Chicken Embryonic Stem Cells: A Review
Abstract
Pluripotent stem cells are well known for their ability to differentiate in to all cell types of the body and to self-renew indefinitely thus pluripotent stem cells have great application in regenerative medicine, developmental biology research and drug development. So much of work on stem cell field is concentrating on production and utilization of pluripotent stem cells. Until now the avian system is the only non-mammalian system from which pluripotent embryonic stem cell lines can be established, especially the chick.  Avian embryos are a excellent model to study developmental and stem cell biology because of easy way of obtaining eggs, availability of egg for whole year and ease of accessing to the embryo for manipulations. Most choice to isolate and culture avian embryonic stem cells has decided on the stage X unincubated blastoderm or PGCs, as it is the earliest and suitable stage to obtain without inducing premature oviposition and chimeras (somatic/germ line) are easily made using cells of the stage X area pellucida thereby facilitating tests of pluripotency. Avian pluripotent stem cells used to generate transgenic birds, to generate high-grade chimeras and therapeutic protein production.
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Introduction
Stem cells are undifferentiated cells that can divide through mitosis and differentiate into diverse specialized cell types and can self renew to produce more stem cells (Weissman et al., 2001; Smith, 2001). Based on the source, they are of mainly three types; embryonic stem cells (ES), adult stem cells and induced pluripotent stem cells (iPSCs). The term, “embryonic,” give with two interpretations, as in the state of an embryo and the rudimentary or undeveloped. Embryonic stem cells are derived from embryos at a very early stage of development. In mammals, ES cells are derived from the pre implantation embryo with an unrestricted capacity for self renewal that has the potential to form all types of adult cells including germ cells. Adult stem cells are autologous stem cells and or unspecialised cells found in certain areas of the adult body such as bone marrow, brain etc. These adult stem cells are indefinitely self-renewable and have the potential to develop into specialised cell type only. The iPSCs have similar differential potential as that of ES cells. These induced pluripotent stem cells are adult cells that have been genetically reprogrammed to an embryonic stem cell–like state.
 The stem cells are classified on the basis of differentiation potential as totipotent, pluripotent, multipotent, oligopotent and unipotent. 
· Totipotent stem cells can differentiate into any type of cells including cells of trophectoderm lineages and have ability to form extra & post-embryonic membrane, tissues and organ– e.g. Embryo. 
· Pluripotent stem cells can develop into any type of cell except placenta exists in the undifferentiated inner cell mass of the blastocyst/blastoderm and can form any of the over 200 different cell types. The inner cell mass of blastocyst and ES cells are pluripotent stem cells. 
· Multipotent stem cell has potential to give rise to multiple cell types /limited number of cell lineages. Multipotent stem cells are descended of pluripotent and antecedents of specialized are derived from fetal tissue, cord blood and adult stem cells. An example of the multipotent stem cells is the hematopoietic stem cell.
· Oligopotent stem cells can differentiate into only a few less than multipotent stem cells, such as lymphoid or myeloid stem cells.
· Unipotent stem cells give rise to one cell type (e.g. spermatogonial stem cell) (Lanza, 2006)

Pluripotent stem cells:
As mentioned early pluripotent stem cells are well known for their ability to differentiate into all cell types of the body and to self-renew indefinitely. Thus pluripotent stem cells have great application in regenerative medicine, developmental biology research and drug development (Lanza, 2006; Raffique, 2011). The ES cells are pluripotent stem cells have indefinite proliferation capacity in vitro and maintain normal diploid karyotype; expresses their pluripotency markers, such as Oct4, Nanog, SSEA1, and SSEA4. In avian, an ES cell expresses SSEA3 with other mammalian pluripotency markers (Pain et al., 1996). The ES cells have ability to differentiate into three germ layers cells (ectoderm, mesoderm and endoderm) as well as form teratoma (composed of tissues from three germ layers) when injected subcutaneously into immune deficient mice. The ES cells also have ability to produce chimeras and their germ line transmissibility, following injection into recipient blastocysts and produce live off-springs through tetraploid embryo through embryo transfer (Nagy et al., 1990; Huang et al., 2008)
Sources of pluripotent stem cell: 
ES cells can be obtained from in vivo, in vitro, parthenogenetically or even from cloned embryos.  At present, in vitro produced embryos are extensively used for the development of ES cells. The common source of pluripotent stem cells included (1) Inner cell mass of blastocyst (2) Fusion of ES cell and somatic cell (Tada et al., 2001) (3) Treatment of somatic stem cells with extract of pluripotent cells (Hansis et al., 2004) and (4) ectopic expression of transcription factors (Takahashi and Yamanaka, 2006). 
