SPECI FI CATION Method for Inducing Differentiation to Skeletal Miuscle Cells
Technical Field [00011 The present invention relates to a nethod for

i nducing differentiation from bone marrow stromal cells to skeletal nuscle
cells. Background Art [0002] For nuscul ar di seases, especially
degenerative di seases of skeletal nuscles such as muscul ar dystrophy, no
effective therapeutic neans is avgpL@gigggvMﬂgesent | f skeletal muscle
cells can be prepared frompatient's own bone marrow stromal cells,

aut ol ogous transpl antation becones possible, which is believed to be an
effective therap o t ver, uti t.i on tal mnuscle
cell s generated fﬁ@ﬁ% EE Qﬁ?ﬁgpgaﬁ Bbﬁ%d%%ﬁF%éﬁngﬁﬁﬁf*ieﬁ? Sis expected
not only in therapeutlc aspects such as the aforementioned regeneration
medi ci ne, but in engineering aspects such as artificial organs with
prospectq%ﬁI*%%ﬁ?@ddevelopnent Since nmuscle cells can be easily prepared
by a cul fgspe) | evel procedure, use of the cells is also expected in

pr epar ati on of hybrid type artificial organs and the |like. [00031 As a

met hod for |ndﬂh¢pgmdnfhswehbnaeh¢Msuﬁabmmbxhﬁwﬁmwmamgdﬂﬁheﬁ@hﬁ@uﬁmMD

skel et al nuscle ceh}s fagbgp E %jscl i n Japanese Patent Unexam ned
Publ i cat PG1 TRERA §trjB2 O PRAFEIIpECE . This method conprises, as
essent i aBa&8iepsnd A1) t he step of |solat|ng bone marrow stromal cells from
bone narrOM/and culturing the cells; (2) the step of adding a denethylating
agent (5°893kytidine); (3) the step of adding a cAVP-increasing agent or a

cAMP anal ogue hin); [ QL i ledifieran | &N,
factor (bFG, lﬁr%ﬁ&%,l& ar"f’ {é@%g &;p;ec ?E? qitcﬁggésl{dfggg% gea?%lbt roggﬁﬁtg}%ﬁgﬂog
gene andywh s Itxmcmlharsdima:ighmgnw effatted ihenepduticontdres isevhdalalndht pcaédnﬂr i ng

t he cell t he e cul tur sai d gene-i troduced cells w

non- * nt St 8t PRl e Fitkatt B R St ety b Gt et Saerab ent
or a CAMRitoRBaLOGUB s ALK bdthmek POOLD1HOMEMESs, bRecBlPFEARR0REH met hod
i ncludes _six steps, and thus has a 1 problemthat operations are very

conpl i cdhempepticrpethef) eMoreqysrittlizadinnttiskalesdl mapde aeliosrpeareddsrpor ned,
i ndef i n'ﬁa%en@% Wﬁbd&%&%%ssum&ﬁ&}i@‘?é‘ ek;?@c(Ee& Ho@&ﬁ&qﬁﬁﬁeﬂalﬂeutm aspects

such as the aforementioned regeneration medicine, but in engineering aspects such as
artificial organs with prospect of future development. Since muscle cells can be
easily prepared by a culture level procedure, use of the cells is also expected in
preparation of hybrid type artificial organs and the like.

[0003]

As a method for inducing differentiation of bone marrow stromal cells into
skeletal muscle cells, the method disclosed in Japanese Patent Unexamined
Publication (KOKAI) No. 2003-144155 is known. This method comprises, as
essential steps, (1) the step of isolating bone marrow stromal cells from bone marrow
and culturing the cells; (2) the step of adding a demethylating agent (5-azacytidine);
(3) the step of adding a cAMP-increasing agent or a cAMP analogue {(forskolin}, and/or
a cell differentiation stimulating factor (bFGF, PDGE-AA, Heregulin); (4) the step of
introducing a Notch gene and/or a Notch signaling related gene into the cells and
culturing the cells; (5) the step of co-culturing said gene-introduced cells with non-
introduced cells; and (8) the step of adding a cAMP-increasing agent or a cAMP
analogue (forskolin).

[0004]

However, the aforementioned method includes six steps, and thus has a



i nduction efficiency. Moreover, this nethod is basically proposed as a

nmet hod for inducing differentiation into nerve cells, and is not optim zed
for selectively inducing differentiation into skeletal nuscle cells.
Furthernore, this nethod uses a m xture system containing elenents other

t han myocytes, and therefore, the nmethod has a problemfroma viewpoint of

safety f i, Ni , I 1on.of | d tal, .mis. .

R S S A S o S A o
An obj ectrofitivhe apy pedmimdidiveddfiote fastdre iprovicdewlidhenhpdefdow deadust ny
differentiation f.rom marrpw stromal cells. to skel etal scle cells. Mire
Gpeci {1 o itioR R RRTRC M Nl Tat BEhAT IOSRET B TROLE SoPaUr BRI et hod
for noreigfci:gl @iffekdntaiitbn SOMNYEAIERNILYahd dUC g tidhiLE L FRNIALIVOR ihaQfmBone
marrow stromal cells to skeletal nmuscle cells with good reproducibility
conpar edditferpefigaonEtthslc gt crpidelcills.  Fapthrageredhénmetindaies regixture

PUbl I cat éﬂ@e%ﬂngaqgﬁf 194%e§éotiyglaﬂ§anf Bg()@q‘.@é ecl\ljldr{geicquxquijme&toﬁho[dolg)a%@g' Th.e

i nventors of the pregént Invention conducted various résearches to achieve
t he af or prebidn drved a ol veotint ASsadetiyefouklinichhayplfcatind of hatycel skthealimdudd | on
of diffeﬁﬁntiation of bone marrow stromal cells into skeletal nuscle
cells, (%3 the step of adding a denethylating agent (5-azacytidine), (5)
t he stephDoflgarcst theMnRgnigane- introduced cells with non-introduced cells;
and (6) the step of adding a cAVMP- increasing agent or a cAWP anal ogue

