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Abstract  
In the field of nuclear transfer handmade cloning (HMC) technique has been a relatively recent 
addition. In the present investigation attempts were made to efficiently derive stem cell from hand 
made cloned (HMC) embryos in goat using adult fibroblast donor cell and to characterize the 
derived putative ntES cell for their stemness. Oocytes were collected from slaughterhouse 
ovaries and matured in maturation medium containing TCM199 (HEPES modified), 1 µg/ml FSH, 
10 µg/ml LH, 1 µg/ml Estradiol-17β,  3% BSA and 5% FBS. The efficiency of the donor fibroblast 
cell for nuclear transfer was also assessed and an overall cleavage and morula formation rate of 
62.44%±3.9 & 35.30%±3.86 was obtained respectively. Genetic relationship between the cloned 
embryos and donor cells was established by PCR amplification of highly polymorphic goat major 
histocompatibility complex (MHC) class II DRB gene. The PCR products were further subjected to 
SSCP for confirming the genetic relationship conclusively. Stem cell colonies were successfully 
derived from HMC embryos obtained from fibroblast donor cell. Primary colony formation rate 
was 61.66%±4.62 for fibroblast donor cell derived embryos. The putative ntES colonies were 
positively characterized for extracellular markers like alkaline phosphatase, TRA-1-60, TRA-1-81, 
SSEA-1, SSEA-4 by immunocytochemistry and intracellular markers like Oct4, Sox2 and Nanog 
with reverse-transcription-PCR. The differentiating ability of the derived cells was tested by 
embryoid body formation. Then the derived putative ntES cells were successfully cryopreserved 
for further investigation. The study has established an efficient protocol for putative ntES cell 
derivation from HMC embryos using adult fibroblast as a donor cell. It could be concluded that the 
present investigation has substantial significance as patient specific ntES cells have proven their 
 therapeutic significance. 
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Introduction 
The idea behind the present study was to 
assess the efficiency of stem cell derivation 
from handmade cloned embryos derived 
from adult fibroblast and to characterize the 
derived stem cells for their stemness. The 
model animal for the study was goat (Capra 
hircus). The goat is also a convenient 
domestic species for current biological 
investigation and application because it has 
relatively short gestation period (5 Vs 9 
months for a cow), multiparous, reared in 

flock and easy to maintain. It has diversified 
products of commercial value in milk when it 
is used as transgenic animal for the 
production of many recombinant therapeutic 
proteins for treatment of diseases. In fact, 
the first drug called ATryn is a human 
antithrombin protein, approved for human 
use derived from a genetically engineered 
animal, was obtained from a goat. The drug 
has been available in Europe since 2006. 
Traditional SCNT is a micromanipulator 
based technique; however, a newer 
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approach to enucleation was introduced by 
Vajta et al. (2001). The new technique was 
named as hand made cloning (HMC). HMC 
is unique in that it uses two halved oocytes 
without a nucleus as recipient cytoplasts. 
 
The birth of “Dolly” towards the end of the 
last century proved to be the beginning of a 
whole new era of exciting possibilities in the 
field of regenerative biology. The word 
“SCNT” has since received a new 
dimension. The future uses of SCNT could 
include the production of transgenic 
livestock that can produce medicines for 
many human diseases, re-establishment of 
endangered species, interspecies cloning by 
combining closely related species such as 
cattle/gaur (Lanza et al., 2000), domestic 
sheep/argali sheep (White et al., 1999) and 
revival of extinct animals like mammoth. 
One such exciting prospect of SCNT is 
Therapeutic cloning. SCNT when used for 
the production of embryonic stem cells is 
referred to as therapeutic cloning. Human 
therapeutic and regenerative medicine 
would benefit immensely by the production 
of patient-specific embryonic stem cells 
through this technique. There are many 
benefits that can come from therapeutic 
cloning viz. healthy cells taken from a 
patient and after creating clones they can be 
transplanted back to replace or repair 
damaged or diseased organs. Treatment for 
diseases such as Alzheimer's, Parkinson's, 
Huntington's, motor neuron disease, spinal 
cord injuries could be possible in near future 
by this approach. Using these cell lines 
derived from individual patients mean 
customized blood, organs and tissues that 
can be used to cure the diseases.  

