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Generation of transgene-free induced pluripotent stem cells from 
cardiac fibroblasts of goat embryos 

 

Introduction 
 
Generation of iPSCs is a highly meticulous procedure which has 
been introduced into the field of regenerative medicine using 
different methods. The pluripotent nature of embryonic stem cells 
(ESCs) with unlimited self-renewal abilities in culture made them 
the corner stone of regenerative medicine. However, there are 
major ethical concerns about ESCs as they are obtained from 
pluripotent cells of the inner cell mass from early-stage embryos. 
Therefore, it becomes difficult to generate patient-specific 
pluripotent stem cell lines[1]. 
 
Takahashi and Yamanaka in 2006[2] provided an answer to this 
ethical dilemma through the generation of induced pluripotent 
stem cells (iPSCs) thus avoiding the problematic questions 
concerning ESCs.  iPSCs have a lot of therapeutic potentials and 
trials to generate patient-specific iPSCs from individuals 
suffering from different disorders have been attempted[3]. 
 
 The progression in iPSCs research and its application in the 
human therapy are still dependent on the generation of large 
animal models for the preclinical tests especially for cell 
transplantation due to their considerable anatomical and 
physiological similarities with humans[1]. Prior to the use of 
iPSC-derived cells or tissues in clinical application in human 
patients; their safety, integration and lack of tumorigenicity has to 
be investigated in proper animal models bearing significant 
similarities to humans[4]. Examples of such studies include those 
that were done on equine[5], pigs[6] and cattle[7], each with a 
variable degree of success. 
 
In 2011, Ren et al [8] successfully generated iPSCs from primary 
ear  fibroblasts  of   goats  that  showed  morphologies  similar  to  
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Abstract 
 
Induced pluripotent stem cells (iPSCs) hold a great potential for therapeutic regenerative medicine. The aim of this study was to generate 
induced pluripotent stem cells from goat embryonic cardiac tissue derived fibroblasts. The isolated cardiac fibroblasts from the cardiac tissue 
of goat embryos were positive for alfa smooth muscle actin, vimentin and discoidin domain receptor2. From these cells, we generated 
transgene free iPSCs using piggyBac transposons / transposase using five transcription factors (Oct4, Sox2, Klf, Myc and Lin 28). The 
generated iPSCs were SSEA1, SSEA4 and Oct4 positive. They were cultured on neofeeders using 20% Serum replacement – IMDM with 
bFGF. They could form cystic and compact embryoid bodies that showed differentiated ectodermal and mesodermal like cells when cultured 
using 20% FBS-IMDM without bFGF. The iPSCs, generated in the frame of this approach were produced without the use of integrating 
virus and the reprogramming transgenes were removed at the end of the process. Though there were limitations in the approach used, a 
substantial sign of reprogramming was obtained.  
 

mouse embryonic stem cells and expressed SSEA1, Tra-1-60 and 
Tra-1-81 but were negative for SSEA-3 and SSEA-4. Goat iPSCs 
can thus be considered as having a lot of benefits as they gather the 
advantage that they are large animal-derived, related to an easily 
available domestic specimen, less expensive and so can be easily 
used for transplantation trials later. 
 
Any actively dividing adult somatic cells can be reprogrammed. A 
lot of adult somatic cells can be used for generation of iPSCs such 
as fibroblasts[2, 9]. The cardiac fibroblasts are drawing the attention 
nowadays as they have several fundamental and crucial functions in 
the cardiac tissue maintenance and regeneration[10]. So, 
reprogramming of cardiac fibroblasts[11] may help to produce a 
stable well-developed cell line that can be differentiated to 
cardiomyocytes, which can be used efficiently in regenerative 
medicine.     
  
Several methods were used for reprogramming such as retroviral 
delivery systems[2, 9] and that with minimal foot-print using retro- 
and lentiviral vectors with loxP sites which serve as substrates for 
Cre-mediated excision of most of the integrated transgene. 
However, such methods leave genetic foot-print within the 
reprogramming cells which can result in complications such as the 
risk of tumorigenicity, mutations and considerably lower 
reprogramming efficiencies as in the case of retroviral transduction. 
Then, zero-foot-print methods have been introduced which include 
reprogramming by piggyBac, Sendai virus, episomal vectors, 
minicircles, adenovirus, direct microRNA transfection, and mRNA 
and protein overexpression of reprogramming factors[12]. The 
piggyBac transposon system is a reprogramming delivery method 
that has a lot of advantages which include having a very large cargo 
capacity and it does not leave “foot-print” mutations upon excision 
so it can generate transgene integration- and mutation-free iPSCs 
that can be used widely in regenerative medicine[13]. 
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The aim of this study was to generate transgene-free iPSCs from 
fibroblasts derived from cardiac tissue of goat embryos using the 
piggyback approach. The generated iPSCs were in vitro assayed for 
pluripotency.  
 
