
INTRODUCTION

Stem cells are progenitor cells that are capable of self-

renewal and differentiation into several cells. Especially, 

pluripotent stem cells (PSCs) have in vivo and in vitro 

differentiation potentials into three germ layers and can 

proliferate infinitely. First PSCs, known as embryonic 

stem cells (ESCs), were derived from preimplantation 

mouse blastocysts (Evans and Kaufman, 1981; Martin, 

1981). Subsequently, another pluripotent cell lines, called 

embryonic germ cells (EGCs), were obtained through in 

vitro-culture of primordial germ cells (PGCs) (Matsui et 

al., 1992; Resnick et al., 1992). Recently, mouse epiblast 

stem cells (EpiSCs) and induced pluripotent stem cells 

(iPSCs) were derived from postimplantation embryos and 

somatic cells, respectively (Takahashi and Yamanaka, 

2006; Tesar et al., 2007). Pluripotent states are divided 

into “naïve” and “primed” states depending on the devel-

opmental competence of PSCs (Nichols and Smith, 2009). 

Naïve PSCs, represented by mouse ESCs and EGCs, have 

developmental ground state similar with early epiblasts 

of preimplantation embryos. On the other hand, primed 

PSCs, including EpiSCs and human ESCs, possess more 

differentiated pluripotency than naïve cells showing fea-

tures of late epiblasts in postimplantation embryos. In 

permissive lines, both states of PSCs can be derived from 

embryos. However, in non-permissive lines such as hu-

man, only primed PSCs are derived in the absence of 

additional treatment such as genetic manipulation and 

chemical supplementation (Nichols and Smith, 2009). 
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Because PSCs not only can differentiate into various 

type of cells and tissues but also can produce germline-

chimera by blastocyst injection (Bradley et al., 1984), PSCs 

have been considered as cell sources for cell therapy and 

transgenic animal production. After the establishment of 

human ESCs (Thomson et al., 1998), various researches 

for regenerative medicine by tissue engineering have 

been studied. Degenerative diseases could be treated by 

replacement of damaged tissues or cells with undam-

aged normal tissues or cells differentiated from PSCs. 

And the establishment of induced pluripotent stem cells 

(iPSCs) and cloned human ESCs allowed patient-specific 

cell therapies with PSCs (Takahashi and Yamanaka, 2006; 

Tachibana et al., 2013). In domestic animals, stem cell 

research aims to create an indefinite cell source for trans-

genic animals used as bioreactors and tissue engineering 

materials as well as preliminary studies for human re-

search. To apply human PSCs as the tools for regenera-

tive medicine, preclinical studies with animal models are 

essential. Several animals such as pig, horse, cow, and 

sheep, etc. have been used for PSC researches (Ogorevc 

et al., 2016). Especially, pigs have been identified as an 

ideal animal model to study human disease, because of 

the physiological and anatomical similarities of organs 

between humans and pigs (Park et al., 2013). So, in this 

review, it will be discussed that characteristics of PSCs 

derived from various origins and recent progress in pig 

PSC research area. 

BEGINNING OF PLURIPOTENT CELL 
RESEARCH

Researches on pluripotent stem cells (PSCs) were begun 

with embryonal carcinoma cells (EC cells) derived from 

murine gonadal teratomas and teratocarcinoma. Teratoma 

(benign) and teratocarcinoma (malignant), as the tumors 

which are spontaneously formed in the gonad, are com-

posed of several adult tissues including tooth, bone, mus-

cle, skin, and hair, etc. When the cells from teratocarci-

noma were intraperitoneally injected into strain 129 mice, 

they re-formed teratocarcinoma (Kleinsmith and Pierce, 

1964). These findings showed that stem cell population 

which can proliferate indefinitely having a differentiation 

potential into several tissues existed in teratocarcinomas. 

