Mor phological Analysis of Live Undifferentiated Cells
Derived From Induced Pluripotent Stem Cells

IPS MIfEIZ 3R § 2 AR LM O FERRZERI AT

2018 4+ 3

JUPN PR AR AR 2R 28

GafsH) PrREER TR

PREER B

D211501 K sERAE



Al AL OB DG S I HEREDFT Y A TR Sz,

TOLWNE 37, NQWEER § = JAWWANY i, J01H FREEE IE4T-2R8T

Stem Cells and
Development

Undifferentiated cells
from iPS cells

A i e R

HPAD cells
in embryoid body

!

Marsg s Lickent, lowc. fo fulliakens

W S e pubugomyecd

Stem Cells and Development (Volume 27 , Number 1)
Impact Factor of Stem Cells and Development : 3.562



Alrl, AR ONZEIL [Stem Cells and Development (Volume 27 , Numbdr D)#8#; < 1172,

STEM CELLS AND DEVELOPMENT
Volume 27, Number 1, 2018

© Mary Ann Liebert, Inc.

DOI: 10.1089/s¢d.2017.0112

ORIGINAL RESEARCH REPORTS

Morphological Analysis of Live Undifferentiated
Cells Derived from Induced Pluripotent Stem Cells

Yukihiko Osawa!? Tomoyuki Miyamoto?= Setsuyo Ohno," and Eiji Ohno'2

Induced pluripotent stem (iPS) cells possess pluripotency and self-renewal ability. Therefore, iPS cells are
expected to be useful in regenerative medicine. However, iPS cells form malignant immature teratomas after
transplantation into animals, even after differentiation induction. It has been suggested that undifferentiated
cells expressing Nanog that remain after differentiation induction are responsible for teratoma formation.
Various methods of removing these undifferentiated cells have therefore been investigated, but few methods
involve morphological approaches, which may induce less cell damage. In addition. for cells derived from iPS
cells to be applied in regenerative medicine, they must be alive. However, detailed morphological analysis of
live undifferentiated cells has not been performed. For the above reasons, we assessed the morphological
features of live undifferentiated cells remaining after differentiation induction as a basic investigation into the
clinical application of iPS cells. As a result, live undifferentiated cells remaining after differentiation induction
exhibited a round or oval cytoplasm about 12 pum in diameter and a nucleus. They exhibited nucleo-cytoplasmic
(N/C) ratio of about 6(0% and eccentric nuclei, and they possessed partially granule-like structures in the
cytoplasm and prominent nucleoli. Although they were similar to iPS cells, they were smaller than live iPS
cells. Furthermore, very small cells were present among undifferentiated cells after differentiation induction.
These results suggest that the removal of undifferentiated cells may be possible using the morphological features
of live iPS cells and undifferentiated cells after differentiation induction. In addition, this study supports safe
regenerative medicine using iPS cells.
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Introduction However, iPS cells form malignant immature teratomas

after transplantation into animals [5]. When iPS cells are

IN 1981, Evans anp KAumMaN established embryonic
stem (ES) cells, which were pluripotent stem cells derived
from the inner cell mass of amouse blastocyst for the purpose
of producing genetically modified mice [1]. ES cells are
expected to be useful in regenerative medicine because they
exhibit self-renewal ability and pluripotency. However, the
use of ES cells involves the ethical issue of destroying an
embryo when establishing the cell line, and it can also cause
tissue rejection following cell transplantation therapy [2].

To resolve these problems of ES cells, Yamanaka and
colleagues established induced pluripotent stem (iPS) cells
with self-renewal ability and pluripotency equivalent to
those of ES cells by introducing reprogramming factors
(Oct3H, Kif4, Sox2, c-Myc) into mouse and human somatic
cells [3.4]. iPS cells can be produced using the somatic cells
of a patient. Therefore, they overcome the ethical and tissue
rejection problems of ES cells and can be used for trans-
plantation into patients [4].

clinically applied, they are used after the induction of dif-
ferentiation into target cell types. However, transplanted
cells that have undergone differentiation induction also have
the ability to form tumeors [5-7]. In our previous study, we
confirmed that the tumors formed by these cells after dif-
ferentiation induction were malignant immature teratomas
[5]. It has been suggested that undifferentiated cells ex-
pressing Nanog that remain after differentiation induction
are responsible for teratoma formation [5].