2. Materials and Methods: 
 
All applicable institutional guidelines of Neurophysiology Institute of 
University of Cologne and its partner institute Sindh Agriculture 
University, Tandojam, Pakistan for the care and use of animals were 
followed. Goat cardiac tissue samples were collected at the partner 
institute Sindh Agriculture University, Tandojam, Pakistan and tissue 
samples were shipped to Cologne. The isolation of cardiac fibroblast 
and generation of goat iPSCs were performed at institute of 
Neurophysiology University of Cologne, Germany. 
 
2.1. Isolation of goat cardiac fibroblasts (GCF) 
 
Cardiac tissue biopsy sample was provided by the collaborative 
partner University, Sindh Agriculture University, Tandojam. 
Generation of Goat iPSCs was performed at Institute of 
Neurophysiology University of Cologne,  Germany. Pregnant goat, 
with two-month gestation period confirmed by ultrasonography, was 
selected with the permission of Institutional ethical committee Sindh 
Agriculture University, Tandojam, Pakistan and embryo/foetus was 
collected by the partner institute. Specimens from cardiac tissue of 
goat embryo were used to isolate cardiac fibroblasts according to the 
following protocol with minor modifications[14, 15]. Myocardial tissue 
specimens were transferred in ice-cold phosphate buffered saline 
(PBS).  Tissue samples were washed with Calcium-free Krebs-Ringer 
saline solution[16]. Cardiac tissue was put in the incubator for 15 min 
in Krebs-Ringer solution containing proteinase bacterial (4U/ml) 
(Sigma Aldrich, P8038). Then the partially digested tissue was put in 
Krebs Ringer saline supplemented with a combination of collagenase 
A(1mg/ml) (Roche, Ref: 10103586001) and hyaluronidase 
(0.5mg/ml) (Sigma Aldrich, H3506). All the enzymes were delivered 
as powder, prepared and stored in -20oC. The tissue was left in this 
solution for 20 min in the incubator at 37°C with gentle agitation. 
Lastly, the tissue was incubated with 1.0 mg/ml collagenase. Seven 
cycles for 20 min each at 37°C with gentle agitation were performed 
until complete digestion of the tissue. Every time the cells were 
harvested, centrifuged at 600 rpm (RCF= 75g) for 4 min then the 
pellet was re-suspended in 1ml Ca++ free Krebs-Ringer solution and 
the CaCl2 was reintroduced incrementally at 4 min intervals with 3µl 
then 6µl followed by 9µl to reach a total of 18µl from a stock solution 
of 100 mMolar until the final calcium concentration reached 1.79 
mMol. The cells were centrifuged at 600 rpm for 4 min then 
resuspended in 1ml culture medium and cultured in a 10cm stem cell 
culture dish coated with 0.2% gelatin.  
 
First medium changing was on day 3 and then every 2 days by Goat 
cardiac fibroblasts (GCF) culture medium. On Day 5 of culture, the 
GCFs were harvested by using trypsin 0.05%. The cells were 
centrifuged at 1000 rpm for 4 minutes and re-suspended in culture 
medium. Next, the cells were counted in a counting chamber 
(Hemocytometer) with trypan blue. Cells were sub-cultured on 6 cm 
gelatin coated plates at a density of 250,000 cells per plate. The Goat 
cardiac fibroblasts (GCF) culture medium used was 20% fetal bovine 
serum (FBS) (Sigma Aldrich) IMDM (Gibco by life technologies, 
31980-022) with 0.1 mM 2-Mercaptoethanol (Gibco, 31350-010), 1 
% MEM NEAA (Gibco, 11140-035), 1% (100U/ml) penicillin, (100 
µg/ml) streptomycin (Gibco by life technologies, 15140-122) with 
100µg/ml Primocin (ampoule concentration 50mg/ml purchased from 
Invivogen).   
 

2.2. Identification of cardiac fibroblasts  
 
a- Morphologically using light microscope (Details in supplementary 
data) 
 
b- Using Immunocytochemistry for cardiac fibroblast cell markers 
(αSMA, vimentin, and DDR2). The primary and secondary 
antibodies that were used, discussed in (Table 1) (Details in 
supplementary data).   
 
