SPECI FI CATI ON METHOD FOR PRODUCI NG | NDUCED PLURI POTENT STEM CELLS
Cross Reference to Related Application This application clains
the benefit of Japanese Patent Application No. 2010-95404 filed on
April 16, 2010, the entire di sclasRaiFIghTMbich i s hereby incorporated
by reference. Technical Field The present invention relates to
a nmethod for producing induced pluripotent stemcells. Background Art
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transpl antation therapies for various di seases and are expected to be
applied to regenerative nedicine. It has been reported in recent
years that i PS cells can be generated by selecting cells expressing
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Background Art

Induced pluripotent stem cells (iPS cells) would be useful
for transplantation therapies for various diseases and are
expected to be applied to regenerative medicine. It has been
reported in recent years that 1iPS cells can be generated by
gelecting cells expressing Fbxl5 gene from somatic cells such as
fibroblasts and hepatocytes in which Oct3/4 gene, Sox2 gene, Klf4
gene, and ¢-Myc gene have been introduced and expressed (see,
e.q., WO 2007/069666; Takahashi XK, Yamanaka S. (2006). "Induction
of pluripotent stem cells from mouse embryonic and adult
fibroblast cultures by defined factors". Cell 126: 663-676;
Takahashi K, Okita K, Nakagawa M, Yamanaka S. (2007). "Induction
of pluripotent stem cells from fibroblast cultures". Nature
Protocols 2: 3081-3089%9; Aol T, Yae K, Nakagawa M, Ichisaka T,
Okita X, Takahashi K, Chiba T, Yamanaka S. (2008). "Generation of
pluripotent stem cells from adult mouse liver and stomach cells".

Science 321(5889): 699-702}).

Disclosure of the Invention

Conventional methods of generating iPS cells, however,
impose significant burdens on patients because of the necessity
of obtaining tissue by a skin or liver biopsy, and have low
efficiency of generating iPS cells. Therefore, an object of the
present invention is to provide a method for producing iPS cells

with low invasivity and high efficiency.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a graph representing a ratio of colonies of
alkaline phosphatase-positive stem cells, obtained by
dedifferentiation of mononuclear cells with the addition of a
virus at MOI 1 to 20 to a culture medium of the mononuclear cells
cultured in the presence of CD3 antibody in one Example of the
present invention;

Fig. 2 shows micrographs of iPS cells, produced from
mononuclear cells derived from peripheral blood, which were
stalined with alkaline-phosphatase and DAPI stainings in one
Example of the present invention;

Fig. 3 shows photographs of immunohistochemical staining of
stem cell marker proteins in the 1P8 cells produced from the

mononuclear cells derived from peripheral blood in one Example of
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Mode for carrying out the Invention

Embodiments of the present invention that were completed
based on the aforementioned findings are described in detail in
reference to Examples.

Unless otherwise noted in embodiments and examples, all
procedures used are as described in standard protocols such as J.
Sambreocok, E. F. Fritsch & T. Maniatis (Ed.), Molecular cloning, a
laboratory manual (3rd edition), Cold Spring Harbor Press, Cold
Spring Harbor, New York (2001); F. M. Ausubel, R. Brent, R. E.
Kingston, D. D. Mcore, J. G. Seidman, J. A. Smith, K. Struhl
(Ed.), Current Protocols in Molecular Biology, Jchn Wiley & Sons
Ltd., with or without modifications or changes. In addition,
unless otherwise noted, a commercial reagent kit or a measurement
instrument, if any, is used as described according to protocols
attached thereto.

The above and further objects, features, advantages, and
ideas of the present inveniion are apparent tc those skilled in
the art from consideration of the detailed description of this
specification. Furthermore, those skilled in the art can easily
reproduce the present invention from these descriptions. The

mode (s) and specific example{s) described below represent a
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The mononuclear cells may be contaminated with other cells
or components derived from the peripheral blood or may be
composed of mononuclear cells only. It is, however, preferable
that the concentration of the mononuclear cells is high in terms
cf efficiency of production of the iPS cells. The specific
method to prepare mononuclear cells from peripheral blood can be
appropriately selected by those sgkilled in the art. For example,
density gradient centrifugation, Lympho-Kwik (Cne Lambda), or
immunomagnetic beads may be used. In the density gradient

centrifugation, any density medium appropriately selected by
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culture dishes or culture tubes on which the anti-CD3 antibody is
immobilized may ke purchase from, for example, BD BioCecat. While
those skilled in the art can determine the optimum concentration
of the anti-CD3 antibody in the liquid culture medium, it is
preferable that the concentration is within a range of 1 to 100
Hg/mi in consideration of the yield of generated iP§ cells. The
anti-CD3 antibedy is not limited as long as it can specifically
stimulate CD3 antigen on mononuclear cells used as a starting
material and enhance proliferation of CD3 antigen-positive

mononuclear cells. The antibody may be polyclonal or monoclonal,
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factor mMRYrbgrits@ithg methods described in, for example, the article by
Takahashi et al. {(Cell 2007 wvol. 131: 861-872) can be used for
dedifferentiation, whose disclosure is incorporated herein by
reference. It is preferable that the dedifferentiation factors
to be introduced comprise, in combination, products of genes
selected from each of the Oct family, the K1f family, and the Sox
family. It is also preferable that the dedifferentiation factors
to be introduced comprise a product ¢f a gene in the Myc family.
Examples of Oct family genes include Oct 3/4, OctlA, and Octeé.
Examples of K1f family genes include K1f1l, K1£f2, K1f4, and KI1£5G.