In mouse iPS cells, Nanog expression can be visually
detected as fluorescence by introducing the green fluores-
cent protein (GFP) gene downstream of the Nanog promoter
[8]. Therefore, in mouse iPS cells with the Nanog-GFP gene
fusion, it is possible to remove undifferentiated cells ex-
pressing Nanog before transplantation.

However, when human iPS cells are clinically applied,
methods that do not depend on genetic modification are nec-
essary. For the above reasons, we report here the morphological
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Abstract

Induced pluripotent stem (iPS) cells possess pitemcy and
self-renewal ability. Therefore, iPS cells are estpd to be useful in
regenerative medicine. However, iPS cells form gmant immature
teratomas after transplantation into animals, eafter differentiation
induction. It has been suggested that undiffereadiaells expressing
Nanog that remain after differentiation induction are passible for
teratoma formation. Various methods of removingé¢hendifferentiated
cells have therefore been investigated, but fewhous involve
morphological approaches, which may induce les$ damage. In
addition, for cells derived from iPS cells to begkgd in regenerative
medicine, they must be alive. However, detailedphological analysis
of live undifferentiated cells has not been perfednFor the above
reasons, we assessed the morphological featules afndifferentiated
cells remaining after differentiation induction asbasic investigation
into the clinical application of iPS cells.

As a result, live undifferentiated cells remaingiter differentiation

induction exhibited a round or oval cytoplasm abb2ium in diameter



and a nucleus. They exhibited nucleo-cytoplasmiCjNatio of about
60% and eccentric nuclei, and they possessed Ipargeanule-like
structures in the cytoplasm and prominent nuclédthough they were
similar to iPS cells, they were smaller than li&Sicells. Furthermore,
very small cells were present among undifferendiateells after
differentiation induction. These results suggesit tthe removal of
undifferentiated cells may be possible using thepmological features
of live iPS cells and undifferentiated cells aftigferentiation induction.
In addition, this study supports safe regenerathaxdicine using iPS

cells.
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I ntroduction

In 1981, Evanst al. established embryonic stem (ES) cells, which
were pluripotent stem cells derived from the inoelt mass of a mouse
blastocyst for the purpose of producing geneticalbdified mice”. ES
cells are expected to be useful in regenerativeicimed because they
exhibit self-renewal ability and pluripotency. Howvee, the use of ES
cells involves the ethical issue of destroying ambe/o when
establishing the cell line, and it can also caissié rejection following
cell transplantation theragy

In order to resolve these problems of ES cells, afaskacet al.
established induced pluripotent stem (iPS) celtk welf-renewal ability
and pluripotency equivalent to those of ES cells ibyroducing
reprogramming factorsQct3/4, Kif4, Sox2, c-Myc) into mouse and
human somatic celld®. iPS cells can be produced using the somatic
cells of a patient. Therefore, they overcome thaicat and tissue
rejection problems of ES cells and can be usedrémsplantation into
patients”. However, iPS cells form malignant immature temsds after

transplantation into animaf. When iPS cells are clinically applied,



they are used after the induction of differentiatioto target cell types.
However, transplanted cells that have undergonderdiitiation
induction also have the ability to form tumdar2. In our previous study,
we confirmed that the tumors formed by these adlisr differentiation
induction were malignant immature teratontadt has been suggested
that undifferentiated cells expressinijanog that remain after
differentiation induction are responsible for terag formatiorr.

In mouse IPS celldNanog expression can be visually detected as
fluorescence by introducing the green fluorescentegin (GFP) gene
downstream of théNanog promoter®. Therefore, in mouse iPS cells
with theNanog-GFP gene fusion, it is possible to remove undifferanti
ed cells expressinganog before transplantation.