In subsequent research, teratocarcinomas were artificially 

generated by injecting pre- and post-implantation em-

bryos into the testis in mouse, which indicated that the 

stem cells in teratocarcinoma were similar with undif-

ferentiated early embryos (Stevens, 1970). For the tera-

tocarcinoma researches, Stevens developed 129/sv strain 

which has increased formation rate of the gonadal tumor 

(Stevens, 1981). 

In the 1970s, Martin and Evans succeeded in isolating 

stem cells from teratocarcinoma, so-called EC cells, by 

co-culture with feeder cells made of mitotically-inactivat-

ed mouse embryonic fibroblasts (Martin and Evans, 1974). 

Subsequently, many scientists had analyzed the character-

istics of EC cells, which paved the way for researches on 

PSCs. They reported that EC cells possessed differentiation 

ability into three germ layers, so-called pluripotency, and 

could proliferate indefinitely through symmetric division, 

so-called self-renewal. Similar to teratocarcinoma, when 

subcutaneously injected into a mouse, EC cells generated 

teratocarcinoma which has various differentiated tissues. 

When cultured in suspension, the cells aggregated and 

formed an embryo-like structure with a cavity, known as 

cystic embryoid bodies (Martin and Evans, 1975). In 1977, 

human EC cells were derived from malignant testicular 

teratomas and immunostaining showed that mouse and 

human EC cells expressed SSEA1 and SSEA4, respectively 

(Hogan et al., 1977). Based on their features recapitulat-

ing embryonic development, early PSC researches had 

focused on cellular differentiation and embryology. 

Although EC cells were considered as the potential ma-

terials to study pluripotent cells and embryogenesis, they 

have limitations to study embryology. They had abnormal 

karyotype and, when micro-injected into recipient blasto-

cysts, couldn’t generate germline-chimeras, which means 

they possess restricted differentiation ability (Blelloch et 

al., 2004). In 1981, independent two groups solved the 

problems through direct seeding of early blastocyst onto 

feeder cells not using subcutaneous transplantation into 

a mouse and eventually established embryonic stem cells 

(ESCs) (Evans and Kaufman, 1981; Martin, 1981). ESCs not 

only possessed similar feature with EC cells in terms of 

cellular physiology, pluripotency and marker expression 

but also could produce germline-chimeras with normal 

karyotype via blastocyst injection (Bradley et al., 1984). 

Especially, as gene targeting technologies were developed, 

a transgenic mouse could be generated from geneti-

cally modified ESCs, which accelerated studies on gene 

functions during embryogenesis (Thomas and Capecchi, 
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1986). On the other hand, because teratocarcinoma is 

spontaneously derived from germ cells in the testis, sev-

eral research groups had tried to establish pluripotent cell 

lines from germ cells like what ESCs were derived from 

embryos. In 1992, these efforts resulted in establishing 

novel pluripotent cell lines, known as embryonic germ 

cells (EGCs) from primordial germ cells (PGCs) (Matsui et 

al., 1992; Resnick et al., 1992). 

In 1998, PSC researches entered a new phase by the es-

tablishment of human ESCs (Thomson et al., 1998). The 

derived human ESCs made people think that pluripotent 

cells could be used for regenerative medicine by tissue 

engineering. To curing degenerative diseases including 

Parkinson’s disease, Alzheimer’s disease, diabetes, and 

retinitis pigmentosa, etc., damaged tissues or cells should 

be replaced with undamaged normal tissues or cells, 

but it is hard to prepare the sufficient amount of cells to 

care patients. However, if PSCs can be differentiated into 

specific cell lineage, human ESCs could supply sufficient 

amount of normal cells or tissues for transplantation. 

For these reasons, PSC researches started to focus on cell 

therapy and were accelerated by the establishment of in-

duced pluripotent stem cells (iPSCs) and cloned human 

ESCs in 2006 and 2013, respectively (Takahashi and Ya-

manaka, 2006; Tachibana et al., 2013). 

EMBRYONIC STEM CELLS (ESCs) 

As mentioned above, embryonic stem cells (ESCs) are 

pluripotent cells derived from preimplantation embryos. 

