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Abstract
The aim of this study was to isolate Embryonic Stem Cells (ESCs) from native chicken and to characterize their pluripotency properties through the cellular and 
molecular markers. Samples obtained from fertilized eggs from Mazandaran native hens. Cells were isolated from area of pellucida from stage X native hens’ blas-
toderm. Then the cells were cultured on inactivated mouse SNL feeder cells in the presence of LIF, IGF-1, bFGF, CNTF, OSM, SCF, Il-6, and Il-11 growth factors. 
The native chickens’ ESCs colonies were picked up and subsequently passaged. To characterize the cells, they were analyzed for their alkaline phosphatase activity, 
and also for the expression of SSEA-4, and TRA-1-60 as embryonic-specific markers at the protein level. Furthermore, the expression of pluripotency (cPouV, Sox2, 
and Nanog) and cell lineage specific (Cvh, Brachyury, and Gata6) gene markers was evaluated at the level of mRNA using quantitative RT-PCR. Isolated cells were 
passaged repeatedly and successfully up to ten passages. The stemness of embryonic cells has been approved by the activity of the alkaline phosphatase, presence 
of the SSEA-4, and TRA-1-60 protein, and expression of the molecular marker (cPouV, Nanog, and Sox-2) genes. The spontaneous differentiation of chicken ESCs 
confirmed the pluripotecy of the cells in differentiation into specialized cell lineages. Our observation showed that ESCs can be isolated successfully from stage X 
blastoderm of Mazandaran native chickens and these cells maintain their stemness properties during multi-passages in vitro. 
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Introduction
 
Stem cells can broadly be divided into two cell type: 

embryonic stem cells (ESCs) and adult stem cells (1, 
2). In comparison to adult stem cells, ESCs are gener-
ally more potent and can potentially differentiate into 
all three-germ layers-derived cell lineages (3). Pluri-
potent stem cells with embryonic stem (ES)-like cells 
properties and adult stem cells have been successfully 
isolated and characterized extensively in a variety of re-
search studies (4-8). In the last decade, establishment 
and maintenance of the pluripotent ESCs have reached 
their greatest notoriety in stem cell biology and regen-
erative medicine (9, 10). As ESCs became more widely 
used in experimental studies, application of these cells 
also showed promising results in clinical trials (11-13).   

ESCs are a powerful source for generating potential-
ly unlimited numbers of specialized cells (14). These 
cells were first derived in 1981 in the mouse (15) and 
subsequently from human blastocysts and a number of 
other species such as mink (16-18), rhesus monkey (19), 
pig (20), and hamster (21). Likewise, chicken (Gal-
lus gallus domesticus) embryonic stem cells (ESCs) are 
derived from cells obtained from stage X embryos (blas-
toderm stage); and, as reviewed by Intarapat and Stern 
(2014), chicken ESCs have the ability to contribute to 

all somatic lineages in chimaeras, but not to the germ 
line (22). Not only the chicken is considered as premier 
model in developmental biology (23), but also it can 
be used as bioreactor for the production of exogenous 
proteins in a egg white (24). Because of its simplicity 
of isolation, unique properties, and ease of processing 
compared to other source of stem cells (25, 26), chicken 
ESCs are a valuable source of cells that can be used to 
investigate the molecular mechanism of differentiation 
and pluripotency (27-29).    

Conservation of animal genetic resources is a topic 
of discussion since the 1950s (30). The genetic resource 
base of the indigenous animals could form the basis 
for genetic improvement and diversification to produce 
breeds adapted to local conditions (31). Among the mul-
tiple guidelines and strategies which have been proposed 
for maintaining the genetic resources of both domestic 
and wild animals (32-34), isolation and culture of ESCs 
as an efficient approach appropriately applied in various 
species (35, 36). As per literature survey, this widely ap-
plied approach has not been evaluated in native chicken. 

The objective of  current study, therefore, was to 
isolate and characterize the ESCs from native fowls 
for saving population of native breed in rural areas. 
To accomplish this, ESCs were isolated from stage X 
blastoderm of native chickens and characterized by the 
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presence of typical ESC markers such as activity of the 
alkaline phosphatase and presence of specific proteins 
like SSEA-4 and TRA-1-60. To further characterized 
the derived ESCs, expression of pluripotency-related 
(cPouV, Sox2, and Nanog) and differentiation-related 
(Cvh, Brachyury, and Gata6) genes has been evalua-
ted in the cells quantitatively. Finally the potency of 
the established ESCs in generation of specialized cell 
lineages was tested in the mRNA level.

Materials and methods

All products were purchased from Sigma-Aldrich 
Chemical Company (St. Louis, MO, USA) and Gibco 
(Grand Island, NY, USA) unless stated otherwise.