Examples of Sox family genes include Soxl, Sox2, Sox3, Sox7,



In cases where one or nore of the aforenentioned dedifferentiation
factor(s) is/are expressed in the nononuclear cells to be
dedifferentiated with the dedifferentiation factor(s), the
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they have simlar functions to those of products of the wld-type
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dedifferentiation. More specifically, a complex of a cationic

lipid reagent such as SAINT-PhD (Cosmo Bio) or Cellvader (GE

Healthcare) and a dedifferentiation factor, or a complex of a



derived froma negative-strand RNA virus (see, WO 00/ 70055, WO

00/ 70070, Li, H 0. et al., J. Virol. 74(14) 6564-6569 (2000)). Such
a Sendai virus vector is safer because it is able to replicate its
genomne mﬁptilﬂeneﬁatatmlae rte(ﬁei:eédin tNfeCll puSt&id USapadttel&@s dd’l‘naln
nononucl &4l cel I S, ddad ‘a?éjllo%r If%cgr ef er abI e Lo, use,AE E o is
gene- del 6t8d S3Adai°¥ rus ve ctor B EEBRb hant expredsl oh®
vect or crddedetvi # usulgarrt mhélmeme@eamomhebedcabbWesq ghat the
Introduvteo%tpu@;coléh&meauelmh G8ld Se1TOr &l SpRUERESGaudiG the

reconbi nant _expressi on vector such as a plasmd or the virus particle
i s addedsdgffpeeeiutatire fadk et ¥ 9 ﬁlhleoGEHeg 1 hé“hgeﬁenwuqlrﬁaer €stifnto

the nonqpueheane Cald:oaudhennt He JiRCoRBE 8ot AXREESA] PL-MRCIQr astiCh as
a plasmd i s _added, it can be introduced into the nononucl ear ceI S

by usi ngieé“EﬁS‘v’\?P‘ifeattr‘Féld 18F° gR R UTIPPSEIEL TG SsucAREs2 R ¢h ¢
phosphatedifaaséecidGon Eapacfnem)l aR, bPEAM sieanaappedhaiatkly be
transfec i.Qn eclLapg 0 n the virus particle such as a
r econbi ﬁitant Eend‘glb)(n FUS i sf;%adide‘f[1 mt ﬁg ene of interest is introduced
into the rmneﬁuere:atrl\@ém.sabyexpﬂeeacﬁuoenvettcmaxha\n pascapalltre of

rmnonuc'e%&e@@“l& ‘a dedlffelglr?tijaﬁcq'ofnf Ql:aggéf ?é)l %yf B.Qt %tfoﬁiu@éﬁr ?ﬁt?@d
in the npnonucl ear |'s carry dgg]t e reconbi nant expreSS|on vector,

and the %n@ﬁﬁ‘é’i“é‘%ﬂrea@el‘zﬁél&r‘e" ipver Bhe | U TRFERt L el dx PfeSBRd

dedi f f erRAbhatl &4k fRQLQL. FHE MDuREbrels] e FreABDLARMN e REESEAON
vector to be added can gpg gl ately be determ negifé% t hose skilled
[

in the aFFECT 15 PXaB~e SARWSATEL F I PR Fferentiation
f act or, dekéffenanticdtean Cebt&: ardedddlftuemdidtaioa Secumt faer)midiantfeor

1tob t 3 in the
pr esencceéi%)cé)’?1 E%%)Zgﬁ%y éggﬁ%ﬁsﬁar%epr%ggl %%1: frfgo% ﬁggg%%ﬁglén ZS%F
DVEM KRWB30uc kBNE4E 1 1KBVGEO , ndREAVIEE£0s t pandkKBWB0 2 i rivee s pﬁ@ﬁeﬁébﬁ%ﬂdai

K3MBO2. liRutBEs £Wdreer MaF: {tMIS€a800F YUHL ikl BLoblastd headery a
cells or SNL (rmuse enbryonic fibroblast cell line) feeder cells nay

be usedPTEZOERT t1F%E VALt EFOPEY fer¥Ati afPorfuct an RNA vt ompABRLtt ®ar
cells d&d‘bfnf erentiat eadepsrdesod iabedcaiasyzeara-r &ieubt usethbd aavigt @vAB0

days, %fgrabl 14 t%e?iSFgayeﬁtlm%re pre erabl AN 0 da /Sio UN

er
t ypi cal condl?l SHE Foreduf t THTHG SEA8™I B 1T PR8I RS e FYPRSY may

be cul t voed dschﬁelmwﬁﬁmomcﬁ'ﬁcmqm pgneas guamvtbla ﬁaeeme@tlﬂﬁcat oidfIE
preferably, 3/C, 'f‘lne &B%Eé?&?%%t%ﬁ: 5%{ SO Esrﬂéélséc?é&ifécgh!ﬁure

medi um such as e used eder cells or feeder” cells
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preferable that the expression vector is a virus vector. The
expression vector may be a virus vector derived from, for
example, a Sendal virus, a retrovirus, an adenovirus, an adeno-
associated virus, or a poxvirus. It is, however, the expressiocn
vector is preferably a wvector derived from a Sendai wvirus that is
characterized by not being integrated into the host chromosome.

