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Abstract

Induced pluripotency is a new approach to produce embryonic stem-like cells from somatic cells that provides a unique means
to understand both pluripotency and lineage assignment. To investigate whether this technology could be applied to endangered
species, where the limited availability of gametes makes production and research on embryonic stem cells difficult, we attempted
generation of induced pluripotent stem (iPS) cells from snow leopard (Panthera uncia) fibroblasts by retroviral transfection with
Moloney-based retroviral vectors (pMXs) encoding four factors (OCT4, SOX2, KLF4 and cMYC). This resulted in the formation
of small colonies of cells, which could not be maintained beyond four passages (P4). However, addition of NANOG, to the
transfection cocktail produced stable iPS cell colonies, which formed as early as D3. Colonies of cells were selected at D5 and
expanded in vitro. The resulting cell line was positive for alkaline phosphatase (AP), OCT4, NANOG, and Stage-Specific
embryonic Antigen-4 (SSEA-4) at P14. RT-PCR also confirmed that endogenous OCT4 and NANOG were expressed by snow
leopard iPS cells from P4. All five human transgenes were transcribed at P4, but OCT4, SOX2 and NANOG transgenes were
silenced as early as P14; therefore, reprogramming of the endogenous pluripotent genes had occurred. When injected into
immune-deficient mice, snow leopard iPS cells formed teratomas containing tissues representative of the three germ layers. In
conclusion, this was apparently the first derivation of iPS cells from the endangered snow leopard and the first report on induced
pluripotency in felid species. Addition of NANOG to the reprogramming cocktail was essential for derivation of iPS lines in this
felid. The iPS cells provided a unique source of pluripotent cells with utility in conservation through cryopreservation of genetics,
as a source of reprogrammed donor cells for nuclear transfer or for directed differentiation to gametes in the future.
© 2012 Elsevier Inc. All rights reserved.

Keywords: Snow leopard; Induced pluripotent stem cells; Conservation; Teratoma

www.theriojournal.com
1. Introduction

Gene banking of cells and tissues using cryopreser-
vation is an important and useful approach for genetic
preservation of valuable domestic cat breeds and for
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conservation management of endangered wild feline
species [1]. Although, cryopreservation of gametes is
the most useful method of supporting endangered spe-
cies breeding programs [2,3], collection of gametes
from these species for assisted reproductive technology
(ART) is often difficult. Recent advances in embryonic
stem (ES) cell technology have provided an alternative
approach, since ES cells can differentiate to gametes in

vivo and therefore have the potential to provide a source
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of gametes for in vitro for embryo production. In ad-
dition, they can also be used as a donor cell for nuclear
transfer (NT) and can be readily cryopreserved for gene
banking [4].

The snow leopard (Panthera uncia) is a large cat
that lives in the mountain ranges of Central Asia, be-
tween 3,000 and 5,500 m (9800 and 18,000 ft) above
sea level [5]. Although the secretive nature of the snow
leopard makes an accurate population census difficult,
estimates suggest that only between 3,500 and 7,000
snow leopards still exist, making them an endangered
species with numbers on the decline [6].

Endangered felid species are often difficult to
breed both in captivity and under natural conditions.
One of the most important reasons for infertility or
subfertility is decreased genetic diversity caused by
inbreeding, due to genetic bottle-necks because of
geographic isolation and population contraction [7].
Consequently, there has been increasing interest in
techniques for maintaining genetic diversity of en-
dangered wild felids [8].

Pluripotent stem cells differentiate into all the cell
types in the body, while retaining the capacity for
indefinite self-renewal [9]. These cells have great po-
tential for application in regenerative medicine, assisted
reproductive technologies, development of new bio-
technologies, and drug development [10]. Pluripotent
stem cells have traditionally been derived from em-
bryos, which are destroyed in the process, raising eth-
ical and moral concerns for the derivation of stem cell
lines in humans and also in endangered species. For
species in which embryos are particularly difficult to
obtain, such as endangered species, this approach also
faces logistical concerns, as the supply of embryos in
wild felids for isolation of ES cells is limited. Induced
pluripotent stem (iPS) cells, which are derived from
somatic tissue are a potentially useful alternative to ES
cells.