Isolation and culture of cells
Fertilized eggs from Red Naked Neck hens, a native 

chicken of Mazandaran native chicken were transported 
to the laboratory and cleaned with 70% ethanol before 
processing to reduce the risk of contamination. The area 
of pellucida (Fig. 1) was isolated from stage X blasto-
derm, washed twice with culture medium, and dispersed 
into a single cell suspension by a 200 µl pipette. Then 
the single cells were seeded and grown on feeder layers 
of mitotically inactivated SNL 76/7 cells treated with 
mitomycin-C (Invitrogen Co. USA) in 6-well gelati-
nized culture plates (Orange Science, Belgium). ESCs 
were cultured on a feeder layer in Dulbecco’s Modi-
fied Eagle Medium (DMEM) supplemented with 20 
% fetal bovine serum (FBS), 1% non-essential amino 
acid, streptomycin (100 μg/mL), penicillin (100 U/mL), 
10 ng/ml gentamycin, 0.1 mmol/l b-mercaptoethanol, 

20 ng/ml LIF, 20 ng/ml IGF-1,10 ng/ml bFGF, 20 ng/
ml CNTF, 20 ng/ml OSM, 10 ng/ml SCF,20 ng/ml Il-6 
and 10 ng/ml Il-11 growth factors (all from PeproTech). 
SNL76/7 cells were cultured and passaged in DMEM 
supplemented with 20 % FBS. Noninfected MDCC-
MSB1 cells also were cultured in media containing 
high glucose DMEM and 10 % FBS and processed for 
control purposes. 

Pluripotency characterization and maintenance
Alkaline phosphatase staining of ESCs

ESCs maintained on SNL 76/7 cells for 10 passages 
were isolated and evaluated for the activity of alkaline 
phosphatase. For this, after washing with phosphate 
buffer saline (PBS), cultured cells were fixed with cold 
4% paraformaldehyde at 4°C for 20 minutes. Alka-
line phosphatase staining solution containing 100 mM 
NaCl, 100 mM Tris-HCl pH 9.5, 5 mM MgCl2, 1 mg/
ml NBT, 0.1 mg/ml BCIP was added after washing and 
incubating at 37°C. The reaction was incubated for 5-30 
minutes at 37°C, stopped by addition of 10 mM EDTA, 
and the wells were washed with PBS. Colored colonies 
were investigated using an inverted microscope (Moti-
cam 2300, 3.0 M pixel USB 2.0).

Immunocytochemistry characterization of ESCs
ESCs were characterized by immunocytochemistry 

using antibodies against anti-SSEA-4 and TRA-1-60 
(Stemgent, USA) as described previously (3). Briefly, 
after 10 passages ESCs were fixed in 4% of parafor-
maldehyde for 20  min followed by permeablization 
with 0.1% TX-100 in TBS (TBST), the cells were bloc-
ked for 30 min at room temperature with 5% BSA in 
TBST. Then, cells were incubated with primary antibo-
dies (1:100 dilution) diluted in 1% BSA in TBST for 1h 
at RT. Anti rabbit IgG conjugated with R Phycoerythrin 
(PE) diluted in 1% BSA in TBST (1:400 dilution) were 
used as secondary antibodies for 30  min at RT. After 
washing with PBS, cells were incubated with DAPI (4′, 
6-diamidino-2-phenylindole; 1:1000, 30 second, sigma, 
Germany) for nuclear staining. Finally, images were 
trapped by a fluorescence microscope, Nikon TE200 
inverted fluorescence microscope.

RNA isolation, synthesis of cDNA and reverse trans-
criptase-polymerase chain reaction detection of mar-
ker genes

Total cellular RNA was extracted using Qiazol ac-
cording to manufacturer’s instruction (Qiagen, Germa-
ny). For this, samples were lysed in 1 ml Qiazol/g tissue 
by Tissue Lyser LT. Then, the total RNA was extracted 
from the lysed cells of each sample. Synthesis of cDNA 
was carried out with M-MuLV reverse transcriptase 
(RT) and random hexamer as the primer, according to 
the manufacturer’s instructions (Fermentas). PCR am-
plification was performed using a standard procedure 
with Taq DNA Polymerase with denaturation at 94 °C 
for 15 s, annealing at 55-60 °C for 30 s according to 
melting temperature of each primer, and extension at 
72 °C for 45 s. The number of cycles varied between 
30 and 40, depending on the abundance of particular 
mRNA. The primers and product lengths are listed in 
Table 1.

Figure 1. Schematic illustration of stage X chicken embryo. The 
upper figure shows the ventral view, and the lower figure shows the 
cross section. Two distinct regions of blastoderm can be identified, 
the area pellucida and the area opaca, consisting of the darker cells 
at the margin of the blastoderm and yolk. Between the area pellucida 
and the yolk is a space called the subgerminal cavity (60).
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three experiments. Statistical analysis was done using 
the one-way analysis of variance (ANOVA) to com-
pare the results. Values of p < 0.05 were considered to 
be statistically signifi cant. All statistical analyses were 
conducted with SPSS software, version 17.0.