 
Therapeutic cloning, in its current 
embodiment, entails the derivation of 
embryonic stem (ES) cell lines from an 
already born organism. This individual may 
suffer from a disease that is potentially 
responsive to autologous cell 
replacement. ES cell precursors appear 
transiently at the blastocyst stage in 
early embryonic development and their 
cultured ES cell derivatives have the 
unrivaled ability to differentiate, in vitro and 
in vivo into any specialized cell type. 
However in human, possibility of 
therapeutic cloning is outright rejected 
because, the gene expression aberrations 

observed in tissues of cloned animals, have 
raised concerns regarding the therapeutic  
application of ‘‘customized’’ embryonic stem 
(ES) cells derived by nuclear transplantation  
(NT) from a patient’s somatic cells. 
Brambrink et.al, 2006 reported that the ES 
cell lines derived from cloned and fertilized 
mouse blastocysts are indistinguishable 
based on their transcriptional profiles, 
consistent with their normal developmental 
potential. Their  results  indicated  that,  in  
contrast  to  embryonic  and  fetal 
development of clones, the process of ntES 
cell derivation rigorously selects for those 
immortal cells that have   erased “epigenetic 
memory’’ of the donor nucleus and, thus, 
become functionally equivalent. The findings 
support the notion that ES cell lines derived 
from cloned or fertilized blastocysts have an 
identical therapeutic potential. 
 
Previously, there have been many reports of 
ntES lines in mice, human and primates. 
Byrne et al. (2007) produced primate ES 
cells by SCNT and there have been other 
attempts to produce human ES cells by 
SCNT (Cibelli et al., 2001; Heindryckx et al., 
2007; Lavoir et al., 2005; Lu et al., 2003; 
Stojkovic et al., 2005 and Trivedi et al., 
2006). Some of these attempts (Cibelli et 
al., 2001; Heindryckx et al., 2007 and 
Lavoir et al., 2005) failed to produce 
blastocysts due to poor oocyte quality. 
Stojkovic et al. (2005) obtained a cloned 
blastocyst using undifferentiated human ES 
cells as donors rather than an adult cell. 
One report (Lu et al., 2003) failed to prove 
the genetic origin of the cloned blastocyst. 
Another report by Trivedi et al. (2006), 
described successful production of human 
ES cells by SCNT using a cumulus cell from 
the same oocyte donor as the donor cell.  

 
Embryonic stem cells derived from domestic 
animals are potentially of great value in 
transgenic research and studies of lineage 
commitment and development. But 
unfortunately, validated embryonic stem cell 
line in animals other than mice and primates 
are yet to be isolated. However, farm animal 
ESCs may still be useful for the generation 
of transgenic animals as usually have a self-
renewal capacity more prolonged than 
normal primary cultures thus increasing the 
possibility to transform and select cells to be 
used as nucleus donors in cloning 
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procedures. Farm animal ESCs may also be 
an excellent experimental model in pre-
clinical trials, assessing the feasibility of cell 
therapy because of the close morphological 
and physiological resemblance to humans of 
species like the pig (Brevini et al. 2008).  
 
The present investigation was carried out to 
establish an efficient protocol for putative 
ntES cell derivation from handmade cloned 
goat embryos. 
 
Materials and methods 
 
Chemicals, cell culture media and  
supplements 
The different media used in the present 
study for the culture of oocytes, for in vitro 
cloned embryo production and for culture of 
putative ES cells in various experiments 
were also purchased from Sigma Chemical 
Co., St. Louis, MO, USA unless otherwise 
indicated. The media were prepared freshly 
and filtered with 0.2 µm syringe filter 
(Nalgene). 

 
Establishment of somatic cell cultures 
for donor cells: 
Fibroblast Cell culture 
Skin biopsies were aseptically taken from 
the ear pinna of a healthy female goat. The 
margin of the ear pinna was shaved using a 
razor blade and wiped with sterile tissue 
papers.  Skin tissue was pinched off from 
the ear pinna of the animal and the wound 
was dressed with antiseptics. Norms 
regarding ethics and humane handling of 
animals were strictly followed during the 
whole operation. The tissues were held in 
sterile DPBS and transported to laboratory 
for further processing. These were then 
washed with Ca++ and Mg++ free DPBS 
thoroughly. The piece of pinna was 
transferred into a cell culture dish containing   
2 ml DMEM with 10% FBS + 50 µg/ml 
gentamicin and skin along with the hair 
follicles was removed on both surfaces. The 
remaining tissue was minced into small 
pieces (about 1 mm in size) using a sterile 
surgical blade. The pieces were washed 
again in culture medium (DMEM containing 
10% FBS) 5 times and seeded into 60 mm 
tissue culture dishes without addition of any 
medium (the small amount of medium 
sticking to the tissue was sufficient to 
nourish them till their attachment). The 

dishes were incubated for 4-8 h in a CO2 
incubator and observed at different intervals 
so as not to allow them to dry out 
completely. Upon attachment of tissues, 
culture medium was added to the dishes 
and incubated in a 5% CO2 incubator at 
38.5oC. Tissue explants were regularly 
observed for proliferation of fibroblasts from 
them and were removed aseptically when a 
sufficient number of cells had proliferated 
and formed a monolayer on the cell culture 
dishes. The monolayer was treated as 
primary cell culture of respective cells. After 
reaching 60-70% confluence, the fibroblast 
cells were sub-cultured by partial 
trypsinization. 
 