Production of iPS cells was first reported by Taka-
hashi and Yamanaka [11] using viral transduction of
mouse fibroblasts to screen a combination of 24 candi-
date genes with putative roles in pluripotency. They
found that four transcription factors (OCT3/4, SOX2,
KLF4 and cMYC) were required to reprogram mouse
embryonic fibroblasts (mEFs) and adult tail tip fibro-
blasts to iPS cells, that were almost indistinguishable in
morphology from mouse embryonic stem (mES) cells
[12,13]. Subsequently, iPS cells have been derived
from the somatic cells of rodents, primates, dogs,

sheep, horses, pigs and cattle [14-23], but there are no
reports of iPS cells from any felid or endangered spe-
cies.

To investigate whether this technology could be
applied to endangered species, we attempted generation
of iPS cells from snow leopard ear fibroblasts by ret-
roviral transfection with Moloney-based retroviral vec-
tors (pMXs) encoding either four (OCT4, SOX2, KLF4
and cMYC) or five (OCT4, SOX2, KLF4, cMYC and
NANOG) human transcription factors. Our hypothesis
was that inclusion of NANOG to the cocktail, which is
critical for pluripotency in large animals [24], would be
required to generate snow leopard iPS cells. Our aim
was to derive and characterize iPS cells from snow
leopard fibroblasts using retroviral vectors and to ex-
amine their differentiation potential both in vitro and in
vivo.

2. Materials and methods

2.1. Animals

Animal handling and experiments conformed to the
code of practice of the Australian National Health and
Medical Research Council (2004) and were approved
by Monash University Animal Experimentation Ethics
Committee.

2.2. Isolation of snow leopard ear fibroblasts

Tissue samples were collected from the ear pinnae
of snow leopard, which had died of natural causes or
were euthanized due to health-related problems identi-
fied by a zoo veterinarian. All samples were donated by
Mogo Zoo (Australia).

Adult dermal fibroblasts cell lines were derived from
the tissue samples using standard isolation and culture
techniques [23]. A small sample of ear tissue (�5 mm2)

as minced using sterile surgical instruments and
lated into six well-dishes with Fibroblast Plating (FP)
edium, containing Dulbecco’s Modified Eagle’s Me-

ium, high glucose with penicillin/streptomycin (Invit-
ogen, Mulgrave, Vic, Australia) and 10% (v/v) fetal
ovine serum (GIBCO, Melbourne, Vic, Australia), the
ispersed tissue was cultured at 38.5 °C in 6% CO2 in

air for 7 d [25] and fibroblast outgrowths from the
tissue explants were then transferred to two T175 cm2

flasks for expansion.

2.3. Feeder layer preparation

The mEF were isolated from fetuses collected from
mice on D13.5 post-coitum and used as a feeder layer
for the iPS cells as previously described [26]. The

mEFs were cultured in DMEM (high glucose, Invitro-
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gen) supplemented with 10% (v/v) fetal bovine serum
(FBS; Invitrogen), 2 mM GlutaMAX, 0.5% penicillin/
streptomycin and 1 mM non-essential amino acids.
Feeder cells were treated with 10 �g ml�1 mitomycin
C (Sigma-Aldrich, St. Louis, MO, USA) for 3 h to
arrest mitosis, then washed in PBS, and replated at a
density of 40,000 cells/cm2 in organ tissue culture
ishes.

.4. Induction of pluripotency

Moloney-based retroviral vectors (pMXs) contain-
ng the coding sequences of GFP, human OCT4, SOX2,
LF4, cMYC and NANOG genes were obtained from
ddgene (Cambridge, MA, USA). The retroviral vec-

or, pMX-GFP, was transfected into PLAT-A packag-
ng cells stably expressing gag, pol, and env genes

