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Abstract: Pluripotent stem cells can be mduced from different cell types through transduction of the
transcription factors by lentiviral, polycistronic vectors and other vectors. Most of these methods of generation
of mduced Pluripotent Stem (1PS) cells still use Mouse Embryonic Fibroblasts (MEF) as feeder layers. The use
of animal feeder layers will hinder the clinical application of iPS cells because of the presence of unknown
animal products, xenobiotics and when screening the intermediates 1PS to study the mechamsms of cellular

reprogramming, the feeder cells would be mixed mn intermediates 1PS cells samples. Here researchers generated
iPS cells from MEF use only three factors Oct4, K1f4 and Sox2. Through add Vitamin C and gradually replaced
the medium after retroviral infection, researchers promote the efficiency of mduced 1PS to 0.2%.
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INTRODUCTION

Since, Yamanaka generated induced Pluripotent
Stem (iPS) cells from MEF by the transduction of four
transcription factors Octd, Sox2, c¢-Myc and KIf4
(Takahashi and Yamanaka, 2006). The technical of iPS
cells generation have acquire a lot of achievement
because of its enormous process in clinical. Various
somatic cells types of different species could be used to
generate iPS cells such as fibroblasts, bone marrow cells,
hepatocytes and gastric epithelial cells, pancreatic cells,
neural stem cells and B lymphocytes, keratinocytes and
blood progenitor cells (Takahashi and Yamanala, 2006,
Aasen et al., 2008; Ao1l et al., 2008; Hanna et ai., 2008,
Kim et al., 2008; Silva et al., 2008; Stadtfeld et af., 2008,
Loh et al, 2009) and many different approaches have
been used to deliver transcription factors into somatic
cells such as retroviral vectors, lentiviral vectors,
adenoviral vectors, Sendai virus, polycistronic minicircle
vectors, self-replicating selectable episomes, purified
proteins, RNA (Takahashi and Yamanaka, 2006;
Okita et al., 2007, Tchieu et al., 2007, Brambrink et al.,
2008; Tadtfeld et al., 2008; Fusaki et al., 2009; Loh et al.,
2009, Yu et al., 2009, Zhou et al., 2009, Zhou and Freed,
2009; la et al., 2010, Sommer et al., 2010, Warren et al.,
2010).

TPS cells technology is ultimate used for regenerative
medicine, drug development. However, a majority of 1PS
cells generation still use MEF as feeder layers. Because
there is exogenous material, zoonotic pathogens,
unknown viruses in mouse feeder cells (Takahashi ef af.,
2009) so, it will hinder clinical translation of iPS cells and
when screeming the intermediates 1P3 cells the feeder cells
would be mixed with the iPS cells samples, it would affect
the study of the cellular reprogramming mechamsms and
when derived and maintained under feeder conditions
the 1PS cells exerted differentiation varability and
transcriptomic variability (Chin ef al., 2009; Feng et al,
2010; Hu et al, 2010). A recent report described that
feeder-free 1PS cells display closer correlation with ES
cells than feeder derived iP5 cells (Chung ez al., 2011). In
the future the iPS cells which used in clinical application
must be derived from feeder-free condition. Consequently,
it is need to develop a method to generated iPS cells
under feeder-free conditions.

Here researchers introduce a method to generate
mouse 1PS cells use three transcription factors Oct4,
Klf4 and Sox2 under feeder-free conditions. In previous
studies, generation of iPS cells delete ¢-Myc from four
factors would reduce the reprogramming efficiency and
delay the reprogramming process (Nakagawa et al., 2008;
Wernig et al., 2008) so, in this study, researchers add
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Vitamin C after virus infection and gradually replaced the
medium, made the reprogramming efficiency increase to
0.2%.

MATERIALS AND METHODS

Cell isolation and culture: The MEF was isolated from
13.5 day embryos of C57BL/6 mice and cultured in DMEM
(lugh glucose) containing 10% fetal bovine serum, NEAA,
Lglutamax, sodium pyruvate and penicillin/streptomycin.
ES cells and 1PS cells were maintained in Knockout-
DMEM supplemented with 20% Knockout Serum
Replacement (KSR), 1000 UmL ™" LIF (Millipore), NEAA,
L-glutamax, sodium pyruvate, pemcillin/streptomyein and
0.1 mM p-mercaptoethanol under feeder condition. Unless
otherwise mdicated all reagents were purchased from
Invitrogen.