2.3. Reprogramming (induction of pluripotency)  
 
The process of Nucleofection of primary cardiac fibroblasts entails 
the following steps: 
 
a. Cell preparation (details in supplementary data).   
 
b. Culture of the cells after transfection  
 
After transfection, the cells were cultured on 2 gelatine 0.2% coated 
10 cm dishes. The cells were cultured using 15% FBS IMDM with 
1% NEAA, 1% pen/strept and 0.1mM 2-Mercaptoethanol with 
addition of 6ng/ml basic fibroblast growth factor (bFGF)[18]. The 
cells were incubated and the medium was changed every day till day 
4 after transfection. After day 4, every 10 cm plate was split to 
mitomycin C treated MEF seeded 6 cm plates while changing the 
medium to 20% knock out serum replacement (KOSR) IMDM with 
1% MEM NEAA, 1% pen/strept and 0.1mM 2-Mercaptoethanol with 
addition of 20 ng/ml bFGF. The culture medium was changed every 
day and the cells checked by light microscopy until tightly packed 
colonies with clear boundaries were recognized. The colonies were 
well recognized at day 12 after transfection. At day 14 after 
transfection, Geneticin 400 µg/ml was used and continued for 45 
days for selection of the cells expressing the resistance under control 
of the UTF1 promoter, as the transfected cells should be geneticin 
resistant. UTF1-Neo (G418) is undifferentiated transcription factor1 
driven antibiotic resistance in which G418 resistance driven by the 
undifferentiated transcription factor 1 (UTF1) promoter plus 
enhancer elements[19]. The reprogrammed goat cardiac fibroblasts 
with Transposons (T-GiPSCs) - potentially pluripotent cells - were 
mechanically split and passaged in clumps while they kept self-
renewal and proliferation forming large compact colonies that were 
more compact in the middle. 
 
c. Re-expression of transposase 
 
After stabilizing T-GiPSCs (the goat iPSCs with transposons), then 
the target was the re-expression of transposase (HypBase) for 
removal of the transposons achieving transgene-free GiPSCs. Several 
methods were attempted as the cells showed difficulty in transfection 
(the results were negative and not shown here). 
 
Lipofectamine LTX and Plus Reagent was successfully used 
(purchased from Invitrogen, life technologies, Ref. 15338-100.). 
Protocol for 6 well plate (one well) was followed.  
 
d. Selection using Ganciclovir (Roche, CAS-82410-32-0): 
 
The reprogramming transposon is equipped with a thymidine kinase 
expression cassette allowing for negative selection. Therefore, cells 
that have successfully eliminated the reprogramming transposon will 
become resistant against ganciclovir, whereas cells that still express 
thymidine kinase from the reprogramming vector will be killed.  
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2.4. Identification of iPSCs  
 
a- Alkaline Phosphatase staining: (Details in supplementary data).   
 
b- ESC marker expression: The primary and secondary antibodies 
that were used, discussed in (Table 2) (Details in supplementary 
data).   
 
c- Differentiation tests and trials of embryoid bodies generation: 
(Details in supplementary data).   
 
3. Results  
 
3.1. Isolation and characterization of Goat Cardiac Fibroblasts 
(GCF) 
 
Goat cardiac fibroblasts were isolated according to the protocol 
discussed in the materials and methods and cultured on gelatin-
coated cell culture dishes with GCF culture medium. On Day 4, the 
cultured cells showed 70% confluency (Figure 1A).  Usually 
250,000 cells were seeded per 6 cm plate and increased 5-folds 
during 5 days to become 1,250,000 cells. GCFs were probed with 
antibodies for cardiac fibroblast markers αSMA, vimentin and 
DDR2 showing positive results (Figure 1B-D).  
 
3.2. Reprogramming of goat cardiac fibroblasts  
 
Expression of GFP, used as control to detect the effectiveness of 
nucleofection, was positively detected after 24 hours by using 
fluorescence microscopy (Figure 2A). On day 12, after transfection 
with the plasmid of interest, colony formation was recognized. Cells 
showed large nuclei with a few cytoplasm forming large compact 
colonies with defined borders.   Figure 2 (B - F)   shows  the  gradual 

 

appearance of the cells and T-GiPSCs colonies formation at different 
time points. The colonies were rose like compact large colonies with 
sharp borders. They appeared more compact in the center than in the 
periphery with occasional signs of spontaneous differentiation in the 
center region. T-GiPSCs were stable up to 60 passages (until the end 
of our experiment), in which the transfected cells were geneticin-
resistant. 
 
3.3. Confirmation of pluripotency of reprogrammed cells with 
transposons (T-GiPSCs) 
 
Alkaline phosphatase expression was assayed as a first indicator of 
successful reprogramming towards pluripotency in T-GiPSCs still 
bearing the reprogramming vector. The T-GiPSCs cells were 
positive for alkaline phosphatase as shown in Figure 3A. 
 
Following positive detection of alkaline phosphatase, stage specific 
embryonic antigen-1 (SSEA1) and stage specific embryonic antigen- 
4 (SSEA4) were analyzed as further pluripotency markers at that 
stage of the experiment. T-GiPSCs were positive to both SSEA1 and 
SSEA4 as detected by immunofluorescence staining (Figure 3B-D).  
 