(Jomar Biosciences, Kensington, SA, Australia) for the
production of amphotropic virus. Then, 9 �g of each of
the vectors described above was cotransfected to Plat A
cells by Fugene 6 (Roche, Dee Why, NSW, Australia)
according to manufacturer’s instruction. Virus-contain-
ing supernatants were collected 48 and 72 h post-trans-
fection and filtered through a 0.45 �m pore-size filter
nd supplemented with 4 �g/ml of Polybrene (Sigma).
now leopard fibroblasts were plated 24 h before in-
ection at a density of 4 � 104 cells/cm2. Equal parts of

the five transcription factors-containing retroviral su-
pernatants were added to the plated snow leopard fi-
broblasts. Two rounds of infection were performed 24 h
apart. The culture medium was changed to mouse em-
bryonic stem cell medium at D4 post-infection. The iPS
cell colonies were selected at D5 with distinct bound-
aries. Snow leopard fibroblasts cells were infected with
GFP-containing retroviral supernatant to monitor the
transduction efficiency. The overall efficiency of repro-
gramming was calculated by the number of colonies
formed/number of cells plated.

Table 1
Comparative analysis on the number of colonies between four facto
number of cells plated per dish was 40,000.

Experiment 4 factors (O,S,K,M)
5 factors (O,S,K,M,N)

Transduction
efficiency (%)

4 factors 96
5 factors 96
4 factors 95
5 factors 95
4 factors 98

5 factors 98
2.5. Cell culture

Mitotically inactivated mEF were plated in six-cm
organ culture dishes. The FP medium was replaced
with mES cell medium containing DMEM (high glu-
cose, Invitrogen) supplemented with 0.1 mM 2-beta
mercaptoethanol (�-ME), 1M non-essential amino ac-
ids (NEAA), 2 mM GlutaMAX, 20% (v/v) HyClone
serum, 0.5% penicillin/streptomycin, 103 U ml�1 mu-
rine leukemia inhibitory factor (ESGRO); (Invitrogen)
after double infection. Medium was changed every day
and every third to fourth day the snow leopard iPS cell
colonies were passaged on to fresh feeder layers. These
cells were cultured in 6% CO2 at 38.5 °C.

2.6. Immunocytochemistry

Subconfluent cells were tested for alkaline phospha-
tase (AP) activity and examined immunocytochemi-
cally, using antibodies against markers typically ex-
pressed by pluripotent cells. AP staining was performed
using a diagnostic alkaline phosphatase substrate kit
according to the manufacturer’s specification (SK-
5300, Vector Laboratories, Inc., USA). For immunocy-
tochemistry, colonies were fixed in 4% (w/v) parafor-
maldehyde for 15 min at room temperature (RT) and
washed three times with PBS pH 7.5. Cells examined
for OCT4 and NANOG were blocked with PBS pH 7.5
supplemented with 1% (w/v) BSA, 5% (v/v) goat se-
rum, and 0.1% (v/v) Tween. Those tested for SSEA-4
were blocked with 1% (w/v) BSA, 5% (v/v) goat serum
in PBS pH 7.5 for 60 min at RT. Mouse anti-human
OCT4 IgG (SC-5279, Santa Cruz Biotechnology, Santa
Cruz, CA, USA), mouse anti-mouse SSEA-4 IgG (MC
813–70, Millipore, Melbourne, Vic, Australia) and rab-
bit polyclonal IgG to NANOG IgG (AB 80892, Abcam,
Waterloo, NSW, Australia) were used as the primary
antibodies at 1:100 dilution in PBS containing 5% (v/v)
goat serum in an overnight incubation at 4 °C. The next
day, the cells were washed three times with PBS and a

ve factors and their survival in culture until Passage 4 (P4). Total

o. colonies
formed

Efficiency Survival
after P4

12 0.000300 0/5
21 0.000525 4/5
12 0.000300 0/5
20 0.000500 4/5
13 0.000325 0/5
rs and fi

N

21 21/40,000 � 0.000525 Colonies pooled
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secondary antibody was added in PBS containing 5%
(v/v) goat serum for 1 h at RT (OCT4: anti-IgG Alexa
488 1:500, NANOG: anti-IgG Alexa 488 1:500, and
SSEA-4: anti-IgG Alexa 594 1:500). In addition, control
cell-lines with the primary antibodies excluded (negative
control) were maintained. Cells were subsequently
washed three times with PBS, mounted in Vectashield �
DAPI (Abacus) and cover slipped.