Handmade cloning 
Collection and classification of oocytes: 
For collection of oocytes, oocyte collection 
medium consisting of TCM-199 (25 mM 
HEPES) 10 µg/ml L-glutamine, 3% BSA, 50 
µg/ml gentamicin and 10% FBS was used. 
Fresh medium (100 ml) was prepared, 
filtered through 0.22 m membrane filter and 
pH was adjusted to 7.2-7.4. It was kept in 
5% CO2 incubator at 38.5°C for at least 2 h 
for equilibration prior to use. Puncturing 
method was used for efficient recovery of 
oocytes. Ovaries were placed one by one in 
an oocyte searching dish containing oocyte 
collection medium. Then the ovaries were 
grasped by sterilized forceps and the 
surface visible all follicles were punctured 
with the help of a sterile 18 gauge needle. At 
a time 10-12 ovaries were processed in this 
way and the dish was observed under zoom 
stereomicroscope.  
 
Oocytes were picked up using sterilized 
Pasteur pipette. Oocytes along with the 
cumulus cells (COCs) were picked up gently 
without damaging the cumulus cells and 
were kept in a 35 mm Petri dish containing 
washing medium for further washing. The 
collected oocytes were graded A, B, C and 
D according to the number of cumulus cell 
layers surrounding the oocytes and the 
homogeneity of ooplasm. Only Grade ‘A’ 
and ‘B’ oocytes were taken for further 
maturation. 
 
In vitro maturation of oocytes  
Collected COCs were washed 3-4 times in 
oocyte collection medium and 2 times in 
maturation medium containing TCM199 
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(HEPES modified), 1 µg/ml FSH, 10 µg/ml 
LH, 1 µg/ml Estradiol-17,  3% BSA and 5% 
FBS.  A total of 15-16 ‘A’ and ‘B’ grade 
oocytes were placed in each 100 µl drop of 
maturation medium and drops were covered 
with mineral oil. Then the Petri dishes were 
incubated under 5% CO2 in air at 38.5°C 
with maximum humidity for 24h. 
 
Processing of IVM oocytes for 
preparation of cytoplasts   
The recipient cytoplasts were prepared as 
described by Vajta et al. (2006) with minor 
modifications. Various steps involved in the 
preparation of enucleated cytoplasts are 
briefly described below. 
 
Denuding matured oocytes 
COC’s with expanded cumulus were 
transferred into 1.5 ml micro-centrifuge tube 
containing 500 µl hyaluronidase (0.5 mg/ml) 
in T2 (where T denotes TCM-199 
supplemented with 2.0 mM L-Glutamine, 0.2 
mM Sodium pyruvate, 50 µg/ml gentamicin 
and the following number denotes 
percentage of FBS) and incubated for 1 min 
at 38.5ºC under 5% CO2 in air. It was 
followed by a gentle pipetting using 10 µl 
micro tip and a subsequent vortexing for 2-3 
min. The contents of the tube were 
transferred to a 35 mm dish containing T2 
and completely denuded oocytes with 
evenly granular cytoplasm were selected 
and washed twice in fresh T2 for removal of 
residual cumulus cells. 
 
Removal of zona pellucida of oocytes 
Denuded oocytes were transferred to a 35 
mm Petri dish containing pronase (2.0 
mg/ml in T10) and incubated for 2 min at 
38.5ºC under 5% CO2 in air with a periodic 
gentle rotation of the Petri dish. Oocytes 
with completely digested zona pellucida 
were transferred into another Petri dish 
containing T20 to stop the activity of 
pronase enzyme.  Completely zona-free 
oocytes were washed twice in T20 and 
incubated in same medium at 38.5ºC under 
5% CO2 in air for 20 min or until a prominent 
protrusion cone was clearly visible under the 
zoom-stereomicroscope. 

 
 Protrusion cone guided bisection  
Oocytes were bisected using a method 
which avoids the use of Hoechst-33342 

stain and subsequent selection under UV 
illumination. Protrusion cone bearing 5 to 8 
oocytes were transferred into 35 mm Petri 
dish containing 4 ml T20 and 2.5 µg/ml 
Cytochalasin B. The oocytes were manually 
bisected using ultra sharp micro blade in 
such a way that the smaller half bears the 
protrusion cone and the larger half was 
enucleated. The bisected half-oocytes 
without protrusion cone were transferred into 
T20 and incubated for 10 to 15 min to regain 
spherical shape at 38.5ºC under 5% CO2 in 
air.  