Results

Morphology and growth properties ESCs
Our data showed that native hens ES-like cells are 

maintained as self-renewing pluripotent cells on fee-
der cells. Inactivated SNL76/7 feeder cells showed in 
Figure 2.A, and formation of typical circle-shaped co-
lonies were observed after one day culture of the area 
pellucida on inactivated feeder layers. After one week, 
ESCs colonies get suffi ciently large to cover ~50% of 
the well and became more visible with distinct boun-
dary (Fig. 2B).

Real-time PCR of marker genes
Real-time PCR reactions in 25µl fi nal volume 

containing 12.5 µl 2X SYBR Premix Ex Taq (Takara 
Bio Inc.), 0.4 mM of fi nal concentration for each pri-
mer, 2 µl template and distilled water were conducted 
in Rotor Gene 6000 (Corbett life science). Real-time 
PCR was performed in a two-step program with the fol-
lowing thermal setting: 3 min at 95 °C for initial dena-
turation followed by 40 amplifi cation cycles (each 5 s 
at 95 °C, 20 s at 60 °C with fl uorescence detection) and 
a fi nal step of melting curve analysis. All the samples 
were analyzed in duplicate, and the average value of 
the duplicate was used for quantifi cation. The data were 
normalized to Rs17 and 2-ΔΔCt methodology was used for 
relative quantifi cation (37).

Statistical Analysis
All data are expressed as the mean±SD of at least 

Table 1. Details of primers used for real time PCR quantitative analysis.

Gene name Primer sequences Annealing temperature (°C) Product size (bp)

Nanog F: 5' -CCTACAAGCAGGTGAAGACG-3'
R: 5′-GCCTGAAGGTTTCTGTTGGC-3' 59 187

cPou v F: 5' -GGTATCTCGAGCCATTCACCG-3'
R: 5'- CATCTTCCCATAGAGCGTGCC-3' 60 165

Sox2 F: 5'-GCAGAGAAAAGGGAAAAAGGA-3'
R: 5'-GTGGAAAGGTGGCATGTAGAC-3' 54 170

Cvh F: 5'-TGTCATCCCTGTTTTGCTTG-3'
R: 5'-ACAAATCCTGCGGAAAATTG-3' 53 158

Brachyury F: 5'-ACGCCATGTACTCCTTCCTG-3'
R: 5'-TGTTGGTGAGCTTGACCTTG-3' 56 198

Gata6 F: 5'-CCGACCACTTGCTATGAAAAA-3'
R : 5'-CAGCCCATCTTGACCTGAATA-3' 54 274

Rs17 F : 5'-ACACCCGTCTGGGCAACGACT-3'
R : 5'-CCCGCTGGATGCGCTTCATCA-3' 63 129

PCR, polymerase chain reaction; F, forward; R, reverse.  

Figure 2. Morphology of native chicken embryonic stem cells is shown. The SNL cells (A) used as feeder cells. The embryonic stem cells made 
large colonies (B) a day after culture on SNL feeder cells. Scale bar is 65μm.

Figure 3. A colony of undifferentiated ESCs (A) was characterized for the alkaline phosphatase activity which is distinguishable by violet dye (B). 
Scale bar is 65μm.
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of immunostained cells under fl uorescent microscope 
showed that all morphologically defi ned ES colonies 
are positive for both SSEA-4 and TRA-1-60 markers; 
however the possible presence of single ES cells which 
did not express these markers cannot be excluded. 

 
Gene expression of marker genes 

In order to further confi rm the pluripotency of ESCs 
derived from native chickens, we evaluated the expres-
sion abundance of candidate marker genes using real-
time PCR. For this, the expression of candidate genes 
for stemness (cPouV, Sox2, and Nanog) and cell linage-
specifi c  (Cvh, Brachyury, and Gata6) were evaluated 
at the level of mRNA in ESCs while compared with 
chicken adult tissue and a chicken cell line as control 
groups.  Expression data for stemness (cPouV, Sox2, 
and Nanog) genes and cell lineage-specifi c (Cvh, Bra-
chyury, and Gata6) genes in ESCs as compared with 
MDCC cell line and, chicken adult tissue are presented 
in Figure 5a and 5b, respectively. Our results showed 
that the relative transcript abundance of cPouV, Sox2, 
and Nanog was increased (P < 0.05) in ESCs compared 
to that of control cells. We also observed a decreased (P 

Pluripotency characterization 
Alkaline phosphatase staining of ESCs 

After 10 passages, the positive colonies with a com-
pact and round morphology were scored as ESCs colo-
nies. Five colonies were selected on the basis of mor-
phological criteria. Figure 3.A shows a colony before 
staining for the alkaline phosphatase. For detection of 
alkaline phosphatase activity, the colonies were fi xed 
and stained with crystal violet. The positive colonies for 
alkaline phosphatase protein demonstrated violet dye 
in contrast with SNL76/7 feeder cells (Fig. 3B).  The 
observation of 20 microscopic fi elds with 10X magni-
fi cation showed no negative colonies for alkaline phos-
phatase. 