(f or skol Yhiect thbchclieepkbathe bosatidared as essential in the method

di scl osegphg Japanese Patent Unexam ned Publication No. 2003-144155, were
successfully omtted, thereby the operations of the total process were
sinmplified to dacked yf thagresse idvd:ftememntto arvdde andeidion Joefdducirency and

efficiently create skel et al Iscl e cel I's. The present [ nvention S
Scconpl 1 SHBH U P B OB 1B b S rEhE I GHIB T e g, OEGPECTRELY
present thewdidck 0NtH i sOf OVivERS0R TR 11odideQl micPEHICIR G G fef@sienily ahiion of
bone marrow stromal cells to skeletal mnuscle cells, which conprises the

f ol | owi rfgnveRigpyy indycane fHErenption fudabere Breror sirpmeal kilkde drldabst ances

sel ect ?%Lé&éfkél'&ew%cgﬁgd r&?ﬁ%ﬁh&%hﬂ% &l - E8Y $idiCofNB RaNGEN oL K2l so
abbrevi ated occasionally as "cAW

Japanese Patent Unexamined Publication No. 2003-144155.

Means for Achieving the Object

[0006]

The inventors of the present invention conducted various researches to
achieve the aforementioned object. As a result, they found that, in the induction of
differentiation of bone marrow stromal cells into skeletal muscle cells, (2) the step of
adding a demethylating agent (5-azacytidine), (5) the step of co-culturing gene-
introduced cells with non-introduced cells; and (6) the step of adding a cAMP-
increasing agent or a cAMP analogue (forskolin), which steps are considered as
essential in the method disclosed in Japanese Patent Unexamined Publication No.
2003-144155, were successfully omitted, thereby the operations of the total process
were simplified to markedly increase differentiation inducing efficiency and
efficiently create skeletal muscle cells. The present invention was accomplished on
the basis of the aforementioned finding.

[0007]

The present invention thus provides a method for inducing differentiation of

bone marrow stromal cells to skeletal muscle cells, which comprises the following

steps:



i ncreasi ng agent, a cAMP anal ogue, and a cell differentiation stinulating
factor to a culture of bone marrow stromal cells wherein said bone nmarrow
stromal cells are cells not treated with a denethylating agent, and
culturing the cells; (b) the step of introducing a Notch gene and/or a
Notch signaling related gene into the cells obtained in the aforenentioned

step (@) (a)aRd <&y S ddngk Bxb@olcﬁlokékir@sﬁ#tsﬂiag‘:a cosCdlde -rtftgfgin tmé%bl)@ét s wherein

said culture does not contain a co-culture of the ce i ntroduced with

t he genecarsdstirenef meycdid dél (eelde§irtiantbo (abprehatedtoeprsdinadlydiag AMINOt ch
ligand tg the.culture of.nyoblasts obtained.in the aforenentipned step
() " anc Y e Haal EPARREE AR S E SR e e RS I e B B
af or ementq]omect fildvie M4 106w stmoMicdRe waleeeih i Bk o e Mowonesn ABtNRtre WhRE €i N
Jagged | protein is used as the Notch Iigand in the step (c); and the

af or ementPloriegtedat b g, doprehelatingrgeat-gd @ltyméng Perdedened in a serumfree

medi um  ({9QR8Li 5 AT AVRLARL m&gﬁtbgeng *aﬁdmr%Sﬁ@échis%%@%%mégwﬂ@me ¢t hod

for inducing differentiation o one marrow stro nmyobl asts, whi ch

conpr i seselistidbtdiged onithgafost mpstiofea) stehdaks tep coftuaoidi thg colie tosbtadr e ki nds of
subst ances, sel ected.fromthe gro consi st of .a cycljc ANP.increasing
agent , a"“ﬁ}s}f\}‘ﬁ Ogr?lasf%éau%? whes 13%%#?“1“&% oé’FélﬂP ?(Hlti‘ighd§¥icﬁhf1’éet? 1‘&“%‘i"i@for to a
cul ture witrdiened Magh O &k @l ndeldtsodidaed eéifs; asai d bone marrow stromal

cells ar&1 cells not treated with a denethylating agent, and culturing the
cel I's; althayiep véaddias oNotoh hemdciornde £ Nore Al Benklaatiabsringd NB R

si gnal i ngror &l alieshedg ! Sud PEtuSEEkRe g@tléi ned in the aforenentioned step
(a), and culturing the cells wherein sai culture does not contain a
co-cul ture of Adverdellispwiftiret kenlpdiesniand thonfirateotiucaetinvestibs, From a

still further ;aspect, .the present invention provides a nmethod for . inducing
differ erﬁ’iogﬁegn‘noi ﬁ%%oﬁfrgggéo’t“bcpglﬁgfoedt Sihefpie aggﬁ‘gﬁlp§?t%?sc‘ﬁseéioarrsp{rl’ieses t he
step of MedhngzaadNatthb stdpg@ndniaha aGedetin@ioatd mM@hbd st SoreaneheCdibp Hiing t he
cells. [0009] The present invention also provides skeletal nuscle cells or
nyobl astReriGBesi RpiE By TehaedYPement i oned net hods, a phar maceuti cal
conposi tpggsfor 3 therapeutic treatnent of a nuscul ar di sease, which
conprises the aforenentioned skeletal nmuscle cells or nyoblasts, and use
of the af or em8frvivomedhskeadrechlthpmsedeat invention provides a method for inducing

differentiation of bone marrow stromal to myoblasts, which comprises the following
steps:

(a) the step of adding one or more kinds of substances selected from the group
consisting of a cyclic AMP increasing agent, a cAMP analogue, and a cell
differentiation stimulating factor to a culture of bone marrow stromal cells wherein
said bone marrow stromal cells are cells not treated with a demethylating agent, and
culturing the cells; and

(b) the step of introducing a Notch gene and/or a Notch signaling related gene into the
cells obtained in the aforementioned step (a), and culturing the cells wherein said
culture does not contain a co-culture of the cells with the genes and non-introduced
cells.