It is preferable that such a Sendai virus wvector has a gene
encoding a protein required for genome replication, such as N
protein, P protein, and L protein, in order to induce the
dedifferentiation of the mononuclear cells. The artificially
modified Sendai virus wvector may have cytotoxic or
thermosensitive mutations. For example, it may have a mutation
or a deficiency in a gene encoding envelope protein or coat

protein of the wvirus, such as F gene, H gene, HN gene, or G gene



In addition to the aforenentioned growh factor, the nmedi um may
contain one or nore substances that are commonly added to a culture
of nononucl ear cells. Exanples of such substances include, but not
limted decrivsar 6006 UC megs t FBS- ainchddneekout rser (wer, epbd a@@hmmtss WO
(Invitr ut e, _hon-essenti.al . a Ci.
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wer e perditiedetinte M EERYFE PoRC At S37CEE | hstH?é”tﬁFéééﬁjcSé R fsypbbp. te=
Prepar atus@laafFl\@é}wta‘ellgaédC@éﬂdaﬁr agkueNsecto 1to 20 m of

peri pher al ?Pd was _obt ai ned from heal t h% voI ‘unteers (five rrgl e and
femal e subj edt’§, TI92BE A& EXBF Y™ WG “RAC i Ve Vi Bt 1o /s ent
accor di ngepertficapradseedbedpgrored sbynt heditdd dakoColleniddreauof eKei o

Uni ver sity ;Hosp . i d, r I
fracti oncgeﬁwer e ifé%l a edBEH)IQ—‘g ﬁh{égg%%p‘ia@ ﬁé{g??%%#ﬁe%ae&r%gl Lé% B
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2010/ 008054) y which each of the followng (1
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dedi f f e 5&1? OFF TR FAD Pt §78d °fnt £ Bl 6114 Fﬁ ? Het asaV g £F TSAF
vector (@e2010¢ 0080Y4) intddakddBlidtgetRe (ndfukde@EN®21ls by using a

known method of gene introduction such as calcium phosphate
tranzfection, lipofection, DEAE-dextran mediated transfection,
and electroporation. When the virus particle such as a
recombinant Sendai virus is added, the gene of interest is
introduced into the mononuclear cells by infection of that wvirus
to the mononuclear cells.

The dedifferentiation factor is expressed in the mononuclear
cells carrying the recombinant expression vector, and the
mononuclear cells are dedifferentiated with the expressed
dedifferentiation factor. The amount of the recombinant
expression vector to be added can appropriately be determined by
those skilled in the art.

During the introduction of the dedifferentiation factor, the
mononuclear cells are cultured in a serum-free medium for 1 to 5
days, preferably 2 days, at 35°C to 40°C, preferably 37°C, in the
presence of 5% CO,. The serum-free medium may be DMEM/F12, VP-
SFM, DMEM, KBM530, KBM540, KBM560, ROM1640, or KBM502, but
preferably KBM502. In this culture, MEF (mouse embryonic
fibroblast) feeder cells or SNL (mouse embryonic fibroblast cell

line) feeder cells may be used.

== Culture after Dedifferentiation ==

The mononuclear cells dedifferentiated as described above
are cultured for 10 to 30 days, preferably 14 to 25 days, more
preferably 20 days, under typical conditions for culturing the
iP8 cells. For example, they may be cultured using DMEM/F12
containing a growth factor at 35°C to 40°C, preferably 37°C, in



(3) c-Myc gene (4) Sox2 gene. Moire specifically, the follow ng

plasm d vectors were introduced into 293T/17 cells: one plasmd
vector which expresses a reconbi nant virus genone as cDNAs encoding a
negat i vestst pardeRNA ofi 153s Cgenorl t R {inedat kveubtwanalddénmasuch as

conpl emggf a?tf)%r?s dder ok £D eq:ﬁ%lxl 'c\éﬁ strandy, %%EEQJ} ning i thes, of
t he genes (1) 4 and ot her asm vectors that express protelns
(F, N, Pe use7 RREe sgloper é@@)m? dqubreds¢drissalot- prptifcadlon of the

virus. ThencebLin &M /aPpeehl Saldgt LeXPEESS: fa BLeheh i MBI RV gLLRL 1
and cultured. The supernatants containing the roduced virus were

col | ect EFFETHr BUUIE ¥ &t bLetbihdbe S’éﬁdalnvl“'taé’ng a Lilmebdarht i on
of Feedejrdehl ;ﬁae—t—o:{ Mrewe Eﬁtkiry(ﬁji(;.@eﬁm@[@ﬂ'casﬂid Eaktoti fE?.}Fl)S][VL)
First, 0.1%qel a i S The wer e t at .37C
For “mhout 1 RELASRDCYER (BOREE St RS rafd PR A ool B B B
adj ust ednayo cantenrsidne ofr hode xsmaoelabsthﬁt dfee comhdslyverddeg| aded on
the di Sb:gﬁt(ll'g 8@&&0@1&1@@@5?@%1% th%x%ﬁ?)}gg o‘%f s&QP”éutPs&r fn@'eﬁh and

e

i ncubat overni ght to prepare feeder ture o
Mononucli@gduéel | Butygiatg Aﬁﬁem {ASREBBdSUGE: as FBS and knockout serum

replacement (Invitrogen), L-glutamine, non-essential amino acids,
antibiotics such as penicillin and streptomycin, and

mercaptoethanol.

Examples

This Example shows that i1PS cells can be produced
efficiently from mononuclear cells derived from peripheral bloocd
using a method for producing iPS cells according tc the present
invention. All cultures were performed under conditions at 37°C,

in the presence of 5% CO,.

