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LETTER TO THE EDITOR

Dear Editor,

It is now well known that somatic cells can be ef-
ficiently reprogrammed into induced pluripotent stem 
cells (iPSCs) by forced expression of defined factors [1-
3]. These cells, like embryonic stem cells (ESCs), have 
true pluripotency as shown by the live, fertile mice that 
can be generated through the tetraploid complementation 
assay using these iPSCs [4, 5]. So far, iPSCs have been 
generated from many species including mice, primate, 
rat, as well as pigs [1, 3, 6-12]; however, the latter failed 
to pass the gold standard test of pluripotency, that is, the 
tetraploid complementation assay, and iPSCs from some 
species have not even generated offspring with germline 
transmission. In addition, whether these iPSCs are ca-
pable of generating offspring through nuclear transfer 
remained to be determined.

In this study, we first looked at three iPSC lines gen-
erated using the four Yamanaka factors (Oct3/4, Sox2, 
Klf4, and c-Myc) [1] and tagged with an Oct4-fused 
enhanced green fluorescent protein (GFP) [13]. These 
iPSC lines were originated from B6D2 F1 mouse em-
bryonic fibroblasts (MEF) isolated from E13.5 fetuses, 
as we previously reported [4]. They express the correct 
pluripotency markers, and can form teratomas in severe 
combined immunodeficient mice. All three lines have the 
ability to produce chimeric mice, but only one (IP14D-1) 
can generate live mice through tetraploid complementa-
tion.

To investigate the ability of different iPSC lines to 
generate cloned mice through somatic cell nuclear trans-
fer (SCNT), and to compare with other nuclear donor 
cells, we first treated the three iPSC lines and their pa-
rental untransfected MEF cells, as well as two ESC lines 
(R1 and ESC2), with demecolcine to synchronize them 
at metaphase. Nuclei from each of the donor cell types 
were extracted and transferred to metaphase II (M II) 
oocytes of 8-week-old B6D2 F1 female mice using the 
Piezo-assisted one-step nuclear transfer method [14]. 
The reconstructed embryos were activated as previously 
described [15]. Embryos originated from iPSCs were 

selected by detection of fluorescence from Oct4-fused 
GFP expression. Interestingly, green fluorescence was 
observed starting from the eight-cell stage and was most 
apparent in the inner cell mass of the reconstructed em-
bryos containing iPSC nuclei; this timing and localiza-
tion coincide with normal Oct4 expression patterns. All 
of these embryos exhibited normal embryo morphology, 
indicating the likelihood of successful reprogramming of 
iPSCs by mouse M II ooplasm (Figure 1A-1F).

Preimplantation and postimplantation developmental 
efficiencies for the iPS-NT embryos were very similar to 
that of the ES-NT, and much higher than observed with 
MEF-NT embryos (Table 1). This difference is most 
exaggerated at the postimplantation stage. After transfer-
ring the nuclear transferred embryos back to the uterus of 
pseudopregnant white-coated CD-1 mice, 16 live cloned 
pups (1.0%) were born after 19.5 days of gestation, 3 of 
which were derived from the two iPSC lines that were 
not tetraploid complementation compatible (Table 1 and 
Figure 1G). All of these 16 pups exhibited black coats, 
consistent with their origin from B6D2 F1 nuclear do-
nor mice (Figure 1H). Similar efficiency was observed 
with ES-NT embryos when 20 cloned pups (2.0%) were 
obtained. In contrast, neither live pups nor placentas de-
veloped from MEF-NT after 1 333 MEF-reconstructed 
embryos were transferred into 34 pseudopregnant mice 
(Table 1). This result indicates that it is much easier 
to obtain cloned animals using MEF-derived iPSCs as 
donors than using the original untransfected MEF cells 
directly.