From a still further aspect, the present invention provides a method for
inducing differentiation of myoblasts to skeletal muscle cells, which comprises the
step of adding a Notch ligand {0 a culture of myoblasts, and culturing the cells.
[00091

The present invention also provides skeletal muscle cells or myoblasts

obtainable by the aforementioned methods, a pharmaceutical composition for



cells or nyoblasts for the manufacture of the aforenenti oned pharnmaceuti cal
conposition. The present invention further provides a nethod for
therapeutic treatnment of a nuscul ar di sease, which conprises adm nistering
a therapeutically effective anmobunt of skeletal nuscle cells or nyoblasts
obt ai nabl e by the aforenentioned nethods to a patient in need of

adm ni st Eﬁéﬂaﬁ@ut@é tl%gﬁhgﬁt%fa %gélﬁar 9%‘e£§e,%hi£ﬂ’9%;gﬁ£és Lt?% alf&%?l{entio

od
adm nistration or systemc admnistration; and af orenent i oned met hod,
wher ei n shdebit et wich cefigse lneyabdddts, ord nyeolf] ths tasorame ntieht d skélagilcadsclpy

differentiation of patient's autologous, or_ heteralo _bone pmarrow
tronar cal & e PR heh Bl PY PR b ot emEROeRE R OG0 The et hod
of the ptaspsitibfnVverid prskst aveRtiBRUuftBEr hAFUEIsnOmdifdieoenbéabb@i. of bone
marrow stromal cells to skeletal nmuscle cells, which conprises the

f ol | owi nfreabrepset q mpseHar disepsomvhidkirmgrone whnimsteriggradestrantisstiances
sel ect edeiffécqmetanﬁong{tQ)'kaelggﬁsrhégélfpgcl%fm%%%ﬂs%%'ﬁ%ﬂgblg%ya&%m’ a CAWP

anal ogue, and a ce differentiation sti Ing factor 'to a culture of
bone naralovementoered mefhods whemeitiens & dedbokad mristowtist pdHsedletebklwcare cells

e e G A T 0 I EO I
the celirabb@ined hotHolewat &g BOLkABRM nSERR: dAlk.oranfblaldtl uké B4 he cel |'s
to obtain a culture of nyoblasts, provided that said culture does not

cont ai n ‘Rdusethy fiffacpiatior of priientntvisthgens ot Bplesolager sione meyeuced
cell's; and.,{g).difie step of adding a Notch ligand to the culture of

nyobl asts obtained in the aforenmentioned step (b), and culturing the
cells. [BotNodnbr fetrhode ofit thelpre@sient i nvention i s characterized by not
i”C|UdiW%oE&f steps nentioned as essential steps in the previously
publ i shed nethod for inducing differentiation to skeletal nuscle cells

(the method corpy insiltg dffiBe Hrdscht SRS rdRRGE abREkhokTof RLRLQY @R d1anesh
patent publication, par aqr aph [ 0022%\ and t he like): (2) the step of adding
a denmet H/1PRPE mpragBstropsl g e (¢ plerlnke) myssle qefls. whigh wmrréresthe rllavgnef t he
celI's inggpduced with the gene and non-introduced cells; and (6) the step
of adding a 4 cAVP-increasing agent or a cAWMP anal ogue (forskolin). In
parti cul(at thengep iohell digigrogre orhreoreckicdd blisehstindehecketcdsromtthoducad wi th the
gene anq:oglgi%tigg%?Lir%tj—\wggc%ga&gé lasgeriltf aaE:AMP analogue, and a cell differentiation

stimulating factor to a culture of bone marrow stromal cells wherein said bone

marrow stromal cells are cells not treated with a demethylating agent, and culturing

the cells;

(b) the step of introducing a Notch gene and/or a Notch signaling related gene into the

cells obtained in the aforementioned step (a), and culturing the cells to obtain a

culture of myoblasts, provided that said culture does not contain a co-culture of the

gene-introduced cells and non-introduced cells; and

{c) the step of adding a Notch ligand to the culture of myoblasts obtained in the

aforementioned step (b), and culturing the cells.

[0011]

The method of the present invention is characterized by not including the

steps mentioned as essential steps in the previously published method for inducing

differentiation to skeletal muscle cells (the method comprising the six steps described

in the aforementioned patent publication, paragraph [0022] and the like): {2) the step

of adding a demethylating agent (5-azacytidine), (5) the step of co-culturing of the

cells introduced with the gene and non-introduced cells; and (6) the step of adding a



primary characteristic of the nethod of the present invention. Although the
nmethod of the present invention can be used for the preparation of

skel etal muscle cells of mammals including human, a preferred object is
human. Details of each step according to the present invention can be
better understood by referring to Japanese Patent Unexam ned Publication

No. 2003;Af@L55, JBAL OVA i j.scl . of - saj d.
publ i cat ion is fér%orgpgérbgﬂggqbé;/ﬁvr{g}grglleo%gg (fo(r%ts %Oq%‘ﬁ'e gfgéﬁbcgl&%légogb@ﬁ%ﬁgé
speci fi céltd oncul 0 1 [thTheldboredmed ervitistireogrle a0l the rwsed tiodutdbcdistihad of

the present invention. mean,cell resent in the bane row ot.her than

cel I s of PtHE rﬂén‘ﬁ%lp%?(gfsitéc Y\ rbf éﬂ?tﬁogﬁg%%%ﬁfs‘é?te‘n%’?@?%eng]&{’?%}b@ep‘ﬂ?@ﬁ?i ally
di f f er entf @il BrebditGn oGl 1EOCHEs uSHIORALRE YiQSratiRdbPOENS @S nARdletdgs b ke.