== Preparation of Moncnuclear Cell Fractions ==

1 to 20 ml of peripheral blcocod was obtained from healthy
volunteers (five male and female subjects, 11-66 years of age)
who had given informed consent according to the protocol approved
by the Ethical Committee of Keio University Hospital. From the
peripheral blood, mononuclear cell fractions were isolated by
Ficoll-Hypaque (GE Healthcare) gradient centrifugation (30 min,

400 x g).

== Recombinant Sendai Virus Vector ==

Sendai viruses were prepared using a known method (WO
2010/008054) by which each of the following (1) to (4)
dedifferentiation factor genes was introduced into the
SeV18+/TSAF vector (WO 2010/008054}):

{1) Oct3/4 gene

{2) Klf4 gene

(3) c-Myc gene

{4) Sox2 gene.

More specifically, the following plasmid vectors were

10



Anti-CD3 anti body (BD Bi osciences) was diluted in PBS to 10 lig/m.
The bottom of 6-well dishes was overlaid with this diluted anti body
solution and the dishes were incubated at 37C for 30 mnutes to 3
hours. Thediduatediand idsady130tetliaan owas;@ﬂ&ssmar ded tbameieh @t %lx)ﬁrb%&@aﬁ e

use, and, the dlshes. uerer LOgsd W LRRS and Hsed s Lhe, ant; CRg
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for 5 dalid.i 2BADREHREY Sr@AMP tY%‘FF%fS N’Bﬁén%%ﬂ’@frs e&rrsins (R Mgt Ppaly:

of Dedi f#eranat baii;@éwase) requifed MROBHLE LA GRS oqUbE UiRd Vii-1.B  t he
anti-CD3 anti usted to a density of 7.5 x 105 ceIIs/rﬂC,l
o whi o e adE e i neh TR0 A Prean YBre qvergatd on

intr OdUGﬂlla:ulredOnbl‘mrﬁup‘éeﬂb.ﬂaintsﬂ‘t@ﬁhtaﬁ_hﬁl@&lﬂes pwereaeceédcubhatsedera t he

KBMVBO2 @‘ll‘é@:‘é@t%{b%%é € orr]n%ana %Oéen%%d' Lhergntiation)

The cell's in each wer e arves e h a ce Scraper, and the
culture nmediumcontaining the cells was collected into a tube for

each well_ P‘;Q%a}y@% \wer @eggg{,rdglqged at 800 to 1000 rpmfor 5
m nutes at 20 of the KBMb02 nmedi um was added to the

pel | ets,(WFEhE\R%‘FiéO%CSIF&BF%]Hl%V picpét Bimgy s8dral tines to an extent
that they areipet, b okgngdoNe: mta@ 5&1@@&1 Q:cﬁ@:.'siesandl‘l'ﬁé»lsﬁ%[lggdweﬂg"e

suspensions wgrg crel;furned to .t SJ?I n the.ori % s an
7
wer e mcfbate FET IBRBY2 8|uﬁm SR8 8t r&e T
Di f f er entHGACCONYas adjusted to a density of 1.5 x 10° cells/ml. The
cells were plated on the dishes (10 cm in diameter) in the amount
of 10 ml per dish, and incubated overnight to prepare feeder

cells.

== Culture of Mononuclear cells using Anti-CD3 Antibody ==

Anti-CD3 antibody (BD Biosciences) was diluted in PBS to 10
ug/ml. The bottom of 6-well dishes was overlaid with this
diluted antibody solution and the dishes were incubated at 37°C
for 30 minutes to 3 hours. The diluted antibody solution was
discarded immediately before use, and the dishes were rinsed with
PBS and used as the anti-CD3 antibody-ccated dishes.

The monconuclear cells derived from peripheral blood were
seeded at 1 x 10° to 1 x 10° cells/ml on the dishes coated with
the anti-CD3 antibody and were incubated in 10 ml of KBM502
medium (containing 20 U/ml of recombinant interleukin 2} for 5

days.

== Dedifferentiation of Mononuclear Cellg ==
{First Day of Dedifferentiation)

The mononuclear cells cultured with the anti-CD3 antibody
were adjusted to a density of 7.5 x 10° cells/ml, to which Sendai
virus was added at MOI of 1, 3, 5, 10, or 20 to introduce a
recombinant vector. Then, the cells were incubated in the KBM502

medium for 24 hours.
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The cells in each well were harvested with a cell scraper, and the
culture nmediumcontaining the cells was collected into a tube for
each well. The cells were pipetted into single cells, and the nunber
of the cHdwndaBarovhtledifTheettdyésionere centrifuged at 800 to 1000
rpmfor 5 ”‘Q%Eeéeﬁis2@@eAEﬂeQelﬁﬂmﬁRP%QﬁbééééaQﬂﬁ&ﬁ% 9&15§N§%%er,
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for 20 days. shoul d be noted that the I PS cell nediumwas nade up

of DVEMTPE2 2(ll h?‘?’f%ogen) 20% knockout serum repl acement
(I'nvitrogen), 2mM Lglutamne (Invitrogen), 1 x 10-6 M non-essenti al

anm no ac S (lnvitrogen), 10(1 nV| trogen), and 0.5%
penicil | g’léirgﬁ ‘?{;% %ffﬁﬁﬁblﬁi’r"é‘ Chemical Industries). == Al kaline
Phosphat ase $Shai nehls andeerzyswall \ﬁetﬁeeha&rastmdwgzit::. a cell dcolapares

obt ai ned, by f o adl i GLATLL LN dycLh on. More, sLai ped Jat abkal]ne

phosphat ase and” Wi t cryst rst & Colonies were Tixed
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Furthernore, .the crEP/staI viol et was dissolved in nethanol to rErepare
a 4% cr yErEFIIPITetEts §P0t FBNLOothi*®Ms 6PHit T I kS Sadtet Co t FReelds to
stain t hepeeblsadorandnki ant emusobheecal kal e Jadespbat se ped 1kBoWN to