However, when human iPS cells are clinically aghlimethods that
do not depend on genetic modification are necessany the above
reasons, we report here the morphological feawirege undifferentiat-
ed cells that remain after differentiation induntiotermed residual
NPAD (Nanog-GFP-positive after differentiation)lsels part of a basic

investigation into the clinical application of iR8lls.



Materialsand Methods
Cdll culture

The mouse iPS cell line IPS-MEF-Ng-20D-17 (APSOORIKEN
Bioresource Center, Japan) used in this study egpseGFP under the
control of theNanog promoter®. Undifferentiated cells express Nanog,
but its expression disappears with differentiafich

Gelatin from porcine skin (Sigma-Aldrich, USA) waslded as a
0.1% aqueous solution to a cell culture dish (Be&@akinson Labware,
USA) and incubated at 37°C for 30 minutes, and latigecoat was
applied to the culture dish. EmbryoMaxPrimary Mouse Embryo
Fibroblasts (MEFs; Millipore, USA) treated with mmycin C (Kyowa
Hakko Kogyo Co., Ltd., Japan) were seeded in gelaiated culture
dishes. The iPS cell line was seeded on mitomyeire@ted MEFs and
cultured in ES medium [15% fetal bovine serum (FBI®, Biomedicals,
USA), 1% non-essential amino acids (Millipore, USAY% nucleosides
(Millipore, USA), and 1% Dulbecco’s modified Eaglahedium (Wako
Pure Chemical Industries, Ltd., Japan) containiéxgLtglutamine (MP

Biomedicals, USA), 500U/mL ESGROMouse Lukemia Inhibitory



Factor (LIF; Millipore, USA), 26)-mercaptoethanol (Sigma-Aldrich,
USA), and 1% penicillin-streptomycin (Millipore, W$]. The medium
was exchanged every day.

IPS cells were passaged once every 2—-3 days. Eatispersion of

IPS cells, 2.5 g/L trypsin EDTA solutions were used

Differentiation induction of iPScells

iPS cells dispersed with enzyme (trypsin) were sded 5 x 1fimL
on a low-adhesion culture dish (Corning, USA) ansp&nsion-cultured.
For the culture, 10 mL of feeder cell culture medi(ES cell culture
medium without LIF) was used. On day 7 after thedssg, the formed
embryoid bodies (most of the embryoid bodies, idiclg both
GFP-positive and -negative cells) were transfetoegelatin-coated cell
culture dishes, and adhered and cultured for 3 (Fags 1).

Cells expressing Nanog-GFP even after the inductioh
differentiation for a total of 10 days were defireINPAD cells (Fig. 2).
NPAD cells were dispersed using an enzyme and notogitally

analyzed.



Céll sorting

iIPS, NPAD, and GFP-negative cells were stained ith pg/mL
propidium iodide solution (Pl; Sigma-Aldrich, USApr 5 minutes.
Stained cells were spun down at 250 g for 5 minate$ washed with
sorting buffer [minimum essential medium (MEM; giSigUSA) + 2 %
FBS] and spun down again at 250 g for 5 minutedletBewere
resuspended in 3 mL sorting buffer for sorting. PSGFF), NPAD
(PIFGFP), and GFP-negative (RBFP) cells were sorted on a
fluorescence-activated cell sorter (FACS; BD FAC@AII, BD).
Sorted cells were used for morphological analygsimwth rate and

colony formation assays.

Growth rate

NPAD and GFP-negative cells were seeded at 1.5 xdB/well in
six wells of a 48-well plate seeded with MEFs, alspersed in three
wells after 24 h and 96 h. The Automated Cell CeunfC 20,
Bio-Rad) was used to determine cell numbers. Féiutag, we used

the feeder cell culture medium.



Colony formation assay

Equal amounts of 2 x ES cell culture medium anddfar (Difco
Agar Noble, BD) were mixed (2mL), poured into 6-amsh, and
allowed to solidify (bottom agar). The same cultunedium and 1%
agar seeded with iPS or NPAD cells af tells/dish were mixed in
equal amounts, and 2-mL volumes of this mixtureenNayered over the
bottom agar. Furthermore, 2 mL of feeder cell mediwas added and

the cells were cultured for 20 days.