Bone marrow straomal cells are identified by positivity (+) for Thyl and 2,
posi ti vi Bpglsfipeluging biyagpi hprefpged ebiect 6 hymey. {Betadnad eagh sigpepar at i on
met hod o el | s i i fical Lk ' (1 in
Japanese FarorF OnSkhre nod BBl sty oh T spbs R BEP R R lRLE |
the art Pelzntéhekhkypinst Binlidove Nard(ow st4loimiend@inked abbor. eRangltére cul ture

of bone parrow stromal, cell, can. be prepared extracti.n on rrow
Strom SarPeYte e REPHsREP R Ahe eurees Prge e s e st e halar o

basal neelwmmnssupptamented with serum For exanple, it is desirable to
subcul ture bone marrow stromal cells for 3 to 4 generations, and then
prepare Q0L ¢ ur e adjusted to a cell density of, for exanple, about 1700

celI's/cne. As 41g, sl.anda0d, Hasah @g'%%ég%g%g{ﬁh&{ ﬁe Se?}@%érlﬁﬁvel{ﬁ(ﬁ{)wm

essential nmedium and the |i ke can be use as t u feta Vi ne
serum oreimctlhepicase iof thhumwan, moumentser thrmoaiis bé thiskanoddietibengemar r ow

stromal cel),s used in,th t hod of .t he .present invention need not be
reated St HErHES oAt g b ety Gl oS e e et Koo tesetpte i n
JapaneseadRpd§ds addgeankdeBRiehh b 6at 900N cc2Q03e 1dAkHRd KN goLfivither)
characteristics of the _prese?t i nvention is based on the finding that

i nduct i dA* P Yrpf & entitiativdn) fo Bkistesrar, andsetea tively] sfoniBef £ ci ent | y

achi eva J neat i L. h i nt. 4.S,. .0 «-Whi ch
e convetp bredlo Tt R Ak b ot 3BTRS R G Weplodne S AL e
agent orJapheesAVRcahblrogueinddoP ulgxanipheyo. fAN0SKaMi1 A5, thare beilladéd thbatt not
limted theret

dhereto. btme Qr nore V‘I§is ds (i)fC (EAIVP{ i ncreasi ng, agen S5 or CAMWP

anal oguée CAR D> BERPERT PRVETY *UoRH A hdlBI 4 Bunar T aET B O EHE  cAVP

i ncr easisa@negentl cah HehfefAMR 13N tOGUB gl ok Oha RAWLItEsth AN deY! b the@Gont he
marrow, and culturing the cells in a standard basal medium supplemented with
serum. For example, it is desirable to subeculture hone marrow stromal cells for 3 to
4 generations, and then prepare a culture adjusted to a cell density of, for example,
about 1700 cells/cm? As the standard basal medium, Eagle's alpha modified
minimum essential medium and the like can be used, and as the serum, fetal bovine
serum, or in the case of human, human serum can be used. The bone marrow
stromal cells used in the method of the present invention need not be treated with the
demethylating agent employed in the method described in Japanese Patent
Unexamined Publication No. 2003-144155. One of the characteristics of the present
invention is based on the finding that induction of differentiation to skeletal muscle
cells were efficiently achievable if the treatment with the demethylating agent is
omitted, which is conventionally considered essential.
[0018]

As the cAMP increasing agent or the cAMYP analogue, for example, forskolin

can be used, but not limited thereto. One or more kinds of eAMDP increasing agents

o



concentration may be, for exanple, about 0.001 nMto 100 pM preferably
about 500 nMto 50 M As the cell differentiation stinulating factor, for
exanpl e, basic fibroblast growth factor (bFGF), platelet-derived growth
factor-AA (PDGF- AA), neuregulin (trade nanme: Heregulin), and the |ike can
be used, and two or nore kinds of these substances may be used in

conbi nat p,ppa A &m&‘@ﬂs%ag%cﬁﬁ%ﬁtlb&@ Qéedt h?&l%ugﬁ AbferentibabE an

sti mul atln&factor I's not particularly limted e concentration may be,
for exanpfhlP migoansing: o@Dt ngtht C&Mﬂwip@dqﬂs nop pefecdblly lamberl ttth ng/m to

2 jig/m 1] ; ef rable rentla | ati ng
factor iR Ac%n%?ﬁg i or?pg f?’f’ue | nC a%ﬁnté’ ]gjé)elh > Brefe | ogue.
For exalrml\/bto S%pmk;)Lﬁsﬁh@&eilmgﬁfeﬁbﬁ%oﬁﬁh@mﬁhwgﬁﬂmé), fla&Ds;fcéﬁfxe(@plegﬁdﬂu) dand

neur egul | ng ! to_ the. agl e i fication nedium
Cont at ni HOTHGoREBT 4T bisthrie T ou uhinGrteks orisaieroughdsiar PTG R cel 1 ar e
cul turedn&h%?gﬁhﬂ(trgéﬂla% ?Ie@@élhﬁ{) 2iq skel ift Bin HE%%(? arSUGID §8hb% Gages to

be expressed’in this stage, d by using the nar as an index,
addi t i onoloheshenkaftoreremy bmedechgemlsblamuom heAlbbbtgh @ commenbet p:ercffcbhereeﬂl

00 f ch I | d
may be SR et By Hpab ULkl PPR PR R Dati R Bl PR G e

f or nammhneanm@m Iasout Hove g rml tmma@g/hﬁdpﬁesmﬂety dnguttoesinbaittbe @beve
nmet hod, nd sw‘t:‘3 abl e gene introduction neans can be enpl oyed. For
)

exanpl e, tlﬁé are 6blﬂlt€IBSE3I‘*B%ﬁ?léldlfg’dﬁ{l‘ém%@mm%dmg&?‘L%"y’t”cﬁﬁl‘r}ﬁﬁﬁ‘fd‘éﬁral n

(NI CD) C@Nﬁtﬁx@'cﬁm tholesghi Qg@hﬂd} t%@rm@ﬁgnafgasntpMn&eg@rmmeﬂrm%' gation
No. 2003-144155, Exanple 1) can be introduce After the aforerrentl oned

gene i ntEMAUTIGHALO oeils FIEFoMA Edeinl} And m@ug@n@m@ﬁobﬁg/mbm@é edagd (o

neonyer na Y ERKE LR Raih, B Eh O Bty ShaRIETRNye et ErBS PR about

1.0 to Ibche rdaydw sTmnsledeeletaed cGRLtEl @fegeidleSPaablhy aCubilkbred skelbidl rleye
reach 100% confluence., The cells obtained as descri bed above constitute a
myobl astSUHBFGIACPBRS tahe c¥hiesess wsthinsiaeeraniShy RreE &6 kT 8F 4R<BRPDt i on

factors @s ekl af (HIuSEHen JRIRE S gSHEM AU MOR BN BQEERi R BOTe O be

detectabl e. After the gene introduction or the orenenti oned sel ection,
the met H88l¥escri bed |n Japanese Pat ent Unexamni ned Publication No.