To retain characteristics of ESCs such as self-renewal and 

pluripotency, various extrinsic and intrinsic factors have 

to be delicately regulated. Moreover, distinct features of 

ESCs compared with somatic cells are used to identify 

them. Lack of extrinsic or intrinsic determinants induces 

loss of pluripotency and differentiation of ESCs. So, it is 

important to understand and investigate genes and culture 

conditions involved in the pluripotency network circuit. 

The microenvironmental surrounding of ESCs, known 

as a stem cell niche, including cytokines, extracellular 

matrix, and metabolic sources is important extrinsic 

factors for supporting pluripotency. Viability and self-

renewal of ESCs during in vitro-culture are dependent on 

the stem cell niche. Firstly derived mouse ESCs were ob-

tained by co-culturing with mitotically-inactivated mouse 

embryonic fibroblasts (MEFs), so-called feeder layer, and 

EC cell-derived conditioned media (Evans and Kaufman, 

1981; Martin, 1981). The main function of the feeder 

layer is providing a physical environment such as the ex-

tracellular matrix (ECM), which affects proliferation and 

survival rate by activating Cadherin and Integrin signal-

ing in ESCs (Guilak et al., 2009). And feeder cells activate 

intrinsic pathways of pluripotency by paracrine effects of 

several cytokines including LIF, FGF2, BMP4, ACTIVIN A, 

and WNT, etc (Eiselleova et al., 2008). Recently, to reduce 

cell-to-cell variation and xeno-contamination occurred 

by feeder layer, a mixture of ECM proteins and synthetic 

peptides are being used instead of feeder cells. 

Together with the physical environment, activation of 

cellular signaling by cytokines is also important to main-

tain pluripotency. Because signaling molecules specifi-

cally support pluripotency of ESCs were not known, EC 

cell-derived conditioned media was used at the beginning 

of ESC culture (Martin, 1981). Later, it was verified that 

LIF and BMP4 signaling pathways have a crucial role in 

supporting the pluripotency of ESCs (Ying et al., 2003). 

Although LIF treatment is sufficient to maintain pluripo-

tency in serum-supplemented media, ESCs differentiated 

into neural lineage in serum-free media, suggesting un-

known factors of fetal bovine serum involved in sustaining 

pluripotency. Ying and colleagues found that BMP4 sup-

ports pluripotency with LIF in serum-free media prevent-

ing neural differentiation (Ying et al., 2003). BMP4 facili-

tates expression of inhibitor of differentiation, Id, protein 

through SMAD signaling and these proteins inhibit neural 

differentiation. Feeder cells are also required for culture 

of human ESCs, similar to the mouse (Thomson et al., 

1998). However, there are some physiological differences 

between human and mouse ESCs. Unlikely mouse in 

which LIF and BMP4 are involved, the pluripotency of hu-

man ESCs is sustained through ERK and ACTIVIN/NODAL 

signal pathway activated by FGF2 and TGF-β (Pera and 

Tam, 2010). These distinguishable features had been con-

sidered as species-specific characteristics for a long time. 

However, series of experiments discovered that the differ-

ences among PSCs are originated by two distinct grades of 

pluripotency, including “naïve” and “primed” states, based 

on developmental competence (Nichols and Smith, 2009).

EPIBLAST STEM CELLS (EpiSCs)

In 2007, two research groups established a novel type of 
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pluripotent stem cells, named postimplantation epiblast-

derived stem cells (shortly, epiblast stem cells or EpiSCs), 

from postimplantation embryos (Brons et al., 2007; Tesar 

et al., 2007). To derive EpiSCs, late epiblasts were isolated 

at embryonic day 5.5 before gastrulation and seeded onto 

feeder cells in culture media supplemented with FGF2 

and ACTIVIN A. After 3-5 days, epiblast explants rapidly 

grew and formed OCT4-expressed compact colonies. The 

established EpiSCs expressed pluripotent genes such as 

Oct4, Sox2, and Nanog, and were capable of generating 

teratomas when the cells were grafted in immune-defi-

ciency mice. However, EpiSCs showed distinct character-

istics compared with ESCs derived from early epiblasts. 