The pluripotent stem cells lines were originally derived from terato-carcinomas. The stem cell lines isolated from these tumors, known as embryonal carcinomas cells (Martin and Evans, 1975). Evans and Kaufman (1981) and Martin (1981) established pluripotent stem cells lines from ES cells in mice. Another pluripotent stem cell lines were derived from post-migratory primordial germ cells (PGCs) by Matsui et al. (1992) and Resnick et al. (1992). The other established pluripotent stem cell lines derived from spermatogonial cells (Kanatsu et al., 2004), epiblast stem cells (Tesar et al 2007) and also from quail embryonic fibroblast i.e. iPSCs (Lu et al., 2012). 
Chicken Embryonic stem cells:
The avian ES cells are derived from the blastocyst stage of the embryo have the same characteristics as that of mammalian embryonic cells. These ES cells were first isolated from inner cell mass of pre-implantation embryo in mouse (Evans and Kaufman, 1981; Nichols et al., 1990). In subsequent year, the ES cell derived from pig (Wheeler et al., 1994), bovine (First et al., 1994), sheep (Piedrahita et al., 1999), rabbit (Giles et al., 1993), zebra fish (Sun et al., 1995), monkey (Thomson et al., 1995), human (Thomson et al., 1998; Shamblott et al., 1998) etc.  However, till today, avian is the only non-mammalian species from which pluripotent embryonic stem cell lines have been established (Intarapat et al., 2013).  Pain et al., (1996); Petitte, (2004) coined the term chicken ES cell as they ﬁrst derived cell lines from the area pellucida. Though germ line transmission has not been obtained with these cells, they have retained the term ES cell because the cells are of embryonic origin and having property of self‐renewing in culture and differentiate in to ectodermal, mesodermal, and endodermal derivatives in vivo (van de lavoir et al., 2006).

Isolation of embryonic stem cells in birds:
The ES cells in chicken isolated from developing embryo. In chicken, the egg is laid on an average 20–23 h after fertilization. Eyal-Giladi & Kochav, (1976) was arbitrarily divided the early embryonic development in chicken into 14 stages, numbered in roman numerals as stages I to XIV that take place in oviduct. Hamburger & Hamilton, (1951) arbitrarily divided the embryonic development after laying into 46 stages printed in Arabic numerals (stages 1–46). The embryonic development stages I to VI are characterized by successive cleavage divisions with flat disk of six cells deep separated from the yolk. In stages VII to X encompass the first morphogenetic event to form pellucida, which arises from the thinning of the central area of the blastoderm directly overlying the sub germinal cavity of embryo. This process, which is believed to be due to cell shedding (Fabian and Eyal-Giladi, 1981), is also coincident with the acquisition of axial symmetry through the influence of gravity (Kochav and Eyal-Giladi, 1971). The bilateral symmetry imprinted on the embryo clearly manifests itself as the area pellucida becomes two layered structure during the formation of the hypoblast, located beneath the epiblast (Stages XI to XIII, EG&K), and in the subsequent development into a primitive streak (Stage 2 to 4, H&H). The fertilized cell undergoing rapid division laid at the stage X embryo, which is already composed of 20,000–50,000 cells, called blastodermal cells (BC). Morphologically, this stage X embryo can be divided into area opaca at the peripheral part and the area pellucida representing the central part of the embryo (Lavial and pain, 2010). The stage X is the most choice for isolatatoion and culture of avian ES cells (Petitte et al., 2004). The stage X embryo is a useful one, as it is the earliest and suitable stage to obtain without inducing premature oviposition and easy to made stage X area pellucida thereby facilitating tests of pluripotency (Petitte et al., 2004). Carsience et al., (1993) freshly isolated chick blastodermal cells retrieved from the area pellucida of stage X (EG&K,1976) embryo and reported that they can be contribute to all somatic tissues as well as the germline after injection into the subgerminal cavity of stage X (EG&K) embryos. It should be noted that the E-G & K system has been useful for chick and quail embryos. However, the early development of the turkey was found to be different enough to warrant its own staging series (Gupta and Bakst, 1993).
The blastoderm cells of growing embryo collect by aspiration method with pasture pipette in PBS containing D-glucose at room temperature (Pain et al., (1996). The cell pellets then slowly dissociated in ES medium and seed in ES medium on gelatine pre-coated dish or on inactivated STO feeder cells. Zhang et al., (2013) and Li et al., (2011) collected blastoderm cells at stage X by spoon method in tissue culture dishes and rinsed with Ca2+ and Mg2+ free PBS to remove the yolks and vitelline membrane. After washing with PBS, ES cells were transferred into fresh tissue culture dishes containing PBS plus 0.25% trypsin and 0.04% EDTA and incubated in a CO2 incubator at 37.0°C with maximum humidity.