3.4. Generation and characterization of transgene-free goat iPSCs 
lines   
 
The pmax GFP expression by goat iPSCs containing transposons (T-
GiPSCs) was successfully transfected using lipofectamine method 
Figure 4 (A & B). 
 
Then, Lipofectamine transfection reagent was used successfully to 
remove the transposons using Hypbase in which Figure 4C shows 
the morphology of the colonies that survived selection using 
ganciclovir after the removal of transposons.  
 

          Table 1: Antibodies used for immunocytochemistry to identify cardiac fibroblasts. 

1ry antibodies Host  Isotype Clone  Company Product 
number 

Dilution  

alfa Smooth muscle actin  Mouse IgG2a 

1A4 

monoclonal 

antibody 

Sigma A5228 1: 500 

Vimentin  Mouse IgM 

 

VIM-13.2 

monoclonal 

antibody 

Sigma V5255 1:200 

Discoidin Domain receptor 2  Rabbit IgG polyclonal Bioss ABIN 755218 1:200 

2ry antibodies respectively       

IgG2a  

(Alexa-fluor 647)  
goat anti-mouse   

Life 

Technologies 
A21241 1:1000 

IgM  

(Alexa-Fluor 555)  
goat anti-mouse   

Life 

Technologies  
A21426 1:1000 

IgG (H+L)  

(Alexa fluor 488)  
goat anti-rabbit   

Life 

Technologies 
A11034 1:1000 
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     Table 2. Antibodies used for Immunohistochemistry to identify Pluripotency markers 

1ry antibodies Host  Isotype Clone  Company Product number Dilution  

 Single specific embryonic antigen1 

(480) (SSEA1)  
Mouse IgM 

monoclonal 

antibody 
Santa Cruz  sc-21702 1:50 

Single specific embryonic antigen4 

(813-70) (SSEA4)  
Mouse IgG3 

monoclonal 

antibody 
Santa Cruz sc-21704 1: 50 

 Octamer-binding transcription factor 

4 (C-10) (OCT4)  
Mouse IgG2b 

monoclonal 

antibody 
Santa Cruz sc-5279 1:200 

2ry antibodies respectively       

IgM  

(Alexa-fluor 555)  
goat anti-mouse invitrogen  A21426  1:1000 

IgG (H+L)  

(Alexa-Fluor 647)  
goat anti-mouse  life 

technologies 
 A21236  1:1000 

IgG2b  

(Alexa fluor 647) 
goat anti-mouse life 

technologies 
 A21242  1:1000 

 

Figure 1 (A – D): Isolation and characterization of goat cardiac fibroblasts: (A) 
Phase contrast images of GCFs on day 4 after isolation using light microscope 
10x lens. GCFs were positive to anti αSMA (B), anti-vimentin (C) and anti DDR2 
(D) detected by fluorescence microscopy using 20xLD lens. 

 

Figure 2 (A – F): (A) High power fields showing control 
for nucleofection with Pmax-GFP with extensive positive 
gene expression (green fluorescence) of GCFs. (B – F) 
Photomicrographs show the gradual appearance of the 
well-formed colonies in different time points using light 
microscopy and 10x lens: (B) Day 5 after transfection 
and D1 after splitting and culture on murine embryonic 
feeders. (C) Day 7 after transfection and day 3 after 
splitting and culture on murine embryonic feeders. Until 
this step, the final morphology of the cells and the 
colonies were unknown. (D) Day 12 after transfection 
and D8 after splitting and culture on murine embryonic 
feeders.  Arrows point to the borders of the arising 
colonies in formation. At this step, the final morphology 
of the cells and colonies could be recognized. (E) Day 15 
after transfection and D11 after splitting and culture on 
murine embryonic feeders.  The arrows point to the newly 
formed colonies. The colonies are well formed and ready 
for passage. (F) Photomicrograph of the well-formed 
colonies at day 5 of culture at Passage no.5 after 
mechanical splitting. The borders of the colonies are not 
apparent as the size of the colony was large. 
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Figure 3 (A – D): Characterization of the goat iPSCs before removal of the transposons 
(T-GiPSCs): (A) Picture of T- GiPSCs with transposons shows positive staining of alkaline 
phosphatase. Photomicrographs (B & C) show T-GiPSCs that were positive to anti-SSEA1 
(purple) and positive to anti-SSEA4 (red) respectively. (D) Photomicrographs show double 
staining of T-GiPSCs with anti – SSEA1 and anti-SSEA4 Pluripotency markers. The cells 
were positive to anti-SSEA1 (purple) and anti-SSEA4 (red) simultaneously. This can be 
seen in the photomicrograph of antiSSEA1 and SSEA4 that was detected also separately of 
the same colony in relation to their nuclei stained with DAPI (blue). The bright field shows 
the center of the colony. Photomicrographs (B – D) were taken using fluorescent 
microscope and 20xLD lens. 