Expression of ICM-specific genes which are up-regulated 

in ESCs such as Pecam1, Tbx3, and Gbx2 was decreased 

in EpiSCs. On the other hand, epiblast and early germ 

layer-specific genes such as Otx2, Eomes, Foxa2, T, 

Gata4, Sox17 and Cer1 were highly expressed in EpiSCs. 

This cell line grew as a monolayer having flattened mor-

phology and relied on ERK and ACTIVIN/NODAL signal-

ing pathway to maintain pluripotency instead of LIF and 

BMP4 signaling. In epigenetic and developmental aspects, 

female EpiSCs possessed inactivated X chromosome simi-

lar to their in vivo-counterpart, late epiblasts. In the same 

manner, when assessed developmental stage by chimeric 

assay, although they could not generate chimeric embryos 

with morula and early blastocyst, EpiSCs were incorpo-

rated within embryos and developed chimeric fetus when 

engrafted into postimplantation embryos (Kojima et al., 

2014). While murine ESCs could be converted into EpiSCs 

by treatment of FGF2 and LIF antagonist, EpiSC couldn’

t be converted into ESCs without genetic manipulations, 

which means steps of mammalian development are irre-

versible (Nichols and Smith, 2009). Overall, EpiSCs shared 

the similarities with human ESCs in terms of gene expres-

sion and cellular signaling. 

EMBRYONIC GERM CELLS (EGCs)

PGCs as an alternative cell source can be used for de-

riving pluripotent stem cells. When cultured with feeder 

cells and adequate cytokines, PGCs can be reprogrammed 

into pluripotent stem cells, named EGCs. As ESCs were 

established from ICM via in vitro-culture, it had been 

attempted that in vitro culture of PGCs, the origin of 

spontaneous teratocarcinoma in vivo, for deriving novel 

pluripotent stem cell line. When cultured with feeder 

cells made of STO cell line and cytokines including LIF, 

FGF2, and SCF, mouse migrating PGCs isolated at dpc 8.5 

were reprogrammed and converted into pluripotent EGCs 

(Matsui et al., 1992; Resnick et al., 1992). Although PGCs 

undergo apoptosis in a few days during in vitro culture, 

Stem cell factor (SCF, also known as c-Kit ligand or Steel 

factor) prevented apoptosis and promoted viability and 

proliferation rate of germ cells together with LIF (Matsui 

et al., 1991). FGF2 reportedly up-regulates the expression 

of Dhx38, Myc and Klf4 known as targets of BLIMP1 via 

down-regulation of Blimp1, facilitates reprogramming of 

PGCs into EGCs (Durcova-Hills et al., 2008). Finally, fully-

reprogrammed mouse EGCs cultured with only LIF. Estab-

lished mouse EGCs possess similar features with ESCs in 

physiological and developmental aspects. They express 

pluripotent marker genes such as OCT4, SOX2, NANOG 

and SSEA1, and have developmental competence in vitro 

(embryoid body formation) as well as in vivo (teratoma 

and chimera formation). Besides, recent data indicated 

that there are close similarities between EGCs and ESCs 

in terms of genetics and epigenetics (Choi et al., 2017). In 

human, EGCs could be derived from the gonad of aborted 

fetuses culturing with feeder cells and LIF, FGF2, and Fsk 

(Shamblott et al., 1998). Human EGCs expressed several 

pluripotent markers such as OCT4, SSEA1, and SSEA3/4 

and have in vitro developmental competence. However, 

because of ethical restrictions for using human fetuses, 

research on human germ cells has not been deeply per-

formed.