2.7. Microscopy

Cells were examined and images were captured with
phase-contrast and bright-field microscopy using a
Nikon Elite (2000) microscope or an Olympus IX71
microscope. Fluorescent images for immunocytochem-
istry were captured using confocal microscopy at Mi-
croImaging facility of Monash Institute of Medical Re-
search.

2.8. RT-PCR

Total RNA was extracted from snow leopard iPS
cells at P4, P14 and P36, and also from human embry-
onic stem cells (hES), mES, mEF and snow leopard ear
fibroblasts (sLF) using RNAeasykit (Qiagen, Doncas-
tor, Vic, Australia) according to the manufacturer’s
instructions. The resulting total RNA was subjected to
DNase1 treatment using DNA-free kit (Qiagen) to di-
gest any contaminating genomic DNA. cDNA was syn-
thesized using the Superscript lll reverse transcriptase
kit (Invitrogen), and subjected to PCR amplification
with the relevant primer pairs. We used GAPDH ex-
pression as a control for the amount of template in each
reaction and the presence of contaminating genomic
DNA. PCR was carried out using HotStart Taq DNA
polymerase under the following conditions: 95 °C for
10 min, 35 cycles of 94 °C for 30 s, 58 °C for 30 s and
72 °C for 30 s, with final extension at 72 °C for 10 min
(OCT4 and GAPDH) or 95 °C for 10 min, 35 cycles of
94 °C for 30 s, 60 °C for 30 s and 72 °C for 30 s, with
final extension at 72 °C for 10 min (for NANOG)
(Suppl. Table 1; online version only) [28].

For human transgenes gene expression, (Suppl. Ta-
ble 2; online version only) the RT-PCR reaction was
carried out under the following conditions: 95 °C for 5

Fig. 1. Morphology and characterization of snow leopard iPS cells
morphology of the snow leopard iPS colonies at P1; (C) Alkaline pho
with appropriate phase images; confocal images of (D, E, F) NANO
DAPI, merged (J, K, L) SSEA-4; red fluorescence, DAPI, merged. Th
OCT4; bright field, DAPI, fluorescence (P, Q, R) and SSEA-4; brigh

(D–U) is 25 �m.
min, 35 cycles of 94 °C for 30 s, (OCT4), 47 °C
(NANOG), 47 °C (SOX2), 48 °C (KLF4) and 47 °C
(cMYC) for 30 s and 72 °C for 1 min, with final exten-
sion at 72 °C for 5 min [27]. The amplified cDNAs were
separated on 1.5% (w/v) agarose gels, and the bands were
visualized by ethidium bromide staining.

2.9. Freeze-thawing

Snow leopard iPS cells were cryopreserved in the
freezing medium composed of 90% (v/v) FBS and 10%
(v/v) DMSO (Sigma) using a conventional slow freez-
ing method for mouse cells [30]. To test the survival
ability of these cells after cryopreservation, the iPS
cells were thawed at 37 °C water bath for 1 min and
then washed with iPS medium by centrifuging at 200 g
for 2 min. Snow leopard iPS cells were then replated
onto fresh feeder layers with iPS cell medium and
cultured in a 6% CO2 incubator at 38.5 °C.

.10. Teratoma formation

Snow leopard iPS cells were harvested at P18 from
ix cm dishes using 0.05% (w/v) trypsin-EDTA. A
uspension of 2 � 106 cells suspended in MES me-
ium, were injected subcutaneously into the thigh mus-
le of a 5 wk old severe combined immunodeficient
SCID) male mouse. At 10 wk after injection, the
ouse was euthanized and the resulting teratoma was

xcised and fixed in 4% paraformaldehyde, embedded
n paraffin, sectioned at 5 �m and stained with hema-

toxylin and eosin by the Histology Laboratory core
facility at Monash Institute of Medical Research.
Stained sections were then examined by a USA Board
certified veterinary pathologist at Gribbles Pathology
(Melbourne, Vic, Australia).