Figure 4 (A - C): Removal of transposons: (A & B) 
Photomicrographs show Lipofectamine transfection reagent 
and pmax GFP of T- GiPSCs as control for re-expression of 
hypbase showing green fluorescent positive cells detected by 
fluorescence microscope 48 hours after transfection using 
10x Lens. (C) Photomicrograph shows GiPSCs colony after 
removal of the transposons keeping the same stemness 
characteristics; small cells with large nucleus, prominent 
nucleolus and small cytoplasm within large colonies using 
light microscope using 10x lens. 

The GiPSCs (after removal of transposons) still show the same rose 
like compact large colonies with sharp borders. They appeared more 
compact in the center than in the periphery with occasional signs of 
spontaneous differentiation in the center region. The cells have large 
nuclei with small cytoplasm keeping self-renewal and proliferation 
through passages. After re-expression of transposase, the isolated 
transposon-free iPSCs (GiPSCs) were ganciclovir-resistant. GiPSCs 
was characterized as being stable, capable of self-renewal and 
proliferation, forming well defined compact colonies and 
maintaining pluripotency for 8 passages (we then froze the cell line 
for further experiments). 
 
The GiPSCs were positive for alkaline phosphatase after the removal 
of the transposons as an indication of keeping their pluripotency 
(Fig.5A). The immunocytochemistry tests were repeated to detect 
the pluripotency markers SSEA1 and SSEA4 after removal of the 
transposons in which the G-iPSCs  were remained positive for both 
after the transposons removal (Figure 5B-D). 

In addition, the nuclear marker OCT4 was used to test for 
pluripotency after removal of the transposons and all cells were 
positive (Figure 5E & F). 
 
3.5 Trials of embryoid body (EB) generation as a form of 
differentiation 
 
The differentiation was performed in EB model in which cystic EBs 
were generated from clumps shown in (Figure 6A) and compact EBs 
were generated from single cells displayed in (Figure 6B) “as 
described in detail in the material and methods section”. Figure 6C – 
F) show morphological signs of differentiation of the cultured cystic 
EBs cultured on fibronectin. The different morphological structures 
of differentiated stem cells include: polyhedral epithelial like cells 
denoting ectodermal differentiation, spindle-shaped cells denoting 
mesenchymal differentiation and also stellate-shaped cells having 
large cell body with long cytoplasmic processes indicating a 
neuronal-like structure.   

Figure 5 (A – F): Characterization of GiPSCs (after 
removal of transposons): (A) Picture of GiPSCs with 
transposons shows positive staining of alkaline phosphatase. 
Some of the colonies have not well stained borders 
indicating some differentiation in the border of the colonies 
that may have occured. Photomicrographs (B & C) show the 
GiPSCs in which they were positive to anti-SSEA1 (purple) 
and anti-SSEA4 (red) respectively. (D) Photomicrographs 
show double staining of GiPSCs with anti–SSEA1 and anti–
SSEA4 Pluripotency markers. The cells were positive to anti-
SSEA1 (purple) and anti-SSEA4 (red) simultaneously. (E) 
Photomicrographs show anti–Oct4 Pluripotency marker of 
GiPSCs in which they were all positive to Oct4. (F) 
Photomicrographs show double staining of the GiPSCs with 
anti–SSEA1 (purple) and anti-Oct4 (green) Pluripotency 
Markers in which they were positive to SSEA1 and Oct4 
simultaneously. Photomicrographs (B – F) were taken using 
fluorescent microscope and 20xLD lens. 
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4. Discussion 
 
The study describes here a trial of reprogramming of goat cardiac 
fibroblasts (GCFs)[11] isolated from cardiac embryonic tissue using a 
transgene-free approach of piggyBac transposition to generate 
transgene-free goat induced pluripotent stem cells (GiPSCs).  
 
Fibroblasts are phenotypically diverse and experimental evidence has 
indicated that considerable heterogeneity exists between fibroblasts 
from different tissues[20]. This phenotypic plasticity has created a 
unique challenge in attempts to better define the cardiac fibroblast[21]. 
In the present study, isolated GCFs were positive for 3 markers: 
αSMA, vimentin and DDR2 to confirm their phenotype.  
 
DDR2 and vimentin have been identified as specific markers for 
fibroblasts[21, 22, 23]. αSMA is a controversial marker as some studies 
report its absence from the normal cardiac fibroblasts, minimal or 
upregulated expression due to the stressful conditions in the 
surrounding physiological (in-vivo) or cultural (in vitro)                 
environment[23]. Also, the occasional detection of α-SMA fibers did 
not allow terming these cells as myofibroblasts[22].  
 