INDUCED PLURIPOTENT STEM CELLS (iPSCs)

In 2006, Yamanaka and colleagues developed a new 

method to easily reprogram somatic cells to pluripotent 

cells (Takahashi and Yamanaka, 2006). Newly derived 

PSCs, so-called iPSCs, were generated from adult somatic 

cells by nuclear reprogramming via ectopic expression of 

four genes such as Oct4, Sox2, Klf4, and cMyc (generally 

called ‘Yamanaka’s factors’). Comparison of global gene 

expression between ESCs and iPSCs showed that the gene 

expression pattern of two cell lines was very similar. The 

cells could stably be maintained having a normal karyo-

type and differentiate into three germ layers in vitro and 

in vivo. In 2007, human iPSCs were derived by two inde-

pendent groups (Takahashi et al., 2007; Yu et al., 2007). 
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Yamanaka and colleagues generated human iPSCs by Ya-

manaka’s factors, the other groups used different combi-

nations including OCT4, SOX2, NANOG, and LIN28. The 

iPSC technique was much easier to use compared with 

prior dedifferentiation methods (SCNT and cell fusion) 

and could be applied to adult and aged cells, which ac-

celerated stem cell researches for regenerative medicine 

and cell therapy using patient-specific PSCs. 

However, iPSC technique has problems for applying to 

therapeutic usages. First of all, abnormal features could 

be occurred by the integration of transgenes in the ge-

nome of cells during the maintenance and differentiation 

of iPSCs. Especially, one of Yamanaka’s factors, cMyc as 

a proto-oncogene, induced tumor formation when iPSC/

iPSC-derived cells were transplanted in vivo (Nakagawa 

et al., 2010). And also, because epigenetic memory de-

rived from the origin of somatic cells were remained in 

iPSCs after reprogramming, differentiation of iPSCs were 

biasedly progressed (Polo et al., 2010). And this deficiency 

of epigenetic reprogramming caused differences between 

ESCs and iPSCs (Chin et al., 2010). These problems were 

solved with integration-free gene delivery systems such as 

plasmid vector, episomal vector, piggyback transposon 

system, adenovirus vector and sendai virus vector, and 

transgene-free methods such as protein- and chemical-

mediated systems. And a recent study showed that such 

variations between ESCs and iPSCs were mainly originated 

by different genetic background and genetically matched 

human ESCs and iPSCs were molecularly and functionally 

equivalent (Choi et al., 2015). 

LARGE ANIMAL MODELS IN STEM CELL 
BIOLOGY: A PIG REVIEW

Pig has a great potential in xenotransplantation and 

disease model for human and in biopharming, because of 

its anatomical and physiological similarities with human 

(Park et al., 2013). PSCs of domestic animals have been 

identified as promising tools for generating transgenic 

animals and preclinical researches. Several studies showed 

that ESCs were more efficient for cloning of mouse than 

differentiated cells such as immune cells, neuron, and 

fibroblasts (Hochedlinger and Jaenisch, 2002). And PSCs 

have another advantage in application to nuclear trans-

fer. PSCs can proliferate indefinitely maintaining cellular 

characteristics including karyotype and genomic stabil-

ity. This property, so-called self-renewal, provides an 

indefinite cell source for nuclear transfer. With genetic 

manipulations, they can offer stable transgenic cell source 

for the generation of transgenic animals for bioreactors, 

xenotransplantation and disease models. And also, as 

PSCs could be incorporated in the development of early 

embryos, blastocyst injection could be applied for a gen-

eration of transgenic animals. In 2014, the first clinical 

test was operated in Japan (Sugita et al., 2016). A woman 

who suffered from aged-macular degeneration (AMD) 

received retinal pigment epithelium (RPE) differentiated 

from iPSCs, and her vision was partially recovered. How-

ever, because spinal cords and eyes are an immune-priv-

ileged area without immune cells and are not affected to 

life, clinical tests for organs and tissues which are strongly 

involved in life, such as heart, brain, and pancreas, need 

strict preclinical test using animal disease models. So, 

it makes the porcine study involving differentiation and 

transplantation of stem cells as a preliminary study more 

important. 