Mor phological analysis

For living cells, iPS and NPAD cells were detectadl observed
using a confocal laser scanning microscope (FV @ympus, Japan)
with or without GFP fluorescence as an indicatef iand NPAD cells
were photographed under the confocal laser scamingpscope, and
their morphological features were determined ushgimage analysis
software ImageJ [10]. Features analyzed includedtitlear major axis,
nuclear minor axis, nuclear area, cytoplasmic mapas, cytoplasmic

minor axis, cytoplasmic area, and nucleo-cytoplaqiNiC) ratio.
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In addition, similar morphological analysis wasfpened on cells
subjected to Papanicolaou (Pap.) staining and Mayw#ald’'s Giemsa
(Giemsa) staining. In this case, the cells wereasdgpd by FACS
depending on GFP fluorescence. Obtained cells wereared, fixed,

and then stained.

Satistical analysis

Statistically significant differences between greujp<0.05) were

determined using the Mann-WhitnEytest.
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Results
Cell sorting
We were able to sort iPS (®FF), NPAD (PIGFF), and

GFP-negative (PGFP) cells (Fig. 3).

Growth rate
We considered the number of cells at 24 h as 1@0fb NPAD cell
number at 96 h was approximately eight-fold highdnjle that of the

GFP-negative cells was shown to be increased appabtely two-fold

(Fig. 4).

Colony formation assay

Colony formation assay results showed that foummeks were
formed following the seeding of NPAD cells (Fig. hAut a large
number of colonies were formed following the segdhiPS cells (Fig.

5B).
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Analysis of live cells

According to the results of confocal laser scannmggroscope
analysis, IPS cells exhibited round or oval cytepia and nuclei (Fig.
6A). The nuclei of IPS cells tended to be eccentmitd one or more
nucleoli were observed in the nucleus (Fig. 6Beréhwere regions with
granule-like structures in the cytoplasms of iP3scewhile other
regions in the cytoplasm were unstructured (Fig). &ome iPS cells
had round inclusion-like structures in the cytoplasAccording to the
fluorescence images, iPS cells were Nanog-GFPipesih both the
cytoplasm and nucleus (Fig. 64&7).

NPAD cells also exhibited round or oval cytoplasamsl nuclei (Fig.
7A). The nuclei of NPAD cells tended to be eccentaind one or more
nucleoli were observed in the nucleus (Fig. 7A) ARRcells showing
round inclusion-like structures in the cytoplasnrevebserved (Fig. 7A).
The nuclei of NPAD cells were brighter than theopyasm, and almost
no structures other than the nucleolus was fouridamucleus (Fig. 7B).
In addition, some NPAD cells had granule-like stnoes, but the rest of

the cytoplasm was unstructured (Fig. 7B). Accordiagfluorescence

13



imaging, NPAD cells were Nanog-GFP-positive in bdtk cytoplasm
and nucleus (Fig. 7AC).

In addition, extremely small cells were observedbaghnNPAD cells
(Fig. 7C). These small cells had round cytoplasntsrauclei (Fig. 7C).
The interior of the nucleus was pyknotic, and titernal structures were
unclear (Fig. 7C). In fluorescence images, smails @eere Nanog-GFP-
positive in both the cytoplasm and nucleus (Fig).7C

According to analysis by Imaged, iPS cells exhibisn average
nuclear major axis of 10 £ gm (mean * standard deviation), nuclear
minor axis of 9 + lum, nuclear area of 76 + 26n°, cytoplasm major
axis of 13 = 2um, cytoplasm minor axis of 12 +idm, cytoplasm area of
120 + 33um?, and N/C ratio of 63 + 7% (Table 1). In contrd$sPAD
cells exhibited an average nuclear major axis 822m, nuclear minor
axis of 8 + 2um, nuclear area of 62 + 38n°, cytoplasm major axis of
12 + 2um, cytoplasm minor axis of 11 +m, cytoplasm area of 99 +
28 um?, and N/C ratio of 60 + 14% (Table 1).