Culture of Chicken ES Cells
The culture of avian ES cells is somewhat similar with that of mammalian cells, though avian culture systems are considerably underdeveloped. The culture media provides natural environment and nutrients required for growth of ES cells (Woods, 1998). Lawitts and Biggers, (1992) observed that DMEM can support the growth of c-ES cells, while Knockout DMEM increases the growth rate substantially, making it easier to obtain sufficient cells for transfection. Unlike the case with mammalian ES stem cells, it is currently appeared necessity of a suitable feeder layer and conditioned media, since avian ES cells-like cells do not appear to survive when transferred to a feeder-layer alone or to BRL-conditioned media alone (Petitte and Yang, 1994). 
Culture of Chicken ES Cells on feeder layer                       
           The feeder cell layer is one of the important factors affecting ES cells growth and proliferation. It serves as a matrix for cells and secretes cytokines, such as leukemia inhibitory factor (LIF), that stimulate ES cells growth and inhibit their differentiation. LIF is added which promotes mitosis of ES cells, but prevent their differentiation (Stewart, 1991). LIF is a cytokine that belongs to the interleukin-6 (IL-6) family, signal transducer and activator (STAT) pathway. The LIF receptor (LIFR) consists of two subunits- i) gp130, which is common to all the cytokines from the IL-6 family, and ii) LIFRß (or gp190), specific for LIF (Taga and Kishimoto, 1997). The activation of STAT3 appears both necessary and sufficient for mouse ES cell self-renewal (Niwa et al., 1998). 
To growth and proliferation of ES cells on feeder cells momolayer, the feeder cells momolayer must arrest from mitotic cell division. The mitomycin-C and γ-irradiation treatments are commonly used for inactivation of feeder cells monolayer. They inhibit DNA synthesis while RNA and protein synthesis continues; so that cells remain vital, although they are unable to divide. Currently, the established cell lines mouse embryonic fibroblasts (MEF) STO and MEF are the most commonly used as feeder cells for growth and proliferation of ES cells (Vackova et al., 2007). Mitotically inactivated feeder layers were first used to support different culture of epithelial cells later successfully adapted for the culture of mouse embryonic carcinoma (EC) cells (Martin and Evans, 1975) and mouse ES cells (Evans and Kaufman, 1981). Since then various feeder or feeder-free systems including MEF, STO, fetal muscle (FM), fetal skin (FS), foreskin cells, adult fallopian tube epithelial cells (Richards et al., 2002, 2003), adult marrow cells (Cheng et al., 2003), or dishes coated with animal-based ingredients with the addition of MEF-cell-conditioned medium (Xu et al., 2001) are being used.
Pain et al. (1996) were the first to report that chicken ES stem cells could be produced and maintained by long-term culture of stage X blastodermal cells with several cytokines such as chicken stem cell factor (SCF), bovine bFGF, mouse IL-6, human IL-11, and mouse LIF. Three kinds of feeder layer cells have been identified for culture of chicken ES cells. These were SNL cells, primary mice embryonic fibroblast cells and primary chicken embryonic fibroblasts cells by Du and Jing, 2003. The inactivated feeder cell layers supplemented with DMEM media comprised of LIF, bFGF and SCF to yield high quality c-ES cell colonies (Du and Jing, 2003). Etches et al., (1996) observed significantly more somatic chimeras, when blastodermal cells were co-cultured with mouse embryonic fibroblasts. Horiuchi et al., (2004) reported that recombinant chicken LIF maintain chicken ES cells in an undifferentiated state than mouse LIF. They also showed that the maintenance and propagation of chicken ES cell is solely dependent on the presence of chicken LIF and serum.
Characterization of Chicken ES Cells
Morphology
The ES cells have a single nucleolus rather than two nucleoli, the latter being associated with differentiation of the unicubated embryo (Raveh et al., 1976). The c-ES cells have large translucent, a prominent single nucleolus and relative little cytoplasm after the third or fourth passage and grow in colonies with a well deﬁned border (Petitte et al., 2004).  Li et al., (2011) observed that chicken ES cells as round shape with large nucleus, high nuclear-cytoplasm ratio and one or several nucleoli. 