In early studies of pig embryonic stem cells (ESCs), re-

searchers tried to establish stem cells based on teratocar-

cinoma culture methods as mouse studies did. Various 

culture materials including serums (fetal bovine serum 

and calf serum), feeder cells (buffalo liver cells, mouse 

embryonic fibroblasts, pig embryonic fibroblasts, and 

pig uterine epithelial cells) and conditioned media were 

tested for maintaining pluripotent inner cell mass (ICM) 

in vitro (Anderson et al., 1994). Nonetheless, it was hard 

to derive pig stem cells due to a lack of knowledge about 

cell signaling involved in early embryo development and 

maintaining pluripotency. In addition, many cytokines 

like interleukins (IL), oncostatin M (OSM), ciliary neuro-

trophic factor (CNTF), epidermal growth factor (EGF), ac-

tivin A (ActA) and stem cell factor (SCF) as well as LIF and 

FGF2 have been used for in vitro culture of pig ICM with 

various combinations and concentrations. However, the 

in vitro-cultured ICM lost their own features and in turn 

differentiated during prolonged culture. Instead, during 

in vitro-culture, multipotent stem cells, so-called ES-like 

cells, have been spontaneously derived by several groups 

(Park et al., 2013). Established pig ES-like cell lines have 

shown some common features. They express pluripotent 

markers such as AP, OCT4, SOX2, and NANOG, and have 

in vitro-differentiation ability, but not in vivo-develop-

mental competence (chimera and teratoma formation 
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ability). 

Because molecular biological differences existed during 

embryo development among mouse, human, and pig, the 

culture conditions for human and mouse ESCs have not 

been able to support pig pluripotency in vitro. During the 

development of the early embryo, which has a pluripotent 

inner cell mass (ICM), the pig has a longer preimplanta-

tion period than that of mouse and human. In order to 

overcome these hurdles, Choi and Lee et al. systemically 

examined effects of various culture conditions on pig 

pluripotency, and finally developed the pig-specific ESC 

culture media containing FGF2, Activin A, and inhibi-

tors of GSK3 and canonical WNT pathway. Unlike previ-

ous reports, the cells derived by novel culture media can 

maintain over 50 passages and differentiate into three 

germ layers in vitro and in vivo. They were capable of 

direct differentiation into specific cells including neural 

cells, pancreatic progenitor and cardiac muscle and tran-

scriptomically similar with human PSCs than mouse PSCs, 

which indicates that these cells could have the potential 

for preclinical study of human cell therapy (Choi et al., 

2019). And they found lipid supplementation was crucial 

for maintaining pig pluripotency in vitro, which indicated 

that metabolic niche also affects deriving and maintain-

ing pluripotency in the ungulate.

Because it has proven difficult to obtain authentic pig 

ESCs, various research groups were focusing on somatic 

cell reprogramming in a pig. Induced pluripotent stem 

cell (iPSC) lines in pigs were firstly generated by indepen-

dent three groups in 2009 (Esteban et al., 2009; Ezashi et 

al., 2009; Wu et al., 2009). These cell lines were derived 

from fetal fibroblasts by using viral vectors carrying dif-

ferent reprogramming factors (human OSKM (Ezashi et 

al., 2009), mouse OSKM (Esteban et al., 2009), and hu-

man OSKM + NANOG and LIN28 (Wu et al., 2009)). In-

terestingly, pig iPSC lines have primed pluripotent state 

in terms of morphologic and molecular features resem-

bling mouse EpiSCs and human ESCs, rather than mouse 

ESCs. In addition, in LIF and small molecules (especially 

ERK and GSK signaling inhibitors)-supplemented media, 

naïve-like pig iPS cell lines have been obtained. The pig 

naïve iPSC lines showed expression of naïve-pluripotent 

markers, two active X chromosomes, and differentiation 

potential into three germ layers (Fujishiro et al., 2013). 

However, the majority of pig iPSC lines were partially 

reprogrammed, showing transgene dependency and in-

complete epigenetic reprogramming. Several studies 

demonstrated that reprogramming of pig cells has unique 

characteristics governed by different cellular networks 

compared with that of mouse and human (Choi et al., 

2016). To derive fully-reprogrammed pig iPSCs, it is re-

quired to develop pig-specific culture system and repro-

gramming methods along with identifying pig pluripotent 

markers based on developmental biology.