Immunocytochemistry characterization of ESCs
The isolated stem cells were evaluated for expres-

sion of stemness-related cell-surface antigens, SSEA-4 
and TRA-1-60 (Fig. 4). The results showed presence of 
SSEA-4and TRA-1-60 (Fig. 4C and F, respectively) on 
the surface of  ESCs whereas the expression of these 
stem cell markers was not detect in SNL76/7 cells as 
control (Fig. 4I). The observation of 20 different fi elds 

Figure 4. ESCs were expressed SSEA-4 (A, B and C), and TRA-1-60 (D, E, and F) proteins as determined by immunocytochemical analysis. SNL 
feeder cells as control cells did not express SSEA-4 and TRA-1-60 proteins (G, H, and I). Scale bar is 10μm.
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have 4,000,000 native chickens (51). Native chicken 
breeding station of Mazandaran was established in 1988 
with two main objectives: genetic improvement through 
selection programs and protection of indigenous Mazan-
darani birds (52). With the ultimate goal of establishing 
a stem cell bank for Mazandaran native chicken, in this 
work we tried to set up an optimum culture conditions 
for growth and characterization of ESCs in native chic-
kens. Toward this goal, we isolated embryonic stem 
cells derived from stage X blastoderm of native chicken 
and characterized their pluripotency features at the cel-
lular and molecular level.  

In this study, ESCs were successfully isolated from 
stage X blastoderm of native chicken with relative 
simplicity and speed. The isolated cells maintain their 
morphological and growth characteristics and were ca-
pable of unlimited, self-renewing proliferation in vitro 
under our appropriate conditions. The growing cells 
were characterized for alkaline phosphatase activity. 
Alkaline phosphatase is an enzyme long-known to be 
expressed in ESCs and down-regulated by differentia-
ted cells (53). After one passage under basal medium 
supplemented with LIF, IGF-1, bFGF, CNTF, OSM, 
SCF, Il-6 and Il-11 growth factors we packed up seve-
ral typical “ES-like” morphological features colonies. A 
high endogenous alkaline phosphatase activity of these 
cells was detected after 10 passages under ESC growth 
conditions. Various growth factors have been reported 
to act on proliferation of ESCs as well as differentiation 
prevention of these cells (54-57). Here for the first time 
we tried to optimize an efficient culture condition for 
proliferation of ESCs in native chickens. Supplementa-
tion of some of above the mentioned growth factors was 
found to be necessary in our culture condition for pro-
liferation of ESCs in native chickens (data not shown) 
which were consistent with some reports (22, 58), but 
conflicted with others (59, 60).  

In order to further characterize the growing cells, 
we evaluated the presence of the SSEA-4 and TRA-1-
60 proteins in ESCs. The putative ESCs colonies were 
positively characterized for SSEA-4 and TRA-1-60 
by Immunocytochemistry. Furthermore, expression of 
two groups of genes, those required for pluripotency 
(cPouV, Sox2, and Nanog) and those required only 
for differentiation (Cvh, Brachyury, and Gata6), were 
evaluated quantitatively in ESCs and compared with 
chicken adult tissue and MDCC chicken cell line as 
control cells. Our data showed that the expression of all 

< 0.05) expression of Cvh, Brachyury, and Gata6 trans-
cripts in ESCs in compression with the control cells.

To evaluate the pluripotency of established ESCs, 
the cells were cultured without the growth factors and 
also LIF to spontaneously differentiate for three weeks. 
Then, the expression of Gata6 (expressed in adult 
mesoderm and endoderm-derived organs), Brachyury 
(expressed early in mesendoderm then limited to meso-
derm) and Cvh (expressed in germ cells) were sought. 
As shown in figure 6, the expression of these markers 
have been increased in differentiated cells implying the 
potency of these cells in generation of specialized tis-
sues.

Discussion

The native chicken breeds are becoming endange-
red or even extinct mainly due to their poor commercial 
performances (38). Accordingly, to save native chickens 
from extinction, several  strategies and approaches has 
been proposed among which isolation of pluripotent 
stem cells might have a significant contribution to the 
establishment of embryonic stem cell line (39-42), 
conservation and utilization of genetic resources (43). 
In parallel to their important application in conservation 
of genetic resources, ESCs are major inducers used in 
transgenesis (44-46), and can be cultured and used for 
production of transgenic birds as biological bioreactors 
(24, 47).  

