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ABSTRACT

Embryonic germ (EG) cells are undifferentiated stem cells iso-
lated from cultured primordial germ cells (PGC). To date, EG
cells have been isolated only in the mouse. Murine EG cells
share several characteristics with embryonic stem (ES) cells, in-
cluding morphology, pluripotency, and the capacity for germ-
line transmission. We report here the isolation of porcine EG
cells. PGC collected from Day 24 or 25 porcine embryos were
cultured on mitotically inactivated murine fibroblasts. Four EG
cell lines were isolated from repeated subculture of porcine
PGC. Porcine EG cells morphologically resembled murine ES
cells and consistently expressed alkaline phosphatase activity.
These cell lines maintained a normal diploid karyotype and sur-
vived after cryopreservation. Porcine EG cells were capable of
differentiating into a wide range of cell types in culture, includ-
ing endodermal, trophoblast-like, epithelial-like, fibroblast-like,
and neuron-like cells. In suspension culture, porcine EG cells
formed embryoid bodies. When injected into host blastocysts,
the EG cells were able to differentiate and contribute to tissues
of a chimeric piglet. Both in vitro and in vivo evidence dem-
onstrates that the isolated EG cells were pluripotent. These cells
are potentially useful for genetic manipulation in pigs.

INTRODUCTION

Embryonic stem (ES) cells provide not only useful mod-
els for the study of embryonic development but also can
serve as vehicles for germ-line transfer of foreign DNA.
Such cells were first isolated from blastocyst-stage embryos
in the mouse [1, 2]. ES cells remain undifferentiated in re-
peated subcultures, and under the appropriate culture con-
ditions they can differentiate into a wide range of cell types.
In vivo pluripotency, demonstrated by transmission of ES
cell genotypes to chimeric offspring, has been reported in
the mouse [3], rat [4], rabbit [5], and pig [6]. To date, only
murine ES cells have been conclusively demonstrated to
colonize the germ line of chimeras [3]. Transplantation of
nuclei from cultured inner cell mass (ICM) cells into enu-
cleated oocytes has produced embryos capable of devel-
oping to term after transfer to recipients [7]. Pluripotency
of embryo-derived cells from cattle [8] and sheep [9] has
been demonstrated by bovine conceptus development and
birth of live lambs, respectively, after nuclear transfer.

Primordial germ cells (PGC) are embryonic cells that
migrate from the root of the allantois to the genital ridge,
where they ultimately give rise to gametes. PGC can be
distinguished throughout PGC migration from surrounding
somatic tissues by expression of alkaline phosphatase (AP)
activity [10]. Pluripotent stem cells have been isolated from
murine PGC [11, 12]. These cells are referred to as embry-
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onic germ (EG) cells to distinguish them from undifferen-
tiated stem cells of blastocyst origin. EG cells share several
important characteristics with ES cells, including their mor-
phology, pluripotency, and capacity to contribute to the
germ line of chimeras when injected into blastocysts [13,
14].

Because of their potential use for targeted gene manip-
ulation, isolation of ES cells in livestock species could have
numerous agricultural and biomedical applications. Use of
ES cell technology in livestock may overcome current lim-
itations to efficient gene transfer by providing an abundance
of pluripotent stem cells to be genetically manipulated by
conventional recombinant DNA techniques [15]. However,
progress toward establishment of ES cell lines from species
other than the mouse has been slow [16]. Since EG cells
are highly similar to ES cells in their characteristics, PGC
may provide an alternative source of pluripotent stem cells.
As compared with the situation for the conventional method
for isolating ES cells from ICM cells, PGC are available in
large numbers per embryo.

Bovine PGC have been collected from fetal ovaries and
identified by morphology and histochemistry [17]. The iso-
lation of putative bovine EG cells has also been reported
[18]. These cells were capable of in vitro differentiation,
and they displayed AP activity, a murine ES cell marker.
When injected into the blastocoele of blastocysts, PGC-
derived cells were incorporated into the ICM of the host
blastocyst. Spontaneously aborted fetuses between 38 and
60 days in gestation were recently reported [19] after trans-
fer of nuclei from putative bovine EG cells into enucleated
oocytes. To date, only results of short-term culture of PGC
are available in the pig. Under conventional culture con-
ditions, porcine PGC were reported to survive barely more
than 24 h [20].

In this study, the isolation and characterization of por-
cine EG cells are reported. Pluripotency of isolated EG cells
was tested both in vitro and in vivo.