 
Pairing and electro fusion of donor cells 
and Cytoplasts 
The enucleated demioocytes were 
immersed in phytohemagglutinin (0.5 mg/ml 
in T2) for 3 to 4 sec and transferred into T2 
containing low density donor cells. Each 
demioocyte was then allowed to attach to a 
single, rounded, medium sized cell by gently 
rolling the demioocyte over it. The couplets 
(demioocyte-donor cell pairs) were 
transferred to fusion medium for 
equilibration. Some demioocytes were 
transferred to the fusion medium for 
equilibration. Electro fusion of this couplets 
and the other demioocyte (demioocyte-
donor cell-demioocyte) was then carried out 
by single step fusion method. 
 
Single step fusion method 
The couplets and the demioocyte were 
transferred to northern and southern parts, 
respectively, of the fusion chamber (BTX 
micro slide 0.5 mm gap, model 450; BTX, 
San Diego, CA) containing the fusion 
medium. A single step fusion protocol was 
followed wherein a demioocyte and a 
couplet were picked using a fine pulled 
capillary pipette (Unopette® Becton 
Dickinson, NJ, USA).  Initially, the couplet 
was expelled and aligned with an A.C. pulse 
(4 V) using BTX Electro cell Manipulator 200 
(BTX, San Diego, CA, USA), so that the 
somatic cell faces the negative electrode. 
Immediately after alignment another 
demioocyte was introduced into the fusion 
chamber close to the somatic cell. As soon 
as the somatic cell was sandwiched 
between the demioocytes, single D.C. pulse 
2.1 kV/cm was applied according to the 
experimental design. The triplets were then 
incubated in T20 (for rounding up and 
subsequent reprogramming) for 4-5 h at 
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38.5ºC under 5% CO2 in air with maximum 
humidity. 
  
Activation of reconstructed oocytes 
The reconstructed oocytes were then 
activated by incubating in T20 containing 5 
µM Calcium ionophore A23187 for 5 min at 
38.5ºC under 5% CO2 in air. The oocytes 
were washed thrice in T20 and then 
incubated individually in 5 µl droplets of T20 
containing 2 mM 6-Dimethylaminopurine (6-
DMAP) in CO2 incubator at 38.5ºC under 5% 
CO2 in air for 4 h.  
 
In vitro culture of putative cloned 
embryos 
In the present study, flat Surface (FS) 
culture system was used. For this system, 
400 µl of culture medium was added to each 
well of a 4 well Petri dish overlaid with 400 
µl mineral oil. Reconstructed embryos were 
gently placed (10-15 per well) along the 
periphery of the well at certain distance from 
each other so as to avoid aggregation. The 
Petri dish was incubated undisturbed at 38.5 
ºC in 5% CO2 in air for 7 days in RVCL 
media (Cook, Australia) containing 1% BSA 
and 4% FCS. 
 
Genetic analysis of adult goat fibroblasts 
and HMC embryos  
DNA was isolated from both the embryos 
and the donor fibroblast cells by using 
QIAampR DNA Micro kit (QIAGEN) following 
instruction provided by the manufacturer. 
The isolated DNA was used for PCR. Briefly, 
a 286bp fragment of highly polymorphic goat 
major histocompatibility complex (MHC) 
class II DRB gene was amplified and the 
PCR products were analyzed in 1.5% 
agarose gel electrophoresis. The PCR 
products were further subjected to SSCP to 
verify the genetic relationship between the 
cloned embryos and donor cells as per the 
protocol suggested by Keefer et al. (2002). 
 
 
Establishment of stem cell culture and 
subculturing. 
The cloned embryos at morula stage (>32 
cell stage) were trypsinized and the 
individual blastomeres obtained were 
seeded on to adult goat fibroblast feeder 
layer inactivated by 10 µg/ml Mitomycin-C 
treatment. The ability to create new stem 

cell lines and therapies without destroying 
embryos would address the ethical concerns 
of many, and allow the generation of 
matched tissue for children and siblings born 
from transferred preimplantation genetic 
diagnosis embryos, Klimanskaya et al. 
(2006). The culture was maintained in 
embryonic stem cell medium containing 
DMEM, 10% FCS, 20 µg/ml NEAA, 50 µg/ml 
gentamicin and 1 µl/ml LIF. The primary 
colonies of ntES cells were observed after 5-
6 days. The sub culturing of putative ntES 
colonies is done by mechanical method. For 
sub culturing the putative ntES colonies 
were disrupted using sterilized 24 gauge 
needle and the fragmented colonies were 
transferred to new feeder layers.  
 
