cell in vifro mto the 20th generation under similar,
conditions.

The reason for such a difference probably lies in 2
aspects. First, the ability of BRL-3A cells to secrete
factors decreases due to repeated freezing and long
storage and the conditioned medium was affected
accordingly; second, the concentration of different
growth factors requires further optimization. Overall, this
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Fig. 3: Percentage of AKP positive colonmies with the
treatment of different cytokines

study has studied the conditions for the culture of
chicken ES cells with BRL-CM and set a solid foundation
for the infinite culture of chicken ES cell lines.

CONCLUSION

The results of the RT-PCR and gene sequencing
indicate that the expression of PouV, Nanog and ERNI
(i.e., the genes related to pluripotency of stem cells) are
significant in chicken ES cells. The BRL-3A conditioned
medium combined with growth factors bFGF, 1GF, SCF
and LIF may promote the formation of chicken ES cell
clones.
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