2.11. Transgenes genomic PCR

To confirm that the teratoma formed in SCID mice
was derived from snow leopard iPS cells and not from
mouse cells, genomic DNA was extracted from snow
leopard iPS cells at P18, teratoma and mouse cells
(mES) and compared. Primers for the human trans-
genes, OCT4, SOX2, KLF4 and cMYC were used to
detect the presence of the respective transgenes in the

. (A) The formation of an iPS colony at Day 3 post-infection; (B)
e staining; Immunofluorescence staining of snow leopard iPS at P14
n fluorescence, DAPI, merged; (G, H, I) OCT4; green fluorescence,
ive controls are NANOG bright field, DAPI, fluorescence (M, N, O),
DAPI, fluorescence (S, T, U). The scale bar for all confocal images
at P14
sphatas
G gree
e negat
t field,
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genomic DNA. Genomic DNA was extracted using the
DNeasy Blood and Tissue kit (Qiagen). Amplification
of integrated transgenes was performed using gene-
specific primers (Suppl. Table 2) and GoTaq Green
Master Mix (Bio-Rad, Gladville, NSW, Australia). The
PCR reaction included an initial denaturation at 94 °C
for 5 min followed by 30 cycles of denaturation at 94
°C for 1 min, annealing at 58 °C for 45 s and extension
at 72 °C for 75 s, followed by final extension at 72 °C
for 5 min. Amplicons were separated through a 1%
agarose gel at 100V for 1 h.

2.12. Karyotype analysis

Karyotype analysis of the snow leopard iPS cells at
Passage 14 was performed at the Cytogenetics Depart-
ment, Monash Medical Centre using standard tech-
niques [23]. A minimum of 60 metaphase spreads were
counted to check for normal chromosomes number and
morphology.

3. Results

3.1. Generation of snow leopard iPS cells

Transduction efficiency of the retroviral transfection
using pMX-GFP transgene expression, averaging 96%
from three repeated experiments, are shown in Table 1.
The reprogramming efficiency for initial colony forma-
tion following five factor induction was 0.000517%,
compared with 0.000308% for four factor induction.
Only five factor induction resulted in colony survival
(80%) beyond P4. Three day post-infection, the appear-
ance of compact colonies was noted (Fig. 1A). The
colonies that were disaggregated at D5 and transferred
to mitomycin C-inactivated mEF showed well-devel-
oped secondary colonies (Fig. 1B), with the cells ex-
hibiting a high nuclear-to-cytoplasm ratio with promi-
nent nucleoli, consistent with typical ES morphology.
These colonies stained positive for alkaline phospha-
tase activity (Fig. 1C).

Snow leopard iPS cells proliferated consistently, re-
quiring subculture at a 1:10 ratio every 3 to 4 d through-
out the 36 passages reported in this study.

3.2. Immunocytochemistry

The snow leopard iPS cells reacted positively for
antibodies against NANOG (Fig. 1D, E, F), OCT4 (Fig.
1G, H, I) and SSEA-4 (Fig. 1J, K, L), respectively, and
negatively with ear fibroblasts cells at P14, NANOG
(Fig. 1M, N, O), OCT4 (Fig. 1P, Q, R) and SSEA-4

(Fig 1S, T, U). fi
3.3. Expression of pluripotent genes in snow leopard
iPS cells

At P4, P14 and P36, RT-PCR analysis demonstrated
the expression of endogenous OCT4 and NANOG. The
ndogenous cat primers did not cross-react with non-cat
amples (Fig. 2A). These two genes were expressed
nly in the snow leopard iPS cells and not in sLF.
urther, RT-PCR also confirmed that all the human

ransgenes were transcribed at P4, however the pluri-
otency-related OCT4, SOX2 and NANOG transgenes
ere silenced at P14. These results were confirmed by

ubsequent analysis at P36. In contrast, the transgenes
ssociated with proliferation (cMYC and KLF4) were
till detectable at P14 and P36 (Fig. 2B).

.4. Karyotype

Chromosomal analysis showed that 55/60 (92%) of
he snow leopard iPS cells tested displayed a euploid
ale karyotype of 38, XY with 18 matched pairs of

utosomes (Fig. 3).

