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Abstract

In spite of considerable interest in the field, reprogramming induced pluripotent stem cells (iPSCs) directly from
cancer cells has encountered considerable challenges, including thefextremely low reprogrammung efhcienc

and C-iPSCs). In this study, we aimed to wdentily t stacles the
limit cancer cell reprogramming, gh a detailed multidimensional kinetic optimization, a highly optimized
protocol is established for reprogramming C-iPSCs using[nonviral plas

initial cancer cell density seeded could be the most critica eIy arb g C-iPSCs reprogramming,

We have consistently achieved an unprecedented high C-iPSC reprugramn:ung efficiency, establishing stable
colonies with typical iPSC morphology, up to 50% of which express the iPSC phenotypic (Oct3/4, Sox2,
Nanog) and enzymatic (alkaline phosphatase) markers. Furthermore, established C-iPSC lines were shown to be
capable of forming teratomas in vivo, containing cell types and tissues from each of the embryonic germ layers,
fully consistent with their acquisition of pluripotency. This protocol was tested and confirmed in two completely
unrelated human lung adenocarcinoma (AS549) and mouse melanoma (B 16f10) cancer cell lines and thus offers
a potentially valuable method for generating effectively virus-free C-iPSCs for future applications,
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Four strategies to induce reprogramming of somatic cells
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Nuclear transfer(NT)
injection of a somatic
nucleus into an enuclea
oocyte, can give rise to
genetically matched
embryonic stem (ES) cells
(“somatic cell nuclear
transfer,” SCNT).

a somatic cell is fused with
an embryonic stem cell
(ESC).

Explantation of somatic
cells in culture selects for
immortal cell lines that ma
be pluripotent or
multipotent.

Transduction of somatic
cells with defined factors
can initiate reprogramming
to a pluripotent state.



Materials and Methods

Cell lines and maintenance;

The A549 human alveolar adenocarcinoma cell line: RPMI-1640 containing 10% FBS
The B16f10 cell line : DMEM containing 10 % FBS.

The reprogrammed A549-iPSCs and B16f10-iPSCs both of which contained 15%
KnockOut Serum Replacement .

Plasmid vectors and transfection reagents

three plasmid vectors:

These included pCXOKS-2A (encoding Oct-3/4, Sox2, and KIf4) and pCXcMyc
(encoding c-Myc) from Addgene for iPSC induction

PIRES2-EGFP from Clontech for the assessment of cell transfection efficiency.




fion reagent (P:TR) ratio], and detailed time kinetics.

We tested and compared these pamameters by repro-
pramming two very different cancer cell types, the human
hmg adenocarcinoma (AS549) and mouse melanoma ( B16£10)
cell lines, respectively. We show here that although correct
fiming and an optimized transfection reagent concentration/
mtio are very important kinetic factors to be considered, the
mitial cancer cell density is the most critical determining
factor, which is also very much cancer cell type—dependent.

Initial asgesament for cancer cell transfection
efficiency using the plasmid vectors

A protocol for cell transfection using the virus-free
plasmid vectors previously described by Okita et al. (2010)
was adopted, but modified for cancer cell transfection in the
present_smdv. To ontimize for transfection efficiency. an
initial assessment was carried out using the pIR_ES-Z-EGFP
plasmid encoding a fluorescent protein for tracking. Briefly,
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cancer cells were prepared in six-well plates containing
2ml per well of fresh mediom A549 or B16f10 (RPMI-
1640 or DMEM containing 10% FCS) respectively.

I;a'epa:e for the DNA.I"XtrE:ImGENE mup]exea, for each

pst tube. 'I'hep[RES.ZEGPPp]ammdwasﬂml ;
(0.5 pg/0.5 pl), together with the X-tremeGENE Transfec-

tion Reagent (TR}, at different P:TR matios (1:1 to 1:6 in
m]un:l:] After genﬂe mrxmg and m::uhahun for El}mm a

prep-
mhunwasadchdtuﬂmmcerne]] l::ull.'urea ata 1 1 ratio
and incubated overnight at 37°C, 5% COn.

at_different time
mts, samples of the transfected cells were collected, wa-
shed with fluorescence-activated cell sorting (FACS) buffer
and analyzed by flow cytometry to detect and to quantify for
e frequency of green fluorescent protein—positive (GFP™

with more defined morphology could be observed in the
cultures. The cells were subsequently analyzed and their
expression of iPSC emzymatic and phenotypic markers
confirmed, as described below.