 
Cryopreservation of putative ntES cells 
by vitrification method 
Trypsinized (0.25%) cells were first held in 
vitrification solution 1 (DMEM+20% 
FBS+10% DMSO+ 10% Ethylene glycol) for 
1 min and then transferred to vitrification 
solution 2 (DMEM+ 20% FBS+ 20% DMSO 
+ 20% Ethylene glycol+ 0.5M sucrose) for 
further 25 sec. Finally, cells were loaded in 
French straw and preserved in liquid 
nitrogen. 
 
 
Characterization of stem cells 
The characterization of the putative stem 
cells was carried out at an interval every 5th 
passage of culturing by the following 
methods.  
 
 
Alkaline phosphatase staining 
For alkaline phosphatase staining, the 
medium was removed from the putative goat 
ES cell cultures and then washed twice with 
DPBS. The cells were fixed in citrate-
acetone-formaldehyde fixative solution for 1 
min. After fixation, the cells were washed 3 
times with DPBS for 1 min and incubated for 
15 min at room temperature with the alkaline 
dye. The cells were rinsed again 2-3 times 
with DPBS and counter stained with neutral 
red stain for 1-2 min. Finally, colonies were 
washed 5 times to remove the extra neutral 
red stain and the response of the cells to 
alkaline phosphatase staining was observed 
under a microscope (Olympus). The putative 
goat ntES cells were stained red in colour.   
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           Immunofluorescence staining of putative 

goat ntE. 
The expression of intracellular 

marker Oct4 and surface markers SSEA-1, 
SSEA-3, SSEA-4, TRA-1-60 and TRA-1-81 
were examined by immunofluorescence 
staining of colonies of putative goat ntES 
cells.  The putative ES cell colonies were 
fixed in 4% Para formaldehyde in DPBS for 
30 min, washed 3 times with DPBS and then 
permeabilized by treatment with 0.1% Triton 
X-100 in DPBS for 30 min. After thorough 
washing with DPBS, putative goat ntES cell 
colonies were incubated with the blocking 
solution (4% normal goat serum) for 30 min, 
and then with the primary antibody 
(Millipore, USA) at a dilution of 1:10 to 1:20 
for 1 h. After washing 3 times with DPBS, 
putative ntES cell colonies were incubated 
with the appropriate FITC-labeled secondary 
antibody goat anti-mouse IgG or IgM, diluted 
1:100 to 1:200 for 2 h. The putative goat 
ntES cell colonies were then examined 
under a fluorescence microscope (Nikon, 
Tokyo, Japan). 

 
 

Reverse transcription polymerase chain 
reaction (RT-PCR) 
Total RNA was isolated from putative goat 
ntES cell colonies at every 5th passage 
using “Cells-to-cDNA kit-II” (Ambion, Austin, 
TX, USA) as per manufacturer’s instructions. 
Briefly, the cells were washed with ice cold 
PBS after which 20-50 µl of chilled cell lysis 
buffer was added and the mixture was 
incubated at 75°C for 10 min in a thermal 
cycler (BIO-RAD, USA). Genomic DNA was 
degraded by incubating the cell lysates in 
DNase-I at 37°C for 30 min and the 
remaining activity of  DNase-I was 
inactivated by heating at 75°C for 5 min. 
cDNA was prepared by taking 10 µl of the 
cell lysates using random primers. The PCR 
cycle included denaturation (94°C for 2 min) 
followed by repeated cycles of denaturation 
(94°C for 30 sec), annealing (for 30 sec at 
temperature indicated in Table 1), and 
extension (72°C for 45 sec) followed by a 
final extension (at 72°C for 10 min). A 
negative RT reaction (i.e., RT reaction but 
without MMLV enzyme) was set up. A house 
keeping marker gene β actin was amplified 
at each stage. 
 

 
Table 1:  Characteristic of   primers used   for  
               Amplification of ntES specific markers 

 
           Embryoid body formation and 

spontaneous differentiation 
When goat putative ntES cells are cultured 
in suspension without the support of LIF and 
embryonic fibroblast feeder layer, they form  
 
3-dimensional aggregates called ‘embryoid 
bodies’ (EBs). For the preparation of EBs, 
passage-3 and passage-6 goat ntES cell 
colonies were removed from the feeder 
layers and were disaggregated into small 
clumps using two fine needles. The clumps 
were cultured for two days in hanging drops 
(20 µl of ES cell culture medium without LIF) 
in which the cells were dispersed and 
suspended from the lid of a Petri dish. Third 
day onwards, the EBs were transferred to 
bacteriological dishes for further culture. 
Compact or cystic EBs were formed within 
3-7 days. These EBs were plated on tissue 
culture dishes for adhesion and growth. The 
cells were fed every alternate day by tilting 
the plate, allowing them to settle, and 
carefully replacing the medium. The EBs 
differentiated to several types of cells, 
depending on the duration of culture. 

