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etal., 2005). However, it is important to investigate the long-term
effect of MPTP-induced depletion of dopaminergic neurons
because it has been known that the fish has a strong regenerative
capacity of the brain structures (Zupanc, 2008). To this end, we
exposed 10-dpf larvae to 0.2 pug/ml MPTP for 2 days, and
measured the amounts of both dopamine and 3,4-dihydroxyphe-
nylacetic acid (DOPAC), a metabolite of dopamine, in the whole
brain at 3 months after the MPTP treatment. We verified that both
dopamine and DOPAC of the whole brain significantly decreased
in MPTP-treated fish in comparison with non-treated control fish
(Fig. 6A and B). DOPAC/dopamine ration was increased signifi-
cantly and this was consistent with other MPTP models (Fig. 6D)
(Irwin et al., 1990). The reduction of dopamine and DOPAC may
not reflect general toxicity of MPTP towards the whole neurons,
because MPTP did not diminish the level of norepinephrine
(Fig. 6C).
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To confirm whether MPTP injured the cluster of the dience-
phalic TH" neurons, leading to the decline of dopamine content in
the brain, we counted the number of TH* cells in the brain. The
number of TH" dopaminergic neurons in the middle diencephalon
was significantly less in the MPTP-treated group than that in the
non-treated control group (Fig. 7A-C). In contrast to the
dopaminergic neurons in the middle diencephalon, the TH" signal
intensity of dopaminergic fibers in the telencephalon were scarcely
affected by MPTP possibly reflecting the recovery of these fibers
after MPTP exposure at their larval stage (data not shown). The
number of TH* neurons in the rostro-ventral and the caudal part of
the diencephalon, and in the medulla oblongata also did not show
statistically significant differences (Fig. 7C). Western blot analysis
of whole brain extract disclosed a slight, albeit not statistically
significant, decrease in the level of TH protein in the MPTP-treated
groups (Fig. 7D). These data suggest that MPTP imposed on the
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Fig. 5. Spontaneous movement analysis of MPTP-treated medaka. (A) Total swimming distance (cm/min), (B) swimming velocity (cm/s), (C) frequency of swimming
movement (%), (D) representative swimming track immediately after the 2 days exposure of MPTP. Total swimming distance and swimming velocity of 0.2 pg/ml MPTP-
treated fish decreased significantly 2, 7 and 30 days after the first exposure (12, 17 and 40-dpf) (A, B and D). The frequency of swimming movement also decreased 2 days after
the first exposure (12-dpf) (C). The MPTP-treated fish showed gradual recovery from the defective movement and all the parameters did not differ among the groups 90 days
after the first exposure (100-dpf) (A-C). *p < 0.05, **p < 0.01, ***p < 0.001 vs. control. n = 10 for each group.
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larval stage causes selective and persistent loss of the middle
diencephalic TH* neurons after 3 months of exposure.

Next, we investigated a long-term effect of MPTP on neurolo-
gical function by monitoring the spontaneous swimming move-
ment of medaka over time. One month after the exposure, the
frequency of swimming movement in MPTP-treated group
completely recovered to the level of non-treated fish (Fig. 5C),
although the total swimming distance and the velocity of
swimming still decreased in MPTP-treated group (Fig. 5A and
B). Three months after the exposure, the MPTP-treated group
displayed the complete recovery of all the parameters of
swimming movement tested (Fig. 5A-C). In summary, although
MPTP treatment at the larval stage may irreversibly damage
specific cluster of diencephalic TH' neurons and thereby decrease
the amount of dopamine in the whole brain, the suppressive effect
of MPTP on the spontaneous movement is observed only
transiently and disappears 3 months after the exposure to MPTP.

4. Discussion

We here identified TH" dopaminergic neurons and noradre-
nergic neurons in the medaka brain. The larvae exposed to MPTP
showed dopaminergic cell loss and reduced spontaneous move-
ment. When these fish reached to an adult stage, they still
displayed the loss of dopaminergic neurons associated with
reduced amounts of dopamine in the whole brain, although the
movement deficit gradually recovered to the normal level
Remarkably, MPTP-induced neuronal loss was restricted to the
middle diencephalic clusters, which may include substantia nigra-
like structure in teleosts. Therefore, we reasoned that the MPTP
treatment at the larval stage allows the establishment of a medaka
model of PD.

We demonstrated the specific toxicity of MPTP towards TH"
neurons in the middle diencephalon. Other TH* neurons including
diencephalic neurons outside this region and the neurons in
medulla oblongata did not show the reduction in number. The
vulnerability of the neurons in the paraventricular area of the
middle diencephalon to MPTP, together with their anatomical
features, supports the idea that these cells are the bona fide an
equivalent of the substantia nigra in mammals. Toxic effect of
MPTP specific to diencephalic TH" neurons was also reported in
zebrafish (McKinley et al., 2005; Wen et al,, 2008; Bretaud et al.,
2004). By contrast, several other reports showed the reduction of
not only dopaminergic but also norepinephrinergic neurons in
MPTP-treated zebrafish and goldfish (Pollard et al, 1992;
Anichtchik et al.,, 2004). The differential toxic effects of MPTP on
norepinephrinergic neurons may depend on the routes of drug
administration, as we noticed that in these reports the injection of
MPTP into adult fish led to the injury of norepinephrinergic
neurons, whereas submerging the fish in the water containing
MPTP affected only dopaminergic neurons. We speculate that the
pharmacodynamics is quite different between these two methods,
with injection leading to a very high concentration in various
tissues. Recent report showed the broad toxicity of MPTP not only
on dopaminergic neurons but also on noradrenergic and histami-
nergic neurons even though they exposed zebrafish to the water
containing MPTP (Sallinen et al,, 2009). Because the amount of
MPTP they used is much higher than our report, we speculate that
this may be due to the broader spectrum injury of MPTP.

It is also an intriguing question whether the peripheral tissue is
damaged by MPP* generated by peripheral MAO-B as suggested by
MPTP-induced skin color change (Fig. 3A and B). The metabolic
pathway and distribution of MPTP and MPP* in medaka should be
investigated in the future.
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Fig. 7. TH immunohistochemistry and western blotting of adult medaka treated with MPTP at their larval stage. Samples were fixed 90 days after the first exposure (100-dpf).
Coronal sections taken from the diencephalon level showed TH* neurons in control fish (A) and 0.2 pug/mi MPTP-treated fish (B). The numbers of TH” neurons in the middle
diencephalon decreased significantly in MPTP-treated medaka (C). The numbers of TH' neurons in the rostro-ventral and caudal diencephalon, and the medulla oblongata did
not show significant differences (C). ***p < 0.001 vs. control. n = 8 for each group. (D) The protein amount of TH in the whole brain of the control, 0.02 pug/ml MPTP-treated and
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Previous studies of zebrafish and goldfish did not follow the
long time course of MPTP toxicity, but continuous observation is
important for the model animal because of the following reasons.
First, PD is a late-onset and long-lasting neurodegenerative
disorder. Second, the brains of teleost fish show widespread adult
neurogenesis and new TH" cells are added in the olfactory bulb and

diencephalon (Grandel et al., 2006). We here show the gradual
functional recovery of dopaminergic neurons in the fish transiently
exposed to MPTP at the larval stage, as evidenced by increases in
spontaneous movement. Such behavioral recovery has been
reported in several mammalian species after MPTP treatment
(Rose et al., 1989; Elsworth et al., 1990, 2000; Kurlan et al., 1991).
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The degree of the recovery is variable and may be dependent on
several factors, including the protocol of MPTP treatment, the
species, and the method of behavioral evaluation. Interestingly, the
functional recovery observed in medaka was not accompanied by
the restoration of the number of TH" cells or by increase in the
amount of dopamine to a normal level in the adult stage. The
striatum of MPTP-treated medaka did not show robust denerva-
tion of the TH™ neurons, and this may explain the behavioral
recovery observed in our medaka. Such complete behavioral
recovery despite the incomplete return of the amount of dopamine
may take place as in squirrel monkeys, possibly due to alteration in
dopamine metabolism and neuronal sprouting (Petzinger et al,
2006).

In summary we have generated a medaka PD model by treating
larval fish with MPTP, and established reliable assays from the
larval stage to the adult. Our protocol of inducing PD-like
phenotypes and our assay described in this study provides
invaluable tools to investigate medaka model of familial PD
retrieved from the TILLING library or medaka treated by other
toxins or drugs.
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Abstract

Background: For therapeutic usage of induced Pluripotent Stem (iPS) cells, to accomplish xeno-free culture is critical.
Previous reports have shown that human embryonic stem (ES) cells can be maintained in feeder-free condition.
However, absence of feeder cells can be a hostile environment for pluripotent cells and often results in karyotype
abnormalities. Instead of animal feeders, human fibroblasts can be used as feeder cells of human ES cells. However, one
still has to be concerned about the existence of unidentified pathogens, such as viruses and prions in these non-
autologous feeders.