MATERIALS AND METHODS
Collection of PGC

Embryo donors were Hampshire X Yorkshire crossbred
gilts (approximately 6 mo of age) prepared as described
previously [19]. Animals were slaughtered on Day 24 or
25 of gestation, and embryos were dissected from the uteri.
Genital ridges, if visible, were dissected from the embryos;
otherwise, dorsal mesentery was removed [21]. Isolated tis-
sues were washed once with PBS and incubated in 0.02%
EDTA solution (Sigma Chemical Co., St. Louis, MO) for
20 min at room temperature. After incubation, PGC were
dissociated by gentle disruption of the tissues using fine
forceps. The suspension containing dissociated cells was
collected and centrifuged at 800 X g for 5 min. The pellet
was resuspended in PGC culture medium, Dulbecco’s Mod-
ified Eagle’s medium (DMEM) containing 15% fetal bovine
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serum, L-glutamine (I mM), MEM nonessential amino ac-
ids (0.1 M), 2-mercaptoethanol (10 wM), penicillin (100
U/ml), and streptomycin (0.5 mg/ml). A total of 174 em-
bryos dissected from 17 gilts were used to collect PGC and
ultimately to isolate EG cell lines.

AP Histochemistry

Prior to seeding of PGC onto feeder cells, samples of
the cell suspension were assessed for presence of PGC us-
ing morphological criteria [22]. To confirm the morpholog-
ical assessment, samples were stained for AP activity using
an AP histochemistry kit (Sigma) according to the manu-
facturer’s protocol. Putative EG cells were also tested for
AP activity. Monolayers containing PGC-derived colonies
and feeder cells were fixed with 80% ethanol [23] and
stained for AP activity.

Feeder Cells

Feeder cells were prepared and maintained as described
elsewhere [24]. Briefly, STO cells (subcultures of stock
provided by Dr. G.R. Martin, University of California, San
Francisco) were inactivated by incubation in medium con-
taining 10 pg/ml of mitomycin C (Sigma) for 2 h. A day
before PCG were seeded, inactivated STO cells were plated
at a density of 5 X 10* cells per well in a 96-well plate
(Falcon, Franklin Lakes, NJ) or at 2.5 X 103 cells per well
in a 4-well multidish (Nunclon, Roskilde, Denmark).

Isolation of EG Cell Lines

For primary culture, cells collected from the embryos of
the same gilt were pooled. The number of PGC equivalent
to that collected from one embryo (approximately 15 000
PGC) was seeded per well of a 96-well plate containing
feeder cells. Approximately 4—7 days after PCG were seed-
ed, densely packed EG-like colonies obtained from primary
culture were picked from the feeder layer and disaggregated
in a microdrop of 0.25% trypsin-EDTA (Gibco BRL, Grand
Island, NY) for 10-15 min at 39°C with the aid of a mi-
cropipette. The cells disaggregated from the colonies were
seeded onto a fresh feeder layer in a 4-well multidish. Pu-
tative EG colonies were passed as described above for 1—
3 passages until colonies reached more than 50% conflu-
ence. For further subculture, at 4- to 7-day intervals, the
plates containing colonies and feeder cells were washed
with PBS and treated with 0.25% trypsin-EDTA for 10-15
min at 39°C. Cells were removed from the plates and cen-
trifuged at 800 X g for 5 min, and resulting pellets were
resuspended in PGC culture medium prior to plating onto
a fresh feeder layer in a 4-well multidish. All cultures were
maintained at 39°C in 5% C0,:95% air with PGC culture
medium changed every other day. EG cell lines were iso-
lated and maintained in the medium with or without sup-
plementation of porcine leukemia inhibitory factor (LIF;
1000 U/ml; a gift from Alexion Pharmaceuticals, New Ha-
ven, CT).