Molecular characterization of c-ES cells
Much type of markers are usually used to characterize c-ES cells and control the culture conditions of long-term maintained cESCs. Mainly, SSEA-1, SSEA3, SSEA4  Tert, Oct4 and Nanog are used. By using chicken ESC (cESC), which displays similar properties of pluripotency and long-term self-renewal to mammalian ESC, Lavial et al., (2007) demonstrated the existence of an avian homologue of Oct4 that we call chicken PouV (cPouV). They established that cPouV and the chicken Nanog (cNanog) gene are required for the maintenance of pluripotency and self-renewal of cESC.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Embryonic Normal Stem (Ens 1) cell- belongs to a numerous family counting atleast 11 members of chicken genome (Acloque et al., 2001). ENS/ERN1 is the ﬁrst gene revealed to be speciﬁc to Galliformes. The gene itself has a unique transposon like structure (Acloque et al. 2001) and is present in different forms in the chicken genome (Lerat et al. 2007). Three main transcripts, ENS-1, -2, and -3, are expressed at various levels in proliferative cES cells; all are downregulated during differentiation. Its expression is highly specific to undifferentiated chicken embryonic stem cells and decreases after induced differentiation. No orthalogues has been identified for chicken Ens l in mouse and human (Acloque et al., 2001). Its expression is high during chick embryogenesis high level of expression noticed in the area pellucida and epiblast (Acloque et al., 2001; Rafeeque, 2011; Jean et al., 2013).
SSEA-1 is a carbohydrate epitope associated with cell adhesion, migration and
differentiation (Dcosta and Petitte,1999).  SSEA-1 expression was characterized during turkey embryogenesis with an emphasis on its role in primordial germ cell development (Dcosta and Petitte, 1999). Pain et al. (1996); Petite et al.(2004) observed  chicken ES-like cells expressing SSEA-1 and EMA-1 antigens, which were lost after retinoic acid-induced differentiation. The cES cells stained for the pluripotency markers SSEA-1, EMA-1 (van de lavoir et al., 2006). Different markers (In particular, classical antibodies including SSEA-1, SSEA3 and SSEA4) are used to characterize cells and control the culture conditions of long-term maintained cESCs (Lavial and pain, 2010).
Alkaline phosphatase activity- 
Pain et al. (1996) cultured CEC and QEC and observed the expression of alkaline phosphatase activity. Li et al., (2011); van de lavoir et al., (2006); Du and Jing, (2003), observed chicken embryonic stem cell colonies were alkaline phosphatase (ALP)-positive. 
Differentiation potential of c-ES cells	 
Chicken ES cells are capable of undergoing differentiation in response to retinoic acid and can form embryoid bodies while cultured as a suspension (Pain et al., 1996). The spontaneous differentiation of chicken ES cells included nerve cells, RBC, hematopoiesis and muscle cells (Pain et al., 1996; Petitte et al., 2004; Nakamura et al., 2013). Likewise, Park and Han (2000) reported that the chicken embryonic germ cells could form simple embryoid bodies after removal of the feeder layer and LIF from the media. 
Formation of embryoid bodies
One of the characteristics of pluripotent stem cells is their ability to differentiate in vitro into three germ layer origin cell types. The chicken ES cells, in response to retinoic acid can form embryoid bodies while cultured as a suspension (Pain et al., 1996). The pluripotency of chicken ES cells is being examined by their differentiate ability on the chorioallantoic membrane (CAM) of 9-day chick embryos, where c-ES cells differentiated into teratoma-like structures that attempted to form organized tissue and stimulated angiogenesis from the CAM into the tumour (Petitte et al., 2004).
Production of chimeras-
The ﬁrst chimeric embryos were produced phenotypically by Marzullo, (1970) by transferring clumps of blastodermal cells from the central area of unstaged embryos into the central zone of the blastoderm. But, not any of the manipulated embryos hatched in this study (Nakamura et al., 2013). Alternatively by injecting dispersed Stage X blastodermal cells into the subgerminal cavity of unincubated embryos and obtained a chimaric rooster (Petitte et al., 1990). The best approach for production for transgenic chimeric chickens is using blastodermal cells (Yan et al., 2005). For that the chicken blastodermal cells mechanically dissociated and transferred into the recipient eggs that had been exposed to 500 rads irradiation of 60oC and windowed on the equatorial plane. Van de lavoir et al., (2006) developed high-grade transgenic somatic chimeras from c-ES cells by combining irradiation of the recipient embryo with exposure of the c-ES cells to the embryonic environment in diapauses. Though the efficiency of germ line transmission was about 0.3%, this stimulated a considerable amount of work related to the development of chimeras using fresh blastodermal cells. Carsience et al., (1993) reported that injection of c-ES cells into stage X recipient embryos will generate somatic chimeras, but the frequency and extent of c-ES cell incorporation will be enhanced if the embryo is ﬁrst compromised by exposure to gamma‐irradiation. A germline chimeric chickens also been reported from frozen-thawed blastodermal cells (Kino et al., 1997).
Applications of ES cells
The chicken ES cells have great application in regenerative medicine, developmental biology research and drug development, because of easy way of obtaining chicken embryo  (Berg et al., 1999), availability of egg for whole year and ease of accessing to the embryo for manipulations. These c-ES cells can be used for generation of transgenic birds, high-grade chimeras, therapeutic protein production etc. 
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