Mazandaran is an important pole of agriculture and 
animal husbandry of Iran (48-50) and approximately 

Figure 5. Expression of pluripotency (cPouV, Sox2, and Nanog) and differential (Cvh, Brachyury, and Gata6) gene markers in ESCs compared 
with MDCC cell line (A) and compared with the tissue of adult chicken (B).

Figure 6. Expression of pluripotency (cPouV, Sox2, and Nanog) 
and differential (Cvh, Brachyury, and Gata6) gene markers in ESCs 
compared with MDCC cell line after growing the cells for sponta-
neous differentiation. 
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candidate genes for pluripotency was increased while 
compared with control cells. It has been evidenced that 
transcription factors Nanog, Sox2, and cPouV are of 
central importance in both human and animal ESCs, and 
play a critical role in normal proliferation of these cells 
(61-63). Chicken cPouV gene is also a main member 
of pluripotency related gene network and critically in-
volved in the self-renewal of undifferentiated embryo-
nic stem cells (61, 64). Among differentiation related 
genes which were evaluated in this study, Gata 6 and 
Brachyury genes are endodermal and mesendodermal 
markers, respectively. Cvh (chicken vasa homologue) is 
also a gene that expresses in germ cells. For all of these 
candidate genes, we found a decrease of expression in 
ESCs as compared with the control cells. On contrary, 
the expression of these genes were upregulated when 
the ESCs were spontaneously differentiated indicating 
that ESCs are pluripotent. 

Taking together, the results of this study demonstrate 
that ESCs keeps the stemness and pluripotency features 
after long-term in vitro culture, and 10 passages. In 
addition, absence of differentiation genes expression in 
cultured ESCs indicated that the cells have not start any 
differentiation in vitro. Chicken ESCs were also cultu-
red in vitro for more than 10 passages and maintained 
in -196°C for using in other study. In conclusion, our 
results showed that ESCs be able to long-term culture 
in vitro with maintain all properties and advantages of 
embryonic and pluripotency.

Acknowledgements
This work was supported by a grant from the Stem Cell 
Technology Research Center, Tehran, Iran. The authors 
thank the members of their own laboratories for their 
helpful discussions.

References

1.	 Sylvester, K.G. and Longaker, M.T., Stem cells: review and 
update. Arch. Surg. 2004, 139(1): 93-99. doi: 10.1001/arch-
surg.139.1.93.
2.	 Fuchs, E. and Segre, J.A., Stem cells: a new lease on life. Cell 
2000, 100(1): 143-155.
3.	 Massumi, M., Hoveizi, E., Baktash, P., Hooti, A., Ghazizadeh, 
L., Nadri, S., Pourasgari, F., Hajarizadeh, A., Soleimani, M., Nabiu-
ni, M., and Khorramizadeh, M.R., Efficient programming of human 
eye conjunctiva-derived induced pluripotent stem (ECiPS) cells into 
definitive endoderm-like cells. Exp. Cell. Res. 2014, 322(1): 51-61. 
doi: 10.1016/j.yexcr.2014.01.006.
4.	 Kossack, N., Meneses, J., Shefi, S., Nguyen, H.N., Chavez, S., 
Nicholas, C., Gromoll, J., Turek, P.J., and Reijo-Pera, R.A., Isola-
tion and characterization of pluripotent human spermatogonial stem 
cell-derived cells. Stem Cells 2009, 27(1): 138-149. doi: 10.1634/
stemcells.2008-0439.
5.	 Parolini, O., Alviano, F., Bagnara, G.P., Bilic, G., Buhring, H.J., 
Evangelista, M., Hennerbichler, S., Liu, B., Magatti, M., Mao, N., 
Miki, T., Marongiu, F., Nakajima, H., Nikaido, T., Portmann-Lanz, 
C.B., Sankar, V., Soncini, M., Stadler, G., Surbek, D., Takahashi, 
T.A., Redl, H., Sakuragawa, N., Wolbank, S., Zeisberger, S., Zisch, 
A., and Strom, S.C., Concise review: isolation and characterization 
of cells from human term placenta: outcome of the first international 
Workshop on Placenta Derived Stem Cells. Stem Cells 2008, 26(2): 
300-311. doi: 10.1634/stemcells.2007-0594.
6.	 Shim, H., Gutierrez-Adan, A., Chen, L.R., BonDurant, R.H., 



14Copyright © 2014. All rights reserved.