Methodology/Principal Findings: This report demonstrates that human induced Pluripotent Stem (iPS) cells can be
established and maintained on isogenic parental feeder cells. We tested four independent human skin fibroblasts for the
potential to maintain self-renewal of iPS cells. All the fibroblasts tested, as well as their conditioned medium, were capable
of maintaining the undifferentiated state and normal karyotypes of iPS cells. Furthermore, human iPS cells can be generated
on isogenic parental fibroblasts as feeders. These iPS cells carried on proliferation over 19 passages with undifferentiated
morphologies. They expressed undifferentiated pluripotent cell markers, and could differentiate into all three germ layers
via embryoid body and teratoma formation.

Conclusions/Significance: These results suggest that autologous fibroblasts can be not only a source for iPS cells but also
be feeder layers. Our results provide a possibility to solve the dilemma by using isogenic fibroblasts as feeder layers of iPS
cells. This is an important step toward the establishment of clinical grade iPS cells.
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Introduction

Human pluripotent stem cells, both embryonic stem (ES) cells
and induced Pluripotent Stem (iPS) cells, are generally maintained
on mouse embryonic fibroblasts (MEF), which are mitotically
inactivated by treatment with mitomycin G or y-ray irradiation
[1-3]. However, usage of mouse feeder cells may transfer
exogenous antigens, unknown viruses, or zoonotic pathogens to
iPS cells. In fact, non-human sialic acid N-glycolylneuraminic acid
(NeubGe), which is potentially immunogenic, was detected on the
surface of human ES cells maintained on MEF feeder [4].
Although feeder-free culture of human ES cells has been reported,
it may lead to chromosomal instabilities of human ES cells [5,6].
To avoid these issues, human fibroblasts from neonatal foreskin or
ES cell-derived fibroblast-like were used to support self-renewal of
human ES cells {7-11]. However, one still have to concern about
existence of unidentified pathogens, such as viruses and prions in
these non-autologous feeders. Since iPS cells are generated from
fibroblasts, it would be ideal if the same fibroblasts can be used for
the generation and maintenance of iPS cells.

@ PLoS ONE | www.plosone.org

Results and Discussion

To examine whether human fibroblasts support self-renewal of
human iPS cells, we treated four independent human fibroblast lines
(1388, 1392, 1503 and NHDF; see Table S1) and SNL cells [12] with
mitomycin C, and seeded them on culture plates (Fig. S1). Then, we
plated 201B7 iPS cell line [2] derived from 1388 fibroblasts onto
these feeder cells with standard density (1:5 dilutions). The passage
number of iPS cells was 20 at this point. All the five cell lines of feeder
cells were supportive for undifferentiated growth of 1PS cells at least
19 additional passages (Fig. 1A). The percentage of TRA-1-60 (a
marker for undifferentiated ES cells and iPS cells) positive colonies
was similar among different human fibroblasts and SNL cells
(Fig. 1B). No significant differences were observed in the plating
efficiencies (Fig. 1C). In iPS cells at passage 2 after switching onto
various HDF feeders, no significant re-activation of transgenes was
observed (Fig. S2). In addition, reverse transcription polymerase
chain reaction (RT-PCR) showed that the expression of ES cell
marker genes such as OCT3/4, SOX2 and NANOG were equally to
those of HI ES cells at passage 19 [1] (Iig. 1D).
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Figure 1. HDF can maintain self-renewal of established human iP$ cells. A. Images of iPS cells maintained on each fibroblast at passage
number 10 and 19. Bars indicate 200 um. B. 201B7 iPS cells at passage number 19 were plated on each feeder, and incubated for 6 days. The graph
shows the percentage of TRA-1-60 positive colonies. Three individual assays were performed. Error bars indicate standard deviation. C. The number of
colonies was counted and compared with the results of SNL feeder. This graph showed the average of three independent experiments. Error bars
mean standard deviation. D. RT-PCR of undifferentiated ES cell markers. 201B7 iPS cells maintained on each HDF over 100 days were lysed, and their
total RNAs were purified. One microgram of RNA sample was used for cDNA synthesis. qPCR was performed with the primers for endogenous 0CT3/4,
endogenous SOX2, NANOG and G3PDH. Data were normalized with the value of G3PDH. The graphs showed the average of three experiments. Error

bars indicate standard deviation.
doi:10.1371/journal.pone.0008067.g001

Conditioned medium (CM) of MEF or SNL allows feeder-free
culture of iPS cells. To test whether CM of fibroblasts could
maintain self-renewal of iPS cells without feeder cells, we seeded
201B7 iPS cells onto Matrigel-coated plates in CM from each
human fibroblast line or SNL. As a control, we used non-
conditioned medium supplemented with bFGF. Cells in non-
conditioned medium failed to form tightly packed colonies,
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whereas those in each CM grew healthily with typical undiffer-
entiated ES-like morphologies (Fig. S3A). RT-PCR revealed that
iPS cells maintained in each CM expressed undifferentiated ES
cell marker genes such as OCT3/4, SOX2, NANOG and TERT at
similar levels to those in iPS cells or human ES cells cultured on
SNL feeder layers (Fig. S3B). Quantitative PCR (qPCR)

confirmed that no significant alternations in the expression levels
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of OCT3/4, SOX2 and NANOG transcripts among CM from
different feeders (Fig. S3C). These data demonstrated that human
neonatal and adult fibroblasts could be utilized as feeder cells of
human 1PS cells.

Next, we examined whether human iPS cells could be
established without non-autologous feeder cells. We introduced
the four reprogramming factors into the four human fibroblast
lines by retroviral transduction. Six days after infection, we plated
the transduced cells at 5x10° cells on 100-mm dishes either with
SNL feeders, with isogenic human fibroblast feeder, or without
feeder cells. Next day, we started cultivation using human ES cell
culture medium, In the plates without feeders, the plated cells
became confluent within a several days and showed an appearance
resembling feeder cells. Around three weeks after transduction,
ES-like colonies began to emerge on the feeder cell-like layer
(Fig. 2A). We observed no significant differences in the numbers of
ES-like colonies among on SNL feeders, on isogenic fibroblast
feeders or feeder-free condition (Table S2). On day 25 after
transduction, we picked up ES-like colonies from the plates
without feeders and transferred them onto new plates with
mitomycin C-treated each parental fibroblasts as feeders. Human
iPS cells derived from each of the four fibroblast lines used in this
study grew normally and maintained the undifferentiated
morphologies on corresponding autologous fecders for at least
18 passages (Fig. 2B).

RT-PCR showed that established clones at passage number 5
expressed endogenous OCT3/4, SOX2, NANOG and TERT
transcripts at similar levels to those in 201B7 iPS cells, which
were established on SNL feeder cells, and H9 ES cells (Fig. S4A).
The retroviruses of the four factors were effectively silenced,
which is a hallmark of complete reprogramming (Fig. S4B). Even
after additional 15 passages, the expression of 0OCT3/4, SOX2
and NANOG in these iPS cells were comparable to those of ES
cells and iPS cells maintained on SNL feeder cells (Fig. 2C).
Immunoprecipitation assay with anti-methylated cytosine anti-
body revealed that the promoter regions of pluripotent-associated
genes such as OCT3/4 and NANOG locus were almost completely
unmethylated in iPS cells established and maintained on the
autologous feeders at passage number 5, like in H9 ES cells (Fig.
S5). In addition, iPS cells generated with the autologous feeders
showed normal karyotypes at least after 26 times passages (Fig.
S6).

To evaluate pluripotency of iPS cells generated and maintained
on autologous feeders, we performed in vitro differentiation assay.
These iPS clones formed embryoid bodies using the floating
culture condition. After 16-day differentiation, we detected
SOX17 (endoderm), v-smooth muscle actin (¢-SMA, mesoderm)
and NESTIN (ectoderm) positive cells in the culture (Fig. 2D, Fig.
S7). We also confirmed that undifferentiated markers such as
0CT3/4, SOX2 and NANOG decreased and other differentiated
markers such as AFP, PDGFRy and PAXG increased (Fig. S8). In
addition, we injected iPS cells at passage number 9 into testes of
immune-deficient mice for teratoma formation. After 8 to 12
weeks, all clones we tested developed teratoma containing various
tissues including gut-like epitheliums (endoderm), cartilages
{(mesoderm) and neural rosettes (ectoderm) (Fig. 2E). These data
confirmed pluripotency of iPS cells, which were established and
maintained on the autologous feeder cells.

To examine the compatibility of iPS cells and feeder cells, we
plated 1PS cells derived from the four HDF onto mitomycin C-
treated parental fibroblasts or SNL cells with all the possible
combinations. After six days, we stained the cells with TRA-1-60
antibody, and counted the number of positive colonies. More than
80% of colonies in all the combinations showed morphology of
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undifferentiated ES-like cells and were positive for TRA-1-60 (Fig.
S9).