Cryopreservation

To ensure availability of EG cells for later use, cells were
cryopreserved at each passage, beginning as early as pas-
sage 3. Porcine EG cells were frozen and thawed as de-
scribed elsewhere [25].
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Karyotypic Analysis

At passages 812, porcine EG cells in a 4-well multidish
were cultured overnight in PGC culture medium containing
0.02 pwg/ml colcemid (Gibco BRL) at 39°C in 5% CO,:95%
air. The cells were trypsinized and harvested as described
above. The resulting pellet was resuspended in hypotonic
solution (0.56% KCI in H,O, w:v) and was incubated for
20 min at 20°C. The cells were pelleted by centrifugation
at 800 X g for 5 min at 20°C and fixed in cold Carnoy’s
fixative (3:1 vol of absolute methanol to glacial acetic acid)
for 5 min. After another wash by centrifugation, the cells
were resuspended in 0.5 ml of fixative. To prepare slides,
the cell suspension was dropped onto microscope slides
prewashed with fixative. After air drying, the slides were
stained in Giemsa staining solution (Gibco BRL). The
stained slides were rinsed with tap water, air dried, and
observed at X400 magnification with oil immersion. Ap-
proximately 10-20 metaphase spreads from each EG cell
line were examined for the presence of structural and nu-
merical abnormalities of chromosomes. Photographs were
taken on Kodak (Eastman Kodak, Rochester, NY) Technical
Pan B&W film, and karyotypes from each EG cell line
were arranged as described elsewhere [26].

In Vitro Differentiation

To induce differentiation on a monolayer, EG cells were
cultured for more than 2 wk without passage. To induce
differentiation in suspension culture, EG cells were passed
once as described above onto a (.1% gelatin-coated plate
to eliminate possible contamination by fibroblasts. After 4—
7 days in culture, colonies were gently dislodged from the
plate with the aid of a micropipette and were disaggregated
by incubation in 0.25% trypsin-EDTA for 10-15 min at
39°C. Dissociated cells were cultured in a microdrop of
PGC culture medium containing 0.3 pM retinoic acid (Sig-
ma) on a 35-mm nonadhesive petridish (Falcon). Suspen-
sion cultures were monitored daily for embryoid body for-
mation, with medium changed every other day.

Chimera Production

The ability of porcine EG cell lines to differentiate in
vivo was tested by injection into host blastocysts. Duroc
gilts (approximately 6 mo of age) artificially inseminated
with mixed semen from 2 to 3 Duroc boars were used as
host blastocyst donors. Estrus in blastocyst donors and re-
cipient sows was induced as described previously {27].
Skin-pigmentation markers were used for preliminary iden-
tification of chimeric piglets. Porcine EG cell lines were
isolated from embryos of Hampshire X Yorkshire crossbred
pigs (black and white pigmentation; both are codominant
alleles), and host blastocysts were Durocs (red pigmenta-
tion; recessive). Blastocysts were collected from the Duroc
gilts 6 days after the first day of estrus. Porcine EG cell
lines at passage 7-15 were used for injection. All cell lines
used had been cryopreserved once or more prior to the
blastocyst injection. Colonies of EG cells picked off the
feeder layer were incubated in 0.25% trypsin-EDTA for 5—
10 min and dissociated into small clumps containing ap-
proximately 10-20 cells each. One EG cell clump each was
injected into the blastocoele of a host blastocyst as de-
scribed previously [28]. Injected blastocysts were surgically
transferred to the uteri of recipients on Day 4 of their es-
trous cycle (i.e., 2 days behind donor gilts). Host blasto-
cysts were pooled across donors after injection with EG
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cells to ensure a sufficient number of embryos to sustain
pregnancy after transfer. At birth, piglets were examined
for skin-pigmentation chimerism (i.e., black or white
among red pigmentation).

DNA Marker

A piglet with overt skin-pigmentation chimerism was
subjected to analysis of DNA from various tissues. Since
host blastocysts collected from 6 gilts had been pooled for
the embryo transfer that produced the skin-pigmentation
chimera, parentage analysis was performed to identify the
sire and dam of the host blastocyst that produced the skin-
pigmentation chimera. After polymerase chain reaction
(PCR) amplification of microsatellites (MS) S0036, S0099,
SW157, and SW871 from blood samples of the skin-pig-
mentation chimera and its potential parents, the amplified
fragments were analyzed using PAGE [29] (primers were
provided by Dr. M.E Rothschild, Iowa State University,
Ames, 1A). These MS were selected for analysis on the
basis of their having a high degree of polymorphism and
therefore a likelihood of being the most informative. Each
MS was amplified individually. Five gilts and two boars
could be excluded as possible parents of the Duroc host
blastocyst on the basis of MS DNA incompatibilities. The
remaining gilt and boar were genetically comparable with
the Duroc host blastocyst and were identified as the parents.
The presumptive chimera was killed 5 days after delivery,
and tissue samples were excised from the brain, pituitary
gland, lung, liver, heart, spleen, kidney, muscle, testis, ep-
ididymis, pancreas, intestine, thyroid gland, and skin. After
washing of tissue samples with PBS, DNA was isolated
from each tissue sample and analyzed by PCR amplification
of MS SW871 as described above.