To confirm that the iPS-NT mice were generated by 
nuclear transfer from iPSCs reprogrammed using the 
Yamanaka factors, Southern blotting was performed us-
ing samples from iPS-NT mice and their parental iPSC 
lines. The identical viral integration patterns showed that 
the cloned mice were indeed generated from the corre-
sponding iPSC lines (Figure 1J). Furthermore, to clearly 
identify the lineage of the iPS-NT mice, simple sequence 
length polymorphism (SSLP) analyses followed by PCR 
for various marker genes were performed. The placenta 
of iPS-NT mice had exactly the same marker profile as 
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Figure 1 Derivation and characterization of iPSC-cloned mice (iPS-NT). (A-F) Preimplantation development of iPS-NT after 
nuclear transfer using Oct4-GFP iPSCs. Embryos at one-cell, two-cell, four-cell, eight-cell, morula and blastocyst stages are 
shown in A-F, respectively. The green fluorescence is observed starting at the eight-cell stage. The ruler bar represents 10 
μm. (G) An E19.5-cloned mouse derived from iPSC line, IP14D-1, by nuclear transfer. (H) An 8-week-old male iPS-NT mouse 
derived from the IP14D-1 line. The black coat color is consistent with the origin of the nuclear donor B6D2F1 mice. (I) The 
progeny of a male iPS-NT mouse mated with a female CD-1 mouse. The F1 pups shown here all have uniform brownish 
coats, typical for offspring from a mating of B6D2F1 (the origin of iPSC) and CD-1 mice. (J) Southern blot analysis showed 
identical viral integration patterns between the iPS-NT mice and their parental iPSC lines. Total genomic DNA was extracted 
from Oct4-GFP MEF, IP14D-1 and the corresponding NT mice. DNA samples digested with BamH1 and BglII were hybridized 
with Oct4 and c-Myc cDNA probes, respectively. (K) SSLP analysis for lineage identification. The iPS-NT mouse and its pla-
centa showed a polymorphic pattern similar to that of the iPSCs from B6D2F1 strain, and that different from the CD-1 strain 
and the placenta from the tetraploid-complemented iPS mice (iPS-4N). The digestion patterns of B6D2F1 parents (C57 and 
DBA) are also included.

that of their donor iPSC lines with B6D2F1 lineage, but 
the pattern was different from that of the pseudopregnant 
CD-1 mice that were recipients for embryo transfer. Note 
that the placentas of mice generated through tetraploid 
complementation using CD-1 blastocysts as tetraploid 
recipients would possess a marker profile similar to the 
CD-1 origin, instead (Figure 1K). These data clearly 
showed that the iPS-NT mice were generated by nuclear 
transfer using iPSCs as nuclear donors. To our knowl-
edge, this is the first evidence showing that iPSCs can be 
cloned.

A total of 9 of 13 embryos (69.2%) generated from the 
IP14D-1 line that was tetraploid complementation com-
patible survived to adult stage. They are healthy and have 
the same growth rate, life span, and behavior as wild-
type mice. The eldest iPS-NT mouse is already 70 weeks 
(more than a year and 4 months) old. So far, no tumors 
were observed in these iPS-NT mice. To examine the fer-

tility of our iPS-NT mice and the health of their progeny, 
a 7-week-old male iPS-NT mouse (black coated) was 
mated to a CD-1 female (white coated), and live-born 
and healthy progeny were obtained with brownish coats, 
typical for the offspring of black B6D2F1 crossed with 
white CD-1 mice (Figure 1I).

Somatic cell nuclear transfer has been widely used to 
study reprogramming. It is known that different types of 
nuclear donors may result in different success rates, with 
MEF being one of the more difficult types to clone, and 
its efficiency is variable across different mouse strains 
[2]. A few studies reported successful generation of 
cloned animals from fetal fibroblast cells [16, 17], but 
none had shown success using B6D2 F1 MEF as nuclear 
donors. In our study, we also observed different cloning 
efficiencies among different nuclear donors. Whereas 
full-term cloned mice using B6D2 F1 MEF were hard to 
acquire, we were able to generate full-term, viable and 
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fertile cloned mice MEF-derived iPSCs from the same 
genetic background. Our work suggests that by using a 
combination of iPS and SCNT approaches, we are able 
to significantly improve the cloning efficiency of MEF 
cells. Whether the mechanisms of these two separate 
reprogramming methods are the same, and why differ-
ent iPSC lines have different cloning efficiencies, remain 
interesting questions for further investigation.

In summary, we report for the first time, the generation 
of live mice using nuclear transfer from iPSCs originated 
from MEFs. This strategy not only shows that iPSCs 
have characteristics similar to ES cells, as determined 
here and previously, but also provides a new approach 
to obtain cloned animals from recalcitrant donor cells, 
which may facilitate the generation of transgenic animal 
models. The method also has an added advantage of gen-
erating genetically modified cloned animals engineered 
during the iPSC preparation process. Interestingly, live 
animals can be obtained from iPSCs that are not tet-
raploid complementation compatible. This presents a 
useful model for studying differences in the underlying 
mechanisms governing reprogramming through iPS and 
nuclear transfer technologies. iPSCs and their viable 
clones should offer potentially important utility for re-
generative medicine, animal cloning, and cell develop-
ment research.
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