Gene 

prod-

uct 

Primer 

 sequence  

(5’-3’) 

Anneal- 

ing 

 Temp   

(0C) 

Product 

 size (bp) 

Access 
-ion 
 no. 

GCAGA- 
AATACCT- 
CAGTCT- 
CCAGCA Nanog ACTGTT- 
CCAGCT- 
CTGATT- 
GCTCCA 

58 289 AY78- 
6437 

ACAGCA- 
TGTCCT- 
ATTCTCA- 
GCAGGG Sox2 TCTGGT- 
AGTGCT- 
GGGACA- 
TGTGAA 

60 
 231 

NM_00 
110546
-
3XM_0
0-1252- 
553 

AGTCCC- 
AGGACA 
-TCAAAG- 
CTCTTC Oct-4 AACGGC- 
AGATAG- 
TCGTTT- 
GGCTGA 

58 156 
NM_17- 
4580 
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Results  
Production of handmade cloned embryos  
A total of 69 oocytes were reconstructed 
using adult fibroblast cell as donor cell by 
hand guided technique of cloning. An 
overall cleavage and morula (Fig. 1B) 
formation rate of 62.44%±3.92 and 
35.30%±3.86 respectively were obtained 
(Table 2) 
 
Table 2 .Production of handmade cloned goat  
embryos from adult fibroblast donor cells 
 
Donor 

cells 

IV

C 

(n) 

Cleav

-ed 

(n) 

Cleaved 

 (%) 

Morulae 

 (n) 

Morulae 

 (%) 

Adult 

fibro-

blast 

69 45 62.44% 

±3.92 

23 35.30% 

±3.86 

*Data from 6 trials 

 
 
PCR analysis of MHCII DRB gene of 
cloned embryos and donor cells 
PCR analysis of highly polymorphic 286bp 
fragment of second exon of MHCII DRB 
gene of handmade cloned goat embryos 
and adult fibroblast donor cells was 
performed (Fig. 2A). The amplified PCR 
products were subjected to SSCP to confirm 
their genetic identity following the same 
protocol used by Keefer et al. (2002). The 
SSCP revealed similar bands in both the 
cloned embryos and its adult fibroblast 
donor cell (Fig. 2B). 
 
Production of putative ntES cells 
In the present study, individual blastomere 
culture strategy was adopted for establishing 
stem cell culture. The blastomeres were 
taken from morula stage cloned goat 
embryos. The embryos were treated with 
0.25% trypsin for 10 minutes in order to 
separate the individual blastomere. The 
resultant blastomeres were washed thrice in 
FBS and transferred to on mitomycin-C-
treated feeder cell layers. Primary colonies 
were obtained after 5-6 days (5.5±0.344) of 
seeding (Fig. 3A). The percentage of 
primary colony formation was 61.66±4.62 

when individual blastomeres from morula 
stage embryos were seeded (Table 3). 
 
The putative ntES cells were subsequently 
sub-cultured after 5-7 days (5.7±0.147). In 
subculturing, the primary colonies were 
mechanically scrapped and seeded on fresh 
mitomycin-C-treated inactivated feeder 
layer. The newly passaged putative ntES 
cells were attached and started spreading 
after 5-7 days (Fig.3B). The putative ntES 
cells were maintained upto 20 passages 
with same morphology and same 
proliferation rate. The putative ntES cells 
were cryopreserved at every 5th passage by 
vitrification method for further investigation 
(Data not shown).  
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Characterization of putative goat ntES 
cells by immunostaining 
 
Surface markers 
Alkaline phosphatase  
Alkaline phosphatase expression test was 
employed as a preliminary examination for 
state of pluripotency of ES cells. The 
putative goat ntES cells produced in the 
present study were subjected to alkaline 
phosphatase staining at every alternate 
passage. The present investigation strongly 
revealed positive expression of alkaline 
phosphatase in putative ntES colonies (Fig. 
4). In contrast, the fibroblast feeder layer 
cells, which were used as a control, 
remained unstained.   
 