Our results demonstrated that human iPS cells can be generated
and maintained on autologous fibroblasts as feeder layers.
Furthermore, human iPS cell can be generated even without
any additional feeders, since non-reprogranumed fibroblasts can
serve as feeders. The maintenance of iPS cells can also be achieved
without feeders, by using conditioned medium of human
fibroblasts. All of the tests performed in this study revealed that
iPS cells derived from four Independent HDF maintained
autologous feeders kept pluripotency during at least 100 day
culture (Table S3). The most of reprogrammed cell colonies on
isogenic feeders are uniformly undifferentiated (Fig. S9).

In general, we can obtain more than ten millions of fibroblasts
from 5-mm square skin biopsy at the passage number 3 with our
standard protocol [13]. For iPS cell generation with retroviruses,
we need less than 1x10° fibroblasts. An alternative method using
an episomal vector system requires one million of fibroblasts [14].
Thus, we have enough amounts of surplus fibroblasts to be used as
autologous feeder cells. We did notice that iPS cells cultured on
SNL feeders are easier to passage than those on MEF and human
fibroblast feeders.

Our data that all four HDF lines tested in this study could
support both generation and maintenance of iPS cells, does not
guarantee that every fibroblasts can be used as feeders cells for
human pluripotent cells [15]. We also tested that whether 14 HDF
lines were supportive for maintenance of ES cells and iPS cells.
Both KhES3 ES cell line and 201B7 could grow normally on
eleven out of 14 HDF lines, two MEF lines (ICR and C57BLS6)
and SNL [16] (Table S1, Fig. S1). In co-culture with three lines
(1554, 1616 and TIG107), at least either KhES3 or 201B7 could
not stay at undifferentiated state even at passage number 2. At
least, among on 11 supportive fibroblasts and MEF and SNL, no
significant differences were observed in growth rate of ES cells and
iPS cells. Unsupportive lines are indistinguishable from HDF lines
by their morphologies or growth speed. Probably, support activity
for self-renewal of ES cells and iPS cells do not depend on at least
passage number and donor’s sex or race. Unsupportive lines tested
in this study are derived from donors at 68, 77 and 81 years old.
On the other hand, we found that HDF derived from donors at 69
and 73 years old could support maintenance of undifferentiated
state of both ES cells and iPS cells. Further detailed analyses will
be required for decision whether donor’s ages of feeder cells are
important or not.

Recent study by Unger and colleagues demonstrated that iPS
cells derived from human fetal fibroblasts could be established and
maintained on isogenic feeder cells [17]. On the other hand, we
assessed that neonate and adult fibroblast-derived iPS cells can be
generated and maintained on autologous feeders. Inspection of
established iPS cells is always necessary before clinical trials even
in autologous cell transplantation therapy. However, the culture
system established in this study demonstrated that fibroblasts from
an individual could play dual roles as source of iPS cells and feeder
cells, probably contributing to efficient processing for clinical
grade-pluripotent stem cells. Actually, the system still includes
animal components such as albumin, insulin and trypsin. Xeno-
free culture is basically required for therapeutic usage of iPS cells.
However, even if it is for removing the xenogenic components, the
culture condition should not be oppressive for pluripotent cells.
Isogenic culture from the start is one of true worth of iPS cells
because autologous fibroblasts can not normally inhabit when ES
cells are established from blastocysts. Our result is an important
step toward the generation of clinical-grade human iPS cells
suitable for future medical applications.
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Figure 2. Generation and maintenance of human iPS cells on autologous feeders. A. Images of primary iPS cell colonies. We introduced 4
reprogramming factors into 1388, 1392, 1503 or NHDF. The colonies were photographed 25 days after transduction. Bars indicate 200 um. B. Images of
established iPS clones. We isolated iPS clones and transferred onto each isogenic fibroblast line. The cells at passage 3 and 18 were photographed. Bars
indicate 200 um. C. Quantification of the expression of pluripotent stem cell markers. Total RNA of iPS cells established from four independent fibroblast
lines maintained on isogenic feeders, H9 ES cells and HDF was purified, and used for reverse transcription. The graphs show the average of three
independent experiments. Error bars indicate standard deviation. Data were normalized with the results of G3PDH. D. In vitro differentiation of iPS cells.
iPS cells were transferred to suspension culture to form embryoid bodies for 8 days. Embryoid bodies were transferred to gelatin-coated plated, and
incubated another 8 days. The cells were stained with anti-SOX17 (red), anti-o-SMA (red) or anti-NESTIN {green) antibodies. Nucleuses were stained with
Hoechst 33342 (blue). Bars indicate 100 pm. E. Teratoma formation of iPS cells. Paraffin-embedded sections were stained with hematoxylin and eosin.
doi:10.1371/journal.pone.0008067.g002

Materials and Methods Innovation. HDF, 293FT and PLAT-E [18] were maintained
Dulbecco’s modified eagle medium (DMEM, Nacalai tesque)

Cell Culture contained 10% fetal bovine serum (FBS, Invitrogen) and 0.5%
Human dermal fibroblasts (HDI) were purchased from Cell penicillin and streptomycin (Invitrogen). The medium for human

applications Inc or obtained from National Institute of Biomedical iPS cells (hES medium) consisted of DMEM/F12 (Invitrogen),
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20% Knockout serum replacement (KSR, Invitrogen), 2 mM L-
glutamine (Invitrogen), 1x107" M non essential amino acids
(Invitrogen), 1 x107" M 2-mercaptoethanol (Invitrogen) and 0.5%
penicillin and streptomycin supplemented with 4 ng/ml recom-
binant human basic fibroblast growth factor (bFGF, WAKO).

Generation of iPS Cells

iPS cells were established from HDF as described previousty
with some slight modifications {2]. In brief, we firstly mtroduced
mouse solute carrier family 7 (cationic amino acid transporter, y+
system), member |
retrovirus receptor by lentiviral transduction. Transfectants were
plated at 2x10” cells per 60 mm dish and incubated overnight.

(Sle7al) gene which encodes ecotropic

The next day, into the cells OCT3/4, SO0X2, KLF{ and ¢MIC

were introduced by retroviral infection. Six days later, the cells
were harvested by trypsinization, and plated at 5x10° cells per
100 mm dish. The medium was replaced on the next day with hES
cell medium, and cultured for another 20 days. At day 25 post-
induction, ES-like colonies were mechanically dissociated and
transferred on to 24-well plate on each isogenic feeder. We
designated this point as passage 1.

Feeder Cells

We added phosphate buffered saline (PBS, Nacalai tesque)
containing 12 pg/ml mitomycin C directly into fibroblast culture
in subconfluent, and incubated at 37°C for 3 hours. After
treatment, the cells were washed twice with PBS and harvested by
trypsinmization. The cells were plated at 1x10° cells per 24-well
plate, 6-well plate, 3 of 60 mm dishes or 100 mm dish.

Conditioned Medium

We plated fibroblasts at 3x10° cells per 60 mm dish, and
incubated overnight. Next day, the medium was replaced with 3
ml of hES medium, and incubated for 24 hours. After incubation,
the supernatant of fibroblast culture was collected and filtered. We
added 4 ng/ml bFGF before use.

Differentiation

iPS cells were harvested by treatment with CTK solution
consisting of 0.1 mg/ml collagenase IV (Invitrogen), 0.25% trypsin
(Invitrogen), 0.1 mM CaCl, (Nacalai tesque) and 20% KSR, and
then suspended cell clumps in hES medium plus 10 uM Y-27632
without bFGF [19]. The cells were transferred to ultra low binding
plate (Corning). After 8-day floating culture, embryoid bodies were
transferred on to gelatin-coated plate, and incubated another 8
days. After incubation, the cells were fixed with PBS containing
4% paraformaldehyde and then incubated in PBS containing 5%
normal goat or donkey serum (Chemicon), 1% bovine serum
albumin (BSA, Nacalai tesque), and 0.2% TritonX-100. The
primary antibodies were as follows; anti-SOX17 (1:300, R & D
systems), anti-o-smooth muscle actin (t-SMA, 1:500, DAKO) and
anti-NESTIN (1:1000, Abcam). The secondary antibodies were as
follows; Cyanine 3-labeled anti-goat IgG (1:500, Zymed), Alexa
546-labeled anti-mouse IgG (1:500, Invitrogen) and Alexa 488-
labeled anti-rabbit IgG (1:1000, Invitrogen). Nucleuses were
stained with 1 pg/ml Hoechst 33342 (Invitrogen).

Expression Analyses

We performed RT-PCR as described previously [2]. In brief,
the cells were lysed with Trizol reagent (Invitrogen), and then total
RNA was purified. RNA samples were treated with Turbo DNA
free (Ambion) to remove genomic DNA contamination. One
microgram of DNase treated RNA was used for first-strand
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complementary DNA (¢cDNA) synthesis with Rever tra ace -o-
(Toyobo) and oligo dTy, primer. qPCR was performed using
SYBR Premix ExTaq II (Takara). Primer sequences were listed in
Table 54 [2,20,21,22].