Retroviral production and infection: The PMXS-based
retroviral vectors (Addgene) encoding the mouse
reprogramming genes of KIf4, Oct4, Sox2 or EGFFP
were transfected into plat-E cells using Lipofectamine
2000 (Invitrogen). Virus supernatants were collected
2 days after transfection and filtered through a 0.45 pm
filter. MEF were seeded overnight at a density of
3500-3000 cells cm ™ and incubated with Viral-containing
supernatants for Sox2, Oct4 and Kif4 (Takahashi et al.,
2007). As controls MEF were imcubated with GFP
retrovirus alone to calculate transduction efficiencies.
After 12 h of mfection, medium was gradually changes by
ES medium added 50 pg mL™ Vitamin C (sigma) in a
4 days stepwise process (Chen et al., 2010, Esteban et al.,
2010). For feeder iPS generation, the MEF were
seeded onto 6 well plate with MEF feeder cells for
feeder-free 1PS cells generation the MEF were onto 6 well
plate directly.

Immunocytochemistry staining: Cell samples were fixed
in 3.7% paraformaldehydemn for 30 min at room
temperature then washed with PBS 3 times and blocked
with PBS containing 5% fetal bovine serum and 0.1%
Triton-X100 for 20 min at reom temperature, cells samples
were then stained with primary antibodies against Nanog
and SSEA-1 for 1 h at room temperature, washed with PBS
3 tumes and incubated with anti-mouse or rabbit I gG
secondary antibody for 1 h, washed 3 times with PBS.
cells were stained with DAPI for 20 mm. Nanog and
SSEA1 antibodies were from Abcam (1:100 dilution),
secondary antibodies were from Abcam (1:200 dilution),
antibodies were diluted in 1% fetal bovine serum in PBS.

For Alkaline Phosphatase (AP) staining, cells were
stained using the Alkaline Phosphatase Detection kit
(Millipore).

Gene expression analysis: RNA extraction was performed
using Trizol. reagent (Invitrogen) according to the
protocol and reverse transcribed to first-strand cDNA
from 2 pg of total RNA using the M-MLV reverse
transcriptase (Promega, Madison, USA) and oligo dT (18).
PCR reactions were performed using the rTaq kit from
Takara. The expression level of Oct4 and Rexl were
analyzed by quantitative PCR using Fast Start Universal
SYBR Green Master (ROX) (Roche) and analyzed with
ABI7300 fluorescence quantitative PCR mstrument.

Teratomas assays: About 2 million cells were suspended

m DMEM contaimung 10% FBS and injected
subcutaneously into nude mice. Teratomas were
dissected 4 weeks after injection, fixed m 4%

paraformaldehyde then hematoxylin and Eosin staining
was performed as per standard procedures.

Karyotype analysis: Karyotype analysis was performed
as described before (Esteban et al., 2009).

RESULTS AND DISCUSSION

Generation of iPS colonies under feeder-free condition:
Increasmg degree of cell condemsation 4 days after
retroviral infection (Fig. 1a and b) and after 11 days there
1s many colomes with an ES cell-like morphology grew out
from with or without feeder condition (Fig. 1c and d). To
compare the reprogramming efficiency, researchers
counted the numbers of ES-like colomes which derived
with or without feeder condition. The results showed that
the reprogramming efficiency of feeder iPS cells and
feeder-free iPS cells was similar (Fig. 1g). Tt is agree to the
previous study (Nakagawa et al., 2008). Through passage
the feeder-free derived 1PS colonmies on feeder layers
researchers obtan some homogeneous 1P3 cells lines. The
feeder-free derived 1PS colomes displayed sumilar with ES
cell colomes (Fig. le) and was positive for Alkaline
Phosphatase (AP) staiming (Fig. 1f) (Fig. la-g).