Following statistical analysis, statistically sificant differences

between IPS and NPAD cells were observed in terimsuolear area,

14



cytoplasm area, nuclear major axis, nuclear mir, @ytoplasm minor
axis, and N/C ratio (Table 1). Furthermore, NPADIlscewere

significantly smaller than iPS cells (Fig. 8).

Analysis of Pap.-stained cells

According to the microscopic analysis of Pap.-&dinells, iPS cells
exhibited round or oval cytoplasms that were magéyrato highly
stained light green, with round or oval nuclei widuchromatic
structures. There were like bare nuclei cells (B&y). The nuclei of iPS
cells tended to be eccentric, the nuclear margeie wlear, and one or
more nucleoli were found in the nucleus (Fig. 9&)the cytoplasms of
some iPS cells, round inclusion-like structured thare moderately to
highly stained light green were observed (Fig. 9A).

Similarly, NPAD cells exhibited round or oval cytapms that were
moderately to highly stained light green, with rdwr oval nuclei (Fig.
9B). The nuclei of NPAD cells tended to be eccentthe nuclear
margins were clear, and one or more nucleoli wdrgerved in the

nucleus (Fig. 9B). Some NPAD cells had round inoldike structures

15



that were moderately to highly stained light greethe cytoplasm (Fig.
9B). In addition, some small NPAD cells were obser{ig. 9B). Small
cells were characterized by round cytoplasms maelgrao highly

stained light green with pyknotic nuclei (Fig. 9B).

Following analysis by ImageJ, iPS cells had a rarcteajor axis of
10 = 2um (mean * standard deviation), nuclear minor aki@ # 1 um,
nuclear area of 75 + 28m° cytoplasm major axis of 12 + @gm,
cytoplasm minor axis of 10 +2m, cytoplasm area of 97 + 3in°, and
N/C ratio of 78 = 10% (Table 2).

In contrast, NPAD cells had a nuclear major axis8ot 2 um,
nuclear minor axis of 7 + im, nuclear area of 46 + 18n°, cytoplasm
major axis of 10 £ um, cytoplasm minor axis of 9 +dm, cytoplasm
area of 71 + 2.um?, and N/C ratio of 64 + 17% (Table 2). There were
statistically significant differences in the areat the nucleus and
cytoplasm between iPS and NPAD cells, in additmnhe nucleus and
cytoplasm major axis, minor axis, and N/C ratiol[€a2). Furthermore,

NPAD cells were significantly smaller than iPS s€kFig. 8).

16



Analysis of Giemsa-stained cells

According to microscopic analysis of Giemsa-stainells, iPS cells
exhibited round or oval cytoplasms that were badicplly stained and
had round or oval nuclei with fine granular chromgfig. 10A). The
nuclei of iPS cells tended to be eccentric, thdgaranargins were cleatr,
and one or more nucleoli were observed in the nyElig. 10A). In
addition, perinuclear haloes were observed in &S ¢~ig. 10A).

NPAD cells exhibited round or oval cytoplasms thakere
basophilically stained, and the nuclei had finengtar chromatin (Fig.
10B). The nuclei of NPAD cells tended to be ecaentthe nuclear
margins were clear, and one or more nucleoli wdrgerved in the
nuclei (Fig. 10B). Perinuclear haloes were alsceoled in NPAD cells
(Fig. 10B). In addition, small cells were obsenadong the population
of NPAD cells (Fig. 10B). Small cells exhibited bakilic staining of
the cytoplasm and pyknotic nuclei (Fig. 10B).