Cardiac fibroblasts are a good source of somatic cells for generation 
of iPSCs that later can be used for differentiation to                
cardiomyocytes[24]. We succeeded with five defined factors using Lin 
28 in  addition to the Yamanaka reprogramming factors OCt4, SOX2, 
KLF4, and c-MYC (OSKML) in the induction and maintenance of 
pluripotency in the cardiac fibroblasts. The goat iPSCs before removal 
of the transposons (T-GiPSCs) were stable up to 60 passages, in 
which the transfected cells are geneticin resistant. After re-expression 
of transposase, the isolated transposon-free iPSCs (GiPSCs) were 
Ganciclovir resistant. GiPSCs was characterized as being stable, 
capable of self-renewal and proliferation, formed well defined 
compact colonies and maintained pluripotency for 8 passages. 
 
Few studies were done on goat cells as it has been reported that Goat 
iPSCs generation is as difficult as isolation and culture maintenance 
of goat ESCs. Ren et al, 2011[8] reported difficulties in 
reprogramming goat primary ear fibroblasts. They could not generate 
goat iPSCs either by using lentivirus transduction encoding cDNAs of 
Oct4, Sox2, cMyc, and Klf4 or by adding viruses encoding Nanog and 
Lin28 genes to the infection cocktail.  However, the SV40 large T 
antigen and the catalytic subunit of human telomerase (hTERT) using 
a drug-inducible lentivirus encoding OSCKNL improved significantly 
the efficiency of iPSCs generation though withdrawal of doxycycline 
resulted in transgene silencing and loss of pluripotency.  
 

In our study, generation of goat iPSCs could be easily produced from 
cardiac fibroblasts without adding chemical inhibitors. This is in line 
with the study done by Song et al 2013[18] as they generated goat 
iPSCs from goat primary ear fibroblasts using lentivirus encoding 
only four human transcription factors, OCT4, SOX2, KLF4, and C-
MYC without adding chemical inhibitors. However, in our study, the 
five previously mentioned factors (OSKML) were used[13]. Lin 28 
was chosen to be added to the OSKM in this study as it was reported 
by Yu et al, 2007[25] that Lin 28 was considered an essential factor. It 
enhanced the reprogramming when added to their cocktail containing 
Oct4, Sox2 and Nanog. On the other hand, Song et al 2013[18] 
reported that these goat iPSCs were forming colonies with distinct 
boundaries similar to those of human ESCs and iPSCs. However, 
they stated that the undifferentiated phenotype of their goat iPSCs 
was labile before passage 5. Sandmaier et al, 2015[26] reported the 
generation of goat iPSCs using forced expression of bovine POU5F1, 
SOX2, MYC, KLF4, LIN-28, and NANOG reprogramming factors 
in combination with a MIR302/367 cluster, delivered by lentiviral 
vectors.  
 
Generation of iPSCs that can be used for regenerative medicine 
requires a stable, safe and non-mutated genome. The  integration free 
- generated iPSCs can be considered as ideal when compared to other 
techniques such as retroviral transfection, which despite its high 
efficiency shows mutations and tumor formation, and transient 
transfection as adenovirus and repeated plasmid transfection show 
very low transfection efficiency[2, 9, 25]. Loh et al 2012[27] used Cre-
recombinase LoxP, which is also used for excision of the already 
integrated genome inserted using retrovirus transfection, however, 
residual vector sequences, might still be left behind and cause 
insertional mutations. 
    
In our study, goat cardiac fibroblasts could be easily reprogrammed 
using five defined factors and piggyBac transposons with 2A peptide 
system that serves as efficient vehicle for large cargos even more 
than five factors and depending on the excision of the already 
integrated transposons (transgene free).  Yusa and his colleagues in 
2009[13] showed that the five known factors (Oct4, Sox2, Klf4, cMyc 
and Lin28) were successfully combined into a single vector that 
induced reprogramming of fibroblasts more efficiently when 
compared to the four factors vector though the cells they used were 
murine embryonic feeder.  On the other hand, other studies as that 
done by Kaji et al, 2009 and Woltjen et al 2009[28, 29] reported using 
piggyBac transposons and four factors (OSKM) for successfully 
reprogramming human and mouse embryonic fibroblasts to iPSCs. 
Mitra et al, 2008 [30]  supported   the  suggestion  that   the   piggybac 
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Figure 6 (A – F): Cystic and compact EBs 
generation and culture: (A) Photomicrograph 
shows cystic EBs generated by using clumps of 
cells. The green arrows show the cystic part of 
EBs and the red arrows show the compact part. 
Photomicrograph (B) show generated compact 
EBs using single cells in day 5. The red arrows 
show the borders of the compact EB. (C - F) 
Photomicrographs show cultured cystic EBs on 
fibronectin coated plates after 7 days. They show 
different morphological structures with large 
cytoplasm in relation to the nucleus that indicate 
differentiation to different cell types.  They show 
differentiated stem cells with different 
morphological structure: polyhedral epithelial like 
cells denoting ectodermal differentiation (black 
arrow), spindle shaped cells denoting 
mesenchymal differentiation (red arrow) and also 
stellate shaped cells having large cell body with 
long cytoplasmic processes neuronal like structure 
(green arrow). All photomicrographs were 
examined under light microscope using 10 x 
lenses. 
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transposons/transposase system that was used in our study is safe 
for producing GiPSCs cell lines with clean excision sites leaving 
no mutations behind. However, for a final proof it would be 
necessary to analyze the number of integrated transposons prior to 
excision, map their location and perform sequence analysis after 
integration in comparison to unmodified cells. Given the fact that 
the cells generated in this study were not intended for clinical use; 
this step was omitted.   
 