M. Jahanpanah et al. / Isolation and characterization of Mazandaran native chicken stem cells.

36.	Iannaccone, P.M., Taborn, G.U., Garton, R.L., Caplice, M.D., 
and Brenin, D.R., Pluripotent embryonic stem cells from the rat are 
capable of producing chimeras. Dev. Biol. 1994, 163(1): 288-292. 
doi: 10.1006/dbio.1994.1146.
37.	Livak, K.J. and Schmittgen, T.D., Analysis of relative gene 
expression data using real-time quantitative PCR and the 2(-Delta 
Delta C(T)) Method. Methods 2001, 25(4): 402-408. doi: 10.1006/
meth.2001.1262.
38.	Kong, H.S., Oh, J.D., Lee, J.H., Jo, K.J., Sang, B.D., Choi, C.H., 
Kim, S.D., Lee, S.J., Yeon, S.H., Jeon, G.J., and Lee, H.K., Genetic 
Variation and Relationships of Korean Native Chickens and Foreign 
Breeds Using 15 Microsatellite Markers. Asian Australas. J. Anim. 
Sci. 2006, 19(11): 1546-1550. doi: 10.5713/ajas.2006.1546.
39.	Doetschman, T.C., Eistetter, H., Katz, M., Schmidt, W., and 
Kemler, R., The in vitro development of blastocyst-derived embryo-
nic stem cell lines: formation of visceral yolk sac, blood islands and 
myocardium. J. Embryol. Exp. Morphol. 1985, 87: 27-45.
40.	Pease, S., Braghetta, P., Gearing, D., Grail, D., and Williams, 
R.L., Isolation of embryonic stem (ES) cells in media supplemented 
with recombinant leukemia inhibitory factor (LIF). Dev. Biol. 1990, 
141(2): 344-352.
41.	Wobus, A.M., Holzhausen, H., Jakel, P., and Schoneich, J., Cha-
racterization of a pluripotent stem cell line derived from a mouse 
embryo. Exp. Cell. Res. 1984, 152(1): 212-219.
42.	Nagy, A., Rossant, J., Nagy, R., Abramow-Newerly, W., and Ro-
der, J.C., Derivation of completely cell culture-derived mice from 
early-passage embryonic stem cells. Proc. Natl. Acad. Sci. USA 
1993, 90(18): 8424-8428.
43.	Holt, W.V., Bennett, P.M., Volobouev, V., and Watwon, P.F., Ge-
netic resource banks in wildlife conservation. J. Zool. 1996, 238(3): 
531-544. doi: 10.1111/j.1469-7998.1996.tb05411.x.
44.	Bender, B.S., Croghan, T., Zhang, L., and Small, P.A., Jr., Trans-
genic mice lacking class I major histocompatibility complex-restric-
ted T cells have delayed viral clearance and increased mortality after 
influenza virus challenge. J. Exp. Med. 1992, 175(4): 1143-1145.
45.	Buecker, C., Chen, H.H., Polo, J.M., Daheron, L., Bu, L., Bara-
kat, T.S., Okwieka, P., Porter, A., Gribnau, J., Hochedlinger, K., and 
Geijsen, N., A murine ESC-like state facilitates transgenesis and ho-
mologous recombination in human pluripotent stem cells. Cell Stem 
Cell 2010, 6(6): 535-546. doi: 10.1016/j.stem.2010.05.003.
46.	Chan, A.W., Transgenic nonhuman primates for neurode-
generative diseases. Reprod. Biol. Endocrinol. 2004, 2: 39. doi: 
10.1186/1477-7827-2-39.
47.	Ivarie, R., Competitive bioreactor hens on the horizon. Trends 
Biotechnol. 2006, 24(3): 99-101 doi: 10.1016/j.tibtech.2006.01.004.
48.	Daryani, A., Sharif, M., Amouei, A., and Nasrolahei, M., Fer-
tility and viability rates of hydatid cysts in slaughtered animals in 
the Mazandaran Province, Northern Iran. Trop. Anim. Health Prod. 
2009, 41(8): 1701-1705. doi: 10.1007/s11250-009-9368-x.
49.	Niknafs, S., Nejati-Javaremi, A., Mehrabani-Yeganeh, H., and 
Fatemi, S.A., Estimation of genetic parameters for body weight and 
egg production traits in Mazandaran native chicken. Trop. Anim. 
Health Prod. 2012, 44(7): 1437-1443. doi: 10.1007/s11250-012-
0084-6.
50.	Shirzad, M.R., Seifi, S., Gheisari, H.R., Hachesoo, B.A., Habibi, 
H., and Bujmehrani, H., Prevalence and risk factors for subclinical 
coccidiosis in broiler chicken farms in Mazandaran province, Iran. 
Trop. Anim. Health. Prod. 2011, 43(8): 1601-1604. doi: 10.1007/
s11250-011-9876-3.
51.	Nassiri, M.B., Hamid, Z., and Tavakoli, S., The investigation of 
genetic variation at microsatellites loci in Mazandaran native chic-
kens. Int. J. Poultry Sci. 2007, 6(9): 675-678.
52.	Shadparvar, A. and Enayati, B., Genetic Parameters for Body 
Weight and Laying Traits in Mazandaran Native Breeder Hens. Ira-