 
 
 
Stage specific embryonic antigens (SSEA) 
The stage specific embryonic antigens 
(SSEAs) include a number of markers like  

 
 
 
SSEA-1, SSEA-3 and SSEA-4. These 
antigens have been used as surface or 
extracellular   markers for   monitoring   the  
pluripotency of ES cells in many species. In 
the   present study,  it  was  observed  that 
putative goat ntES cells were positive for 
SSEA-4  expression  at  different  passages 
whereas SSEA-1 and SSEA-3 expression 
were not observed (Fig. 4). 

 
Tumor rejection antigens (TRA) 
In the present study, both tumor rejection 
antigen (TRA)-1-60 and TRA-1-81 were 
found to be expressed strongly at different 
passages of goat putative ntES cell culture 
(Fig. 4). 

 
Intracellular marker 
Oct4 
Oct4 is an intracellular stem cell marker 
which belongs to the POU family of 
transcription factors. Expression of Oct4 is 
imperative to maintain pluripotency. In the 
present study, the expression of 
transcription-based marker Oct4 was 
detected by immunofluorescence staining. It 
was found that there was substantial 
expression of this marker in putative goat 
ntES cells at every 5th passage interval 
(Fig.4).   
 
Characterization of goat putative ntES 
cells by RT-PCR.   
Sox2 and Nanog are important markers 
associated with pluripotency of the cells 
along with Oct4. In the present study the 
expression of these transcription factors was 
studied using a kit named “Cells to cDNA II 
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TM kit”. The colonies which were positive for 
alkaline phosphatase were selected for 
Oct4, Sox2 and Nanog expression study.  
The putative ntES cells were found to 
express Oct4, Sox2 and Nanog by RT-PCR 
(Fig. 5) at every 5th passage interval. 
 

 
 
Formation of embryoid bodies 
The putative ES cells were cultured for the 
formation of embryoid bodies in suspension 
in absence of anti-differentiation agents 
such as LIF and embryonic fibroblast feeder 
layers. This leads to differentiation of the ES 
cells to form 3-dimensional aggregates (Fig. 
6A). The harvested embryoid bodies were 
transferred to bacteriological dishes for 
further culture in suspension for additional 3 
days. During the course of culture, the size 
of embryoid bodies increased. These 5- to 
6-day old embryoid bodies were cultured on 
gelatin coated tissue culture dishes; they got 
attached to the dishes. The morphology of 
the cells at the periphery of the embryoid 
bodies changed indicating that these cells 
had differentiated to different types of cells 
(Fig. 6B). 
 
 

 
 
 
Discussion  
In the present study, individual blastomeres 
were effectively used to derive putative ntES 
cells. The results indicated that morula stage 
embryos, when seeded, managed to give an 

overall efficiency of stem cell derivation 
61.66%±4.62 (Table 3). In a successful 
demonstration of the applicability of the 
principle of therapeutic cloning 187 ntES cell 
lines were derived from 24 parkinsonian 
mice and differentiated them to dopamine 
neurons and transplanted them into 
individually matched host mice showing 
therapeutic efficacy and lack of 
immunological response (Tabar et.al., 
2008). However, the present protocol needs 
further standardization for efficient 
production of ntES in goat model. 
 
The result of the present study is in 
agreement to those of earlier studies in 
which expression of alkaline phosphatase 
activity has been reported in ES cell-like 
cells in other domesticated animals as well 
as in human being. Alkaline phosphatase 
expression has been reported in ES cells in 
many other species like mouse 
(Robertson,1987; Resnick et al., 1992), 
human (Smith, 2001; Carpenter et al., 2003; 
Ginis et al., 2004), pig (Talbot, et al., 1993; 
Li et al., 2003, 2004), sheep (Polejaeva et 
al., 1995; Dattena et al., 2006) and dog 
(Hatoya et al., 2006). Its expression has 
been reported to be variable in bovine ES 
cell-like cells (Talbot et al., 1995; Stice et al., 
1996; Strelchenko, 1996; Cibelli et al., 1998; 
Hamano et al., 1998; Gjørret and Maddox-
Hyttel, 2005; Wang et al., 2005a; Yadav et 
al., 2005).  
 
SSEAs are differentially regulated during 
embryonic development. The present study 
confirmed that the putative goat ntES cell 
expresses SSEA-4 whereas SSEA-1 and 
SSEA-3 were not observed. While in mouse 
ES cells express SSEA-1 but not SSEA-3 
and  SSEA-4  (Henderson et al., 2002), in 
human ES cells express SSEA-3, SSEA-4 
but not SSEA-1 (Ginis et al., 2004) and   in  
buffalo ES cell-like cells expressed SSEA-4   
but not SSEA-1 and SSEA-3 (Verma et al., 
2007).  
 