Methylation Assay

Four microgram of genomic DNA was mechanically shared by
sonication, and boiled at 95°C for 10 minutes. Then shared
genomic DNA was incubated with pan-mouse IgG magnetic beads
(Invitrogen) -conjugated anti-5-methyl cytosine antibody (Euro-
gentec) supplemented with 5 ptg/ml BSA and 25 pg/ml yeast
tRNA (Ambion) overnight at 4°C. Beads were washed three times
with PBS containing 0.05% TritonX-100. Beads were suspended
in 0.15 ml of TE containing 1% SDS, and incubated at 65°C for 5
minutes. The elution was repeated with an additional 0.15 ml of
1% SDS/TE. The eluates were treated with Protease K at 50°C
for 2 hours, and then extracted with phenol: chloroform: isoamyl
alcohol, and purified by ethanol precipitation. Primer sequences
are provided in Table S4.

Supporting Information

Figure 81 Images of mitomycin C-treated HDF, MEF and SNL.
Bars indicate 200 pm.
Found at: doi:10.1371/journal.pone.0008067.5001 (2.91 MB TIF)

Figure 82 The expression of four reprogramming factors in iPS
cells on various HDF feeders at passage 2. RT-PCR was
performed with the primers for endogenous and total (common
in endogenous and transgene) OCT3/4, SOX2, KLI4 and c-
MYC. Data were normalized with the value of NAT1. The graphs
showed the average of wiplicate. Error bars indicate standard
deviation.

Found at: doi:10.1371/journal. pone.0008067.s002 (0.31 MB TIF)

Figure 83 A. Image of 201B7 iPS cells maintained in GM of
each HDF. Bars indicate 200 um. B. RT-PCR of undifferentiated
ES cell markers. iPS cells maintained on feeders (F) or in feeder-
free culture with conditioned medium (CM) were lysed, and their
total RNAs were purified. One microgram of RNA sample was
used for cDNA synthesis. PCR was performed with the primers for
endogenous OCT3/4, endogenous SOX2, NANOG, TERT and
NATI1. G. gPCR of the expression of OCT3/4, SOX2 and
NANOG in 201B7 iPS cells maintained on various feeder cells or
i their conditioned medium. Data were normalized with the
value of G3PDH. The graphs showed the average of three
experiments. Error bars indicate standard deviation.

Found at: doi:10.1371/journal pone.0008067.s003 (1.67 MB TIF)

Figure S4 A. RT-PCR of undifferentiated ES cell markers.
Total RNAs of iPS cells established from four independent
fibroblast lines and maintained on each parental fibroblast were
isolated and used for reverse transcription. PCR was performed
with the primers for endogenous OCT3/4, endogenous SOX2,
NANOG, TERT and NATTI. B. The expression of OCT3/4 (total
and endogenous), SOX2 (total and endogenous) and NANOG
were quantified by qPCR. Data were normalized with the value of
G3PDH. The graphs showed the average of triplicate. Error bars
indicate standard deviation.

Found at: doi:10.1371/journal. pone.0008067.5004 (0.75 MB TIF)

Figure 85 CpG methylation statuses at promoter regions of ES
cell marker genes in iPS cells maintained on autologous feeders.
Immunoprecipitants by anti-5-methyl cytosine (mDIP) antibody or
normal mouse IgG, or pre-immunoprecipitated DNA (Input) were
used for gPCR as a template. The data was calculated as (mDIP —
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normal IgG)/Input. Each data was normalized by the result of H9
ES cells. The data indicate the results of gPCR in triplicate of two
independent experiments. Error bars indicate standard deviation.
Found at: doi:10.1371/journal.pone.0008067.5005 (0.25 MB T1F)

Figure 86 Images of G-band staining of iP5 cells,
Found at: doi:10.1371/journal.pone.0008067.5s006 (0.68 MB TIF)

Figure §7 Images of differentated iPS cells in vitro. iPS cells
differentiated via embryoid body formation. Red or green signals
indicate SOX17-, «-SMA- or NESTIN-positive cells. Nucleuses
were stained with Hoechst 33342 (blue). Bars indicate 100 um.

Found at: doi:10.1371/journal.pone.0008067.5007 (4.63 MB TIF)

Figure 88 iPS cells maintained on isogenic feeders (U) or
differentiated by embryoid body formation (D) were lysed with
Trizol reagent. Total RNA was purified and treated with DNase to
remove genomic DNA contamination. One microgram of DNase-
treated RNA sample was used for first-strand cDNA synthesis with
oligo dT20 primer. PCR was performed with the primers listed in
Supplemental Table 2.

Found at; doi:10.1371/journal.pone.0008067.s008 (0.39 MB TIF)

Figure 89 Images of iPS cells from four HDF on various HDF
feeders or SNL. Red signals indicate TRA-1-60 positive cells.
Nucleuses were visualized by Hoechst 33342 staining. Bars
indicate 200 pm.

Found at: doi:10.1371/journal.pone.0008067.s009 (3.96 MB TIF)

Table S1 The list of HDF lines used in this study.
Found at: doi:10.1371/journal.pone.0008067.s010 (0.04 MB
DOC)

References

1. Thomson JA, liskovitz-Eldor J, Shapiro S8, Waknitz MA, Swiergiel J, et al.
(1998) Embryonic stem cell lines derived from human blastocysts. Science 282
1145-7.

2. Takahashi K, Tanabe K, Ohnuki M, Narita M, Ichisaka 'I', et al. (2007)
Induction of pluripotent stem cells from adult human fibroblasts by defined
factors. Cell 131: 861-72,

3. Yu ], Vodyanik MA, Smuga-Otio K, Antosiewicz-Bourget ], Frane JL, et al.
(2007) Induced pluripotent stem cell lines derived from human somatic cells.
Science 318: 1917-20.

4. Martin MJ, Muotri A, Gage T, Varki A, Human embryonic stem cells express
an immunogenic nonhuman sialic acid. Nat Med 11: 228-32.

5. Draper JS, Smith K, Gokhale P, Moore HD, Maltby E, et al. (2004) Recurrent
gain of chromosomes 17¢ and 12 in cultured human embryonic stem cells. Nat
Biotechnol 22: 534

6. Catalina P, Montes R, Ligero G, Sanchez L, de la Cueva T, et al. (2008) Human

E predisposition to karyotypic instability: Is a matter of culture adaptation or
differential vulnerability among hESC lines due to inherent properties? Mol

Cancer 7: 76-82.

Park JH, Kim 8], Oh EJ, Moon SY, Roh SI, et al. (2003} Establishment and
maintenance of human embryonic stem cells on STO, a permanently growing
cell line. Bio. Reprod 69: 2007-1+4.

8. Park SP, Lee YJ, Lee KS, Al Shin H, Cho HY, et al. (2004} Hum Reprod 19:

676-84.
9. Richards M, Tan S, Fong CY, Biswas A, Chan WK, et al. (2003) Comparative
evaluation of various human feeders for prolonged undifferentiated growth of

human embryonic stem cells. Stem Cells 21 546-56.
10. Richards S, Fong CY, Chan WK, Wong PC, Bongso A, et al. (2002) Human
feeders support prolonged undifferentiated growth of human inner cell masses

Z

and embryonic stem cells. Nat biotech 20: 933-6.

11, Xu G, Jiang J, Sottile V, McWhir J, Lebkowski J, et al (2004) Immortalized
fibroblast-like cells derived from human embryonic stem cells support
undifferentiated cell growth. Stem Cells 22: 972-80.

@ PLoS ONE | www.plosone.org

iPS Cells on Isogenic Feeders

Table §2 The number of ES-like and total colonies from four
HDF on SNL, on isogenic fibroblasts, or in feeder-free condition.
Found at: doi:10.1371/journal.pone.0008067.s011 (0.03 MB
DOC)

Table $3 Experiments performed in this study.
Found at: doi:10.1371/journal. pone.0008067.s012 (0.04 MB
DOCG)

Table 84 Primer sequences.
Found at: doi:10.1371/journal.pone.0008067.s013 (0.06 NB
DOC)

Acknowledgments

We thank to member of Yamanaka laboratory and CGiRA for encourage-
ment and administrative supports, especially to Koji Tanabe and Aki
Okada for technical assistance, to Drs. Masato Nakagawa, Keisuke Okita
and Takashi Aoi for scientific comments, to Dr, Tetsuya Ishii, Kanon
Takeda and Dr. Isao Asaka for crucial reading of the manuscript. We are
also grateful to Dr. Toshio Kitamura for retroviral system, Dr. Peter W.
Andrews for antibodies and Dr. Kiichiro Tomoda for human ES cell
samples.

