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iPS cells generated without c-Myc have active DIk1-Dio3
region and are capable of producing full-term mice through

tetraploid complementation
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Dear editor,

Due to its ethical acceptability and technical feasibil-
ity, production of induced pluripotent stem (iPS) cells
from differentiated somatic cells by exogenous expres-
sion of several key transcription factors has given great
promise to regenerative medicine and drug discovery
[1]. The most commonly used transcription factors in
iPS cell induction are Oct4, Sox2, KIf4 and c-Myc [2].
However, as c-Myc is a proto-oncogene that causes many
kinds of malignant tumors, whether it is safe to be used
as an iPS cell induction factor has long been a concern.
Previous studies have successfully produced iPS cells
without using c-Myc, and obtained viable chimera mice
with reduced tumorigenicity [3]. However, these three-
factor-induced iPS cells had dramatically reduced in-
duction efficiency and kinetics, and whether they could
support full-term development of mice through tetraploid
complementation remains unknown [4].

To further assess the feasibility of c-Myc free iPS cell-
induction method and the pluripotency of resulted iPS cells,
we infected mouse embryonic fibroblast (MEF) cells with
three ‘Yamanaka factors’ excluding c-Myc [2], namely
pMXs-Octd, Sox2 and KlIf4, using previously reported
methods [5]. As the used MEF cells carried a transgenic
Oct4-enhanced green florescence protein (GFP) reporter,
whether they were reprogrammed back to the embryonic
stem (ES) cell stage could be evaluated by examining the
expression of the GFP protein (Figure 1A). At day 4 post in-
fection, MEF cells were split on feeder cells and the culture
was continued in a modified system, in which the knockout
serum replacement (KOSR) was used to substitute the fetal
bovine serum (FBS), as KOSR was shown to greatly im-
prove both the efficiency and speed of reprogramming in
our previous reports [6]. When examined at day 20 post in-
fection, significantly higher ratio of GFP-positive cells was
observed in the KOSR cell culturing system than in the FBS
medium (Figure 1B, 17.49% =+ 5.56% vs 0.18% = 0.048%).

Compared with the induction system using “Yamanaka

factors” with c-Myc in previous reports (24.04% = 7.6%,)
[6], the three-factor method had a slightly lower repro-
gramming efficiency when cells were cultured in the
same KOSR medium. The pace of reprogramming also
slowed down in the three-factor system, in which the
GFP-positive clones were first observed around day 14
post infection, whereas the same process only took 8 to
10 days in the four-factor system.

We picked large colonies with ES cell-like morphol-
ogy and GFP expression to derive stable iPS cell lines
(3F-iPS cells) at day 20 post infection (Figure 1A). Us-
ing primers specific for the virus-introduced exogenous
transcription factor sequences (Supplementary informa-
tion, Table S1), we performed PCR experiment and con-
firmed that there was no exogenous c-Myc integration in
the 3F-iPS cell line IP20DT-3 (Figure 1C). A previously
established iPS cell line with c-Myc and an ES cell line
were included as controls. To characterize the pluripo-
tent state of the 3F-iPS cells, we detected the expression
of several ES cell marker genes using immunostaining
assays. Pluripotent markers such as Oct4, Nanog and
SSEA-1 were expressed as expected with correct sub-
cellular locations (Figure 1D). Expression of other ES
cell-specific genes, namely Rex1, Dppa3 and Gdf3, was
also detected in the 3F-iPS cells, but not in the uninduced
MEF cells (Supplementary information, Figure S1A).
Further detection using primers specific for the ampli-
fication of endogenous or exogenous sequences of the
“Yamanaka factors’ showed that the endogenous forms of
these genes were activated, whereas the transgenes were
silenced, indicating that the 3F-iPS cells were success-
fully reprogrammed to an ES cell-like stage (Supplemen-
tary information, Figure S1B).