be expr sed st em_cel I s nd,i,s thus_u rker for the stem
col | o7 ( 22 PpbTe S s p R B | Shrb P EngPE o el TPRL oy 9855 poc
5(4): 31@-1386‘)'er@rﬂjeetdl¢é ety@txallo\n o} et 100 yarst &i medot helusﬁcﬂx@ cal | s.
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count er st ai ni ng. hown in Fig. 1, to 90% of the col onies
of the Ir¢rhgtedlis ther §BEF@<?aI“ied3éuﬁh6§Eh%% é“'§é1r|505| tive when the

dedi fferentiation induction was perforned at any one of MJ 3 to 20.

== Culture after Dedifferentiation ==
The cells treated for dedifferentiation as described above

were seeded on the feeder cells (SNL), and the culture medium was
replaced with an iP8 cell medium (10 ml/10 cm dish) supplemented
with 10 ng/ml human basic fibroblast growth factor (bFGF, Wako
Pure Chemical Industries). Then, the culture medium was replaced
every 48 hours to continue the culture for 20 days. It should be

noted that the iPS cell medium was made up of DMEM/F12

{Invitrogen), 20% knockout serum replacement (Invitrogen), 2mM L-
glutamine (Invitrogen), 1 x 10" M non-essential amino acids
(Invitrogen), 1 x 10" M2-mercaptoethanol (Invitrogen), and 0.5%

penicillin-streptomycin {(Wako Pure Chemical Industries).

== Alkaline Phosphatase Staining and Crystal Violet Staining ==
Colonies obtained by the dedifferentiation induction were
stained for alkaline phosphatase and with crystal wviolet. First,

the colonies were fixed in 10% neutral buffered formalin solution
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== Anal ysis of Expression of Stem Cell Marker Proteins using

| munohi st ochem cal Staining == Three col oni es were random y
cloned fromthe col onies of the aforenentioned al kal i ne phosphat ase
posi ti ve(wgl sur®ABlensitc@ilnt Aguaicth «aad)kakinee phasphataseit ai3tag as
wel | ogical qbservation were carrie ut t confirmthat
these T dRoTR et iR ol  F P o R e el o Te i e e bt
have tymrcaieth@nphdimgnr@@bréeatm egyetal hel @i )s@ﬁuclgmemm*eISI S or
the iPS s%qlult§oﬁn9aw<ﬁe%| kal tne %ﬂgpg Bl 258 PASIl L¥B1s £or 30 NeXt,

col oni es of clones obtained by t e erentiation I nduction were
fixed i Mirg¥eAeut Fig ad&ﬁflér@dp%%wtnaﬁ%m uBtomR CPake PEEsEREnteal

| ndust r i 8sh a@ﬂly\/ea[rﬂi rigaghed wWdd anti mAareg @t khedyc dm QleQGElebee,
1000-fold dilution), anti-QOct3/4 anti bOdéem (Santa_Cruz, 100-fol d

di | uti orf°* SAETRSZEAS SKREABBAY- (M ALi-pof ES™ Z0-1f 8FY- d%?‘tﬁuD&‘f) 5(4):

ant i - SSEA% -ant) boghd (el kirpet£]l 200<kobdldidddinen) thantivibicatels.

anti bod M I ore, 200-fo n and, a t| -Tr al8l i_ body
(M1 p%)%f(et E%Q? SIS dirTOET bd]?%%utt[)vfggqéfé%ﬁy, an -ra%blﬁ aﬁ{]f&r

ant i bodyiucdreir - posEsg&iahtg body or anti-nouse | gM anti body (all of
them were obtai ged, rﬁ{nﬂgl eEU'@é %@%@sxflapeelc%qomgp &% e%a488.,9r

Al exa568 was appropriately used as secondary antibody. Stained cel ?s
wer e exd@filR&dveRtiarlika it PaoPRTRICESH BPBSEYife WheryRPeis | X70), and the
pr ot ei nseREeedeteicttadnf Ohaaddist asCoblroBIde e axAdNedd moal b o
the three clones, as shown in Fig. 3. == Analysis of Gene Expression
of Stem®®el|l Markers usi ng RT-PCR = = The cells of each clone
were anal yzed in terms of protein and gene expressions of these stem

cel | marke o d
transcript :Agﬁyf)é?sgrrer asgggﬁg%% rogfla%t%l on&%HT xv%%&)%@ %}%&s mélslg o)
used forIm@PﬁPha$t%ﬂi7@|W§éé BfaitHearsronucl ear cells before and after

dedi fferenti ahi-08. cdIWHRR CHDLY ORI IO CEhd S f(rlélalE@hz, cORSBidRedsf £om
Kyoto University) were_used as positive contral cells Tot al

RNA was 3f85PRERU rsshPthal tvt IRISPhakeRe VTS LTS F@“T-RI ZEAPT
(I'nvit r@gel)ungi‘e&ni a0 RAA waspy gakade f & 0amdiigs akoked 1 R¥A usi ng
Superscrl rst-Strand_S ntheS|s System (1 nvitorgen S
per f or rre8 5h 3 pl° %s rrerése el‘%)yé’l\éog: U(gl n%l gl}hh%sse
t enpl at @cdhd wémee fld’ISI @witihg priurrma$ fGend theyr eddi ofistiod tihlr@estbmecﬁel I
marker syl EpSEL ot ﬁobyg?%le%xgpég St WCEb Sy IR E deheeL el I n

all of the thriee clones own in . 4. Prinmers: Nanog-F

CAGOCCCSAT FE TECACCAGTORTS (5B |a®kmélnq)pmy@grmse positive.