RESULTS
Isolation of EG Cell Lines

With or without supplementation of LIF in the culture
medium, porcine EG cell lines were isolated and main-
tained in long-term culture (Table 1). Although PGC readily
formed colonies resembling murine ES cells in primary cul-
ture, most colonies were lost prior to the fourth passage
(Table 1). Four EG cell lines isolated from PGC of different
gilts survived in long-term culture; one cell line survived
for more than 29 passages. These cells proliferated indefi-
nitely in repeated subculture carried out over a period of
more than 6 mo.

The EG cell lines produced densely packed colonies
similar to murine ES cells (Fig. 1A), but porcine EG col-
onies were flatter and more translucent than murine ES
cells. Porcine EG cells did not contain lipid-like vacuoles,
which often appear in both murine and porcine ES cells
[30]. The size and shape of EG colonies varied, and indi-
vidual EG cells were 5-15 um in diameter, approximately
a third the size of a STO feeder cell. As described for por-
cine ES cells [30], each porcine EG cell contained a large
nucleus with prominent nucleoli and a relatively small
amount of cytoplasm. One and three cell lines were isolated
from PGC collected from the dorsal mesentery and genital
ridge, respectively (Table 2). Among isolated EG cell lines,
no obvious differences were observed in their morphology,
proliferation, and AP activity. Porcine EG cells consistently
expressed AP activity (Fig. 1B) whereas STO feeder cells
did not. When the EG cells differentiated in vitro, they
rapidly lost AP activity. After 8-12 passages, all four iso-
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TABLE 1. Progressive loss of porcine EG cell lines after several passages
in medium with and without porcine LIF.

No. No. cell lines surviving to passage
Growth factor primary
supplemented cultures* 1 2 3 4 >14
None 10 9 7 6 3 3
Porcine LIF 7 5 3 2 1 1

* Each primary culture included PGC from pooled embryos of a different
embryo donor.

lated EG cell lines had the normal porcine complement of
38 chromosomes (36 autosomes and 2 sex chromosomes).
No obvious abnormalities were found in chromosomes
from the isolated EG cells. Three cell lines possessed nor-
mal diploid male karyotypes, and one cell line had a normal
diploid female karyotype (Table 2). After cryopreservation,
EG cells survived and proliferated without overt changes
in their characteristics.

In Vitro Differentiation

In prolonged culture without passage, porcine EG cells
occasionally differentiated into several cell types. As evi-
denced by morphology, the EG cells gave rise to at least
five differentiated phenotypes, including endodermal, tro-
phoblast-like, epithelial-like, fibroblast-like, and neuron-
like cells. The neuron-like cells had several long neurites
that emerged from cell bodies (Fig. 1C) and often formed
neural rosettes. The fibroblast-like cells grew rapidly and
elongated in culture (Fig. 1D). They easily mixed with
feeder cells and rapidly dominated undifferentiated stem
cells in culture. The epithelial-like cells formed a monolay-
er of polygonal cells with visible borders between cells
(Fig. 1E), whereas typical undifferentiated EG cells did not
show distinct boundaries between cells. The trophoblast-
like cells were occasionally found in loosely packed colo-
nies in which individual cells were larger than EG cells
(Fig. 1F). When EG colonies formed tent-like protrusions
with multilayers, the colonies often resulted in formation
of an endodermal layer at the boundaries of the colonies
(Fig. 1G). AP expression was rapidly reduced with differ-
entiation of EG cells. Differentiation could also be induced
in suspension culture. After approximately 7 days in sus-
pension culture, the EG cells formed simple embryoid bod-
tes (Fig. 1H), each containing an outer layer of large en-
dodermal cells separated from a core of undifferentiated
stemn cells.

TABLE 2. In vivo differentiation of porcine EG cell lines after injection
into blastocysts.
EG cell line
PEGC142* PEGC273 PEGC367 PEGC62*

Origin of PGC* GR GR GR DM
Karyotype (2n) 38,XY 38,XY 38,XY 38,XX
No. of embryos

transferred 105 25 56 NT
No. of recipients 4 1 2 NT
No. of pregnant

recipients 4 1 1 NT
No. of piglets born 20 10 11 NT
No. of chimeras born 1 0 0 NT

* Cell line was isolated with supplementation of porcine LIF in the culture
medium.