To test whether the 3F-iPS cells could support the full-
term development of tetraploid-complemented mice,
which was considered as the most rigorous test for cell
pluripotency, we randomly selected two 3F-iPS cell lines
to perform the tetraploid complementation assay. Viable
full-term developed mice were obtained from one cell line
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Figure 1 Generation and characterization of iPS cell lines without c-Myc. (A) 3F-iPS cell colonies with GFP expression driven
by an Oct4 promoter. (B) Significant increase of GFP-positive cell ratio in KOSR medium compared with FBS medium at day
20 post infection of exogenous factors Oct4, Sox2 and Klf4, as detected by flow cytometry. (C) Genomic integration detec-
tion of exogenous sequences of the reprogramming factors showed no integration of transgene c-Myc. (D) Immunostaining
of pluripotency markers Oct4, Nanog and SSEA-1 in 3F-iPS cell line IP20DT-3 showed correct gene expression locations.
(E) Full-term mouse generated from 3F-iPS cell line IP20DT-3 through tetraploid complementation. (F) Developmental effi-
ciency evaluation of two 3F-iPS cell lines through tetraploid complementation. (G) Quantitative real-time PCR detection of the
expression of selected microRNAs located within the DIk71-Dio3 region. (H) Quantitative real-time PCR detection of expres-
sion of two long non-coding RNA genes Gt/2 and Rian located within the DIk1-Dio3 region. ESC3, an ES cell line that passed
tetraploid complementation assay; IP14D-101, a 4F-iPS cell line that passed tetraploid complementation assay; IP20D-19,
a 4F-iPS cell line that failed to pass tetraploid complementation assay; IP20DT-3, a 3F-iPS cell line that passed tetraploid
complementation assay; IP20DT-4, a 3F-iPS cell line that failed to pass tetraploid complementation assay. Detailed methods
were provided as Supplementary information, Data S1.
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@ c-Myc free mouse iPS Cells support full-term development

(Figure 1E and 1F). We previously demonstrated that the
four “Yamanaka factors’ induced full pluripotent iPS cells
could produce viable mice through tetraploid comple-
mentation with the same rate as that of the ES cells [7].
However, only 1.26% of 3F-iPS embryos of the cell line
[P20DT-3 gave birth to full-term developed mice, as com-
pared with the rate of 3.57% in the control ES cell em-
bryos. No embryos developed beyond embryonic day 10.5
were obtained in the other 3F-iPS cell line, IP20DT-4, sug-
gesting the lack of full pluripotency of this cell line (Figure
1F).

The activation of an imprinted genomic region, the
DIkI-Dio3 region, on mouse chromosome 12 has re-
cently been demonstrated to be necessary for four factor
induced iPS cells to obtain full pluripotency [8, 9]. To
test whether the activation of this region is also required
for 3F-iPS cells to gain full pluripotency, we used real-
time quantitative PCR to detect the expression of several
microRNAs and other genes located within this region.
Five microRNAs, namely miR-134, miR-323-3p, miR-
409-5p, miR-495 and miR-543, which were previously
shown to be expressed in mouse ES and full pluripotent
iPS cells (IP14D-101), but were not expressed in partial-
ly pluripotent iPS cells (IP20D-19), were all expressed
in the 3F-iPS cell line [IP20DT-3. The expression levels
of these miRNAs in cell line IP20DT-3 was comparable
with those observed in ES and four factor induced full-
pluripotent iPS cells (Figure 1G). However, in the 3F-iPS
cell line TP20DT-4, which could not support the devel-
opment of full-term embryos, the expression of these
miRNAs was much lower. Similar expression patterns
were also observed for other two long non-coding RNAs
encoded by this region, the G#/2 and Rian genes (Figure
1H). These results indicate that the pluripotency level of
3F-iPS cells also positively correlates with the activation
of the DIk1-Dio3 region.

The inclusion of oncogene c-Myc as one of the fre-
quently used cell reprogramming factors has raised many
safety concerns on the future clinical application of iPS
cells. Although previous studies have shown that exog-
enous c-Myc was dispensable for iPS cell generation,
the reprogramming progress became much slower and
inefficient without exogenous c-Myc. More importantly,
whether these 3F-iPS cells could support the full-term
development of tetraploid-complemented mice remains a
question. In this study, we successfully obtained 3F-iPS
cells with high reprogramming efficiency by using the
KOSR medium, and demonstrated that, similar to iPS
cells induced with c-Myc, the 3F-iPS cells could also
support the full-term development of tetraploid comple-
mented mice. However, the full-term development rate
of 3F-iPS embryos was much lower than that of ES cells

and previously reported four factor induced full pluri-
potent iPS cells [6], indicating that most of the 3F-iPS
cells may not be equivalent to ES cells. Our work also
demonstrated that the activation of a previously reported
marker region for the pluripotency of mouse iPS cells [8,
9], the DIkI-Dio3 region, was also positively correlated
with the pluripotency levels of 3F-iPS cells, indicating
the feasibility of using this region as a marker to select
full pluripotent 3F-iPS cells.
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(Supplementary information is linked to the online version of
the paper on the Cell Research website.)
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