CGGAAGATTCCC@‘@W%@@ 6§E<Q.dr@s|\|@bta).n@tby3/t‘ﬂre|:ded1fferentlatlon
g‘IC'ACCCTCJfﬂ}i\ ﬁmé JI(EIgél(S% ggwgh)%ig&?rﬁdlzformalln solution

(XBG»AAATW&B@%MA@AE(EI@CEE@ﬁl‘SN&nﬁ)WﬁQX r2afted with anti-Nanog

;ﬁﬁm @%Qfﬁqﬁggﬂf@ ’%'r}f, 4 Ei—0ct3/4 antibody

TGATTGTAG?GEE’TQ’@PGG@'D@EI@I’@@J(M@OFID NEt B)SSERPcaptibody (Millipore,

GCGTCCT EQ
TTGAW @@%@:‘r@%ﬁé QSE@z;'\Qlt%)od?JWﬁuBlllzpore, 200-fold

CTTATGC#A&:E?W@G&@GT%%@E@H%%@* {4y 11dpprs. R200-fold dilution),
GTCCCAAQEEARRYT CAGEGAAG T« { 1SRG |(a1m@1p&:2é Feo - koEd dilution) .

COGTACGEARATTRCTCCACA, { SECTD 08 “1] PEPpAAFE mouse 196 antibocy
GGAGCCCEET SOECTHIGARAATN Ca i SEQ dyD (MOL dB)tr[aﬁPAe4eRobtalned from

B

ATGATGCBANEATGITFGECGERS ¢ SEGIoDINDY a@glk@@m s-talned cells were
CAGAACATCAR LT Gabe TACH{ REQ IR w0 B Biympus 1x70), and the

proteins were detected for all stem cell markers examined in all

of the three clones, as shown in Fig. 3.
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These results indicate that the cells generated in this Exanple are

i PS cells. As apparent fromthe above, iPS cells can be
generated with high efficiency by culturing the nononucl ear cells
derived 44 omapesi phef aenkl agpré s itdie ofif es€ncm:1af MkbRe BNt isi@G3 RT-PCR
antibody without isolating the CD3 positive T cells fromthe

nmononucl ear cells derived from peripheral blood using, for exanple,
FACS, and t hé&kededlid erfersaicat ¢hond h@r@ehhsly%@martatmseoﬁmmlee‘nl]

I'n Conpappf ipue. BXaml £ onl sﬁléﬁes@ QLSAr Lefh %&A&@ the

nononucl ear cel | fraction derived from peripheral bl ood o0 produce

i PS cel |igmunchistqlegicalCpBapplid iapd TeEerts WArecsopPt kal BPLFAES2$¢ om

the sameraMRURLaofidherADRERNC! aar- el afracdd eRedesbyadhfinam
peri pheral bl ood as .those used in the Exang)]icer After sorting, about

30 to 4GHFSEEIPE §HF FRECABRbRICISEATScBPIORS #0€i BRtTeri ved from
peri phercwdllﬁlfeﬁ@hwml@hLal nerdaanerrndjr@oﬁ:DB S tde\lesT(md—se. Theasnsd ed

T cells segg er;_rgl Es coat eddvmagh gh ;an |C{-3I1 C)laryztellliody and
were cul ureg rn 1 fL MbOZ mEdi uht cont ai ni ng F econdi nan
interleukin 2 (20 U/n1) for 5 days. The cultured T ceIIs wer e

adj usted to a.dgnskiy s zséléte’l@ £ 18 lcﬁénéeu@%fr @QQHbéﬂﬁ{H u§§9gal
virus was added to the cells as in the Exanpl e MOT 3

anpl e
i ntrodud®IERE {EEOHTER - vettht, ON8r BBY R}’eetHaFFér EReT eFtlilﬁg tPFlél RNA
cells. using §hﬁbﬁéﬂﬂ£§tiFliﬁﬁLgﬁﬂdiﬂiS?nﬁﬁééﬁéq%st¥mttﬁhv1torgen)
dedi fferentiation inducti esta ned with al kaline phos tase or
cryst al R 68t vas Periogpge ‘5 §Fa8?1“cé° &PFhY°T 'hé“%’&ﬁﬁ rvort3
col oni eshebtaihets memphet deand ftefeelﬁblabwmg imdmetson @GaneMEkp26s$ions

this Conparaliye.xamm! gl te%%‘r'%ggggrlﬁ)fth%oﬁqﬂlﬂgfs &%&%&Q?gsﬁé{mt he

dedi fferentiation induction at In the '
col oni eseddrevert datedted thealdompathei V@f%(aﬁlﬁhésev%m skiven ahkBig ne
phosphatjase positive and negative col onies were both included.