GiPSCs generated were alkaline phosphatase positive, Oct4 
positive and interestingly; they were SSEA1 and SSEA4 positive. 
Some studies have shown expression of both SSEA1 and SSEA4 
by iPSCs as we found while other studies have suggested a degree 
of differentiation when they are expressed simultaneously. The 
morphology and the expression of the SSEA antigens of bovine 
iPSCs generated by Lin et al 2014[31] resembled those of mouse 
ESCs/iPSCs, rather than those of human ESCs/iPSCs but in 
addition to SSEA1, they found a strong signal for SSEA4. Han et 
al, 2011[7] produced bovine iPSCs that were positive for SSEA1 
but are weakly positive for SSEA4. Sumer et al, 2011[32] showed 
that bovine iPSCs derived from adult ear fibroblast were positive to 
SSEA1 and SSEA4 using five factors OSKM and Nanog.  In rabbit 
iPSCs, Osteil et al, 2013 [33] generated 3 lines of iPSCs and isolated 
4 lines of ESCs with different expression of SSEA markers. The 3 
iPSC lines showed heterogeneous expression of SSEA1 and 
SSEA4 demonstrating 4 cell subpopulations, while all the 4 lines of 
ESCs expressed only SSEA-1, despite that both the rabbit ESCs 
and iPSCs needed bFGF for their culture. Yan et al, 2008[34] have 
isolated goat embryonic stem cells with colonies that maintained 
undifferentiation for 18 passages. The goat ESCs expressed the 
proteins Nanog, Oct4 and SSEA-3, whereas the protein of SSEA-4 
was absent and the protein of SSEA-1 was weakly expressed.   
 
One suggested explanation for the finding of mosaic SSEA4 
expression is the hypothesis that there is a process of 
differentiation in some cells initiated within the colonies. This 
finding could point to a need for further fine-tuning of the culture 
conditions. In comparison, it was stated that the differentiating 
human PSCs showed upregulation of SSEA1 expression[35] 
especially when they differentiate to multipotent cardiac 
progenitors, which have the ability to differentiate into 
Cardiomyocytes, smooth muscle cells, and endothelial cells[36]. 
However, Brimble et al, 2007[37] showed that in absence of SSEA-3 
and SSEA-4, human ESCs remained pluripotent which was proved 
by their ability of self-renewal, three germ layer differentiation in 
vitro and teratoma formation.   
 
Another possible explanation, is that these goat iPSCs showed an 
intermediate state between naiive and primed pattern of iPSCs. 
Naiive PSCs are similar to murine ESCs and express SSEA1 while 
primed PSCs are similar to human and express SSEA4. The naiive 
versus primed state of iPSCs are molecularly and functionally 
different, however, both types express genes of pluripotency[38]. In 
addition, both types can differentiate into three germ layers 
(ectoderm, mesoderm, and endoderm) in vitro[39]. The major 
difference between them is their ability to develop chimeric 
offspring. Naiive cells can contribute to the development of 
chimeras while primed PSCs cannot[40]. 
 
In our study, the pluripotency of the GiPSCs was maintained using 
bFGF as done by Song and his colleagues 2013[18] as well as other 
studies done on human PSCs and nonhuman primate PSCs[41, 42, 43]. 
In addition, to maintain the characteristic stemness of GiPSCs, we 
cultured them with mitomycin-C-treated murine embryonic 
fibroblasts (MEFs), which were used as feeder cells. In the absence 
of   MEFs,   the   stemness   features  were  lost.  Lin et al, 2014 [31]  

detected the same in which the MEFs were important for 
maintaining stemness state of iPSCs but they were using BMP4 as a 
supplement in culture medium instead of the bFGF. Huang et al, 
2011[44] reported bovine iPSCs that were cultured without feeders in 
a chemically defined medium containing LIF and two inhibitors of 
MEK1/2 and glycogen synthase kinase-3 signaling.  It is, thus, clear 
that the conditions needed to maintain pluripotency in the culture 
medium are still an area that require more experimental research to 
ensure needed results are achieved. 
 