Author Contributions

Conceived and designed the experiments: KT SY. Performed the
experiments: KT MN MY TIL Analyzed the data: KT. Contributed
reagents/materials/analysis tools: KT. Wrote the paper: KT SY.

12, McMahon AP, Bradley A (1990) The Wnt-1 (int-1) proto-oncogene is required
for development of a large region of the mouse brain, Cell 62: 1073-85,

13. Rittié L, Fisher GJ (2005) Isolation and culture of skin fibroblasts. Methods Mol
Med 117: 83-98.

14, Yu J, Hu K, Smuga-Ouo K, Tian S, Stewart R, et al. (2009) Human Induced
Pluripotent Stem Cells Free of Vector and Transgene Sequences. Science 324
797-801.

15, Skottman H, Hovatta O (2006) Culture conditions for human embryonic stem
cells. Reproduction 132: 691-8.

16, Suemori H, Yasuchika K, Hasegawa K, Fujioka T, Tsuneyoshi N, et al. (2006)

Efficient establishmment of human embryonic stem cell lines and long-term

maintenance with stable karyotype by enzymatic bulk passage. Biochem Biophys

Res Commun 345: 926-32.

Unger C, Gao S, Cohen M, Jaconi M, Bergstrom R, et al. (2009) Immortalized

human skin fibroblast feeder cells support growth and maintenance of both

human embryonic and induced pluripotent stem cells, Hum Reprod 24

2567-81.

18, Morita 8, Kojima T, Kitamura T (2000) Plat-E: an efficient and stable system for
transient packaging of retroviruses. Gene Therapy 7: 10636,

19. Watanabe K, Ueno M, Kamiya D, Nishiyama A, Matsumura M. et al. (2007) A
ROCK inhibitor permits survival of dissociated human embryonic stem cells.
Nature biotechnology 25: 681-6.

20, Osafune K, Caron L, Borowiak M, Martinez R}, Fitz-Gerald CS, et al. (2008)
Marked differences in differentiation propensity among human embryonic stem
cell lines. 26: 313-3.

21. Yamanaka S, Zhang XY, Maeda M, Miura K, Wang S, et al. (2000) Essential
role of NAT1/pY7/DAP5 in embryonic differentiation and the retinoic acid
pathway. ENBO J 19: 533341,

22. Nakagawa M, Koyanagi M, Tanabe K, Takahashi K, Ichisaka T, et al. (2008)
Generation of induced pluripotent stem cells without Mye from mouse and
human fibroblasts. Nat biotech 26: 101-6.

December 2009 | Volume 4 | Issue 12 | e8067

— 170 —



| 22s RGO

Z. iPSfllfERDREHREEREIh:
iPS fllkBEOREERICOWVWTD

RO R

RinfE—

RAOMIOBRELE, LIHREOMT, iPSEIMRIZENES S VELICH T 2500
BB AR E Bl YR, Svh, 7Y, 2LT. EREGCESODYE, &
KOS < DIITEN 50 iPSHIIEIAES S hic, (FERHNFS LHEIICTIELS
%%%m,ﬁth&%%%@ii?&%ﬁ,%@%%@%%Lﬂ?<§uﬁéﬁﬁgw$m 2

ISP

PSRRI ED, EWEECIRTI SN2 2 ENBEI NS, SHIEKEO N LEE 4
SEOEEEFUHETIENAERULS AT, LDBEYAHBEEERE ML %&%ﬁ g
gL

DN, BEERORRLEZIMESE S,

.....................................................................................................

e 2 U5 X 0 LIPS ik oFE &, B
Lol ‘%iﬁEH\JlPSﬂHB@MHL)f:#%%Tw{/pggf]}f%«m;g
B 7B EFIRIEIC RIS & (ERAIRE 2 2 EME L EEX D, EEEFLHRICE T 2RO
sdE-cdH 5 iPSHNE (induced pluripotent stem FcEs GE6E-52M) LT, AfRicknT
cell : AL 25, =72V v Te b 1%, IPSUIEMEEIz > LT DREOME, BXY, H
CELWTHHEREIND Y 2B, HEPTHRLY  bh ol z & o kB o R 2RI w T
RSP DINT o N TS, ZOEMIEBVLTY, OHBATH L, 205ICHS %0 iPS e
RO IPSHIENECROERL-5HE, 7/ o OHEEBHEICIOWTHRRATHAL L,
DEIGEETOMBAREBEE L, b3V,

[#F—7— R &BEEE]

IPSHINE, WIUHLEERS, Bk, Srfip, MR RN

GSK-3 ! glycogen synthase kinase-3 (5 shRNA : small hairpin RNA (& F~7E >
a— VAKX - 3) T RNA)

MAPK : mitogen-activated protein kinase siRNA ! small interfering RNA ({845 T
(OEEER FELy v R 2 X P ) RNA)

Recent advances in iPS cell generation and characterization of inter-line variability among iPS cell lines

Kenji Osaftune : Center for iPS Cell Research and Application (CiRA) , Institute for Integrated Cell-Material Sciences (iCeMS) ,
Kyoto University/PRESTO, Yamanaka iPS Cell Special Project, Japan Science and Technology Agency (JST) (¢  PNEF2 /=8
MIH A AT L LA IPS HIBIA £ o~ & — / BLEHIRBUERS (JST) -« & &4, UphiPSHEEN 70y 2 7 1)

FERFEY Vol 28 No. 2 (JH) 2010 55  (i89)

— 171 —



€ iPS Mk B Al ge /M fRiE & & OF

EtE

INETDECOWETIE, IPSHIML, Hikd 2
iR RO HE I & (FELE LTV 208, ik
kompitEsfIaY, EEomeiia®, fmigiiee ~
RGO ETEIEIEaEMEY O, 2L, H
A RTZWI IR A S N ok B L OE OIS
gAY 12 0 s LERIRE Sz, ko T, W
b E7u 77, V7ars v 13, B
O TR 2 AJREIEDSH 2 28, EHEINDIZE A
EOHIfEETCHRETH D Z LTINS (BT A),

v AP D XD RESCHam DR WEIED S D iPS
AAGOBIZE, BB T 28 L B € 7L % (R
T 5 2 & RIPSHllilas & fFR S N iR Mo Btk
DR ERFET 2 BN ROMBICEN S, BEE
THDEZA, ?IAEL FDOIPSHIlEE ¢ & N TH#®
FAFOWESLB T Tl OAEE L H 225, T
THTZHN) B Ty WIS
ZIO 2 UTCURIE, REKEORR S XD A 255
D iPSHHlEhZ bMGE s n T3 (K1 B) P,

B ML D EZEA

SCHAEDSR DGR IR S N X = X A,
IPSHINERZEIC BT 2 A1 22 0 CR b BRI V3
D1OTHDZY, ZOEBIZEFREADOEETH 2,

YL ER AL T, AU FLThH Bt
4 /T oifl& b (Octd/Sox2/Klfd/c-Myc) V2 3f:
HIAFIEH INTH LY, V4 ZAavs vy RE (7
AUA) DR LY VEDEEDY (Octd/Sox2/Nanog/
Lin28) ZMWCHLIiPSHllasizanTws?, K
W, Sox2 = WA EHIRT 2 shizifiiuss, Octd
HUCIPS Il b X 1 & & 28R S e hs?),
BEFCHE I3, Octd %Az THil S -
HRFEL R d, FHRORT- DA T, Octdhs
FLRTTThrEEZONS, £, B, ¥H
I —7 7 vEREKTH B Esrrb EIE T2, Octd/Sox2
EDMEDE TIPSHIZEBIIT % & oBEEEFEOHE
DBRINAY, X5, b A VTR FOULEEER
EHITH B0 T uEE £ BIX-01294/BayK8644 0
2R1%0 23, 2 FR, Oct4/Sox2, # LT, Octd/Klf4
LOEDLETIPSHIlEZFHECE 2 L, (LADIC

(rhesus monkey :

56 (190)

LOWIMLR FE SR Z o s 2 Eamaing: (B

10).