2003- 144155 |t f. th | ft trqoducti
with the gengqgkg’)ﬁuc P no tthg'%ﬁ%éﬂé’ Cﬁrtlﬁ“f}aélegé% E ngen‘{ﬁ]élg’%euc Hon

af or enmentttonedl bgdocukdmpl, ﬂ1§ofé6{101€aéihlgeﬂl Offresdloh h@ctﬂftd}qdaminaum qaflesent
i nventi ﬁ‘? 6 Anot her characteristic of the present invention is based on
the findi WP Ehatedrsibeddnpot Bt fedr @ be abptnmebhosk erdiat i IANE Fettel T vias

successfiglb¥uiddsdns Ead Be eﬂip@&}%ﬁ?nﬁ*bp@ﬁﬁnple, the pCl-neo-NICD plasmid
containing the Notch cytoplasm domain (NICD) ¢DNA (plasmid described in Japanese
Patent Unexamined Publication No. 2003-144155, Example 1) can be introduced.
After the aforementioned gene introduction, cells introduced with the gene can be
preferably selected. This selection can be performed, for example, on the basis of
neomyecin resistance by adding G418 sulfate, and usually completed in about 10 to 14
days. The selected cells are desirably cultured until they reach 100% confluence.
The cells obtained as described above constitute a myoblast population, and the cells
are transformed so that transcription factors as skeletal muscle markers such as
MyoD and myogenin come to be detectable. After the gene introduction or the
aforementioned selection, the method described in Japanese Patent Unexamined
Publication No. 2003-144155 employs the step of coculture of the cells after
introduction with the gene and cells not introduced with the gene. Whilst, the

aforementioned co-culture is not carried out in the method of the present invention.

6



co-culture is omtted, which is conventionally considered essential.
Therefore, in the nethod of the present invention, after the

af orenenti oned gene introduction or the aforenentioned selection, the step
(c) is performed without performng the co-culture. [00151 Then, fusion

i nduction for inducing mature skeletal nuscle cells fromthe resulting

myobl ast 3o fh RRLHAL ARG RS SORAI 10 drR ih P& 33 ER HaSld od BhS ﬁﬁhr‘r& G0 B ient
performed by adding a Notch ligand to the culture of nyoblasts and

cul t uri ngifferentigidpn o slpdetahenNoteate Ll ivgarmhcedssfulbxandpl el ifFhggédemeptionel n
(Li ndsel |,. G, et Ll,,. 80 . 909-917,. 1995) can be.used. Al though
a concen'%or éﬁilgrﬁe lgfor%zlﬁtgegégo%fhplﬁ 0 Ié?eﬁﬁlpﬂsn a o%onﬁlgFf%%cﬁS%?ﬁlgl'l FP ‘*tegafe’%‘h he
concent r afetlont sfbiyrcheesdmdrinexanpl, aftealbbdikfoke hhon BOndi0idHe, int At ws @b Yheabout
Spg/m . A type of the mediumis not particularly limted, and an ordinary
basal nediotnferBrnahaiston. Peviierdrds pediormedtithrwiwariamninmgtherre Mulkee. can
be used. [oBdlikhough about 10% of serum such as PISS can be added to the
medium a serumfree medium can be preferably used. By using, for exanple,
a serum free ‘hedi dnsisnchdadionTer sedusmd me¢urmediclotm] Yosbtiedalls Ronetheal .| J.
Cell Sci,. 11 769-. 779, 1998) kel etal nusele cells suitable for
clinical Masﬁipl)tluf%:g&?%lﬁg%aﬁ %éfoﬁfrnégé‘ﬁ' %Od.ﬁ]%to @ersé%‘hf‘:{’- ofglt&ﬁztpa?‘ﬁ} g?renti oned

fusi on i pdtieiicanhy poliypucNerh Iskalatahe MUBGlCo LRk astRadasSiuitha@ieur e
mar kers such as I\/gf 6/ NRF4 and positive to the nyosin heavy chain and
skel et al “Mifosi tAF Aoty liser: frhevenrikef daad hpxdeia Eéndsslls Ry etapoktclineous

constri cgd, o SUVeMENhSs AU NOuldie QUIHIES a Ldhcb NG TBE Q@gagﬁ%ﬁq bhgdin i
Japanese Patent Unexam ned Publication . 2003-144155, cells after

i nt r oductdtarirtiwikanl e itgdnheamd ceieatget ksiynot, fomtxeodieetbonit tinotZiq ggene are

co-cul tu d.then the MP i ncreasi.ng agent or.the cAVP anal ogue is
caded 1 R B B IR, (P o P PRSP BRL Rl P e Bl I s
cel | s. Hodsuey babal hhéiumgtihn x0hpleNBIENMIEREEH nddiV@McnORediuin A 8d O like

necessary to ada tgi_ cAI\/E i ncreasing agent or the cAWMP anal ogue to the
cul t ur e.“@R Berysef ¢ Al iheash ahaphi’arcf serwen srch re Fidesarte adirdreitbp mediuBased

on the fj é\ghﬁgfrta@?ﬂed%xfnfc%ﬁ%tﬂl@?&rgﬂlytl.%etiyng!ryilﬂsi ,lfb{r fnfxﬁig,' §@%rmtﬁ"é%ed
skeletal nuscle cells was successfully induced If addition of the
CANVP- i ncpedigimepcligent ToseronfReaned iogu eYdsbidaniN. teed]., Whieh Ses, DdnyeBPonal |y

consi der ntdal,. [ 001 hen e.skeletal nuscle cells can ¢/ oned
by per forgr ot phbid e 10 SNpb{ieR Bl f rREl R BRE ee RE et al
muscl e cetdsalttod the dénsieyitiohed fioedd ifpRictivR| polyatdear/slialpapd@ticanllef
pol ynucl ear skel et al nus%%e cells having the constriction ability can be