Pig germ-line stem cells have been studied for a long 

time. Porcine primordial germ cells (PGCs) arise in en-

doderm and mesoderm beside stalk of the yolk sac and 

allantois during gastrulation (embryonic day (E) 13-14). 

Pig PGCs are starting to migrate from endoderm and 

mesoderm and arrive at genital ridges in E22 via dorsal 

mesentery of the hindgut. At around E30, primitive go-

nads develop into sex organs (Hyldig et al., 2011). Global 

DNA demethylation involving repetitive elements as well 

as erasing gender-specific imprints occur during migra-

tion. And gender-specific imprinting patterns are re-

established between E25-31 (Hyldig et al., 2011). Unlike 

mouse study, pig embryonic germ cells (EGCs) have been 

isolated from E25-30 gonadal PGCs, while pig migrat-

ing PGCs couldn’t be converted into EGCs (Petkov et al., 

2011). It might be caused by differences in the timing of 

epigenetic changes between mouse and pig PGCs (Hyldig 

et al., 2011). In agreement with mouse PGCs, pig PGCs 

are converted into EGCs by FGF2-mediated reprogram-

ming (Choi et al., 2018). When FGF2 was withdrawn dur-

ing primary culture of PGCs, the number of primary EGC 

colonies was dramatically reduced (Lee and Piedrahita, 

2000). Along with FGF2, membrane-bound/soluble SCF 

and LIF have pivotal roles in survival and proliferation 

of pig PGCs during primary culture. However, long-term 

culture in media containing LIF caused down-regulation 

of pluripotency genes and FGF2 supplement was more ef-

ficient for maintaining the pluripotency in pig EGCs (Choi 

et al., 2018). Without SCF, in vitro-survival rate of PGCs 

were reduced and, during extended culture, EGC colonies 

disappeared (Lee and Piedrahita, 2000). 

PERSPECTIVES

Overall, the advancement of stem cell techniques men-

tioned above will help to improve human welfare in the 

aspect of healthy life and agricultural production via 

generation of high-production and disease-resistance 
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animals. To accomplish these goals with pig PSCs, there 

are hurdles remain to be overcame. First of all, although 

recent study represented authentic pig ESCs can derive 

using chemically defined media (Choi et al., 2019), it is 

required to develop more defined culture conditions such 

as feeder-free culture and reprogramming method for pig 

PSCs. Analysis of enhancer showed that different tran-

scription factors were involved in the expression of OCT4 

known as a core gene of pluripotency networks (Kim et 

al., 2019), which means a majority of pig pluripotency 

circuit remains to be elucidated. And to create genetically 

engineered animals by using pig PSCs, genetic manipula-

tion via transgenic technologies has been required in stem 

cell research. As vectors carrying transgenes, plasmid 

vector, virus vectors (including lentiviral vector, retroviral 

vector, sendai virus vector and adenovirus vector), epi-

somal vector and piggyback transposon system have been 

developed. If transfected with short hairpin RNA (shRNA)-

expressing vector, expression of a targeted gene can be 

reduced instead of upregulation. In addition to inserting 

transgenes, replacement and disruption of endogenous 

genes can be accomplished by gene targeting using ho-

mologous recombination, known as a repair mechanism 

of DNA double-strand. Finally, as a preclinical trial of 

human PSCs for cell therapy, the research of animal PSCs 

involving differentiation and transplantation study are 

important. In this reason, many researchers have been 

attempted to convert the porcine PSCs into several differ-

entiated cells including neural, and rod photoreceptors. 

More diverse type of cells would be derived from pig PSCs 

and various transplantation models are going to develop 

in the near future. Overall, pig pluripotent stem cells have 

tremendous potentials for preclinical study, comparative 

developmental biology, and transgenic animal produc-

tion. These efforts may lead to the success of cell therapy 

and improvement of agricultural production.
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