PIRCAERE ORI B¢, IPSHIIE & 2ot & -
oMl & TiEd Y — 7 Ly — 2 o BT
KBTI L E 7/ L7 OB bHlla S h, o
LA R I B R B G A O & DNARE X F
MACHHIIIC L > THBEA AT v 7 TH D I L3
HEINTOLN?, ZOWRBERO F T F 3 OiMED
Hifran s,

€ HR D iPS BB A

iPSHURB L DM OWME TIX, L ERTA LA
LYy F A NARY Y — O BETEAITHI
VB poT, REASIEORZIIHLT, L
74 NARY ¥ —% OB EFRRESIT S
D, T LNDRY Y — DA K BIEFEE T 0
FIFEBUREA S 2 FHIUHEFEIE & W ) 3 2 & OE 34
U, seelb sy e = e mikic, iPSHIlGCE
WTHYT S LA EN R Y —DOWEBIZ LD,
Z 0 S ERIS N 2 B RICH W22 54, 1T
KV 2 OfifasEEL T 2 2 E 0 X S % hfalkit
NEEZEN D,

COMEDEREBIEL T, 7/ LADBJIGEIEE T
DlAABREHELE Uiy, HB 0L, Z2REEIkR
W L WIPSHIBISZ R R 4 LG Tv 3 (]
1D). £7, 7/ A~ BRABDfEBEIED D207
T/ IANARY Z—% Fiz iPSHifassisse o 2
BUZLT ERICBOLTOEXINALD, £, 0
ANART =% HGT 22079 23 F (Octd/Klf4/
Sox2 BN T I A FEc-MycOADH D) %
WGER T, ARTFEEHE 1077 A3 Rick
LT, 20 AIPSHIREMSE L & i,

ZPDfhicd, piggyBac b7 v AH Y v 2 ~30 % Cre-
loxP > A7 4 %) 42 & 0 iPS HHAE L I8 GBS 7%
oA EbEE SN, £, Y -2y
% —oriP/EBNALl Z TR 7 ¥ — %&£\ iPSHH
faD B2 AT & 2 552", gHHLRTo Y a v
EF VI ROEREBATEI LD e A B
LU b3 TIPSHIRA T X Ntz & SICHGE,
KHIRDIAEFN BV VI AL TANART F —FH7
iPSHINIBIZ OWME DT 1+ F Ry VHOERSD TN —

FEAEE Vol 28 No. 2 (8F]) 2010

— 172 —



A) iR C) #HAtRT

D) #fink

B) #¥iE E) #2

E1 iPSHRERICETINEOEN

X E & F MMM, B, DRCEToOfeLE, BhkeAeCiPSHilaslsh, FEYREZLET S

EblEINTD

TEh a0,

Blb, XEIFERBEPREINTHED, %<
OHETERLTVBZ L, FVY DL ray
ANARTH =L 5ERTHEVIEBEOETDH S,
¥/, TF/IANART T AL FLHEROERTT /
LCHAAEN B ATREEDSH B Z &, WHHLRT &
LR E L TEBEDBIEFTH % c-Myc/Klf4 %
FAOTwa I EPSBORERLLTH TSN,

BiPS HIREFENRONE

{RHIRE % wIEHE U CiPSH#ila % 383 2 8313, K
RELTE IR, Zaud, TR S 1
v, RV AR, BEBLEVWERICHE NS Z
EMRETH BAEENE, HR i, WdkT L x

EERES Vol. 28 No. 2 (1)) 2010 57

oF

E ) LRBEDE R I L - EE O A D5EIR X
NHAREE R ENEZ o DD, BFEAHOEET
b7 RO 7 EiE?, BIX0129420, % LT,
5 - 7H¥ v F v (5-azacytidine) 2 7 & DLE&YIN
iPSHIMAFREMREED 2 2 LREIN TS (B
1E).

VEAE, iPSHIfEEERRICE LT, EIELEET
HHPEIOPVTHENELT > T3, £7 20084
12, P 4 /T pb3 @ siRNA (small interfering
RNA) #i1A % 2 &CiPSHila Y u—rDOHEHEA100
e LR T2, LRIt ni b 0T
b, iIPSHIOK#ED 1 >TH 3 in vivo TOHFFIE
TR AERS LI EPRESINTOREY, L LKA,
s 25 0EEO 7 V—7% Y, iPSHIIERICE

(191)

— 173 —

(H‘QWEMEDWEH‘ES?F?@SEER M




V7 2 ps3 D ENC oW, XD B OMEA ZHE A3
Bpic e S -2 FFhisic kb &, pb3iEEs
FD/ w277 vy AHSEORHEFAIE TR, E<
NEZEIC3AT (Octd/Sox2/KIf4) BAIZTI0%
OMFEA P S HBIC L E 4, W=7 A HROHK
U7 THflias & iPSHilEZ (8§ 5 Z & & A HlEE
TH-1, [AEEOFTRD, p53DshRNA (small
hairpin RNA) 12k %/ v 759 v 2Tl 7L —
Thho LG SN, 51, pE3ID Fiicd B p2l ®
BaxiBIEFORBEZ|ET S5 2 & THIPSHlllfE
WD LB ZELRENLY, Fi, Blo2 7 -
73, pb3 DFEIR A G T 2 Inkd/Arf i {5 T DFEBUK
Tt s & 5 2 L2 G L0, 351,
DTN =TIk - T, pb3ATu X 7EDE I
D iPSHlA~DOYEHL R HET 2 Z L pmE i,
LLEXD, ps3#WoBELoT 4y b7 — 270t
ZHEL, 02y b7 — 7 OWEL 1P S ML)
Rremosleprkinsg (B1E).

BiPSHIRKROREL LUVER

bhbhiz, B2 170EdEko e  ESHI
(embryonic stem cell : IRPEERANAG) % LT
L, HECHbBERE (B> TED, MREIMEE,
FARRIEM L 2 &t U O HENRESE  FRF T BEE
RENGDLZEETRLE (B2) ¥, Zok)ike b
ESHIlEMERI O bREDZEZ A U TWAEKEE LT, &
72BN FRICHET A REMD S IR TH 3
Z Ik HRENRROE P, FESHllatkE R
mHXESr ) MREOBG R E PSS, Bl
HTEE{AHTHS,

D k9% b ESHAMEICB T 2 o {LEEOEED
AL, AR EEE TR S 7 ES A iPS #ll
faDEIZ BV TY, HRICHE T 2 a[REIRR S
5, FrCiPSHIICEI L T, Ro{REED ES il
ERL 2 —A—@EEFEREL, ZME~DTEE
AT ZEDAILL>TERSINTE D, BHEFATI,
iPSHRAA S FINCERT 5 £ D HECHF B2 IEHE
Mz, F/, LEROARALRRPLYFTANLARY
Y — T SN IPSHIlED 7 7 LcidR oy & —
DIERDOREORI S v S MHAAENTED Y, |
—{E{FdkO iPSHHAMEM T L BENET RBRL 5,

58 (192) FLEHIE

X oz, IPSHIIEICIE, Ao LI lc X X0 F 4l
R A TR ik s b b, Bz s
FiEC kD ERE Nz iPS sy, 2 H—%bDT
H5PENIEIAHTH B,

BOlE, 7 b7 74 FESEMIZRGE S 12 Te 7 R iPS
HlanssE e EBEE2 R T 2 0LiEE2H T 5 Z LAVR
LTI 99 2 e R0 R IR I 1PS MR
TEL D, IPSHIEEIICE L - A s Bl H 2 2
EDNRBDONT VB Fhhn, i lihko
<7 A 1PSHiliEd & S {LiEE & hu I 2 fE A L
FBRICHTEIEIEE & &0 2 82, dRlRIc k- T
Hiph, BEITReEsRLE L 2 LREn: (B4
B-3zM) 7,

BEETDE A, %< 0iPSHBKR©o Lk
PRI LEBRAR U 2 113 L A EFEE L R 0ds, &
{LREP L 2tk 4 SR O 2 B, I L © o
ERER T 2l 2R L FRT 270018, £,
BHROEELREIELY CLOICRLRELHATDH
D, G, R iPSHIILMKRCHEMIC i T 2
DD B EEZD,

@BiPSHIRMAEDORELRE

iPSHilE:, HAEERROM L EEFANTOIERR
EO—FT, AN KREBEERE R 257 L
T3, KU BB £ > =i b Tdh
D, ZOHEROEIAA, DWw TIPSl 7 3%
DRI ZRRT 2 LSS, £, PHILEED
RO WT, 7 ANOEBET O/ AAARD
BB OERET, D, LERTALARY Y —%H
Vb oL ASE»ZNU EOFEEMELET 5 IPSH
RAB L E OB S KOG siffsnsg, £151%,
IPSHIBEZ S FRNERE T % & D IECRBINY 38
OYRE, Thbbt TIPSHEOEEL, b ENT 2

-
¥1  Tho704 RREEEME .
FERD 2 OOREZBENCREI LTS /O0 R (T
FE) RET 70408 (ZBF) TH3ESHlaeEEs
#, ESHlEA S 0~y (@) 2T IAHE ZDFA
ZETE, FhI700 RARBEABRICEFSETELZW
B, BEREDREABEBICETESTESEWSHENHD,
100%ES fHfadkOBIENERTE 5. ESHID S LaEEH
ETHRLEUWHIREELEDbNRLTWS,

N J

Vol. 28 No. 2 (8H]) 2010

— 174 —



CD31
_ (P<0.0001*)

®2 bkb-ESHRKROMEEDHEERER

B) day 4
=3 PQUSF1(day 0-32:P=0.1009)
& == NANOG(day 0-32:P=0.5017)
& 5 4 == TDGF (day 0-32:P=0.0024)