Analysis by ImageJ indicated that iPS cells hadidaar major axis
of 14 £ 2um (mean * standard deviation), nuclear minor akis2ox 2

um, nuclear area of 127 + 48n° cytoplasm major axis of 17 +8n,

17



cytoplasm minor axis of 14 + @m, cytoplasm area of 190 + G6n’,
and N/C ratio of 68 = 8%. NPAD had a nuclear mais of 14 + 3um,
nuclear minor axis of 11 + 2&m, nuclear area of 124 + 43m°
cytoplasm major axis of 17 £dn, cytoplasm minor axis of 14 +8n,
cytoplasm area of 184 + 56n° and N/C ratio of 67 + 12%. Results for
IPS and NPAD cells were significantly differentterms of nuclear area,
nuclear major axis, nuclear minor axis, cytoplasmjam axis, and
cytoplasm minor axis (Table 3). Furthermore, thelgiuof NPAD cells

were significantly smaller than those of iPS c@fig). 8).
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Discussion

IPS cells are pluripotent stem cells that are #&bldifferentiate into
various cell types constituting the different tisswf the body, and they
possess self-renewal ability. iPS cells that cayemerate and treat the
damaged organs and cells of patients are expeotée useful to the
field of regenerative medicine.

However, iIPS cells form malignant immature teratemafter
transplantation into animaf. When iPS cells are clinically applied,
they are used after differentiation induction itdoget cell types, but if
undifferentiated cells remain, they form teratorafier transplantation
into animals as wefi™". In particular, we reported in a previous study
that tumors formed by iPS cells or cells deriveohfriPS cells were
malignant immature teratomas It has been suggested that NPAD cells
are responsible for this malignant immature teradonmation®.

In this study, NPAD cells were shown to have anaberindepende-
nt growth, and their growth rate was confirmed ¢cskgnificantly higher
than that of the GFP-negative cells, indicatingt tNRAD cells cause

tumorigenesis. Therefore, before cells derived fi¢t8 cells can be
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applied in regenerative medicine, it is necessamemove NPAD cells,
including residual iPS cells), to remove the cause of malignant
immature teratoma formation. In addition, when selérived from iPS
cells are applied in regenerative medicine, liMésgaust be used.

In this study, we revealed the morphological fesdunf live iPS and
NPAD cells. Based on our results, isolated, live gells have round or
oval cytoplasms and nuclei. In addition, there aegions of the
cytoplasm with granule-like structures, but mosttioé cytoplasm is
unstructured. Most of the insides of the nuclei evbright without a
nucleolus. In addition, Pap.-stained iPS cells viier@ nucleus-like cells
with round or oval cytoplasms and euchromatic nuééemsa-stained
IPS cells had basophilic round or oval cytoplasmd fine granular
chromatin. The observations derived from staindts aeere therefore
similar to those of live iPS cells.

According to Zeuschnest al., iIPS cells in colonies cultured with
MEFs exhibited poor intracellular organelles as pared with MEFs
according to analysis using an electron micros¢OpBurthermore, they

reported that iPS and ES cells had euchromatirckad nucleolit *2

20



We revealed that isolated, live NPAD cells exhithiteund or oval
cytoplasms and nuclei. In addition, granule-likeustures appeared in
some cytoplasmic regions, while most other regiwese unstructured.
Regarding the nucleus, it had not any more stracaxcept for clear
nucleoli.

In addition, small cells were observed among NPAdllsc These
small cells exhibited round cytoplasms and nudiriant-Klunn et al.
reported that pluripotent stem cells in the humasmrian surface
epithelium were small and round (244in). They expressed SSEA-4,
OCT-4, NANOG, SOX-2, and c-KIT as embryonic markansl formed
embryoid-like structuresn vitro *¥. Zuba-Surmaet al. reported that
SSEA-1, Oct-4, Nanog, and Rex-1-expressing stefs dekived from
mouse bone marrow were extremely small (3.63 + Qi) Y These
reports support our evidence for the presence dllsoells among
NPAD cells.

As mentioned above, the morphological analysishiis study is
applicable to human iPS cells, the genetic altenatif which presents

ethical challenges. We observed that cells witlhedBht sizes can be
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observed in the population of NPAD cells, and thesee shown to be
considerably different morphologically from the iE8lls. The results of
this study, showing that the removal of the pluigm stem cells is
possible with morphological techniques, may helprowe the safety of
IPS cell application in regenerative medicine.

Currently, methods for removing human pluripotemens cells
(hPSCs) that remain after differentiation inductianclude the
introduction of suicide genes into hPSCs or theeawle killing of
hPSCs using cytotoxic antibodies, chemical inhrsitoor specific
antibodies against hPSC%~ ' However, these methods suffer from
several issues with regards to specificity, effjcand safety for use in
cell therapy for humans.