T R&H

obt ai ne*BHEPHE PR MR T S Agchct DN/ MRl t And pesitivadp the sprsimarvit a

rati o ofchalPitd skeletal myosin are induced. These skeletal muscle cells show

spontaneous constriction movements during the culture. In the method described in
Japanese Patent Unexamined Publication No. 2003-144155, cells after introduction
with the gene and the cells not introduced with the gene are co-cultured, and then the
cAMP increasing agent or the cAMP analogue is added to the culture to induce
differentiation into mature skeletal muscle cells. However, in the method of the
present invention, it is not necessary to add the cAMP increasing agent or the cAMP
analogue to the culture. A still further characteristic of the present invention is
based on the finding that differentiation to functionally sufficient matured skeletal
muscle cells was successfully induced if addition of the cAMP-increasing agent or
cAMP analogue is omitted, which is conventionally considered essential.
[oo16]

Then, the skeletal muscle cells can be cloned by performing limiting dilution

of the resulting culture of the skeletal muscle cells to a density of 1 cell per well, and
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90% The resulting cell population is a population substantially purely
consisting of nuscle cells, and not containing any other elenents, and can
be preferably used, in particular, for a purpose of therapeutic treatnent
of a nuscul ar di sease and the like. Furthernore, the resulting cel

popul ati on contains skeletal nuscle stemcells, and nuscle cells can be

stably pa%gﬁ&qm%qrp%qu tgfﬁté%% JF]EaPS %mag%g ?(hm%u?t%&{ sgﬁﬁ%mﬁ Q17]

The skel etal nuscl e “cel € presen venton
can be ubleahe‘cbargam cﬁronexl@mbbm,g doeal Whl[chsaﬁ&ttﬁfdﬂaﬁyaﬁtmﬂbdsht atrh@in of @baut
pati ent nusc i sease. such as scul r d st nuscl e

suppl eme\r% At e1"Ec’)sr %(9? pPpRiatigp 1s &d’r?ﬁdgy Hn ‘EL?Peqti‘ b yo?u%?%?qqs@tfqﬁ thry,
thermal  blifsBlealds tHR hotk@ntdMSfd £ny SGQARSIIbGItk Ohd bdh Be Palrd@REy Rfcadisuse
muscul ar atrophy due to a cerebrovascul ar di sease, spi nal corJ? injury or

neur odegB#étatdy £Td BrrRsee of Hurapaiid fee%frnemtr@m m@fscu%mlséaabaﬂe ardr Gyshijke.

acconpan t like.
ovover, T haeDERYS (e PR, T e RRLER Abfei Py S TRl i FP LE
|nvent|omuadeceﬂmtaﬂbmhuéﬂbbﬂthaiﬁp&eﬁbncewwmsﬁexmnnhﬂékﬁﬂyﬁﬁ&ﬁhmﬂﬁm@

exanpl e, ﬁ?gietal nmuscle cells can be prepared according to the nethod of
t he pres%) nventi on by using bone nmarrow stromal cells extracted froma

patient, and theyskasade @dlalnanspliad 8¢ tho nfkthb®5i QR &Eséﬁqnp@m&mdn
Mor eover, heterol ogous transplantation is also performable in a simlar

manner WPt Bsed et seatepleriona bomgyaterhic ddnyinisthetiok & epatzenwwhea pelsfelar
obt ai neds By, NG HEL hotkalss J&%L%ﬁﬁems& qﬁgﬁie%n%g hih S e Rlbsantial Ly
ﬁ opufa celT's

pure skeletal nuscle ce ion containin when t he
cells ar@mag@mwcaMedf trtahiﬁc stjem, ¢Ed&ﬂn$aid:aﬂnbﬂ1dl taxleerkd, muslclecreambtﬁe;gmer ate

skel et al nuscle C in onse to repeated nuscle d mhlch s a
gr eat ad\?a%?%d‘éntf‘g 1%‘?%%?8%%“ a?btb?fi’}bya‘ihil%ﬁ% ehrpyasgul afgﬁgfe PHE 5PES ent

i nvent i oRjwiyldr :RREIIRNSRAGIdiSAIsk i IR¥ B @linede i dht! RTRIROLS difodihe
fol | o ng exanpl es. However, the scope of the present invention is not

i mit ed 3°60mPRRYINGICEVE Aymagempicha:s IExahigl leruapestldkingatdthhbkeret hod
descri bq@oweiamr@%s P L1 ﬁ]ﬂ{Bﬁfél,e%us %%Pamg@&og%? PPoseAPRRehtibh Iz

st ronal were ext racte one narro

cel | -i nduc¢diniagltd threatrec{fl stearxe@pBiiedntdohundhs, examghl€ wktlet S0muése aclls

redi um c'élﬂnrge%rcppaErseﬁednLtcéraémg (9 %:hue m 1I;YE IXpof Lﬁglpgeg\({?lgllgxlfecnat}olnobny Sum;ig gne Si gma)
marrow stromal cells extracted from a patient, and they can be autotransplanted to a
lesion of the patient. Moreover, heterologous transplantation is also performable in
a similar manner with a premise of HLA compatibility. The skeletal muscle cells
obtained by the method of the present invention constitute a substantially pure
skeletal muscle cell population containing stem cells, and when the cells are
transplanted, the stem cells can be taken in vivo and regenerate skeletal muscle cells
in response to repeated muscle damages, which is a great advantage for clinical
applications.
Examples
[0018]

The present invention will be more specifically explained with reference to
the following examples. However, the scope of the present invention is not limited to
the following examples.