.5. Teratoma formation

At 10 wk after subcutaneous injection of snow leop-
rd iPS cells at P18 into the thigh muscle of a male
CID mouse, a solid tumor (approximately 8 mm) was
bserved. Histologic examination showed that the tu-
or was a fully differentiated teratoma containing cells

nd tissues that were representative of the three primary
erm layers: keratinocytes (ectoderm), cartilage (meso-
erm), and secretory epithelium (endoderm) as con-

Fig. 2. RT-PCR of cat (Specific) endogenous genes and human
transgenes. (A) Gene expression of endogenous cat OCT4 (286 bp),
NANOG (246 bp) and GAPDH (271 bp) and (B) human transgenes
expression of pMX-OCT4, pMX-SOX2, pMX-NANOG, pMX-KLF4
and pMX-cMYC on snow leopard iPS cells at P4, P14, P36, mES
(Mouse Embryonic Stem Cells), mEF (Mouse Embryonic Fibro-
blasts), hES (Human Embryonic Stem Cells), sLF (Snow Leopard
Fibroblasts).
rmed by a veterinary pathologist (Fig 4 A, B, C).
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Genomic PCR analysis demonstrated the presence
of all five transgenes in snow leopard iPS cells at P18
and in teratoma tissue, but not in mouse cells (Fig. 4D).

4. Discussion

Since the initial generations of murine iPS cells [11],
there have been numerous attempts to derive iPS cells

Fig. 3. Chromosome counts on snow leopard iPS cells at P14. Kar
cells.

Fig. 4. Cross-sections of a snow leopard iPS cells teratoma develo
teratoma. Cross-section of a teratoma obtained at 10 wk after inje
hematoxylin and eosin with tissues representative of the three primar
(C) Secretory Epithelium (endoderm). D, Genomic PCR confirming

pMX-KLF4, pMX-cMYC, in snow leopard iPS cells at P18, plasmid and te
from a range of other species. However with the exception
of rodents, primates and rabbit complete reprogramming
of somatic cells has not been reported. To date the lack of
silencing of inserted transgenes has been a hallmark of iPS
cells in large animals, including dog, sheep, monkey,
horse, pig and cattle [18,20-23,29-32].

Preliminary experiments examining the generation
and maintenance of snow leopard (Panthera uncia) iPS

showing a total of 19 pairs of chromosomes in snow leopard iPS

an SCID mouse and genomic PCR on snow leopard iPS cells and
f snow leopard iPS cells at P18 in an SCID mouse, stained with
layers (A) Keratinocytes (ectoderm), (B) Cartilage (mesoderm) and
ence of human transgenes pMX-OCT4, pMx-SOX2, pMX-NANOG,
yotype
ped in
ction o
y germ
the pres
ratoma tissue but not in mES (mouse cells).
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cells with the four Yamanaka factors resulted in gen-
eration of putative iPS cell colonies. However these
colonies could not be maintained past four passages,
suggesting for snow leopard that additional pluripo-
tency associated factors may be required for robust
generation of iPS cells. We report the successful deri-
vation of iPS cells from ear fibroblasts of the snow
leopard transfected with five human factors OCT4,
SOX2, KLF4, cMYC and NANOG. We believe the high
transduction efficiency (96%) for this study, measured
using a pMx-GFP construct, was important in achiev-
ing a successful outcome.

Early morphologic changes in transfected snow
leopard cells comparable with those seen in mouse iPS
cells were detected, surprisingly, as early as D3 post-
infection, which enabled early detection of colonies and
expansion on feeder cells from D5 after transfection.
These colonies were routinely passaged, by enzyme
dissociation (0.5% trypsin-EDTA) without losing their
pluripotent characteristics. The cells were positive for
AP and showed positive immunofluorescent staining
for OCT4, NANOG, and SSEA-4 at P14. RT-PCR
demonstrated expression of endogenous OCT4 and

ANOG using cat specific primers [28] that were
shown not to amplify transcripts from the human trans-
genes. Expression of all five inserted human transgenes
genes was observed at P4, but by P14, transcripts from
the inserted OCT4, SOX2 and NANOG transgenes were
silenced while cat specific transcripts of OCT4 and
NANOG continued to be expressed, suggesting repro-
gramming of the endogenous pluripotency associated
genes. However the transgenes for cMYC and KLF4,
which are associated with proliferation, a second key
attribute of stem cells, continued to be expressed. We
interpreted this to be incomplete reprogramming of the
proliferation capability by the snow leopard iPS cells.
Incomplete transgene silencing has also been described
in human and rat iPS cells and especially in large
animal iPS cells [18,20-23,29-32].