Our morphological study reveals the possibility ddtecting and
removing NPAD cells without the cell damage caudsd genetic
modification. Therefore, we provide a possible apph for using
hPSCs while overcoming the ethical problems invajvigenetic

modification and safety problems involving drugedigo kill hPSCs.
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Our findings therefore have important implicatidasthe realization of

regenerative medicine using iPS cells.
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Before differentiation After differentiation

induction induction by suspension-culture  Embryoid bodies (EB)
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iPS cells Transfar EB
wuth solution

Dlsperse and analyze

Gelatln coated dish
NPAD

Fig. 1. Induction of induced pluripotent stem (iPS) celffelentiation.
IPS cells dispersed with trypsin were seeded omvav-adhesion cultur
dish and cultured, using the feeder cell culturelioma. On day 7 afte
the seeding, the formed embryoid bodies wetransferred t
gelatir-coated cell culture dishes, where they \ cultured for 3 day
Cells expressing Nan-green fluorescent protein (GF for a total of 1C
days were defined as Nar-GFF-positive after differentiation (NPAL

cells, which were disperd by enzyme and analyz
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Fig. 2. Nano(-GFP+yositive after differentiatic (NPAD) cells among
Nanoc-green fluorescent protein (GF-negative cells derived from tl
embryoid bodies. (A) Following tl differentiation induction, NPAL
cells were observecamong the GF-negative cells (yellow arrowhear
Magnification, 10x; Scale bar, 50m. (B) NPAD cell presented in (A

Magnification, 60x%; Scale bar, 20n; Green, GFP fluorescen
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Fig. 3. Isolation of induced pluripotent stem (iPS), Nai@eigP-positive
after differentiation (NPAD) and green fluorescenprotein
(GFP)-negative cells using a fluorescence-activatdtsorter. (A) iPS
cells were sorted based on Nanog-GFP expressi@ncdfls expressed
Nanog-GFP. (B) NPAD and GFP-negative cells werdegobased on
Nanog-GFP expression. NPAD cells expressed Nandg-Git

GFP-negative cells didn’'t express Nanog-GFP.
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Fig. 4. Growth rate oiNanogGFF-positive after differentiatic (NPAD)
and green fluorescent protein GFF)-negative cell. y-axis, the
percentage of cells at 96 h, compared with tha#dad (100%).

NPAD cells grew faster than G-negative cell
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Fig. 5. Colony formation of Nanc-GFF-positive after differentiatic
(NPAD) cells and induced pluripotent stem (iPS) c¢A) Plates seded

with NPAD cells (B) Colony formation in plates seeded with iPS c
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NPAD cells were shown to have anchorage-indepergtemith.
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Fig. 6. Viable induced pluripotent steniPS) cells. (A) iPS cells witl
round or oval cytoplasms and nuclei. (Nuclei tended to be eccentr
with one or more prominent nucleoli (yellow arrovads). (C) Region
with granulelike structures were obsen (white arrowhead). Rour
inclusior-like structures wel observed in the cytoplasm (r
arrowheads). (~C') Fluolescence images of —C). Magnification,

60x% ;Scale bar,10 pr
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Fig.7. Viable NanogGFF-positive after differentiatic (NPAD) cells.
(A) NPAD cells with round or oval cytoplasms anctlai, which tende
to be eccentric, with one or more prominent nuc (yellow arrowhead)
Region: with granulelike structure were observed in the cytoplas
(white arrowheads), while other regions were umstmed (B) Round
inclusior-like structures were observed in the cytoplasm éreowhead)

(C) Small cells were olerved. (A-C) Fluorescence imag:
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corresponding to (A—C). Magnification, 60x ; Sché, 10 um.
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Fig. 8. Distributions of the nuclear and cytoplasmic areasnducec

pluripotent stem (iPS) anNano¢-GFF-positive after differentiatic

(NPAD) cells (A) NPAD and iPS cell nuclein live, Fap-stained, ani

Giems:i-stained cells.B) NPAD and iPS cell cytoplasmic ar in live

and Ry-stained cells.* p< 0.05 (Ma-WhitneyU-test).
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Fig. 9. Papanicolac-stainecinduced pluripotentiPS)andNanoc-