* GR, genital ridge; DM, dorsal mesentery.

* Not tested.

220z 1snBny 0z uo 1senb Ad 61.019.2/6801/S//S/aI01ME/poida|01q/Woo dNo"diWapeoe//:Sdly Woly paPEO|UMOQ



Downloaded from https://academic.oup.com/biolreprod/article/57/5/1089/2761019 by guest on 20 August 2022

-
z
T
[64]
=
T
w




PORCINE EMBRYONIC GERM CELLS

FIG. 1. Porcine EG cells. A) Colony of EG cells each with a large nucleus
and prominent nucleoli. Stained with hematoxylin and eosin. X400. B) AP
histochemical staining of porcine EG cells. Dark stain represents AP activity
of undifferentiated stem cells. X200. C-G) In vitro differentiation of porcine
EG cells. C) Neuron-like cells. Long neurites emerged from a cell body. X200.
D) Fibroblast-like cells elongated and mixed with feeder cells. X100. E) Ep-
ithelial-like cells forming a monolayer of polygonal cells. x200. F) Tropho-
blast-like cells. Colony was loosely packed, and individual cells were larger
than EG cells. X100. G) Endodermal cells. A layer of endodermal cuff (arrow)
was differentiated at boundaries of the EG colony. x100. H) Simple embryoid
body formation induced by suspension culture of porcine EG cells. Note an
outer layer of large endoderm cells (arrow). X200. (Reproduced at 90%.)

Chimera Production

Porcine EG cell lines were tested for in vivo pluripoten-
cy by injection into blastocysts that were subsequently
transferred to recipients for development to term. As shown
in Table 2, a total of 186 host blastocysts were injected
with EG cells from three cell lines and transferred to seven
recipients. Six recipients were pregnant (pregnancy rate,
86%), and 41 piglets were born (embryo survival rate,
22%; 4 were dead at birth). One male (piglet 363) showed
overt skin-pigmentation chimerism resulting from the in-
jection of the crossbred EG cell line PEGC142 into a Duroc
host blastocyst. White stripes derived from the EG cells
were observed on the flank and back of the piglet and most
prominently on the left hind leg (Fig. 2).

The chimeric piglet failed to thrive postnatally, and at 5
days of age it was killed for collection of tissue samples.
At necropsy, several developmental abnormalities were ob-
served, including a ventricular septal defect and shortened
caudate vertebrae. MS profiles of parents of the host blas-
tocyst, the EG cell line, and tissue samples from the skin-
pigmentation chimera confirmed chimerism. A 120 base-
pair allele of MS SW871 was present both in the injected
EG cell line (PEGC142) and in various tissues from the
skin-pigmentation chimera but was absent in parents of the
host blastocyst (Fig. 3). Porcine EG cells contributed to
tissues derived from all three germ layers, including blood,
brain, pituitary gland, lung, kidney, muscle, testis, epidid-
ymis, pancreas, intestine, thyroid gland, and skin. Contri-
butions of the EG cells to development of the heart, liver,
and spleen were not detectable.

1093

FIG. 2. Chimeric piglet (piglet 363) that developed from a Duroc blastocyst
(red pigmentation) injected with Hampshire X Yorkshire (black and white
pigmentation) EG cells. A) Chimeric male with white stripes interspersed
among areas of red across flanks and back. B} White pigmentation derived
from EG cells was most prominent on left hind leg (arrow).

DISCUSSION

LIF has been shown to be an essential growth factor for
isolation and maintenance of murine ES cells [31]. STO
cells produce LIE but cell culture medium is often supple-

FIG. 3. PCR analysis of DNA from the par-
ents of the Duroc host blastocyst, the EG
cell line injected into the blastocyst, and tis-
sues of piglet 363 with skin-pigmentation
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mented with additional LIF when ES cells are isolated and
passed [32]. Moreover, murine EG cells have been suc-
cessfully isolated only in instances in which PGC were cul-
tured with a combination of three growth factors, including
LIE stem cell factor, and basic fibroblast growth factor [11,
12]. These three growth factors have also been used to es-
tablish bovine PGC-derived cell lines [19]. However, cell
lines have also been isolated by culturing bovine PGC over
a feeder layer of either murine or bovine fibroblasts without
growth factor supplementation [18]. Porcine PGC can pro-
liferate in short-term culture on STO feeder layers without
supplementation of growth factors in the culture medium
(unpublished results). In this long-term culture experiment,
a feeder layer of STO cells provided sufficient support to
allow isolation and maintenance of porcine EG cell lines.
It remains to be determined whether these and other growth
factors have a long-term effect on efficiency in isolation of
EG cells, on contribution of EG cells to normal in vivo
differentiation, and on colonization of the germ line by EG
cells.