Primers:

Nanog-F: CAGCCCCGATTCTTCCACCAGTCCC (SEQ ID NO: 1)
Nanog-R: CGGARAGATTCCCAGTCGGGTTCACC (SEQ ID NO: 2)
Oct 3/4-F: GACAGGGGGAGGGGAGGAGCTAGE (SEQ ID NO: 3)
Oct 3/4-R: CTTCCCTCCAACCAGTTGCCCCAAAC (SEQ ID NO: 4)
Sox 2-F: GGGABATGGGAGGGGTGCAAAAGAGG (SEQ ID NO: 5)
Sox 2-R: TTGCGTGAGTGTGGATGGGATTGGTE (SEQ ID NO: 6)
K1lf 4-F: ACGATCGTGGCCCCGGAAAAGGACC (SEQ ID NO: 7)
Klf 4-R: TGATTGTAGTGCTTTCTGGCTEGGCTCC (SEQ ID NO: 8)
cMyc-F: GCGTCCTCGGAAGGGAGATCCGGAGC (SEQ ;D NO: 9}
cMyc-R: TTGAGGGGCATCGTCGCGGGAGGCTG (SEQ ID NO: 10)
GDF 3-F: CTTATGCTACGTAAAGGAGCTGGGE (SEQ ID NO: 11)
GDF 3-R: GTGCCAACCCAGGTCCCGGAAGTT (SEQ ID NO: 12)
Rex 1-F: CAGATCCTAAACAGCTCGCAGAAT (SEQ ID NO: 13)
Rex 1-R: GCGTACGCAAATTAAAGTCCAGA (SEQ ID NO: 14)
DPPA 4-F: GGAGCCGCCTGCCCTGGAAAATTC (SEQ ID NO: 15)
DPPA 4-R: TTTTTCCTGATATTCTATTCCCAT (SEQ ID NO: 16}
DPPA 2-F: CCGTCCCCGCAATCTCCTTCCATC (SEQ ID NO: 17)
DPPA 2-R: ATGATGCCARACATGGCTCCCGGTG (SEQ ID NO: 18}
GAPDH-F: CAGAACATCATCCCTGCCTCTAG (SEQ ID NO: 19)
GAPDH-R: TTGAAGTCAGAGGAGACCACCTG (SEQ ID NO: 20)
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Conpari son between the Conparative Exanpl e and the Exanple indicated
that the nmethod in the Exanple is about 100 tinmes higher in
efficiency of establishing the i PS cells than the nethod in the

Conpar ati ve Exanpl e [ Conparative Exanple 2] Thi s Corrpar ative
Exanpl e sho that tep.of..cult rln ear ce I he
presence of Wgntl - Sl élol%ogi"lcaé%% |r‘?t eu‘ﬁgﬂCSZ 3 re i rlepblt &n the

i PS cel IBscaalpéegenﬁerJaEtSeGeﬂ-iiem t he m)nonucl ear cells descrl bed in the

Exanpl e. As Ebﬁéfené“%%ﬁll%@aa{bcﬁz%' | §p§b&é‘iﬂ.e%afnr gm Q@t{ém%ﬁalm.th
bl ood were seeded on di shes coated wi'th the anti-CD3 anti bod

descri beddnefhtc Bagly SRHCEUINUTEs PARHE ISrEseRtss dfferlﬁteérﬁé?fkl n

2 for 5;(&&&[§heﬂ_£te Mlﬂdduﬁﬁdtﬁt@'ﬂrses\é%b@ gdedifd enent bt echdipRst ablth&h
i PS cells (anti - + IL2+ Vg% 5)he ot her hand, the m)nogilcl ear
et CSF

cel | s obtSLAEI™Y r'otf (e B8 t'b BT TRt & Nee BARGIHT SR
uncoat ediswiivhdt freonanteriGB8rahth lhady vahdg c uf drureedmpse ng?pa:sKBMEGZthen

medi u C@ftdq?%ré&l%%) %ktl_‘ﬁe 2.for, 5 days to establish i PS cells

(anti - e fononucl ear cell's were subj ected to
dedifferentiation by adding the Sendai virus that is able to express

reprogr a[rgéhﬁggr;@p\té)rﬁatnglghg nmononucl ear cells at ND| 3 for both of
the anti - + 1 L2+ group and the anti-CD3- 1L2-

af or enent i onéd ESPRMIFENFeRkaBr e T PSILR| 31 Sé’rltatil%y(%csotfrf’ﬁethe
nunber efondhGENELt RN 1CELE St idh Whirchet herSendaiiphetras viavsadded to

t he nunber .of avgsal 'e{lﬁ phosphat ase positive col onies was cal cul ated
as an eff&i8Rc &'iPS cel |l establishment. As shown in Fig. 6,
the efficientyref, t¢ied ipeSiceél¢ 'Esieablsi shnendonvasl 090 FACS tthemanhe- CD3-

| L2- gr %lé emgtlnévﬁ'é ae%l(éﬂ%f Qﬁnérnﬁ:ll%gtrl 1la!'c%+8gr8 ived from As

apparent fromt ove e cells are require e cultured in the
pr esenc@ee‘ﬁp?flﬁéalarhlto-oéD@Sahlt‘?etﬂ)dly?eénéint‘He? iTreepleuki A 2y FosEHRY, t O

gener at gpbiie W&&eﬂolfs okr oM 1he fRRENKEL &AIc168k| 811 NESichibal derived
Applicabilit resent invention made it possible to froduce

AR Lol ol bR TN PLOPOTAP FEBRIREA AR s s ebr et Teaetl o

peri phermak bboosl T cells were seeded on dishes coated with the anti-CD3
antibody, and were cultured in 10 ml of KBM502 medium containing
recombinant interleukin 2 (20 U/ml) for 5 days.

The cultured T cells were adjusted to a density of 7.5 x 10°
cells/ml. The recombinant Sendai virus was added to the cells as
in the Example at MOI 3 or 20 to introduce the recombinant
vector, thereby dedifferentiating the cells,

The cells in the colonies obtained by the dedifferentiation
induction were stained with alkaline phosphatase or crystal
violet.