 
The present study confirmed that putative 
goat ntES cells express TRA-1-60 and 
TRA-1-81. The TRA-1-60 and TRA-1-81 are 
keratin sulphate-associated antigens that 
are characteristic of human EC cells 
(Andrews et al., 1984; Badcock et al., 1999). 
These antigens were originally identified on 
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human ES cells and ectoderm, (Thomson et 
al., 1995; Henderson et al., 2002; Carpenter 
et al., 2003; Liu et al., 2004; Wolf et al., 
2004). 
 
It was found that the putative goat ntES cells 
expressed oct-4 marker strongly. The 
findings are similar to those of earlier studies 
in which its expression was reported in 
EC/EG/ ES cells in many species like mouse 
(Ogawa et al., 2004), primate (Wolf et al., 
2004) and human (James et al., 2005; Wang 
et al., 2005b) and in putative ES cells in 
cattle (Wang et al., 2005a; Yadav et al., 
2005) , buffalo (Verma et al., 2007). Among 
the genes that have been identified to be 
required for the maintenance of the epiblast 
cell population and establishment of ICM-
derived ES cells in vitro, Oct4 occupies a 
prominent place. Nichols et al. (1998) 
reported that Oct4−/− mouse embryos, 
mutant for this POU family transcription 
factor, did not survive beyond 5 dpc and 
that Oct4−/− ES cells could be established, 
as the ICM cells failed to survive. Also, the 
survival of multipotent cells of the ICM is 
dependent upon the expression of Oct4, 
with low Oct4 levels resulting in the 
differentiation of ES cells to trophoblast, 
and high levels resulting in differentiation to 
primitive endoderm and mesoderm (Niwa et 
al., 1998). 
 
The results of RT-PCR reaffirmed the 
expression of Oct4 and confirmed the 
expression of two other important 
pluripotency markers namely Nanog and 
Sox2. Keefer et al. (2006) reported that 
Nanog mRNA in trophectoderm was 
significantly down regulated as compared 
with that in ICM. Taken together, this novel 
expression pattern of Nanog in goat 
preimplantation embryos suggests that 
Nanog could serve as marker of 
pluripotency in goats and may be useful in 
derivation and characterization of caprine 
ES cells. Sox2, the expression of this 
transcription factor was detected in human 
(Boyer et al., 2005), rhesus monkey (Navara 
et al., 2007) and porcine ES cells (Klassen 
et al., 2007; Hall, 2008). 
 
Formation of embryoid bodies by the ES 
cells is taken as a measure of their 
pluripotency since embryoid bodies contain 
all the three germ layers- ectoderm, 

mesoderm and endoderm. The ability of the 
putative ntES embryonic stem cells to form 
embryoid bodies was examined in the 
present study. When the embryoid bodies  
were harvested from the hanging drops on 
day 3 of suspension culture  of them were 
observed to be in the form of compact mass 
.The ‘hanging drop’ method and ‘static 
suspension culture’ are the two most 
common methods used for the formation of 
embryoid bodies from ES cells. The 
microenvironment in which the ES cells 
were cultured could be controlled more 
precisely in the hanging drop method. This 
method has, therefore, been used for the 
formation of embryoid bodies across many 
species (Maltsev et al., 1994; Wiese et al., 
2006; Yoon et al., 2006).  
 
The results of the present study indicate that 
goat ntES cell-like cells have a unique 
pattern of expression of surface markers like 
alkaline phosphatase, SSEA-4, TRA-1-60 
and TRA-1-81. This pattern is quite different 
from that seen in mouse or human ES cells. 
Whereas mouse ES cells express SSEA-1 
but not SSEA-3, SSEA-4, TRA-1-60 or TRA-
1-81, human ES cells express SSEA-3, 
SSEA-4, TRA-1-60 and TRA-1-81 but not 
SSEA-1. In contrast buffalo ES cell-like cells 
expressed SSEA-4, TRA-1-60 and TRA-1-
81 but not SSEA-1 or SSEA-3.   
 
It may be concluded that putative ntES cell 
could be derived from handmade cloned 
morula stage embryo using adult fibroblast 
donor cells. The expression profile of the 
putative ntES cells for the major stem cell 
markers under study were comparable to 
that of ES cells derived from embryos of 
other species. However, further comparative 
studies with established goat ES cell lines 
(at present unavailable) are to be carried out 
to conclusively characterize the ntES cells. 
The ntES cells owing to their normal 
expression profile may be able to provide 
the proof of principle for much hyped 
therapeutic cloning. In future a profound 
study about directed differentiation of ntES 
cells towards desired lineages should be 
undertaken in order to capture the fullest 
potential of the ntES cells. 
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