In humans, the addition of Nanog as a reprogram-
ming factor to the four Yamanaka factors was shown to
alter the growth and proliferation characteristics of re-
sulting iPS cells (hiPS) [27]. In cattle we have also
shown that the addition of Nanog was essential for
generation of stable iPS cell line [23].

The effect of sustained expression of the c-Myc
transgene in snow leopard iPS may have influenced
tumor formation. However the multilineage differenti-
ation potential of these cells, that was clearly demon-
strated histologically by the presence of representative

tissues from the three primary germ layers in the re-
sulting teratoma, is an essential demonstration of the
pluripotent potential of the snow leopard iPS cells.
Genomic PCR for the trangenes confirmed that the
teratoma tissue was derived from snow leopard iPS
cells. Moreover, snow leopard iPS cells maintained a
stable karyotype of 38 chromosomes at P14.

In summary, we have described a method for trans-
ducing ear fibroblasts from the snow leopard into iPS
cells and characterized their pluripotency. Of particular
importance was the observation that the three key exog-
enous pluripotency transgenes (OCT4, SOX2, NANOG)
were silenced at later passages. In conclusion, we be-
lieve this is the first report on the derivation of iPS cells
from both a felid and as well as an endangered species.
This is also the first report on the induction of pluripo-
tency in a large animal with concomitant silencing of
the pluripotency-associated transgenes. The iPS cell
technology has the potential to impact on conservation
of endangered species at a number of levels. It can
provide insights into pluripotency and development
in species where embryos are difficult to access.
Furthermore, iPS cells generated from the endan-
gered species can be easily expanded for banking of
genetic material or used as a reprogrammed donor
cell to improve NT outcomes. They may also create
opportunities to prevent extinction in a wide range of
threatened animals in the future. For example, it may
eventually be possible to differentiate cell lines with
proven pluripotency in vitro to produce gametes or
use these cell lines in vivo in conjunction with tet-
raploid complementation to produce whole animals.
This report has relevance to understanding pluripo-
tency in big cats and also has application in domestic
cats, which are companion animals and are unique
biomedical models to study genetic diseases (e.g.
arthritis and diabetes).

Appendix A. Supplementary data

Supplementary data associated with this article can
be found, in the online version, at doi:10.1016/j.
theriogenology.2011.09.022.
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Suppl Table 1
Specific domestic cat primer sequences reported previously [28].
These primers were used to detect the expression of endogenous
genes in snow leopard iPS cells at P4 and P14.

Oligo’s name Primer sequences

GAPDH(F) 5=GCAAAGTGGACATTGTCGCC3=
GAPDH (R) 5=CCTTCTCCATGGTGGTGAAG3=
OCT4 (F) 5=GGAGTCCCAGGACATCAAAG3=
OCT4 (R) 5=GCCTGCACAAGTGTCTCTGC3=
NANOG (F) 5=AAGCCACAGTGTGATACAGC3=
NANOG (R) 5=AGCCAAAGCTACGGAATCCTC3=
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Suppl Table 2
Primer sequences of human transgenes reported previously [27]. These primers were used to detect the expression of transgenes in snow
leopard iPS cells at P4, P14 and P36.

Oligo’s name Primer sequences Annealing temperature (°C)

OCT4 (F) CTAGTTAATTAAGAATCCCAGTG 47
OCT4 (R) CACTAGCCCCACTCCAACCT 47
SOX2 (F) CTAGTTAATTAAGGATCCCAGG 47
SOX2 (R) TGTTGTGCATCTTGGGGTTCT 47
cMYC (F) CTAGTTAATTAAGGATCCCAGTG 47
cMYC (R) CAGCAGCTCGAATTTCTTCC 47
KLF4 (F) ACAAAGAGTTCCCATCTCAAGGTG 48
KLF4 (R) TCCAAGCTAGCTTGCCAAACCTACAGG 48
NANOG (F) TCAATGATAGATTTCAGAGACAG 47

NANOG (R) GGGTAGGTAGGTGCTGAGGC 47
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