12345678

9 1011121314151617
ES

D)
f&
4500 ] T
4mm1/f/“““““‘“qf‘\ -
B 3500 L T AFP -
53500 LT (P<0000T®

= -

z 3000%i//k““
% 2500

& 2000

17HEO b ESHEH: (HUESI-17) dikolfikikic B 2 Ut LR OB E TR0 S 4. mRNA BE
DERBMNPCRIC K 2MWHEH. day 0 (A) BXU0day4d (B) 1ok aRS(LIRE—H—BET (POUSFI,
NANOG, TDGF), C) day 0 B XU 161CB T 2IWENK (PR v— A~ —8EEFCD31. D) day 0B XU 16

LB ANMEEY — A —BIETFAFP, #RFNO 75 71, 17THBGEH RO EHBO NI WK oz 1 L LT,
FRHICHT AERERLTwE, Kfb=—h —BETORMKEE, 17AEERTENE CREMANEES
wps, CD3IBLUAFPOREER, HELEVELY, KEITHESA4#HO 2 (P<0.0001, ANOVA for

repeated measurements, 43 & D)

b LIS,

Mtk O LEE P D RER ) Ry -—thicown
T, ZOILERaMHiZRIRE L § 5 0k7m b a—
DFFE 2T, BIVCEU 2 Milabk 28R L Cfif <
EHVAT LOWENRLETH L, HHVIE, FOT
7u—F& LT, iEHE, MAPK (mitogen-activated
protein kinase) # & (*GSK-3 (glycogen synthase
kinase-3) @2 >OMEDOHER £ EH T 255815 T,
HasRicmkR T 527 A BSHIIEMS L Hi—I1ok
B EDRENTOL R0, [WEkOBEEIFHCE -
ES/iPS flflic st LT bBAse S 4, Mlarkf o2 R %2 R

Sl

PRE L, HREZ X DT 2RO IE E
% (H3).

Bbbic

IPSHUIEFE IR T EF L LAY — P ClEEZF T
W5, Fi, fREBOREPIREHEOAL ST, B
FER, BRIT, SAAT 4 72LBZIAAT, 15D
SRR A EH LA ES o TLBE TRV ER”
bz, MHO X ICH L LI XOHEELHED TH
a7, TRTOMAEZHEMET 2 Z L IZRHEgETH D,

AGEDHIR E L5 2 A1 IPSHINIC W ¥ 2 3k b %
Vol. 28 No. 2 (#F0) 2010 59 (193)

— 176 —



K3 iPSHIEMROFELSERORE

PIHHERES O BRI D C L2 TRZIR 4 1P SHIBEH L IE OB & B4 R FBUEIC 1A 7 TR~ %y
(LS / RO, 2 LT, EREREICNT2 X0 b MIGEVEE 7L b L OB R IPSHllaz Fvs
7zin vitro & FOVERUC X B IRREMAT & IR~ O BB I 1 3

PEDLSTOBEDRE Litky, LA, KiH
D3PS HIIARE O MO EIC L L THRTL, 1A
TLE L DEECMEHOWRESY, 1PSHNEIZIC
SAL, ZOERLHSHE L FifieilE s LTHi~
BTV —DAN—%RLEEART L RE- TP E
2,

SR

1) Takahashi, K. & Yamanaka, S. : Cell, 126 : 663-676,
2006

2) Takahashi, K. et al. : Cell, 131 : 861-872, 2007

3) Yu, J. etal. : Science, 318 : 1917-1920, 2007

4) Kim, J. B. et al. : Cell, 136 : 411-419, 2009

5) Aasen, T. et al. : Nat. Biotechnol., 26 : 1276-1284, 2008

6) Hanna, J. et al. : Cell, 133 : 250-264, 2008

7) Loh, Y. et al. : Blood, 113 : 5476-5479, 2009

8) Ye, L. etal. : Proc. Natl. Acad. Sci. USA, 106 : 9826-
9830, 2009

9) Aoi, T. et al. : Science, 321 : 699-702, 2008

10) Stadtfeld, M. et al. : Curr. Biol. 18 : 890-894, 2008

11) Giorgetti, A. et al. : Cell Stem Cell, 5 : 353-357, 2009

12) Haase, A. et al. : Cell Stem Cell, 5 : 434-441, 2009

13) Liu, H. et al. : Cell Stem Cell, 3 : 587-590, 2008

14) Li, W. et al. : Cell Stem Cell, 4 : 16-19, 2009

60 (194)

FEREY Vol. 28

15) Liao, J. et al. : Cell Stem Cell, 4 : 11-15, 2009

16) Wu, Z. et al. : J. Mol. Cell Biol., 1 : 46-54, 2009

17) Ezashi, T.etal. : Proc. Natl. Acad. Sci. USA, 106 :
10993-10998, 2009

18) Shimada, H. et al. : Mol. Reprod. Dev., 77 : 2, 2010

19) Feng, B. et al. : Nat. Cell Biol., 11 : 197-203, 2009

20) Huangfu, D. et al. : Nat. Biotechnol., 26 : 1269-1275,
2008

21) Shi, Y. et al. : Cell Stem Cell, 3 : 568-574, 2008

22) Mikkelsen, T. S. et al. : Nature, 454 : 49-56, 2008

23) Hacein-Bey-Abina, S. et al. : Science, 302 : 415-419,
2003

24) Cavazzana-Calvo, M. & Fischer, A, : J. Clin. Invest.,
117 : 1456-1465, 2007

25) Stadtfeld, M. et al. : Science, 322 : 945-949, 2008

26) Zhou, W, & Freed, C. R. : Stem Cells, 27 : 2667-2674,

2009

Okita, K. et al. : Science, 322 : 949-953, 2008

Gonzalez, F. et al. : Proc. Natl. Acad. Sci.USA, 106 :

8918-8922, 2009

29) Yusa, K. et al. : Nat. Methods, 6 : 363-369, 2009

30) Woltjen, K. et al. : Nature, 458 : 766-770, 2009

31) Kaji, K. et al. : Nature, 458 : 771-775, 2009

32) Soldner, F. et al. : Cell, 136 : 964-977, 2009

33) Yu, J. et al. : Science, 324 : 797-801, 2009

34) Zhou, H. et al. : Cell Stem Cell, 4 : 381-384, 2009

35) Kim, D. et al. : Cell Stem Cell, 4 : 472-476, 2009

27
28

RN

No. 2 (JTl) 2010

— 176 —



36)

3N
38)
39)
40)
41)
42)
43)
44)
45)
46)
47)
48)

Fusaki, N. et al. : Proc. Jpn. Acad. Ser. B Phys. Biol. Sci.,
85 1 348-362, 2009

Zhao, Y. et al. : Cell Stem Cell, 3 : 475-479, 2008
Hong, H. et al. : Nature, 460 : 1132-1135, 2009
Kawamura, T. et al. : Nature, 460 @ 1140-1144, 2009

Li, H. et al. : Nature, 460 : 1136-1139, 2009

Utikal, J. et al. : Nature, 460 : 1145-1148, 2009
Marion, M. et al. : Nature, 460 : 1149-1153, 2009
Osafune, K. et al. : Nat. Biotechnol., 26 : 313-315, 2008
Zhao, X. Y. et al. : Nature, 461 : 86-90, 2009

Boland, M. J. et al. : Nature, 461 : 91-94, 2009

Kang, L. et al. : Cell Stem Cell, 5 : 135-138, 2009
Miura, K. et al. : Nat. Biotechnol., 27 : 743-745, 2009
Ying, Q. L. et al. : Nature, 453 : 519-523, 2008

SR

Vol. 28 No. 2 (#H) 2010 61

<EZEITOT74-)I>

KRBT AR, FA R 1996 AU RF RS
W, FHAEMERRETER A O #dR). 2000
4 F TR BHE & U CBRSHRIC R, 700~ "05 4
KEERERIEAR GRE B #02) T UBHoRE L
R, 05~ 084 N— 3 — P REEHIE AT / #i
NP4 492730 (Douglas A. Melton #3%) 2Tk b+ ES
M3 LIPS H IR A R T, 08X OB
I, 1PS Ml % v 7o B ® & ORI LR OB I 7E &
FoTwES, b, KR¥bidk, RAFVRE, B#
ZEED . HRO H 2 A IIERE BRI L £ (http://
www.users.iimc.kyoto-u.ac.jp/~z59080/ ).