Example 1
According to the method described in Japanese Patent Unexamined

Publication No. 2003-144155, stromal cells were extracted from the bone marrows of



contai ning 15% fetal bovine serum (14-501F, Lot #61-1012, Bi owhittaker) was
used. After the cells were subcultured to four generations, the cells
reaching to 80 to 90% confluence were inoculated at a density of 1800 to
1900 cells/cn2, and fromthe next day, the nediumwas changed to a nedi um
suppl enented with 5 leof forskolin (344273, Cal biochen), 10 ng/n1 of

basic fihr f o] C /m of

pl at el et - P+%23 gromﬂ f%ﬁ%%ﬁméiﬁ?%égﬁﬂﬁngeproE%?hg%§:%ﬁ%#%i 200

Pg/ rri3 gf I&ddm?%uanﬁ&%&sMxﬁga;lR?ﬁliﬁym(MW) O agi@llvlldaieﬁwictdxu@mmschmi)l nugd .
or ays. en, . ne. o e e onmai.n was i ntyoduce
ot ot nototal e AakoR UG TS R o Tob oA Hole Hhat B GrbR ATt

Publ i cat homRr Me c200BerclddibBurdX@mhe gdn erll%;k@hh@aen@@emmg degp af sk the

i ntroduction, (418 sulfate (83-5027, % bco BRL was added at a

concent r &iiBi¢nes weeoinngpinte étSéPé@@YPﬁéSWhﬂ¥5ﬂﬂb@@8@51Isnﬁémnlﬂciﬂﬁvs
ATter Tealphal Lolioh Jhie aﬁgkd WL L GAGR G L83 UR R %Mﬁ botsitd

confluence, 5 pg ag ed 1 pro eco
chi ner a, (&3399’3 (@IbiEEEHNE)IO wﬁsﬂaﬂbleskﬁ‘rbmﬂdesﬂ\m&giceomd}oflaihtﬁetpnomldl um

Fusi on' | RAUEET bt~y A Rs Baroed rov e 2. t-0kua Sk poh, Aborda

skel et al axigcd agcel dmé@g@hﬁ Y3APESARR SWBiGhs)! e easadiWietihs mwﬁg@ of
time, and thus polénuc ear skeletal rmuscle cells positive to the nyosin
heavy chi@f i &d- skeretde sepeosf hallptehiioirasdllulcomadpomsdneodscadonse thet i on

nmovenent & rcg()ﬂﬁﬁé’ 056BLE lth)fgaggﬁes%qj’aeLeﬁgﬂggxgrg%eg%m g} ﬁ)&%%\t/zv'g_gg '

these cells, expression o ture markers suc

confir meth41Phekxamgdlect.i on efficiency into the skeletal nmuscle cells was
about 40%%?§ the 14th day of the fusion induction. Wen differentiation
into ske | muscle cells was induced as a control according to the

met hod usi ng the tHeaetdWdyad QN Her@Blod8Blion, 004 RUL LIS (888027 TWBeS BRENt
addition of forskolin described in Japanese Pat ent Unexam ned Publication

No. 2003v¥auaddsst attché@ﬁﬁﬁatrétlpwfﬁa@m@ht%&e&%@lté@amtrﬁfiny@riereaelﬁvrslt?/\é@yszo 8 t
3. 5% 10&@&1?13?3&%%![1%%119&31 ﬁﬁ%‘%hi ?Idcﬂﬁ%%%b% §ha nvtl Oneglﬁ% ek Sy was

i nduced i n the same manner ove, prOV|ded
t hat a seruhpf Je@geﬁeﬂpmme(seaaséﬂnimRaQJig}@dfM& o i o UBAG0 KT RECHIeEser um

(ree el BN SOkl runa, A0, LT oL st b P! LAAHELSRE ™
were cultured for 5 days to perform fusion induction. During the culture, the cells
fused and polynuclear skeletal muscle cells locally appeared, which increased with
passage of time, and thus polynuclear skeletal muscle cells positive to the myosin
heavy chain and skeletal myosin were formed, whose spontaneous constriction
movements were microscopically observable under the eulture condition. In these
cells, expression of the mature markers such as Myf6/MRF4 was confirmed. The
induction efficiency into the skeletal muscle cells was about 40% on the 14th day of
the fusion induction. When differentiation into skeletal muscle cells was induced as
a control according to the method using the demethylation treatment, co-culture, and
subsequent addition of forskolin described in Japancse Patent Unexamined
Publication No. 2003-144155, the induction ratio into skeletal muscle cells was 20.8 +
3.5%.

[0020]
Example 2
Differentiation into skeletal muscle cells was induced in the same manner as

that in Example I mentioned above, provided that a serum free medium was used for



pg/ M of kanamycin (this nediumis called "ITS-serum free nedi um')
supplenmented wth Jagged 1 protein (reconbinant Rat Jagged |/lie Chinera,
3599, GI TECHNE) at a final concentration of 5 pg/m was used. As a
result, the nunber of the polynuclear skeletal nuscle cells was 16 per 35
nm cul ture dish on the first day of the culture, and 664 on the 5th day of
the cul t yperus¥¥i indluciben AbenC&IL% BBE &l h UDREE UM o ALai HBG SN STI NG
solely of the aforenentioned serumfree nedium (w thout addition of Jagged
1 protei Wsud®. 8 redmi fﬂfﬂransfherlnu%emom%smumrbetdmetelétm{day obBShend it ur e,
and 487 t t cul tu " e resplts

denonst rgglgndl (Jt}?fg'?l Q’cﬁi (édr%enrfll ation c|‘3"ri11t0(ci) F’f‘$ %EIGSWé"@%I“I )ss\lﬁé’émﬁ%tgd
successf udlﬂhdeggdwdefckobynt(hﬁomddiddLMt ﬁfggd@gg&d)}impaﬁ@t 399, OT BESEINI 44 ee
medi um r} ?tl‘l al Applicabili [ 0021] The net hod of t he present

i nvent i oft &L §pRRsPPteR 9t n Hee Yoearedy eP& 26 RRlAr B¢ nuwipher afftle Rebryglepsr

I nduci ngsiehiif fa@hankicadel 1V s Sk ﬁfnﬁkul%'x%célgh oflths ﬁqgl,st‘ﬂy' &etqlle Arutgpanese
Pat ent Unexani ned Publication No. 2003-1441.55, and skeletal muscle cells
can be cowlEft entthy Sandaedf it entury. p%pbﬁe@emwhbhellmh@dulmretdhe &r esent
inventio h t hod of ,.t he, prese inventi

di ffer en?ll atdl%g(rg]gﬁ&q Ig%woqf)llty Oqc tﬁg agoéFI\?lcﬁaoﬁ(%d gerlélérﬁrré’?) edéﬁ”lns Wélfh kafditign
muscl e celdsgeean ;hemlmmtcedm&yolt bige St@Pef Rhs 18306 thichen ddi b eientitatel and of

t he rryobl ts |ntl$1f maturtliéskel etal_rmnuscle cells can be induced _ stepw se.