Based on our results, GiPSCs needed to be dispersed into small 
clumps, not single cells, to be able to form colonies; otherwise most 
of the single cells will not form colonies and tend to differentiate or 
undergo cellular death. This result is in line by what was reported 
by Song et al, 2013[18] who stated that their cells should be passaged 
mechanically into clumps to minimize the propagation of 
differentiated cells. In addition, Our GiPSCs also could not tolerate 
single cell dissociation by trypsin showing cellular death. In this 
aspect it is similar to human PSCs that are vulnerable to apoptosis 
upon cellular detachment and dissociation[45].  
 
In our study, GiPSCs could generate two types of embryoid bodies 
(EBs): cystic and compact EBs. The same result was shown by 
Müller et al, 2009[46] but using monkey ESCs. Compact EBs 
resemble the morula embryonic stage[47]. While, Cystic EBs 
resemble the blastocyst embryonic stage morphologically (develop 
a fluid filled central cavity like that of a blastocyst with 
differentiation of a columnar epithelium with a basal lamina)[48, 49].  
Our cystic embryoid bodies attached better on fibronectin coated 
surfaces than normal tissue culture dishes, and that was in line with 
the study done by Sivasubramaiyan et al, 2009[50].  
 
From the previous discussion, we can conclude that: 
 
Good quality goat cardiac fibroblasts (GCFs) can be easily isolated 
and cultured on gelatin-coated plates. 
 
Discoidin doman receptor 2 (DDR2) is one of the important and 
specific factors to characterize the cardiac goat fibroblasts beside 
vimentin and α smooth muscle actin. 
 
Goat cardiac fibroblasts are easily reprogrammed using 
nucleofection generating goat induced pluripotent stem cells 
containing transposons (T-GiPSCs). 
 
Using piggyBack transposons/transposase and five transcription 
factors (Oct4, Sox2, Klf4, c-Myc and Lin28) is a good 
reprogramming method to generate transgene free iPSCs from 
GCFs.  
 
Lipofectamine technique was a good technique used for transfection 
of the GiPSCs in culture to remove the transposons.  
 
The GiPSCs, which were generated in our study, were SSEA1, 
SSEA4 and Oct4 positive. 
 
The GiPSCs were cultured on neofeeders using 20% Serum 
replacement – IMDM with bFGF showing large compact colonies 
with well-defined borders and central differentiation. They passaged 
mechanically in clumps. 
 
They could form compact and cystic embryoid bodies that showed 
differentiated ectodermal and mesodermal like cells when cultured 
using 20% FBS-IMDM without bFGF. 
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Outlook and future experiments 
 
Further work is needed to: 
 
- Adjust the culture conditions for the best physiological environment 
needed by this new cell line to maintain pluripotency.  
 
- Include a panel of markers that can positively identify the capacity 
of these cells to differentiate into three germ layer cell types with a 
capacity for teratoma formation. 
 
- Induction of differentiation of GiPSCs to cardiomyocytes in order to 
compare between the physiological efficiency of the GiPSCs – 
Cardiomyocyte derived from cardiac fibroblasts and that derived from 
skin adult fibroblast.  
 
Limitations and challenges 
 
Available literature is very limited as regards goats as a source of 
pluripotent cells. 
 
Removal of the transposons proved to be one of the very difficult 
steps in this work. 
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2-ME  : 2-Mercaptoethanol. 
MEF  : Murine Embryonic feeder (fibroblasts). 
MEM NEAA : Minimum essential medium Non-essential amino acids. 
NANOG  : Homeobox protein NANOG is named after irish word "Tír na nÓg" which means Land of the Young. 
OCT4  : Octamer-binding transcription factor 4 also known as POU5F1 (POU domain, class 5, transcription factor 1) is a protein  
                                  that in humans is encoded by the POU5F1 gene. 
OSKML  : Oct4, Sox2, Klf4, cMyc and Lin28 
PBS  : Phosphate buffered saline. 
Pen/Strept : Penicillin/ Streptomycin. 
SOX2  : Sex determining region Y-box 2. 
SSEA1  : Single specific embryonic antigen 1. 
SSEA4  : Single specific embryonic antigen 4. 
T-GiPSCs : Goat induced pluripotent stem cells with transposons. 
Tra-1-60  : Tumor rejection antigen-1-60.  
Tra-1-81  : Tumor rejection antigen-1-81. 
UTF1  : Undifferentiated transcription factor1. 

 