GFPypositive after differentiatic (NPAD) cells (A) iPS cells witl bare
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nuclei and round or oval cytoplasms, moderatelfigily stained light
green, and the euchromatic chromatin network. Nueeded to be
localized, and one or more nucleoli were obserwvetthé nuclei (yellow
arrowhead). Round inclusion-like structures, staimeoderate-to-high
light green, were observed in the cytoplasm (recvéreads). (B)
NPAD cells with round or oval cytoplasms, modenatel highly stained
light green. Nuclei tended to be eccentric, andammore nucleoli were
observed in the nucleus (yellow arrowhead). Roundusion-like

structures that were moderately to highly stainigght| green were
observed in the cytoplasm (red arrowheads). Sne#ll eere observed
(black arrowheads), with round or oval cytoplasmegderately to highly
stained light green with pyknotic nuclei. Magnificen,100x ; Scale

bar,10 um.
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Fig. 10. Giems:-stainecinduced pluripotent ste (iPS)andNanoc-

GFPyositive after differentiatic (NPAD) cells.(A) iPS cells witl rounc
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or oval cytoplasms, basophilically stained, withumd or oval nuclei
with fine granular chromatin. The nuclei tendedbt® eccentric, the
nuclear margins were clear, and one or more nuchesre observed in
the nucleus (yellow arrowhead). Perinuclear halesewobserved (red
arrowheads). (B) NPAD cells with basophilic roundowal cytoplasms
and fine granular nuclei. The nuclei tended to beentric, and one or
more nucleoli were observed in the nuclei (yellowowhead).

Perinuclear halos were observed (red arrowheadsallSells were

observed (black arrowheads), with basophilic cygepls and pyknotic

nuclei.Magnification, 100x; Scale bar, 10 pm.
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Table 1. Size of live iPS and NPAD cells.

Nucleus

Major axis (um) Minor axis (Um)  Area (um?)

iPS cells 10+£2 9+1 76+ 26
NPAD 912 812 62 128
Cytoplasm N/C ratio
Major axis (um) Minor axis (um)  Area (pm?) (%)
iPS cells 1312 12+1 120 £33 637
NPAD 1212 11+1 99 + 28 60+14

*p < 0.05 (Mann-Whitney U-test), iPS; induced pluripotent stem, NPAD;
Nanog-GFP-positive after differentiation induction, N/C ratio; nucleo-
cytoplasmic ratio.
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Table 2. Size of Papanicolaou-stained iPS and NPAD cells.

Nucleus

Major axis (um) Minor axis (um)  Area (um?)

iPS cells 102 911 75123
NPAD 8+2 71 46+ 19
Cytoplasm N/C ratio
Major axis (um) Minor axis (um)  Area (um?) (%)
iPS cells 12+2 1012 97+31 78 £10
NPAD 10+1 9+1 71121 64 +17

*p < 0.05 (Mann-Whitney U-test), iPS; induced pluripotent stem, NPAD;
Nanog-GFP-positive after differentiation induction, N/C ratio; nucleo-
cytoplasmic ratio.
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Table 3. Size of May-Grunwald’s Giemsa-stained iPS and N&lDs.

Nucleus

Major axis (um) Minor axis (um) Area (umz)

iPS cells 14+2 1212 127 £43
NPAD 14+3 11+2 124 £ 43
Cytoplasm N/C ratio
Major axis (um) Minor axis (um)  Area (um?) (%)
iPS cells 17+3 14+3 190 + 66 68+8
NPAD 172 14+ 3 184 £ 56 67+12

*p < 0.05 (Mann-Whitney U-test), iPS; induced pluripotent stem, NPAD;
Nanog-GFP-positive after differentiation induction, N/C ratio; nucleo-
cytoplasmic ratio.
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