Ther ef or'é PhER P ity SRRl iPa R St diem phoriteeat ibrasfepappigatedidathe | ke
can be goptsnidiasd mEU'h{zﬂﬁf(m?ﬁ;@stcBﬁs %‘é@@& mccégﬁllw ﬁﬁi%@&d b?‘(ﬁ@ L @iifhoes

not use a m xed system containing cells other than myoblasts or skel etal
muscl e cfeﬂngsethrhwrp@m tapabtwn dfeeghédioient | y preparing substantially pure
skel et al 1 | ation. Therefore, skeletal nuscle cells obtained
can be usg‘é@ﬁh{ﬁ[ﬁ% cagﬁﬂgl canent for treatnent of nuscul ar di seases. 10
What is lebailned is: [1] A nethod for inducing differentiation from bone

marrow stromal_ cell Sl}fto kel etal muscle cells, which conprises the steps
of: (a) the stle‘t? Bethodont ﬁgcgh%%eai; inysodiop; i dimplified s thenosy! depeeaerpeiom

the groupith Qﬁ'@%«le‘%ﬁbc{]Q)rQBdﬁmﬁggllff&t‘e%ﬁbﬂ@ﬁﬁﬁ&e@tﬂ&?&%@&ﬁ c@lig’é‘g@:r%ﬁllﬁgue
and a cell differentiation stimulating factor to a culture of bone marrow

stromal deerpssabigicat B nesaingn dsofieblivatiooviNet 309Bal44d65) sndsleletad ntuselt @dlswi t h
i oduc o R R B0 g P S g Rar T T B 5ER A R i b ne
According to the method of the present invention, differentiation into myoblasts
serving as precursor cells of skeletal muscle cells can be induced by the step (b), and
then differentiation of the myoblasts into mature skeletal musele cells can be induced
stepwise. Therefore, the differentiation stage, proliferation of cells, and the like can
be controlled. TFurthermore, the method of the present invention does not use a
mixed system containing cells other than myoblasts or skeletal muscle cells, and is
capable of efficiently preparing substantially pure skeletal muscle cell population.
Therefore, skeletal muscle cells obtained can be used as a safe medicament for

treatment of muscular diseases.
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cells obtained in the step (a), and culturing the cells to obtain a culture
of nyoblasts, provided that said culture does not contain a co-culture of
the cells introduced with the gene and non-introduced cells; and (c) the
step of adding a Notch ligand to the culture of the nyoblasts obtained in
the step (b), and culturing the cells. [2] The nethod according to claim
1, wheremwmdihe cNetneh ;L gand is Jagged 1 protein. [3] The nethod according
toclaim1 or 2, wherein the step (c) is performed in a serumfree nmedium
[4] A nmethod for inducing differentiation frombone marrow stromal cells to
myobl ast $1 whi gnngt%%rf%ns&%ug AhE Srlt%ftion(t%?)mtb%%esrltlere'ogfst %(;Igail%gllogc? or nore
ki nds of substances selecte romthe group ~consisting of acyclic AW

i ncreasi nkelaigéntysck eAVPwanal @guyeiscante atapeldf: differentiation stinulating
factor tg a culturi_e of bone rrarrow strgmal cells, wherein said bone marrow
stromal G8I'PE SHPOTRtdIng 8t emAF Kindls dsubHy Pt Srpeayeie™ WRETORRI t ur i ng
the cell gnsidithd &a Eﬁ:@ic%tl\@pi@l‘@bﬂhé%ﬁb‘ﬂ,'&gcf_ﬂ\&mtnﬁtbggg,n@nc@QQéHr a Not ch
signaling related gene into the cell's obtained inthe step (a), and

cul turi nglffeﬁ@nfe@aﬂlqns:stlpwéwi@eamm@p as@ilteulftene ndoesw shomad opllaivherein

co-cul tu f l.$. 1L ntr d with the gene, an n-introduced cells.
[5] A m%eﬁggm %?gﬁrgg%cs?lﬁglaéic??ééggen?? a‘tl'fa%tﬁgf“r”gmarfiféﬁ 521?%1 oagéaf%élaent%al nmuscl e
cells, witehngompedlbes the step of adding a Notch ligand to a culture of
nyobl aSt@H ,ﬁmd_ CL%J,'[UI‘i ng the cells. [6] The nethod accordi ng to claimb5,
wher ei n &N RBtRr IIPB’QHH 'Pga ﬁﬁ%&eﬂe aﬁii’@tré‘i Notch pignaling related gene into the

cells obtained in the step (a), and culturing the cells to obtain a culture of myoblasts,
provided that said culture does not contain a co-culture of the cells introduced with
the gene and non-introduced cells; and

(c) the step of adding a Notch ligand to the culture of the myoblasts obtained in the

step (b), and culturing the cells.

[2] The methed according to claim 1, wherein the Notch ligand is Jagged 1
protein.
Bi; The method according to claim 1 or 2, wherein the step (¢} is performed in a

serum free medium.

f4] A method for inducing differentiation from bone marrow stromal cells to
myoblasts, which comprises the steps of:

(a) the step of adding one or more kinds of substances selected from the group
consisting of a cyclic AMP increasing agent, a cAMP analogue, and a cell
differentiation stimulating factor to a culture of bone marrow stromal cells, wherein
said bone marrow stromal cells are not treated with a demethylating agent, and
culturing the cells; and

(b) the step of introducing a Notch gene and/or a Notch signaling related gene into the
cells obtained in the step (a), and culturing the cells, provided that said culture does
not contain a co-culture of the cells introduced with the gene and non-introduced cells.
[5] A method for inducing differentiation from myoblasts to skeletal muscle cells,
which comprises the step of adding a Notch ligand to a culture of myoblasts, and
culturing the cells.

[6] The method according to claim 5, wherein the Notch ligand is Jagged 1

protein.
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