AP staining for inflial iIPSCs identification

The induction of iPSC-like cells was initially identified by
their expression of AP using the StemTAG™ Alkaline
Phosphatase Staining Kit (Cell Biclabs, Inc). According to
the protocol, the cells were washed with phosphate-buffered
saline containing 0,05% Tween 20 (PBS-T), and fixed at
moom temperature for 2min in the fixative solution. After
two washes in PBS-T. freshly prepared substrate Stem-
TAG™ Alkaline Phosphate Staining Solution was added and
incubated at room temperature for 30 min in the dark. The
stained cells were then washed twice with PBS and analyzed
bw lisht micmecomw. The numhbers of APT and AP~ onlo-
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AP staining for initial iPSCs identification

The induction of iPSC-like cells was initially identified by
their expression of AP using the StemTAG™ Alkaline
Phosphatase Staining Kit (Cell Biolabs, Inc). According to
the protocol, the cells were washed with phosphate-buttered
saline containing 0.05% Tween 20 (PBS-T), and fixed at
room temperature for 2min in the fixative solution. After
two washes in PBS-T, freshly prepared substrate Stem-
TAG™ Alkaline Phosphate Staining Solution was added and
incubated at room temperature for 30 min in the dark. The
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nies in 10 randomly selected views of each well were
counted twice under an inverted microscope (X-400;
Olympus, Japan) and shown as mean values and percentages
of the AP* colonies over the total numbers of colonies,

Flow cytometry analysis

How cytometry analysis was carried out throughout for
quantification and phenotypic analysis of the GFP-transfected
cells and the induced C-iPSCs. For phenotypic analysis,
tne cells were stamea witn (e BU Semnow '™ numan ana
mouse Pluripotent Stem Cell Transcription Factor Analysis
Kits according to manufacturer's recommendations (BD
Biosciences, cat. no. 560589, 560585). Briefly, single-cell
suspensions were prepared and fixed with the BD Cytofix
Fixation Buffer [4% paraformaldehyde (PFA)] and incu-

To confirm these results further phenotypically, the iPSC-
like cells were harvested and stained for their expression of

E‘lg. 4A, E). B}' da}f 6(] and da}' 40 fnrthe A549 and Blfif‘lﬂ
lines, respectively, many of these cells, as high as 31.6% and
24.3% from those cultures with highly optimized repro-
egramming conditions (Fig, 4C, D, arrows), were found to be



A [ = T
24.8% M| 130%
! !E \ ! I _!: i
[\ | A549:
57 e Initial cell density seeded: 6.25 x10%/ml
b o qmar T T o . PTRrationl:3
jior A Time: Day 60
Oct-3/4—w» Nanog—»
0 ¥ OO ocT34
2 HEl Sox
g 304 Nanog
:‘E
'§ 20+
-5 104
a (1]
10d'ays 30days 60days
Time post-transfection
B n o B i —
| 19.3% I\ 223% |\ 106%
! I 1 ; :I I| ,I I
| " B16f10:
' i\ B At Initialcelldensity seeded: 1.24 x10%/ml
[ e g . e T T PR ratio:1:3
g fuya g Time: Day 40
Oct-3/4—» Sox2 —» Nanog —»
40~
w ] OCT3-4
§ 30| @ Sox2
o Nanog
£
.§ 20
'lo— 10+
S
10c;ays 20days 40days

Time post-transfection
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The present study aimed to develop a highly optimized
method for reprogramming iPSCs directly from cancer cells
using the nonviral plasmid vector approach. To maximize
reprogramming efficiency, the underlying basis of the var-
iable susceptibility of different cancer cells to reprogram-
ming needs to be better understood. Due to the transformed
nature of cancer cells. conferring on them rapid and un-

cancer cells seeded at high density
can qmn::kljr become overconfluent. The g;mwth of those
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majr be hmdered lw the maijority of those nontransformed

, particularly after the prolonged culture
ume reqmred for iPSC reprogramming. On the other hand, if
cells are seeded 4l (00 10w 4 Jensily, ey may senesce,
being less amenable to reprogramming. Therefore, it is
important to understand the problems involved to remove
the barriers preventing efficient C-iPSC induction,

Using a protocol previously developed by Kaji et al.
(2009) for iPSCs induction from normal somatic adult cells
using the nonviral approach, we aimed to achieve its opti-
mization for efficient reprogramming of C-iPSCs in the
present study. A detaﬂed k:mehr.: 3]131}?313 was r.:arne-d nut
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to be most critical fm' C—lPSCs mductmn The eﬂimencjr fnr
cancer cell transfection and iPSC induction was found to be
critically dependent on the initial cell density seeded, ratio
of plasmid DNA (Oct-3/4, Sox2, Klf4, and c-Myc), as well
as transfection reagent concentrations [plasmid to transfec-
1on reagent (P:TR) ratio], and detailed time kinetics.




Established A549-iPSCline:
Initial cell density seeded: 6.25 x10%/m!
PR ratio:1:3

Time: Day 63

Established B16f10-iPSC line:
Initial cell density seeded: 1.24 x10%/ml
P:TR ratio:1:3

Time: Day 43

DISCUSSION:

the initial cell density seeded in culture is
one of the most critical parameters to
consider to achieve a high reprogramming
efficacy for C-iPSCs induction and
establishment

as high as 50% of the cells or more with
typical iPSCs morphology and phenotypic
markers could be consistently achieved.
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