derived embryonic stem cells to those derived from fertilized mouse 
blastocysts. Stem Cells 2006, 24(9): 2023-2033. doi: 10.1634/stem-
cells.2005-0537.
19.	Mitalipov, S., Kuo, H.C., Byrne, J., Clepper, L., Meisner, L., 
Johnson, J., Zeier, R., and Wolf, D., Isolation and characterization 
of novel rhesus monkey embryonic stem cell lines. Stem Cells 2006, 
24(10): 2177-2186. doi: 10.1634/stemcells.2006-0125.
20.	Brevini, T.A., Tosetti, V., Crestan, M., Antonini, S., and Gan-
dolfi, F., Derivation and characterization of pluripotent cell lines 
from pig embryos of different origins. Theriogenology 2007, 67(1): 
54-63. doi: 10.1016/j.theriogenology.2006.09.019.
21.	Doetschman, T., Williams, P., and Maeda, N., Establishment of 
hamster blastocyst-derived embryonic stem (ES) cells. Dev. Biol. 
1988, 127(1): 224-227.
22.	Intarapat, S. and Stern, C.D., Chick stem cells: current progress 
and future prospects. Stem Cell Res. 2013, 11(3): 1378-1392. doi: 
10.1016/j.scr.2013.09.005.
23.	Prum, R.O. and Dyck, J., A hierarchical model of plumage: mor-
phology, development, and evolution. J. Exp. Zool. B. Mol. Dev. 
Evol. 2003, 298(1): 73-90. doi: 10.1002/jez.b.27.
24.	Lillico, S.G., McGrew, M.J., Sherman, A., and Sang, H.M., 
Transgenic chickens as bioreactors for protein-based drugs. 
Drug Discov. Today 2005, 10(3): 191-196. doi: 10.1016/S1359-
6446(04)03317-3.
25.	Pain, B., Chenevier, P., and Samarut, J., Chicken embryonic 
stem cells and transgenic strategies. Cells Tissues Organs 1999, 
165(3-4): 212-219. doi: 10.1159/000016701.
26.	Petitte, J.N., Liu, G., and Yang, Z., Avian pluripotent stem 
cells. Mech. Dev. 2004, 121(9): 1159-1168. doi: 10.1016/j.
mod.2004.05.003.
27.	Lee, S.I., Lee, B.R., Hwang, Y.S., Lee, H.C., Rengaraj, D., Song, 
G., Park, T.S., and Han, J.Y., MicroRNA-mediated posttranscrip-
tional regulation is required for maintaining undifferentiated pro-
perties of blastoderm and primordial germ cells in chickens. Proc. 
Natl. Acad. Sci. U S A 2011, 108(26): 10426-10431. doi: 10.1073/
pnas.1106141108.
28.	Acloque, H., Risson, V., Birot, A.M., Kunita, R., Pain, B., and 
Samarut, J., Identification of a new gene family specifically ex-
pressed in chicken embryonic stem cells and early embryo. Mech. 
Dev. 2001, 103(1-2): 79-91. doi: 10.1016/S0925-4773(01)00336-7.
29.	Acloque, H., Mey, A., Birot, A.M., Gruffat, H., Pain, B., and 
Samarut, J., Transcription factor cCP2 controls gene expression in 
chicken embryonic stem cells. Nucleic Acids Res. 2004, 32(7): 2259-
2271. doi: 10.1093/nar/gkh545.
30.	Simon, D., Conservation of animal genetic resources. Re-
viewing the problem. Ann. Genet. Sel. Anim. 1982, 14(4): 557-558. 
doi: 10.1186/1297-9686-14-4-557.
31.	Hoffmann, I., Research and investment in poultry genetic re-
sources - challenges and options for sustainable use. World Poultry 
Sci. J. 2005, 61: 57-70. doi: 10.1079/WPS200449.
32.	Notter, D.R., The importance of genetic diversity in livestock 
populations of the future. J. Anim. Sci. 1999, 77(1): 61-69.
33.	Wildt, D.E., Seal, U.S., and Rall, W.F., Genetic Resource Banks 
and Reproductive Technology for Wildlife Conservation. In: Gene-
tic Conservation of Salmonid Fishes, Springer US, 1993, 159-173.
34.	Köhler-Rollefson, I., Indigenous practices of animal genetic 
resource management and their relevance for the conservation of 
domestic animal diversity in developing countries. J. Anim. Breed. 
Genet. 1997, 114(1-6): 231-238. doi: 10.1111/j.1439-0388.1997.
tb00509.x.
35.	Pettitt, S.J., Liang, Q., Rairdan, X.Y., Moran, J.L., Prosser, H.M., 
Beier, D.R., Lloyd, K.C., Bradley, A., and Skarnes, W.C., Agouti 
C57BL/6N embryonic stem cells for mouse genetic resources. Nat. 
Methods 2009, 6(7): 493-495. doi: 10.1038/nmeth.1342.