ES marker expressed in feeder-free iPS cells: The
feeder-free 1PS cells were stained with Octd, SSEA-1 and
Nanog antibody to confirm whether the feeder-free 1PS
cells expressed ES markers. The results revealed that they
are positive for Octd, SSEA-1 and Nanog (Fig. 2a). Then
researchers use RT-PCR to detect whether those iPS
colonies at passage number 10 expressed ES-cell marker
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Fig. 1: About 7 days after retroviral mfection cells grew a) under feeder-free conditions and b) feeder conditions. About
11 days after infection, there are many ES cell-like colomes ¢) under feeder-free conditions and d) feeder
conditions. e) iPS cells derived feeder-free conditions and f) Alkaline Phosphatase (AP) staining for iP5 cells. g)
Comparison of the AP-positive colonies numbers per 10,000 cells at 14 day after retroviral infection using the

feeder-free or the traditional methods

genes. The results showed that ES marker genes including
Octd, Nanog, Rex-1, Dppad, Fgf4 and Fbxl5 were
expressed in those feeder-free 1PS cells, feeder 1PS and ES
cells (Fig. 2¢). Expression levels of Octd and Rex1 was
measured by quantitative RT-PCR (Fig. 2b).

The feeder-free iPS cells in vive maintains pluripotency:
Researchers examined the differentiation potential of
feeder-free iPS cells by injecting them into nude mice to
produced Teratomas (Fig. 3b). Hematoxylin and eosin
staining  expermment revealed that the 1PS cells
differentiated into all three germ layers (Fig. 3a). After 10
passages of this feeder-free iPS they also displayed a
normal karyotype (Fig. 3¢) and ES-like phenotype. All of
these results demonstrate that the feeder-free 1PS cells
induced by three factors is similar to ES (Fig. 3 a-c).

The discovery of that iPS cells can be induced from
somatic cells by transduction of a few embryonic

transcription factors has revolutiomzed the stem cell field
(Takahashi and Yamanaka, 2006). Generation of iPS cells

has provided a promising technology in regenerative
medicine and biclogy, this technology overcome ethical
issues and the risk of immune rejection. However, there
are also many obstacles need to be overcame before
clinical application of iP5 cells. One of the obstacles is
that the utilization of animal feeder layers in the process
of generation of 1PS cells. Because feeder cells would
introduces unknown exogenous material/pathogens and
when picked up iPS colonies the feeder cells would mixed
in it. Although, feeder cells are important for maintaining
the plunpotency and proliferation of 1PS cells and ES cell,
they are not necessary for the mitiation and the process
of reprogramming by four factors (Chen et al, 2009).
Preparing feeder cells is tedious and need the destruction
of embryo, feeder cells derived different embryo also
exhibit variability use feeder layers would made the
reprogramming outcomes variability, affected the
consistency of iPS lines and also, introduced variable
differentiation potency (Chan et al., 2009, Feng et al.,
2010, Hu et ai., 2010).
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Fig. 2a: a) Immunofluorescence results for Nanog, Octd and SSEA-1 1n feeder-free 1PS cells (Scale bars = 20 pm); b)
Quantitative RT-PCR results for Rex1 and Oct4 in feeder-free 1iPS cells (50-0, 82-1, S0-0 and S2-1 were two
different feeder-free 1PS colonies) and feeder 1PS cells (33-3, S4-10, $3-3 and S4-10 were two different feeder iPS
colonies); ¢) ES markers expressed in feeder-free iPS cells (S0-0 and 52-1) and feeder iPS cells (S3-3 and S4-10)
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Fig. 3: a) Hematoxylin and eosin staining various tissues in teratomas from feeder-free iPS cells, epithelium, nervous,
adipose (Scale bars = 50 um) and muscle (Scale bars = 20 um). b) Teratomas were dissected 4 weeks after mjection
and ¢) Chromosome analysis of feeder-free 1PS cells after 10 passages
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CONCLUSION

In this study, researchers report that they use MEF
as a model to generate feeder-free 1PS cells by three
factors Octd, Sox2 and K1f4. Through add Vitamin C and
gradually replaced the medium after retroviral mfection
researchers promote the reprogramming efficiency to
0.2%. Tt is not obvious disparity of reprogramming
efficiency and reprogramming time between with and
without feeder layers conditions. Though, iP5 cells can
derive from feeder-free conditions with ligher efficiencies
and maintain pluripotency under feeder-free conditions
through supplemented with some small molecules material
15 also far away from chinical application The serum
containing media, transduction factors are also dangerous
for climical application. Thus, it 1s important to generate
iPS cells in a defined and standardized system to minimize
variability for clinical application.
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