Markers for pluripotent cells are often useful to identify
stem cells in culture. Expression of AP has been demon-
strated in ES and ES-like cells in the mouse [33, 34], rat
[35], pig [36], and cow [37]. AP activity has also been
detected in murine PGC [11], murine EG cells [12, 13], and
porcine PGC (unpublished results). In the present study, AP
activity was consistently expressed in primary cultures and
subcultures of EG cells. With in vitro differentiation of EG
cells, AP activity was rapidly lost. In conjunction with mor-
phological evaluation of EG cell colonies, AP expression
was a convenient marker to identify undifferentiated stem
cells in culture.

A significant proportion of newly established ES cells
has been reported not to contain a normal diploid karyotype
[32], a phenomenon associated with their rapid proliferation
in culture. For germ-line genetic manipulation using ES
cells (e.g., gene targeting), normal diploid cell lines (pref-
erably male) are required. As evidenced by Giemsa staining
and karyotypic analysis, all porcine EG cell lines in this
study contained a normal diploid karyotype, and three of
four cell lines were male.

Murine ES cells are capable of differentiating in vitro
into multiple cell types, including skeletal muscle-, cardi-
ac-, neuron-, and hematopoietic-like cells [2, 38, 39]. Cell
lines derived from epiblast showed in vitro differentiation
into a variety of cell types in the cow [37], pig [36, 40],
and sheep [36]. In this study, porcine EG cells were capable
of in vitro differentiation into various cell types. Formation
of simple embryoid bodies with endodermal differentiation
was also induced from porcine EG cells. The capacity for
in vitro differentiation demonstrated by EG cells suggested
that they were pluripotent.

One male piglet was confirmed by skin pigmentation and
DNA analysis to be a chimera from injection of porcine
EG cells into blastocysts. An association between observed
developmental abnormalities and contribution of EG cells
could be neither confirmed nor excluded. Congenital car-
diac malformations have been observed in natural swine
populations at a frequency of 4.35%; 7% of these were
ventricular septal defects as seen in the chimera described
here [41]. Occasional abnormalities including stunted
growth, skeletal abnormalities, and sterility in chimeras de-
rived from murine EG cells have been reported [11]. Vary-
ing degrees of chimerism observed among organs, and at
times lack of chimerism in some organs, have been de-
scribed in chimeric mice [42], rabbits [43], and pigs [44].

SHIM ET AL.

Pigmentation chimerism was not extensive throughout the
body, but in vivo pluripotency of porcine EG cells was
clearly demonstrated by DNA analysis. Descendants of EG
cells were incorporated into several tissues derived from all
three germ layers, including ectoderm (brain and skin), me-
soderm (skeletal muscle, kidney, testis, and epididymis) and
endoderm (lung, liver, and intestine).

The efficiency of producing chimeras appeared to be low
on the basis of expression of the pigmentation markers (Ta-
ble 2). Injection of fresh ICM cells into blastocysts has
given rise to 10-11% chimeric pigs among offspring [27,
44], but a low efficiency (5% and 2.5%, respectively) of
producing chimeras was observed after injection of rabbit
ES cells [5] and PGC [43] into blastocysts. In mice, effi-
ciency of producing chimeras and frequency of germ-line
transmission vary among strains from which ES cells are
derived [45]. The incidence and degree of chimerism vary
among EG cell lines in the mouse [13]. It is not yet clear
whether the low frequency of chimerism was due to de-
velopmental potency of porcine EG cells in general or of
the particular cell lines tested, to challenges of manipulation
and transfer of embryos in large animal species, or simply
to the relatively smaller number of embryo transfers that is
frequently feasible in large animal species as compared to
mice.

In this study, porcine EG cells were successfully isolated
and maintained in long-term culture. These cells demon-
strated many important features of pluripotent stem cells,
including AP activity, capacity of in vitro differentiation,
and production of chimeric offspring with EG cells con-
tributing to various cell lineages. This report is the first to
document isolation of EG cells from a species other than
the mouse. Further research is required to enhance the ef-
ficiency of chimera production and to document germ-line
transmission of EG cells, but resuits of this study provide
an important step toward targeted modification of the por-
cine genome.
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