15Copyright © 2014. All rights reserved.

M. Jahanpanah et al. / Isolation and characterization of Mazandaran native chicken stem cells.

59.	van de Lavoir, M.C., Mather-Love, C., Leighton, P., Diamond, 
J.H., Heyer, B.S., Roberts, R., Zhu, L., Winters-Digiacinto, P., 
Kerchner, A., Gessaro, T., Swanberg, S., Delany, M.E., and Etches, 
R.J., High-grade transgenic somatic chimeras from chicken embryo-
nic stem cells. Mech. Dev. 2006, 123(1): 31-41. doi: 10.1016/j.
mod.2005.10.002.
60.	Horiuchi, H., Furusawa, S., and Matsuda, H., Maintenance of 
chicken embryonic stem cells in vitro. Methods Mol. Biol. 2006, 
329: 17-34. doi: 10.1385/1-59745-037-5:17.
61.	Lavial, F., Acloque, H., Bertocchini, F., Macleod, D.J., Boast, 
S., Bachelard, E., Montillet, G., Thenot, S., Sang, H.M., Stern, C.D., 
Samarut, J., and Pain, B., The Oct4 homologue PouV and Nanog 
regulate pluripotency in chicken embryonic stem cells. Development 
2007, 134(19): 3549-3563. doi: 10.1242/dev.006569.
62.	Lu, Y., West, F.D., Jordan, B.J., Mumaw, J.L., Jordan, E.T., Gal-
legos-Cardenas, A., Beckstead, R.B., and Stice, S.L., Avian-induced 
pluripotent stem cells derived using human reprogramming factors. 
Stem Cells Dev. 2012, 21(3): 394-403. doi: 10.1089/scd.2011.0499.
63.	Lavial, F. and Pain, B., Chicken embryonic stem cells as a non-
mammalian embryonic stem cell model. Dev. Growth Differ. 2010, 
52(1): 101-114. doi: 10.1111/j.1440-169X.2009.01152.x.
64.	Wu, Y., Ge, C., Zeng, W., and Zhang, C., Induced multilineage 
differentiation of chicken embryonic germ cells via embryoid body 
formation. Stem Cells Dev. 2010, 19(2): 195-202. doi: 10.1089/
scd.2008.0383.

nian J Appl. Anim. Sci. 2012, 2(3): 251-256.
53.	De Schauwer, C., Meyer, E., Van de Walle, G.R., and Van 
Soom, A., Markers of stemness in equine mesenchymal stem cells: 
a plea for uniformity. Theriogenology 2011, 75(8): 1431-1443. doi: 
10.1016/j.theriogenology.2010.11.008.
54.	Dravid, G., Ye, Z., Hammond, H., Chen, G., Pyle, A., Dono-
van, P., Yu, X., and Cheng, L., Defining the role of Wnt/beta-catenin 
signaling in the survival, proliferation, and self-renewal of human 
embryonic stem cells. Stem Cells 2005, 23(10): 1489-1501. doi: 
10.1634/stemcells.2005-0034.
55.	Amit, M., Shariki, C., Margulets, V., and Itskovitz-Eldor, J., 
Feeder layer- and serum-free culture of human embryonic stem 
cells. Biol. Reprod. 2004, 70(3): 837-845. doi: 10.1095/biolre-
prod.103.021147.
56.	Hao, J., Li, T.G., Qi, X., Zhao, D.F., and Zhao, G.Q., WNT/beta-
catenin pathway up-regulates Stat3 and converges on LIF to pre-
vent differentiation of mouse embryonic stem cells. Dev. Biol. 2006, 
290(1): 81-91. doi: 10.1016/j.ydbio.2005.11.011.
57.	Vallier, L., Reynolds, D., and Pedersen, R.A., Nodal inhibits 
differentiation of human embryonic stem cells along the neuroec-
todermal default pathway. Dev. Biol. 2004, 275(2): 403-421. doi: 
10.1016/j.ydbio.2004.08.031.
58.	Pain, B., Clark, M.E., Shen, M., Nakazawa, H., Sakurai, M., Sa-
marut, J., and Etches, R.J., Long-term in vitro culture and characte-
risation of avian embryonic stem cells with multiple morphogenetic 
potentialities. Development 1996, 122(8): 2339-2348.