(195)

— 177 —

‘ R B R E O AR O TR M




S8 IPSHIROSEMREAONA

—%5)

LY W

o L
i

i

MERE SRS < 7 SrAVEa § I Fa A R

E Abstract §
HEEEETHIEFELEL - TV3, 20085
OXBEESEZSES (FDA) OFEFRERIZ24E 2%
BHEELAY, JOHEE08EBTHEL THY 1990
FEARICHR U THEL MDD LTS, ZhiE, BF
ﬁﬁ@fﬁ% ECRFRRBICE T A EREARED

FIMA, BIEIE LAY -4y bHFOERDR
%% EOBENERAOKREB L ENBREELISRD,
TOLEDERRT, BEGRIESTEEMEROLLE
LABIEICIA T, REEEYPBERLS SHILE
BEOMEICEMS, FEAOLHEBNCERL DO
LWERICITER OB hE LTWwW3, ESHRR2EMtE
i n SR EREERTUREr SAEAOHEROT
BEMEAERSNTE A, IPSHREBERG Y & (R
TEHZE, FHICBL (HEMNGEEINZEAYR
W EDSRIEAOIBIIERICAE Y, BIEHRARO
TOELABBLDAT v THRETCHEZN, TOFRT
HEPRA ) -2, EREFHEADIPSHIROERIC
DWTRN S,

BirsltROEEHI Y~ T

S BEOMNOEE LR AT v TTH LAY
Vo 2 3B S A idoo TR L E ot e
PO & BB G T W0y ﬂﬁ Cd
B PN TS < OALEY AR A 7ol
HMH“Pﬂf7W#7/§m%wTV%4%

(2 )20 7R BB L ity 5y

[IPSHHRE & B 72 B S
B {F FIEFA R A~ 0035 —

Drug discovery using induced pluripotent stem cells
- Application to drug screening and toxicology assay -

B

b HDOL)
% 8(7&‘ B
. BH

Py P

ST, fﬁm? :'/,;‘?ﬁi
WEREBHEEONE, BOTHEE
EEOR

FaeHr

| Key Words:  induced pluripotent stem
| cells, drug discovery, screening
|

SR A A Yy o L b, Rl A W

]

W= AT oA ThH ATy PO
SHERLL s T A, Bl ) -2
”’35@’)’%??31& LT, EegE ypk el eI

4 /)\/\«ﬂmrdﬁ\‘\’/f\&&f:az

PHECH D 2 L,
Bk e Gdttn s,
ZAUS O v b RO A R A
U AN Y PG RP Y it

| R

r{a\ 5)/>‘ \‘;4 f ”tﬁz)i‘

2w, B v e Mﬁﬁﬂhﬁ WU G
A A A, MRS S D WL HEE
WAFTER WD f‘”?’x‘“?, AP = TN A

A= T MR ESER R R O T TIES S L,
v R o PR A SO LA TR O R & e L
fo = AL LT MiPSHI A S A b S 224
ORI AHEZ LD, PSHBOR 723 e M

RRIHL 2w O TR RN <, SEFA
7o) =2y FEORIERBICHBIIIER T L 2

IOV T LIRS vy,

iPSHINE & v 724 ﬂ ER AR AT ] AT A
A TH DA fft,?%ﬂwﬂﬁ'ﬂ)«b
ANy (3), WO LM @) ok
PR~ 5 ﬂm7m2§m,fsmwﬁw%ww
OFERE 2 I L2z v b {bI O B T pe & 4

B Atsushi Nakanishi

Frontier Research Laboratories, Pharmuceutical Research Division, Takeda Pharmaceutical Company Lid.

Medical Science Digest vol 35(12).

2000 13 (489)

— 179 —



B8 PSHROMERR~OHE

b hPSHRE

MLEsE

G T IRMF

- "\\(u:ﬁ»f;miﬁfﬁ%m:’)

iﬂ'ﬂiaif@
PRROLDEECAN

B LA

NA AN—T b
RO~y
MRELEMEmR S
@,mﬂwﬁmthgm LD AL
xmm WG%WwﬁLﬁ PR BB AL NS AL SRR SR e A3 B, -, KB A s ) - 2
VA2, LB ozhF 1L&464%uﬁunéﬁuﬁ4f§ ER B X N E o e LS S

#G*/ AT LRIV ETH DL,

5> TE, THRH M V- iR R,
IERLEOER A7) -2 I OB
S b, fFIZAX, b MiPSHIRHIRO v M i
AW, ?ﬁi%i%mﬁ‘@,&t, ez ok, BAAH
e EWE LB R 7 o 2 A DR TEE T Y,
éozlmmwﬁbwﬁﬁwQM%«mﬁﬁw&
GALEEE TG ON F—u¥3 VR, 7T
T ML EOREN R PRz -0 v 8
v TR EEDE L Béi L7274 14 b sl it
Thh), Ak, Lidk ﬁu%: b b ipsHily A
& %fc Z HBL O RS~ O L EHE R AR S,
bR A R L 2o v b B ERRLER AT AT R 4
% éi']”?@éﬂéo
IOL IR O RS VIPSHIlE T H 5 AT, EE
T 270 0 s RELL L (v,

QMf&lmmmﬁ%&%mnwﬁ«wfmﬁg
SR R OB EIE Lo 2T o T
%&@,f,&%ﬂﬁ@&W%w i, KA
AP =2 F OO KR OB OB A5
BThHY, T, BHMESH D EET X L ER
FaLo0E, SO RO & A
HTHhb, ftLJH HEMLZ ke SR 0 L1
A OEAT A 2SR o R H 0 o
i - %’*"‘*”77(1 DL TH b,
FHESE O 6, AL TS B,
Pl E O~ 5 ftﬁ?n L b SR
ML o> B B R AP AT RE & Aduid, s o

b LB
3 ook A 7Y,

S hiz,

LZ,L' i‘_‘k g "&H} (/)[{H/{)‘L)b A ;) “ }i'i /;:5‘4\ }\.
Bfr S oz g BGE A & A 25 0 T
il 73.‘ :‘?Hi;&’\(/) S AR T X Uy, B s

14 (490)

Medical Science Digest Vol 35(12), 2009

— 180 —




TIPS & H s 2 BRI~ 458 - HOTR TR R~ il — (i 35D

FOPSHIBO BRI 08 TN Ty — @

‘Key Scientists iPSHREED YO 47 F A iPSHIEIRI ISR ik
(BUgEE, 7 KN4 H—) b — 25 LU (51w 2R
ReproCELL Inc. Pt E & - IPSERRRIE Y T ARV MPSHRE
(A7) HR R CIPSHIRERI DM ORE  (Yanamaka, 2006)
CiPSHRDEMRAHECLE
TR
iPierian George Daley C GRBENPSHBOER . b MPSHE Gladstone
() Douglas Melton S E (Sakurada, 2007) Institute 5 &
Lee Rubin - EESBENPSERE BV UFEHKF
Deepak Srivastava Drug Discovery HERR
Corey Goodman
Celiular Dynamic  James A. Thomson - iPSHE S LERROR B b kPSR Roche & 121%
International Craig T. January S iPSHESROIREE L AvAE (Thompson, 2007)
£ Timothy J. Kamp M
Igor Slukvin » MIRERES A 5 iPSTERY
CTTRAE RILL BIPSTERE
iy
Fate Therapeutics  Philip Beachy - iPSHBOER BERFICLDZY T BIFECHER
%) Sheng Ding - iPSHEMBABVWLBEE av530 BigL iPS
Rudolf Jaenisch & BIZECH {Jaenisch, 2004 MmEWRT Y
David Scadden AN THEIIHDVIIMEAY R
Leonard Zon 12 BIPSTER CATALYST
TR
SO RN A Ll b (B, (Re o /oA 845X [ MiPSHIR A v 7o
Hin viro T PP @A D] 4 25V 6 L%
BiPsifife & M - BIfF FFHE iPSHIE % F v 7 TR, Hru;:'r»}géfiﬁﬁh;ﬁ%‘?;w; :lfﬂ'
b b o PEAGL ARG & 0 e 0 L ik T 5 Hlw  THREMPAY - PL T A, WHETZ—F— 72
9T, IPSHREEMER () ui‘ﬂi 2L At =T hEVHIETHEOBBENSENENLTEY,

WFEshcwd, LEl, BFEY, HHH’;H?‘ o BEBINRER L oML RIS AN T b,
SO FTEZ o0, BEOWMPOER S CNHDT Y s bR R EER R OB
ShE O L e R v A R o] g fLizipt T EN L, ipSHIR A v/ E
[RE7F IRF S N N LIS | i’, Eash Bkl BR s SRl R EA AT L

FTE L. sl iPSHUZ O RS~ DI H 1‘ ORI Il 2

S ENL OO e bR LGz, MRS EEREBII B

BT *rﬂ:f)“i‘i}é 7L TR 4 Tagp P2 B CRgE k& 2 - 2R O s B

m ()\ DS AT ) iR TH L. T, AB A LDOBTTH L, PSEHEL B VWL L, &
iPS%’filiﬁflﬁ'!H VRSSO R & 7 D1 b ks GERIE A e A

Hi
N A LSRR 0, e A o BE
AR L 2o T LB OB TR S LD
GRS BRI AL 2 B A

A L F o b Hc A D R

LT
QMR 5Pl 1Y
HARLZBWThS, romnd—

(NEDO) &7/« 7k lpwli

wl

AR SRR T B RS mEsEle A4 2 A R L D
Medical Science Digest Vol 35(12), 2009 15 (491)

— 181 —