Fig. 5 shows a graph comparing the number of colonies
obtained by the dedifferentiation induction at MQOI 20 in this
Comparative Example with the number of c¢olonies obtained by the
dedifferentiation induction at MOI 20 in the Example. Only few
colonies were obtained in the Comparative Example even when
alkaline phosphatase positive and negative colonies were both
included.

Comparison between the Comparative Example and the Example
indicated that the method in the Example isg about 100 times
higher in efficiency of establishing the iPS cells than the

method in the Comparative Example.
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CLAIMS 1. A method for producing an i nduced pluripotent stemcell,
conpri sing using nononucl ear cells derived from peri pheral blood as a
starting material. 2. The nethod for producing an induced pluri potent
stemcel | according to Claim1, conprising: (i) culturing the
nononucl pafnaeht svdesimgdef bpm peripheral blood for 3 to 14 days in
the presence of anti - anti body and interleukin 2; and (1)
subj ecting t FE1EUFPIRELR o ATETRES STEMPs IRt doditePePENFIHITHRY 3. The

met hod fincpi@dust Ng:=1A%k iiAdUEE dor sénicpObe NdniSt-@Baceht ibody and
interleukin 2 is reguired when the iPS cells are generated from
the mononuclear cells described in the Example.

First, mononuclear cells obtained from peripheral blood were
seeded on dishes coated with the anti-CD3 antibody as described
in the Example and cultured in the presence of interleukin 2 for
5 days. The cultured cells were dedifferentiated to establish
iPS cells (anti-CD3+ IL2+ group). On the other hand, the
mononuclear cells obtained from the peripheral blcood were seeded
on dishes uncoated with the anti-CD3 antibody and cultured using
a KBM502 medium without interleukin 2 for 5 days toc establish iPS
cells (anti-CD3- IL2- group). The mononuclear cells were
subjected to dedifferentiation by adding the Sendai virus that is
able to express reprogramming factors to the mononuclear cells at
MCI 3 for both of the anti-CD3+ IL2+ group and the anti-CD3- IL2-
group .

In the aforementioned establishment of the 1iPS cells, a
ratio (%) of the number of mononuclear cells to which the Sendai
virus was added to the number of alkaline phosphatase positive
colonies was calculated as an efficiency of the iPS cell
establishment. As shown in Fig. 6, the efficiency of the iPS
cell establishment was 0% for the anti-CD3- IL2- group while
0.016% for the anti-CD3+ IL2+ group.

As apparent from the above, the cells are required to be
cultured in the presence of the anti-CD3 antibody and the
interleukin 2 in order to generate the iPS cells from the

moneonuclear cells.

Industrial Applicability
The present invention made it possible to produce 1PS cells
with high efficiency from mononuclear cells derived frxom

peripheral blood.
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according to Claim 2, wherein: one or nore dedifferentiation
factor are introduced into the nononuclear cells in the step (ii).

4. The nmethod for producing an induced pluripotent stemcell according
to Claim3, wherein: one or nBkRIMEconbi nant expression vectors
being able to express the dedifferentiation factors are introduced
for the introduction of the dedifferentiation factors. 5. The nethod
for prooFum nd* AFCPAGUEII BBICHRFOT ettt SCBAPE P HECSFRI nEE D Sldirm 3

or 4, wheiirising usidd@cdediutfereniciaki @arfaat Ersmi PesSaitSlep16bd)
are Sox2 Octg 4 KIf4tan ﬁ Myc. 6. The nethod for producing an
i nduced P dr iS55t BhtS SPEFEEaL T

2. The method for producing an induced pluripotent stem cell
according to Claim 1, comprising:

(i} culturing the mononuclear cells derived from peripheral
blood for 3 to 14 days in the presence of anti-CD3 antibody and
interleukin 2; and

{ii) subjecting the cultured mononuclear cells to

dedifferentiation.

3. The method for producing an induced pluripotent stem cell
according to Claim 2, wherein:
one or more dedifferentiation factor are introduced into the

mononuclear cells in the step (ii).

4. The method for producing an induced pluripotent stem cell
according to Claim 3, wherein:

one or more recombinant expression vectors being able to
express the dedifferentiation factors are introduced for the

intreoduction of the dedifferentiation factors.

5. The method for producing an induced pluripotent stem cell
according to Claim 3 or 4, wherein:
the dedifferentiation factors in said =step (ii) are Sox2,

Oct3/4, Klf4 and c-Myc.

6. The method for producing an induced pluripotent stem cell
according to Claim 4 or 5, wherein:

the recombinant expression vector is a Sendai virus vector.

7. The method for producing an induced pluripotent stem cell
accoxding to any one of Claims 2 to 6, further comprising the
step of:

(iii) culturing the dedifferentiated mononuclear cells for

14 to 25 days in the presence of a growth factor.
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according to Claim4 or 5, wherein: the reconbi nant expression vector
is a Sendai virus vector. 7.The nethod for producing an induced

pluri potent stemcell according to any one of Clains 2 to 6, further
conprisitg tHesmephod: for prodiring aulindprag pheidedeht esemt ictldd
WDHOHUC|£_BJOIQ1§[T1[E}S i)oinyl%nnao ESCg% lln Eh€ piﬁkﬁeﬁ:%qglesggdapﬁl%t&al
factor. 8. The method for producing an induced pluri potent stem cell
accor di a8 dfydertvest faea REmanto 7, wherein sai d peripheral bl ood
is derived from hunman.
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